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Acetylcholine Receptor Channel Structure Probed in Cystaine-
Substitution Mutants, M.H. Akabas, D.A. Stauffer, M. Xu, and
A. Karlin, Center for Molecular Recognition, Departments of
Biochemistry & Molecular Biophysics, Physiology & Cellular
Biophysics, Medicine, and Neurology, College of Physicians &

Surgeons, Columbia University, New York, NY 10032.
In a systematic approach to the identification of residues

lining the cation-conducting channel of the acetylcholine
receptor, we have mutated nine consecutive residues in the
alpha-subunit M2 -membrane-spanning segment to cysteine,
expressed the mutants in Xenopus oocytes, and determined the
accessibility of these cysteines to small, charged, sulfhydryl-
specific reagents. Alpha Ser248, Leu250, Ser252, and Thr254
are exposed in the channel and may form a beta-strand. The
channel gate is closer to the cytoplasm than any of these
residues. On channel opening, Leu251 also becomes exposed,
reflecting a change in channel structure.

1118

Se andFunction ofEOut emre als
Ring K- Thomas N. Earnes. Peter J. Walikn an Kalle Gehring
Donner Laboratory, Lawrence Berkeley Laboratory, University of
Califoniia, Berkeley, CA 94720

Porins are a family of outer membrane channels of the Gram-negative
bacteia. These channels serve as pathways for waste products and nutrents
for transoadon out of or into the cells. Porin channels have been shown,
in vitro, to be voltage-gated. The three-dimensional structure ofPhoE ponrp
ronsttuted into a lipid bilayer has boen determined to a resolution of 3.4 A
by eltron crystallographic techniques. The 3-D map shows that the basic
structural design of porin consists of a trimer of elliptically shaped,
cylindrical walls. The wall of each cylinder is formed by sixteen p-sheet
strands having major fraction of strands tilted at about 55 degrees from
membrane plane. Within each elliptical cylinder, there is an additional
polypepdde that forms a lining, located near the p-sheet wall that is furthest
away from the three-fold symmetry axis of the timer and therefore situated
away from the center of the elliptical cylinder. This lining is a part of the
stnure at the constricted region of the channel and plays an important role
in the channel selecdvity. The presence of the lining provides an answer as
to how deledons of segments of polypeptide, which are found in certain
mutants, can rsult in an actual increase in the channel size in response to the
growth environments. However, the presence of a rather large channel
opening observed in our structure provides no clear clue as to the closing
structural stage of the channel. Lipopolysaccharide is required for the
closing and opening of the channel to occur, and the closing and opening of
a Wimer of channels has been reported to be cooperative. This would
suggest that lipopolysaccharide is located between monomeric channels of a
timer and plays a role in the closing and opening of the channel. In fact,
the presence of lipopolysaccharide at the three fold symmetric axis has
earler been proposed to exist for E. coil porins in their native state.
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1119
Chemotactic Response of Growth Cones in A Gradient of Acetylcholine.
J0ZheMM.Felder, Z.W. Zheng A. Lohof, M.M Po, Department of
Biological Sciences, Columbia University, New York, NY 10027.

With a micropipette and repetitive pulsed ejection, a microscopic
gradient of acetylcholine (ACh) was produced near the growth cone of
embryonic Xenopus spinal neurons in cell culture. Facing such an
extracellular gradient of ACh, the growth cone of cultured Xenopus
spinal neurons exhibited a chemotactic response toward the source of
ACh, resulting a turning of the neurite. The sucrose gradient did not
have any effect on neunte orientation. Similar gradients of glutamate,
however, inhibited the growth and caused the neurite retraction. In
these experiments, the ACh pipette was positioned 100 um away from
the growth cone with 450C angle from the direction of neurite extension,
and ACh was ejected into bathing solution at 2 Hz frequency. The
concentration of ACh reaching the growth cone was estimated in the
micromoler range (typically about 100,uM). When applied uniformly in
the bathing solution, such concentration of ACh was found to increase
the rate of neurite extension, suggesting a trophic effect of ACh on the
neurite extension. Apparently, the chemotactic response of the growth
cone to the gradient of ACh was mediated by neuronal nicotinic ACh
receptors since it was inhibited by d-tubocurarine. Intracellular calcium,
as examined using fluorescence probe fluo3, was found to increase under
the application of ACh. Thus cytosolic calcium ions may serve as second
messenger mediating this ACh-induced turning response. Taken
together, our results indicate that neurotransmitters, besides serving as
messengers at the chemical synapse, are potential neurotrophic and
neurotropic agents during development of the nervous system.
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Rok of Nitric Oxide in NMDA Recptr-Mediatd Release of Neu uraamier
A ADL-Miborv.lt ofa 36 kDa rontein. LM M.J.riedandeL M
Mhaus C.D. GaMM and LB, Mars. Deprten of Cell Biology and
Neurobiowl Research Ceter, Univest of Alma at Biminam

Binmngham, AL 35294.
Nitric oxide (NO) is a non-polar ps made in the mamalian brain upon N-

methyl-D-aspartate (NMDA) receptor activation. NO may serv as a diuibl
signl that cnmmunicat the sta of postsynaptic stes to neighboring pre- and
postsy sits. We in dth role ofNO in os preped from

zed adul guinea pigs, and found that NMDA caused release of thrie

8glutaate, and asartate (ECas 10-30

n-25). IThis effect was blocked in zro calciun, by 2-amino-5-phosphonovalerc
acid, by preineubaton witi the NO syntha inhibitors n -L-arginine and
NG-nitro-L-arginine, and by incdusion of the NO scavenger hemogiobin (Hb).
Activation of the NMDA receptors on one group of induced

n-u_rotranitter release from a second group that were inhibited in their production
ofNO and there in their respone to NMDA. his effect was also blocked by
Hb. We bave also begun an inetin of the ADP-ribosylation of synaptosoa
protei, sice NO may exert its efft via this posanslational modification.
We have demousa that the radiabein of a 36 kDa protein in synaptosomal
hooens by [32PJNAD+ is enhanced by the NO-producing cmpound sodium
nitreprusaide. We have also demosta that a 36 kDa protein is radiolabeled in
intact synaptos preubated with 32PO4. Thme findings suggest that NMDA
rceptor avation can caue Iretranmtter release from n boring synaptic
elen via NO producin, and that the ADP-rbosylation of a 36 kDa protein
may be involved in the reguladi of synaptic tns n by NO. Supportod by
NIH EY06714 (RBM) and EYOSI 16 (MIF).

1120
Purification, Cloning and Expression of the GHICj pituitary cell Somatostatin
rcorL LJ. adcock C..EpSand tSmad. American Cyanamid

Company, Agricultural Research Division, PO Box 400, Princeton, NJ 08543-
0400.

Somatostatin receptors are members of the G-protein-linked receptor
superfamily and exert their biological effects by binding to specific high-affinity
cell-surface receptors. Activation of somatostatin receptors inhibits adenylyl
cyclase activity and decreases intracellular cyclic AMP levels. Somatostatin is a

potent inhibitor of secretion from many pituitary cells including somatotrophs,
lactotrophs, thyrotrophs, and corticotrophs. Somatostatin inhibits secretion of
insulin, glucagon, many gut hormones and digestive enzymes. The somatostatin
receptor from GH4CI pituitary somatotrophs has been purified to homogeneity.
Cyanogen Bromide digestion of the purified receptor yielded five major peptide
fragments. Peptide sequence analysis of the fragments resulted in amino acid
sequences ranging from 6 to 25 residues. Several of these contained consensus

sequences found in many G-protein-linked receptors. Using oligonucleotide
primers based on most frequently used codons, a 501 base pair cDNA fragment
was amplified via PCR. The full-length GH4CI receptor cDNA has been
cloned, sequenced, and expressed in Chinese Hamster Ovary (CHO) cells. On the
basis of homology to the GH4C1 SSTR, the rat gut/brain SSTR has also been
cloned. The ability of somatostatin to inhibit forskolin-stimulated cyclic AMP
accumulation was examined in the transfected CHO cells. Whereas wild-type
CHO cells showed no detectable response to somatostatin, somatostatin inhibited
forskolin-stimulated cyclic AMP accumulation in cells transfected with the
GH4C1 receptor and the gut/brain receptor (63 and 75%, respectively).

1122

A Unique Serine Carboxyl-Terminal Adrenocorticotropin-Cleaving
Enzyme in Bovine Intermediate Lobe Secretory Vesicle Msmbranes.
T.C. Friedman. H.C. Chen and Y.P. Loh, LDN, NICHD, NIH, Bethesda, MD
20892. (Spon. E.A. Neale.)

Adrenocorticotropin (ACTH) is a 39-amino acid peptide
synthesized in the pituitary as part of the precursor molecule, pro-
oplomelanocortin (POMC). In this study, a unique enzyme from bovine
intermediate lobe socretory vesicle membranes which functions
both as a dipeptidyl carboxypeptidase by removing the carboxyl-
terminal Glu-Phe dipeptide from ACTH1-39 as well as a
carboxypeptidase by removing the carboxyl-terminal phenylalanine
residue from ACTH was characterized. Kinetic studies indicate that
the formation of ACTH1-37 occurred initially within minutes, while
the formation of ACTH1-38 was slower, within hours. These
enzymatic activities both had a pH optima of 5.5 and were inhibited
by serine and thiol but not metallo- or aspartic protease inhibitors.
The similar pH optimum, and inhibitor profile suggest that one
enzyme is responsible for both enzymatic activities. Bovine
anterior lobe pituitary homogenates were also found to contain a
large amount of ACTH1-37 and a smaller amount of ACTH1-38 in
addition to ACTH1-39. Although the biological activity of ACTH1-37
and Glu-Phe are not known, these results suggest that this unique
serine dipeptidyl carboxypeptidase functions as a converting enzyme
in vivo.
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Effect of ACTH 1-39 on neuritogenesis of develo-
ping chick retina. M.J. Perone, M.E. Vazquez, L.
Guelman, N.G.Carri and F.E. Estivariz. Dept. of
Neurosc, IMBICE, CC 403, 1900 La Plata, Argentina.

The hormone ACTH is a peptide derived from a

major precursor protein: POMC (pro-opiomelanocor-
tin). The peptide is present in the pituitary in
high quantities; however, ACTH-limmunoreactive cell
bodies are located in rat brain. The aim of this
study was to check the effect of ACTH 1-39 on

neuritogenesis. The assay consisted of retinal
explants (White Leghorn E6) grown on collagenous
substrates and incubated for 4 days with trophic
support (optic lobe extract E18). Controls were

performed in flat media. Experiments were

performed with ACTH (picomolar concentrations) and
it was found that the peptide clearly stimulated
neuritogenesis and outgrowth. Fascicles grew

radially with a good density and a high elongation
rate (12 um/h). Maximum neurite outgrowth reached
1.16 mm and the effect of different concentrations
showed that stimulation followed a dose-response
pattern. The minimum effective dose used was 5 pg/ml.
Our results suggested that this molecule could have
trophic activity easily comparable with neuro-

trophines. We could postulate that this peptide or

any other ACTH-related peptide may act on the
developing chick retina.

1125

Fibroblast and Neuronal Bradykinin (BK) B2
R6ce2tors Are rosine-PhosDhorlated. Y.-J. I.

Jong, L.R. Dalemar, and N.L. Baenziger, Department
of Anatomy and Neurobiology, Washington University
School of Medicine, St. Louis, MO 63110

WI-38 human lung fibroblasts express
bradykinin B receptors activating PGE2 production,
in three affi ity forms identifiable by biological
activity and 'H-BK binding: high (H, K; 440 pN),
intermediate (I, 5.6 nN), and low (L, K; 42 nMI).
We have generated monoclonal antibodies (JAbs)
directed against BK B2 receptor biological activity.
Certain NAbs selectively distinguish I-form or L-
form receptors, and other MAbs recognize epitopes
common to both. All theMAbs immunoblot an Mr 73-78
KDa protein band in fibroblast membranes. The 73 KDa
BK receptor isolated by immunoaffinity chroma-
tography on an anti-BK receptor NAb column is also
blotted by the Py2OMAb recognizing phosphotyrosine
(Tyr-P). Anti-Bk receptorMAbs blot the same band
in membranes from the human neuroblastoma line SH-
SY5Y and rat pheochromocytoma line PC-12, indicating
fibroblast and neuronal B, BK receptors share
antigenic determinants. The neuronal receptor also
blots with the Py2O NAb, and thus has Tyr-P. The Tyr
kinase inhibitor genistein blocks BK-mediated PGE2
production with an ED of 8 AN, indicating a role
for a Tyr phosphoryla1ion step in the signal
transduction path leading to prostaglandin
synthesis.

1127

DevelopmenalRegulaton of Glucose Cnsumption in Cerehellar Neurons in Eriar
Culture. A. Tffreblanca.M S.s, d

and Novelli. Deparmnent of
Functional Biology, University of Oviedo, School of Medicine, Oviedo 33006, Spain.

Cerebellar neurons in primary culture are undergoing morphological, ultauctural,
biochemical and electrophysiological differentiation. No data are available on whether the
achievement of full differentiation may involve changes in the ceilulr energy requirements.
On the other hand, it is known that toxicity by excitatory amino acids (EAAs) in fully
differentiated cultured cerebellar neurons is dependent upon cellular energy charge. Here we

report that glucose consumption presented two linear phases during days in culture (DIC),
changing from -1 lumol glucose/10' cells x DIC from 3 to 12 DIC (phase A) to -2 pmol
glucose/10' cels x DIC from 12 to 20 DIC (phase B).The number of neurons in culture
decreased by -40% from 0 to 3 DIC and then remained constant at -10' neurons/35mm
dish. The number of non neuronal cell was limited to -3% of total by the addition of ARA-
C (10 AK at DIC. Protein content doubled from 3 to 12 DIC, and then remained

constant at -200pg/10' cells thereafter.Thus, when glucose consumption was calculated
with respect to protein content, the ratio between phase B and phase A was -4. We
investigated whetherphase B of glucose consumption could be dependent upon generic

energy-dependentenzimadc acdvides, such as NAD(P)H-dependent reductase, or could be
specifically related to glutamatergic neurotransmission. NAD(P)H-dependent reductase
acdvity, as measured by reducton of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTl') to formazan, increased from -400 nmol foemazan/mg protein at 3 DIC to

-800 nmol fonnazan/mg protein at 12 DIC and remained constantthereafter, thus excluding
a conrelation between phase B of glucose consumption and reductase acdvity. Onthe other

hand, antagonists of the NMDA-type of EAA receptors, such asaminophosphonovaleric
acid (APV) and MK-801, significatively reduced phase B of glucose consumption, while
they did not affect phase A. We conclude that at least part of phase B of glucose
consumption in cerebellar neurons in primary culture may be specifically related to the
glutamatergic nature of these neurons.

1124
Polyamines & NMDA Receptors Modulate Cold-Injury Induced Peri-
capillary Astrocytosis in Rat Cerebrum
J.J. Trout, H. Koenig, C.Y. Lu & A.D. Goldstone, Depts. of
Neurology, Cellular Molecular & Developmental Biology, North-
western Univ. & Research Services, VA Lakeside Medical Center,
Chicago, IL 60611

Previously we have shown that polyamines (PA) regulate
cryo-injury (CI) induced transcellular transport in capillary
endothelium & that PA & N-methyl-D-aspartate receptor (NMDA-R)
modulate excitatory amino acid induced cytotoxicity in
embryonic (15 d) chick retina. In this study we report the
role of polyamines & NMDA-R in the development of astrocytosis
following (CI). Pericapillary astrocytes were examined by TEM
4 h after CI. The area examined was a qircle of radius equal
to the average of the longest & shortest diameter of each
capillary (ratio>8.5). The percentage of pericapillary space
(PS) occupied by astrocytic profiles as determined by morpho-
metrically using a grid with point-point spacing of 1.0 cm was
as follows: Shaml11.41 + .87, CI-17.39 + 1.21, CI + DFMO-
11.38 + .78, CI + MK-801-11.21 + .71, CI + DFM0 + putrescine
(PUT)-22.08 + 1.18. CI caused a significant increase in the
percentage of the PS occupied by astrocytes, which was reduced
to basal levels by addition of either a specific inhibitor of
PA synthesis, ac-difluoromethylornithine (DFMO), or the specific
NMDA-R inhibitor, MK-801. PUT reversed the DF1M0 effect &
raised the area occupied by astrocytic profiles significantly
above the CI levels. These data suggest that both ODC (via
synthesis of PA) and NMDA receptors play a role in astrocytic
swelling observed following CI. '(Supported by the VA Research
Service)

1126

HISTAMINE 3 (H3) RECEPTOR ANTAGONISTS POTENTIATE BRAIN MAST
CELLS (MC) AND NEURONAL SEROTONIN (5HT) AND HISTAMINE
SECRETION. lacekT. Rozniecki. Richard J. Letourneau, Miltiadis K. Sugiultzoglu and
Theoharis C. Theoharides. Department of Pharmacology and Experimental
Therapeutics, Tufts University School of Medicine, Boston, MA 02111, U.S.A.
Vasoactive mediators of brain mast cells, as well as neuronal biogenic amines, seem
to play an important role in brain pathophysiology. As we showed before (FASEB
Journal, 6, 1559, 1992) the H3 receptor agonist - N-alpha-methyl histamine inhibited
brain mast cell and neuronal serotonin secretion. In the present study, we
investigated the effect of the H, receptor antagonist - thioperamide on the some test
system. Rat thalamic and hypothalamic slices were loaded with3H-5HT (5x10-7 M) for
15 min at 37 OC, washed, placed in 2 ml wells of a perfusion chamber and washed
again with saturated 5% C02/ 95% 02 Krebs-Ringer bicarbonate (KRB) buffer (pH
7.4, 37 'C) containing 10' M imipramine (IMI) for 60 min. The slices were then
perfused for 36 min with thioperamide (10-' M), followed by 24 min stimulation by
100 Mg/ml of C48/80 in KRB+IMI to stimulate MC. The slices were then washed for 20
min, followed by 40 mMK' to cause neuronal depolarization. Control samples were
not treated with thioperamide, which did not have any effect on its own. Aliquots of
collected fractions were assayed for 3H-5-HT by liquid scintillation counting and
histamine by radioimmunoassay. After each experiment, perfused brain slices were
fixed in 2.5% glutaraldehyde with 05% tannic acid in 0.1 M phosphate buffer for 24
hours at 40C. The samples were that washed, postfixed in 2% osmium tetroxide,
dehydrated in graded alcohols, embedded in Epon and observed under electron
microscope. Thioperamide potentiated SHT, as well as histamine release, both from
brain mast cells and neurons by more than 50%. Ultrastructural changes of brain
mast cells showed much more pronounced degrmnulation and loss of electron-dense
contents from thioperamide-treated cells, as compared to controls. These data
confirm the presence ofH receptors on brain mast cells and indicate that they may
have an important role in the regulation of their secretion. (Supported by Kos
Pharmaceuticals, FL).

1128

THE UNIQUE FEATURES OF THE SIGNAL SEQUENCE OF RAT
DOPAMINE 1I-HYDROXYLASE Z. Fena". R.H. Anaeletti2. and E.L.
Sabban'.'Dept. Biochem. & Mol. Biol. N.Y. Med. Coll. Valhalla, NY
10595 and 2Dept. Dev. Biol. & Cancer, Albert Einstein Sch. Med.
Bronx, NY 10461.

Dopamine B-hydroxylase (DBH) which catalyzes the synthesis of
norepinephrine is present in multi-forms in neurosecretory vesicles.
Since the cloning of human, bovine and rat DBH revealed a single open
reading frame and an unusually long putative signal sequence,
considerable progress has been made in elucidating the mechanism of
the difference between these forms, but the role of signal sequence is
controversial. To investigate how they may arise from translation of a
single mRNA and the function of signal sequence, a full length and two
5' truncated rat DBH cDNAs were used to generate mRNA with a full
length, partially and completely deleted signal sequence. Truncating
transcription was also used to generate 3' truncated mRNA. All of
these DBH mRNAs were capped and translated in a rabbit reticulocyte
lysate cell-free system in the presence or absence of pancreatic
microsomal membranes. The results indicate thatthe newly synthesized
DBH in the cell free system undergoes glycosylation and incorporation
into microsomal membranes without cleavage of the amino-terminal
"signal" sequence. Partial deletion of the amino-terminal signal
sequence and the deletion of carboxy-terminal sequence did not affect
membrane insertion and glycosylation, but as expected, they were
abolished by complete deletion of signal sequence. Unique features of
the signal sequence of rat DBH will be discussed.
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Idondfication of Cyclic Nucleotddc Regulated Phoshoprotins in Modile Rod
Photomra=hmr/Outer K_ PaWh-Roehl. E_ Han and

Department of Molecular/Cell Biology, University of Califonnia, Berkeley
In teleost rednas, rod photorepors elongate in the light and shorten in

the dark through a redistribution of cytosk.eletal actin. To understan how the
actin cytoskeleton is regulated, we have been ualng isolated rod inner/outer
segments (RIS-ROS) which elongate when cultured in the light. Since increasing
intracellular cGMP and cAMP inhibits RIS-ROS elongation and promotes
shortening via effects on protein kinase activity (Liepe & Burmside, JCB
115:210a,1991), we have begun to characterize cyclic nucleotide-dependent
phosphoproteins in RIS-ROS. Homogenates incubated with 32pyATP in the
presence of BBrcAMP (2 100 nM) showed increased phosphorylation of
proteins at 67, 35,33,23-25 and 17 ikDa. Identical proteins were phosphorylated
in the presece of8BrcGMP at 1000-fold higherconction. Both 8BrcGMP-
and 8BrcAMP-stmulated phosphorylation were inhibited by PKI, a specific
inactivator of cAMP-dependent protein kinase (PKA), implying that cGMP is
acting via PKA rather than PKG in these assays. The 35, 33 and 17 kDa
phosphoproteins were retained in cytoskeletal fractions of RIS-ROS, although
they could be eluted from the cytoskeletons by washing; an abundant light-
regulated phosphoprotein, opsin, was not retained in cytoskeletons. The identity
ofthes phosphoproteins is being fwurer investigated by microsequencing and
immunoblotting. Using an antibody against phosducin, the major cAMP-
regulated phphoprotein found in mammalian photoreceptors and also shown to
bind photoreceptor GO and Gy (Lee et al, Biochemisty 26:3983, 1987; antibody
from Dr. R. Lee), we found that tesa RIS-ROS also contain phosducin, which
comigrates with the 33/35 kDa phosphoproteins. Our results suggest that both
cOMP and cAMP regulate rod modlity though PKA modulation of target
phosphoproteins which act upon the rod actin cytoskeleton. [Supported by
EY03575]

1131

Expression of MGSAIgro by Human Retinal Pigment Epithelial MM) Cells
GJ. Jaffe. R. Shattuck*. W. Roberts. A. Richmgond Duke University, Durham, NC. and

*Vanderbilt University and Departmentof Veterans Affairs, Nashville, TN.
Cytokines produced by RPE cells are important in the pathogenesis of ocula diseasea such

as proliferative vitreoretinopathy (PVR) and uveitis. The cytokines MGSA/gro ct, and

yar members of a supergene family with growth regulatory and inflammatory activities.
The role of MGSA/gro in ocular disease is unknown. Herein, we detmined the

mechanism for induction of MGSA/gro mRNA in human RPE and whethe these cells
produce MGSA/gro protein. To measure mRNA expression, total RNA was extratd

from cultured human RPE cells, reverse-transcribed to cDNA, and amplified with PCR

using primers specific for MGSA/gro a. RPE cells were transfected with MGSA/

grooO35/CAT fusion gene DNA to determine transcriptional acdvation of MGSA/gro.
Protein secretion was determined by immunoprecipitation of RPE cell-conditioned
medium. Minimal MGSA/grocs was expressed under basal conditions; however,

MGSA/groS mRNA was markedly induced within hour after cels wee exposed to IL-lB

(5 U/ml) or after serum-starved cells were refed serum. IL-I1 caused a 57.6-fold increase in

CAT conversion, and actinomycin D completely inhibited IL-lB induction of MGSA/gro
mRNA expression, demonstating that IL-I transcriptionally activates the MGSA/gro
gene. MGSA/gro protein secretion paralleled mRNA expression; unstimulated cells did
not secrete MGSA/gro, but secretion was srongly induced by IL-l. Weconclude that

MGSA/gro is produced by human RPE in response to cytoaines involved in inflammation

and wound healing; thus, MGSA/gro may bean importantcelular mediator of ocular
wound healing and inflammatory diseases such as PVR and uveitis, respectively.

1130

MODULATION OF THE cGMP-GATED CHANNELS OF ROD
PHOTORECEPTOR CELLS BY CALMODULIN. Y.T. Hsu and L.i
MoIdUy. (SPON :N. A. Auersperg). Dept. of Biochemistry, Univ. of
British Columbia, Vancouver, B.C., V6T 1Z3.

Photoreceptor rod outer segments (ROS) are highly specialized
organelles that mediate phototransduction under dim light condition.
This phototransduction process occurs when the light-activated
rhodopsin initiates a series of enzymatically catalyzed reactions leading
to a decrease the cGMP level and the closure of the cGMP-gate
channels in the plasma membrane of ROS. The recovery phase of this
process involves the deactivation of rhodopsin, transducin, and
phosphodiesterase as well as the resynthesis of cGMP by guanylate
cyclase and the reopening of the cGMP-gated channels in response to
elevated level of cGMP. Cytoplasmic calcium plays a role in this
recovery process by modulating the guanylate cyclase activity through a

calcium binding protein recoverin. We have recently identified a 17
kDa protein from the EDTA extract of ROS membranes as calmodulin,
a calcium binding protein known to regulate the activity of various
enzymes. In the presence of Ca2', calmodulin binds to a 240 kDa
protein which has been shown to be tightly associated with the cGMP-
gated channels of mammalian rod photoreceptors. Kinetic analysis of
cGMP-dependent cation influx into ROS membrane vesicles indicates
that calmodulin increases the Km of the channel for cGMP without
affecting its coopexativity. This effect can be reversed by either
decreasing the Ca + level or by the use of calmodulin inhibitor
mastoparan. On the basis of these studies, this calmodulin modulation
may represent a novel calcium dependent regulation of the
photorecovery and light adaptation processes.
These studies were supported by grants from MRC and NIH.

1132

Re&Air of Sinole Cell Wounds In Retinal Plament Edithelial Cells In Situ.
H.Nagal and V.l.Kainln, Department of Anatomy and Cell Biology, University
of Toronto, Toronto, Ontario, Canada.

Sinoe retinal pigment epithellal (RPE) cells do not normally multiply
after birth, the oss of cells with Increasing age leads to an Increase In the size
of remaining ones. The mechanism by which the Integrity of RPE Is

maintined after ceN death has not been estbished. In this study, we

descrbe a seies of stages In the repair process after the death of single RPE
cells In 8 to 15 day chick embryos. Whole mounts of RPE showed that among
the great majorty of RPE celis which were regular In sIze and hexagonal In
shape, were scattered irregularly shaped degenerating cells containing
indudon bodIes. The regions occupied by the dying or dead celis, whose
residual bodies could often be observed above the wounds, were repaired by
the spreading of the surrounding hexagonal cells. A study of the distrbution
of microfilaments (MF) in these cells by confoca laser scanning microscopy
revealed both a decrem In size and staining intensiy of circumferential MF
bundles and the formalion of fine MF bundies running parallel to the wound

edge In each of the surrounding cell on the aide facing the wound. These MF
bundes give a spkier-web like appearance to the wounded region. Similar MF
bundes running paraNll to the wound edge were also seen In RPE cells In
organ culture sprding Into largerwounds. These findings Indicate that during
repair of spontaneous angie cell wounds there i a dramatc reorganization
of the cytoskeleton. This type of repar by spreading alone which results In an
Increm In the average size of the RPE ceils In the monolayer with age would
not be expected to triger cell proliferation which In these celis is linked to cell
migratlon (Hergott etoL, EOp. Coe Res. 1991;195:307).
Supported by the RP Eye Research Foundation of Canada.

Neural Development I (1133-1134)

1133
Neuro-2a Neurlsom Cels IntmMal GoldLabeld Choer Toxin-B in a
Tmorature Decenden Manner, I.H. Fo and F.J. Rolen, Departmnt of
Anatomical Sciences and NeurobRloigy, School of Modidne, Univesity of Louis-
ville, LouIvile, KY 40292.

Murine Neuro-2a neuroblsoma coll undergo enhanced neurtgenudl hI vft
when expocWdto exogenous ganglole GMI. Our prewlous studi examined the
offect of Taxol (a microtubulesabibr) and Cobwmid (for microtubuls dsaem-
bly) on the sur-face distribuon and intemeation of endogenous GMI labdo
with cholea toxin B-colloidal gol. Taxotrested Neuro-2a obs posessd moe
surface GMI than coe tretd with Cocemid. In contrast, Colcemitreated oells
intemazed 3.5 Imes more lbel than Taxoreted cel. A prefereial shuttflg
of GMI to the plasma membrane occurred during Taxol-ndated neudtonesi.
Perhaps ts movement alows GMI to play a moduty role In neurtogenee.
In thi study the effcts of tempwature on GM1 Intemaization and surfa
distrbuton are repored. Followin 24 hr normal growth, coe were expoed to

gold labeled cholera toxin-B under differnt experimentl condions for 1 hr prior
to ixtidon. Cob we (1) exposd to label and Incubed at 35 C, (2) cold qill-

brted (4C), expoed to label end retained In the cold, or (3) cold equlibrated,
expose to label and remed to 35C. Peikaryal and neurtc ares as well
their respectve perimote wr detenrned mo ri The number of
gold paricles in these regions wero otermined per unit area or surface lngth.
This study Indkated tht nourt posesed greater lvel Of en dgnou GMI
(membranou and Intemasd than prlkerya In all tratmn grups. Cob
Incubated at 35 C Intwmabed largequarnies of GMI-poeltive klbel Cold-edapted
cells lntwmazed the least label. The Intemlzed label remained clos to the
plama mnmbrae; these cel had the mo surface bbel of al treaments.
Compered to cel maintained at 35-C, te level of Intwmslzed GMI Increased
when cob wr exposed to the cold prdor to exposure to 35C. Thes resub
d mntrtetath raeofkd on oGMI In N ouro-2 sbmp
deend ent. Ths prefeential lcaton of GMI In euritee fbrt suggests that

ganglokle may play a role in neuritogenesis.

1134
Two Regulatory Genes Share Common Functions in Drosophila CNS and Head
Dveiggment, LL Rmatif V.K.L. Merrill', and R. Pag. ARL Division of
Neurobiology, University of Arizona, Tucson AZ 85721, and Dept. of Biology,
Brandeis University, Waltham MA 02254. (Spon. by C.A. Boswell.)

During the metamorphosis of Drosophila molanogaster, the central
nervous system (CNS) Is reorganized and the adult epidermis develops de novo.
Both events require activity of the Broad Complex (BR-C), a steroid hormone-
regulated gene (Restifo and White, Dev. Bhol. lAf:174-194, 1991; Kiss et al.,
Genetcs j.:247-259, 1988). Here we provide anatomical and genetic
evidence that BR-C and Deformed (Dfd), a homeotic selector gene (Merrill et al.,
Dev. Bl. 122:379-395, 1987), participate in common events In CNS and head
morphogenesis. Like BR-C mutants, Dfd mutants dying during metamorphosis
manifest failure to separate the subesophageal ganglion (SEG) from the thoracic
ganglion (TG), with concomitant defects In cervical connective formation.
Failure of SEG-TG separaton maps to the Dfd locus. We used a temperature-
sensitive allele of Dfd to ask when during development (larval life,
metamorphosis, or both) Did is required for SEG morphogenesis. Unlike
viability, SEG-TG separation does not have a discrete temperature-sensitive
period. Rather, permissive temperature during either larval life or
metamorphosis allows SEG-TG separation. Scanning electron microscopy
demonstrates that BR-C and Did mutants also share defects of the maxillary
paips and proboscis, head structures Innervated by the SEG. The phenotypic
overiap Is not complete, with the palpe being much more sensitive to lack of Dfd
activity than to loss of BR-C function. Using a variety of BR-C and Dfd alleles,
we asked whether these two vial loci interact genetically. Neither gene
enhances or suppresses the lethality associated with mutations of the other.
However, In specific BR-C--Dfd doubl mutants, the Dfd head phenotype is
enhanced. This enhanoement, sn with a BR-C viable allele that does not cause
head defects by itself, appears to be allele- or complementation group-specific.
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1135
Exaof the HuDNeunaRegg lDun n gDey&Rnnt. M.F.Manch'.
HLM. Furneux. and l.A. Weston'. 'Institute of Neuroscience, Univoesity of Oregon,
Eugene, OR 97403; 2Laboratory of Molecular Nur-Oncology, Memorial Sln-Kettering
Cancer Center, 1275 York Avenue, New York, NY 10021. (Spon. by M.F. Marsich.)

HuD is a neuronal protein that han ben suggest to be involved in mRNA
processing vital for neuronal development and maintenance (Szabo at al., 1991, CeU, 67,
325-333). HuD pre-mRNA is altematively spliced yielding three isoforms celled HuD,
HuDpro, and HuDmex. To test whether these isoforms are expressed differentially in
discrete classes of neurons or at different times in development, we have developed
monoclonal antibodies specific for epitopes unique to either HuD or HuDmex. Synthetic
peptides whose sequences span the predicted altemative splicing site, ad that share a six
amino acid sequence were used an immunogens. Of 198 Anti-poptide MAbS geneated to
date, 8 are HuD+/HuDmex-, 6 are HuD7/HuDmex+, and the remainder bind both peptides.
Two of these (MAb 16A1 1 and MAb 12G10) react well with intact HuD protein (both human
and avian) in westem blots and show an Anti-Hu-like pattern of neuron-specific
immunoreactivity in fixed avian embryos (Anti-Huis the human autoantibody specific for the
Hu-antigens). Whereas MAb 16All binds to peptide HuD but not peptide HuDmex, MAb
12G10 binds to both peptides. Except for slight differences in bakground, the two MAbs
show identical pattems of reactivity both in terms of tissue specificity and developmental
expression. In particular, both MAbs show early expression of immunoreactivity in neurons
of the dorsal root ganglia, sympathetic ganglia and spinal cords of avian embryos. We
conclude therefore, that HuD (revealed by MAb 16A11) is expressed early in the neuronal
tissues studied, and appears to be expressed in all neurons studied. At present, we cannot
establish whether or not HuDmex is also expressed early in all HuD+ neurons, since the
marker for HuDmex (MAb 12G10) also reacts with HuD. Although additional study will
be required to determine if the two proteins are coordinately expressed in all neuronl
tissues, it is clear that MAbs 16All and 12G10, an well an additional MAbs specific for
other Hu-isoforms, will be valuable reagents for studies of neurogenesis, neuronal
maintenance, neuropathy and small cell lung carcinoma. Supported by NSF grant DCB-
8820070 and NIH grant NS29438.

1137
A Novel AnkyrIn is Requred for Axon Guidance in C. eegansA J Otmska,LP

Boontr poontaw. Y-Y Zhang L Z Tang and A.Soby. Deptment of
Biological Sciences, Illinois State University, Normal, IL 61761-6901.

Mutations in the Caenorhabditis elegans unc-44 gene result in aberant guidance
of neurons, including several sensory neurons that normally target the central
nervous system, and in fasciculation of these neurons with inappropriate partners

[Hedgecock, E. M., Culotti, J. G., Thomson, J. N., and Perkins, L. A., Dev. BioL,
111, 158-170 (1985)]. In order to deternine the nature of the defect, the Tcl
tansposon insertion in unc-44(rh1042) was used as a physical marker to clone the
gene. Six tansposon-induced alleles were localized to two regions, designated sites
A and B, in a single complementation group. DNA sequence analyses of cDNA and
genomic clones from site A reveal putative proteins with all thre ankyrin domains:
1) the ankyrin repeat domain, 2) the spectrin-binding domain, and 3) the regulatory
domain. Comparison of cDNA and genomic sequences Indicates altemative splicing
of thelinker between the ankyrin repeat and spectin binding domains, an well an of
the regulatory domain. The ankyrin repeat domain is composed of twenty tuee
repeats of approximately 33 amino acids, clustered in six groups, ratherthan located
on individual exons. The repeats of the unc-44 product can be assigned to their
vertebrate equivalents. It appears that a novel form(s) of ankyrin, encoded by
transcripts that span sites A and B, is involved in the-neural defects In C. elegans.
This proposalis based on positions of the Insertion mutations, the complementation
results, and the detection of RNA's by site A and B cDNA's, in the 14 kb range, th

differ between wild type and tansposon Insertion mutants. The site B cDNA
fragment appears to encode a proteinthat Is different from the large form of ankyrin
discovered in the neonatal rat brain [Kunimoto, M., Otto, E., and Bennett, V., J. Cell
Biol., 115, 1319-1331 (1991)]. It will be of considerable interest to identify the
proteins with which the novel ankyrin interacts.

1139

Ex=ssion of Cadherins in Developing Mouse Brain. AM. Fannon and
RColman, Department of Anatomy & Ccll Biology, Columbia University,

630 168th St,NewYork, NY 10032
The cadherins are a family of calcium dependent cell adhesion molecules

which act via homophilic intections and appear to be important mediatrs of
morphogenesis. The "classical" cadherins, the neural (N)-, epithelial (E)-,
and placental (P)-cadherin, consist of five extracellular putative calcium
binding domains, a transmembrane domain and a highly conserved
cytoplasmic carboxy terminal domain. Since our laboratory is interested in
cell adhesion, mycinogenesis and the function of myelin proteins, it was
decided to investigate the possible role of cadherins in myclin. The initial
approach was to find cadherins which were enriched in white matter using
PCR.

Degenerate PCR pnmers which annealed to the putative calcium binding
sequence and a conserved region in the carboxy terminus of the clsical
cadherins were used to amplify cDNAs from whole mouse brain or human
optic nerve, an enriched source of white matter. The PCR products were

subcloned, sequenced and determined to be E-cadherin and the newly
described neural cadhmin-6 (N6ca -

Since E-cadherin and N6-cadherin showed extensive homology, the
extracellular domainS of each was used for riboprobes. The extracellular 5

domain demonstrates the least amount of sequence homology both at the
cDNA and protein level. Northern blot analyses of postnatal day 5,10,15,
20 and adult brain showed that both E-cadherin and N6-cadherin mes
were present at all ages. However, E-cadherin messages appeared to be more
abundant in the adult while N6-cadherin messages appeared to be more
abundant in five and ten day old mice. The tissue localization of these

cadherins during mydlinogenesis is currendy being examined.

1136
Effects of Retinoic Acid on Avian Trunk Neura Crest Cells.
P. D. Henion, V. A. Jarson and J. A. Wstnttute of Neuroscince,
University of Oregon, Eugene, OR 97403

The neural crest of vertebrate embryos gives rise to a variety of cell
types during develpment, including both neuronal and nonesuronal
derivatives. Although numerous studies have implicated different growth
factors in the overt differentiation and subsequent survival of specific types
of neural crest-derived peripheral neurons, comparatively little is known
about environental cues that regulate the initial phenotypic choies of
early neural crest cells, and in particular, the choice between neuronal and
non-neuronal fates. We have utilized cuitures of early quail neural crest
cels to test the possibility that retinoic acid (RA) affects this lineage
decWion We have found that treatment of crest cultures with nanomolar
concentrations of RA appears to cause increased cell proiferation and
precocious expression of an early neuronal marker by a subpopulation of
cells. Subsequently, RA treated cultures exhibit a dramatic increase in the
proportion of cells which express neuronal markers compared to controls.
In our culture system, neuronal differentiation normally requires the
presence of E 10 chick embryo extract (CEE). We have found, however, that
RA can at least partially substitute for CEE-derived factors in the initial
expression of neuronal properties by neural crest cells. Our results indicate
that RA, either directly or indirectly, causes the early appearance and
specific increase in neuronal cells in crest cultures, and can induce
neuronal differentiation in the absence of CEE. Taken togehr with the
findings of others that subpopulations of avian neural crest and crest-
derived cells express RA receptors and RA binding proteins, these results
raise the possibility that RA and/or other retinolds may play a role in
proliferation of neuronal precursors and neuronal differentiation during
development in vivQ Supported by NS29438 and NS09031.

1138

12-4C A Growth Cone-Associt Protein Bearing the L22Carbohydrate
EDitoge with Similarity to Ankvrina G.P. Owens, M. Horan, C. Burger and W.E.
Hahn. Department of Cellularand Structural Bidogy, University of Coorado, School
of Medicine, Dernver, CO 80262.

Many of the adhesion molecules expressed in the mammalian nervous
system share a carbohydrate epitope defind by the monocional antibodies
i-2/HNK-1 (Kruseetal. Nature 311:153). To identify novel L2-glycoprotelns with the
i12 epitope expressed during neurodevelopment, we screened an expression library
prepared from 5 day old mouse cerebellar mRNA with a polyclonal sera (Rest 12
provided by M. Schachner) directed against affnity purified L2 containing
glycoprotelns. AcDNA done, i2-4C, was isolated that corresponds to a muitform
protein whose presence and abundance changes relatlive to postnatal brain
development. Antibodies raiaed against theL2-4C fusion protein recognize proteins
of about 450 kD, 320 kD, 230 kD and 150 kD. The 450 kD and 320 kD species are
most prominent from late embryonic through earty postnatal develpment, whereas
the 230 kD protein Is most abundant In adult brain. 2-4C (320) is highly enriched
In purifid growth cone fractions.

Immunoglobulin from antisera madeagalnat 12-4Cfuslon proteinimmunuo-
precipitates a 450 kD protein that reacts with the i2 mAb. In immunoblots of
proteins from growth cone fractions, a320 kD protein that reacts with the 12 mAb
Is also observed. No evidence for glycosylatlon of the 230 kD protein has been
obtained. 12-4C has a domain that Is - 80% homologous with the C-terminal
regulatory domain of human brain ankyrin 11. Therefore it might represent mouse
brain ankyrin or be a member of the ankyrin family. if so, the largerL2-4C proteins
may have extracellularand intraceilular domalns that couple signal trarnductionwkh
changes In the cell cytoskeleton.

1140

The Role of Substrate and Calcium in NeuriteRestrt of Leeh Neurons
Folowing Depolarization. M.D. Nee and M. ann Biocenter Univ.

Basel, 4056 Basel, Switzedand
The substrte has acrcial influence on thedevelpent of leech neurons

in culture.The aim of these experiments was to analyze how depolarization
influences neurite outgrowth of leech neurons growing on different
substrates, Leech neurons growing on lecbh extracellular matrix substrate
(ECM) were depolarized by raised extraellular K+ for 30 minutes, which
induced retaction in a subset of neurites, aresponse comparable to that
obseved after electricalsmulon (S. - Reinert andJ. ?richols,

Exp. Biol. 167:1-14, 1992). This retcion was reversible and inhibited by
raised extracellular Mg2+, suggesting amechanism dependent on calcium.
Cells plated on Concanavalin A (Con A), howevrc, did notretact their
neurites after depolarization, but continued to extend processes.The grwth
cones of cells on ECM revealed retraction oflamellipodial and filopodial
structures after depolarization. In cells on Con A no differences were

observed between growth cones of cells exposed to high K+ and those of
control cells.Immunofluase analysis of the effect ofdepolaizaion on

the cytoskeeton rvealed changes in themic atsin cells onECM. No
alteration in the rnizaon ofmifi ts ormicubs was observed
in cells on Con A after high K* application. rtme lapse studies using
microant and microtubul stabilizing and destablizing drugs confirmed
an involvement of microfilaments in the depolarizadon-induced neunte
retaction. These results demonsmte dte key role of substrte moleculs in
defining the moephology of a neuro.
Supported by the Swiss Nationalfond No. 3127 814.89
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1141

Characterization of a Novel Glial Cell Adhesion Molecule. G-CAM.
in Normal and Injured CNS. T.P. Murphy. M.H. Iin. and LE

Geisert. Jr. Department of Cell Biology and Neurobiology Research

Center, University of Alabama at Birmingham, Birmingham, AL

35294-0019.
Using a monoclonal antibody, AMP1, we have identified a 106

kDa glycoprotein that is involved in rat glial cell-cell adhesion,
tentatively termed "glial cell adhesion molecule" (G-CAM). Immuno-

staining with AMP1 reveals a discrete pattern of labelling at cell-cell

contacts in confluent monolayers of rat astrocytes. AMP1 does not

label cultured embryonic neurons, nor does it reorganize under Thy-1
negative neurons plated on astrocyte monolayers. Treatment of living

monolayers of astrocytes with AMP1 reversibly disrupted cell-cell

contacts, while treatment with control antibodies had little effect. G-

CAM is first expressed at low levels in E18 choroid plexus and

ependyma; as the CNS matures, G-CAM expression is upregulated,

becoming widely distributed throughout the adult brain and spinal

cord. G-CAM appears to be involved in CNS wound healing, with

more than a 100-fold increase in immunoreactivity in the region of the

glial scar, as compared to surrounding brain tissues. Taken together,

these data indicate that G-CAM plays an important role in the

maintenance of glial cell-cell contacts and in the formation and

stabilzation of the glial scar. (Supported by the Spinal Cord Society.)

1143

On the Origin of Glia in the Embryonic CNS of Dro-

sophila. G. Udolph, J. Sohn, and G.M. Technau.

Institut fUr Genetik, Zellbiologie, Universitat
Mainz, Saarstraae 21, 6500 Mainz, Germany. (Spon. by

R. Benavente.)
In the CNS of Drosophila and other insects,

glia represent a prominent fraction of the cells. In

order to study the anatomy and distribution as well

as the origin and development of glia we use the

following approaches. 1) By injecting HRP we map the

distribution of presumptive glia-precursors in the

neurogenic region of the ectoderm. 2) We transplant

single labelled neuroectodermal cells (isotopically

and heterotopically) to disclose their lineages and

to test their state of determination. 3) We screen

enhancer-trap lines for glia-specific expression

patterns (Gal4). We show that glia-precursors seg-

regate from sites at all dorsoventral levels of the

ventral neurogenic region. However, depending on

their site of segregation from the neurogenic ecto-

derm, precursors give rise to characteristic types

of glial cells. The analysis of clones derived from

cells of the early gastrula reveals that, in addi-

tion to neuroblasts and glioblasts, there are also

common precursors for both neurons and glia. Follo-

wing heterotopic transplantation neuroectodermal

cells develop clones according to their new posi-

tion.

1145
Homophilic Binding and Phosphatidylnositol Linkage of the Limbic

SXstem-Associated Membrane Protein (LAMP) are Consistent with a

Rolein Specific Recognition Events in the Developing Brain.

Zukhareva andP Levitt Department of Anatomy and Neurobiology,
The Medical College of Pennsylvania, Philadelphia, PA 19129.

The limbic system-associated membrane protein (LAMP) is a64-68
kilodalton membrane glycoprotein (Zacco, et al, 1990 J. Neurosci.

10:73-90), whose functioning is required for the formation of limbic

circuits, such as the septo-hippocampal projection (Keller,et al, 1989,

Neuron 3:551-561.) The mechanism by which LAMP regulates the

formation of thiscircuit is unclear, but because ofits locationtransiently
both pre- and postsynaptically during development, we predicted that

interaction could occur through homophilic binding. In the present

experiments, we used detergent-solubilized, immunoaffinity-purified
LAMP that was linked to fluorescent Covaspheres (Duke Scientific) to

assess the ability of this glycoprotein to mediate adhesion. Rapid,
reversible aggregation occurred between LAMP-coated beads, and

interaction could be partially blocked by anti-LAMP monoclonal

antibodies. In order to determine the specific molecularinteractions of

LAMP and neuronal membranes, additional studies were performed.

In therat hippocampus, LAMPis anchored to the cell surface through a

phosphatidylinositol (PI) lnkage, as demonstrated by the ability ofPl-

specific phospholipase C to liberate almost all of the antigen in soluble

form. LAMPjoins the family of putative membrane recognition
molecules with Pi linkages and the ability to self-interact during critical

periods of neural development, suggesting a possible signal

transduction mechanism for recognition between limbic neurons.

Supported by NIMH grant MH45507.

1142
BDNF Signal Transduction in Developing Rat Seotal Neurons Grown in Bilaminar
Cultures L.M.Mudd and H.C.Palfrey. Department of Pharmacological and Physiological
Sciences, University of Chicago, Chicago, IL 60637. (Spon. by M.Rao)

Recent work has demonstrated that brain-derived neurotrophic factor (BDNF)
promotes the survival of septal cholinergic neurons in the basal forebrain and that the trkB
gene product is the receptor tyrosine kinase responsible for BDNF action. We used a
bilaminar culture technique to characterize BDNF signal transduction events in the
developing rat septum. Embryonic day 16septal neurons were grown in defined medium at
a distance of 1 mm from a removable glial plane. Both the neuronal and glial planes were
greater than 99% pure as determined by staining for neurofilament protein and glial fibrillary
acidic protein, respectively. Antibodies directed against amino acids 794-808 of the
predicted sequence of the mouse trkB gene product recognized a -120 kDa protein in
embryonic septal neurons, as well as in adult septum and hippocampus, but not in the
astrocytic plane. Correspondingly, the presence of this protein in about 73% of septal
neurons was detected immunocytochemically. whereas only-15% of the cells stained
positively for the low-affinity nerve growth factor receptor. Immunoreactivity was found in
both cell bodies and processes of the neurons. After removal of the glial layer, signal
transduction was examined in the pure neuronal population. Treatment with BDNF
(lOng/ml) resulted in a generalized increase in tyrosine phosphorylation of a number of
substrates. Immunoblotting with anti-phosphotyrosine antibodies showed a widespread
increase in immunoreactive bands with a maximum at 2-5 min, followed by a decline
within 10 min. Proteins of-85, 110, 128, and 160 kDa were responsive while proteins of
-120 and 140 kDa were not. Microtubule-associated protein (MAP) 2 kinase activity also
appeared to increase in this same time period as demonstrated by a transient increase in the
phosphorylation of myelin basic protein by cytoplasmic extracts from cells treated with the
trophic factor. In addition, BDNF increased the expression of Fos, with nuclear staining
increasing from 1.1% of cells to a maximum of 66% of cells at 4 h following treatment.
The percentage of Fos-positive neurons declined after 6 h incubation and retumed to basal
levels within 24 h of treatment. Thus BDNF initiates a signal transduction cascade in
embryonic septal neurons that may underlie its trophic effects on this cell population.

1144

A Versatile Herpes Amplicon Vector System Has Been Used to
Deliver Foreign Genes into Neurons in Culture and in vivo. M E.

Fotaki. R. J. Dunn, Center for Research in Neuroscience,
Montreal General Hospital, McGill Univ., Montreal, Canada.

The manipulation of neuronal cell gene expression by
introducing foreign genes may alter neuronal growth and
regeneration. Herpes amplicon expression vectors have been
used to mediate the gene transfer. The amplicon vector is a
plasmid based vector that carries viral sequences which allow
for the packaging of multiple copies of vector DNA into viral
capsids in the presence of helper virus . We have constructed a
series of amplicon vectors, pHermes, which include the human
cytomegalovirus major early promoter to drive the expression of
the foreign gene. The vector has been packaged into viral
progeny by cotransfecting plasmid DNA and DNA of the
replication defective helper virus d120 into E5 cells Our first
viral amplicon, Hermes-lacZ, expressed the E. coli lacZ gene
upon infection of stable cell lines (Vero and PC12) and primary
neuronal cultures (chick retinal ganglion cells). This vectoris
now being used for in vivo expression of the reporter gene in
the adult rat brain. A modification of the original vector allows
for the simultaneous expression of the reporter gene, lacZ and
the gene for the rat myelin associated glycoprotein (MAG). This
vector increases the sensitivity of the system by marking the
cells that express MAG. Infection of myelinating cultures of rat
DRG sensory neurons with this vector is expected to show the
effect of ectopic expression of MAG on the myelination process.

1146
Enhancement of Spinal Neuron Axonal Outgrowth by Target-Derived
Astroglia Is Mediated through Protein Kinase C Second MessengerSy atem. J. Qlan* H. Y. Wang* . E.reidman",I. Fischer* andP. Levitt*.
*Dept. of Anatomy & Neurobiology, and*"Psychiatry, The Medical College
of Pennsylvania, Philadelphia, PA 19129.

Astroglial cells participatein a varietyof developmental events during
neuronal morphogenesis. We have shown that axonal outgrowth of spinal
cord neurons can be promoted by a diffusible factor(s) secreted from
cerebellar astrogliainvitro in comparison with spinal astroglia. This glial
effect seems to be mediated via protein kinase C (PKC) since: (1)inhibition
of PKC activity bysphingosine greatiy reduced the meanaxonal length of
spinal neurons culturedin medium conditioned by cerebellar astroglia
(SCn-CBg), while activation of PKC by the phorbol ester TPA was not
additive to the glial effect and (2) activation of PKC by TPA promoted axon
growth of spinal neurons cultured In medium conditioned by spinal astroglia
(SCn-SCg). We used quantitative Westem Blotting and PKC activity assays
to provide further evidence of theinvolvement of PKC In the specific axon-
promoting effect by target glia. The data show that thereisincreased PKC
activity and protein levels (in particular, PKCP) in SCn-CBg cultures, which
correlates with enhanced axon growth. This can be Inhibited by
sphingosine treatment. In SCn-SCg cultures, phorbol ester activation of
PKCincreased both activity and protein levels of both PKCa and PKCfk
This activation correlated with stimulated axonal outgrowth. These results
suggest that the glial signalling that regulates axonal outgrowthis
mediated in part by the PKC system. Supported by NIMH grant MH45507
and NIH Programngrant NS24707.
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1147
Characterizaton of Primary Cuiures of Deveoona Neurons from Soeclic Areas
Bmn. S.E. Poduslo. P. Costes*. W. Chen. R. Seelow. P. Decker. and P. Thomas.

Dept. d Neurology and Dept. of Cell Bilogy and Anatomy*, Teoas Tech Uniersiy
Health Scences Center, Lubbock, TX 79430.

Primary cultures of neuron were prepredfrom dssected cortIcal, strlatal, and
mIdbraIn areas of embryonic rats. The dissected tis was subjected to
Isypsinatlon In Islatlon medium and the softened tissue was passed through nylon
screens to obtain a single cel suspensi. The cells were plated onto
polyethy1enimine coated flsks in Duibecco's high glucose medium with zinc-free
Instiln (Squibb), 1% BSA, and 10% fetl calf serum Hycone). After one hour th
medium was changed to remove cal fragments Over the net 24-48 hours, the
cultures conssed primarily of neurons extending long processes. Choline
acetyltranferase and tyrosine hydroxyase enzymatic aciviies were analyzed and
Immunofluorescence staining was performed on the primary neurons after two days
in ctiture. The enzyme assays were modified to measure activities on smal

quantities of cells. After two days in culture, neurons from midbrain had an actMty
of 20 pmol/min/mg soluble protein fortyroedne hydroxylseand 313 pmol/min/mg
protein for choline acetyltransferase. Levels of mRNA for the dopamine Di and D2
receptors were quantitated using the poymwase chain reaction. Neurons grown
in T25 flsks were concentrated and totl RNA was prepared. Then cDNA was
made using an oligo (dT)15 primer and AMV reverse transcriptase. After
amplification in the presence d Ia-32PjdCTP, the samples were separated by
acryhaide siectrophoresis. The radiolabeled bands were stained, excised, and
mRNA levels quantiated using a control sandard. Co-cultures d target areas of

striatal and midbrain were also made to evaluate the effects of target innervation
on the cited parameters. This neuronal culture system can be used as a model

system to measure the effects of drugs on neurona function durng development.
Supported by NIH grant DA07366.

1148

Expression of myelin proteoligid protein and basic protein mRNAs during
development of normal and jimpy cultures using nonradioactive in situ
h3ridization histochenmist. A.A.MlakiR.LP. Skoff and P.E. Kna=p Dept. of
Anat. & Cell Biol., Wayne State Univ., Detroit, MI 48201. (Spon. by K.Palmer)

The jimpy (jp) mouse is an X-linked recessive mutant with severe CNS
dysmyelination due to a point mutation in the gene coding for myelin proteolipid
protein (PLP). In vivo and In vitro, PLP protein is not detectable in jp and in vivo,
PLP-mnRNA is reduced by 80-95% of normal level. Myelin basic protein (MBP)
and its message are also drastically affected, although not to the extent of PLP
and its message. Transcription of PLP and MBP mRNA has not been investigated
in jp cultures. The objective of this study is to compare the developmental
expression of mRNAs for PLP and MBP in jimpy and age-matched normal mice in
primary cultures. cDNA inserts specific for PUL or MBP-mRNAs (obtained from
Dr. A.T. Campagnoni) were separated from their cloning vector by using
appropriate restriction enzymes. The cDNAs.were labelled with digoxigenin
conjugated to dUTP using a Genius random priming kit (Boehringer-Mannheim).
An in = hybridization histochemical procedure was employed on cultures at 6
and 14 days in vitro (DIV). The hybridized cells were detected using an
antibody to digoxigenin conjugated to alkaline phosphatase in the presence of
enzyme substrates. In jp cultures, at 14 DIV, the number of cells labelled for MBP
and PLP-mnRNAs were reduced by 20% and 33% respectively. At 6 DIV,
preliminary observations indicate that the percent reduction in labeled cells is
even less than at 14 DIV. Immunocytochemistry on sister coverslips showed
weak staining for MBP. In both jp and normd cultures, cells labeled for message
were heavily stained. These results suggest that transcription of myelin
messages is much less affected by the jp mutation than is translation. (supported
by NS18883 & NS15338).

1149
Exoression and secretion of iron retulatorv proteins and Transferrin
mRNA in neurodlial cells in culture. J.R. Connor. S.L. Menzies and BS.
Snyder. Department of Neuroscience & Anatomy, MS. Hershey Medical
Center, Penn State College of Medicine, Hershey PA 17033.
Recent studies investigating iron and iron regulatory proteins in the

nervous system indicate that neuroglial cells are responsible for
maintaining brain iron homeostasis. The purpose of this experiment is
two-fold: (i) determine whether Tf is secreted by neuroglial cells in
culture and (ii) identify the neuroglial cells which express iron
regulatory proteins and/or transcripts. Brains from neonatal mice were
removed, stripped of the meninges and prepared for tissue culture
according to standard procedures. Cells were plated at high density on
poly-L lysine coated coverslips. The cells were grown to confluence (- 5

days) in a medium containing 10% fetal calf serum. Upon reaching con-
fluence, the cultures were either changed to a defined medium which
contained 5O0ig/ml of transferrin or continued in the initial medium.
Immunohistochemical analysis for transferrin (Tf), ferritin, and the
transferrin receptor, inusitu hybridization for transferrin mRNA and a
histochemical stain for iron were pqrformed. Proteins undergoing syn-
thesis in culture were labeled with S-methionine. Tf secretion was
demonstrated in the mixed glial cultures and enriched microglial
cultures using immunoprecipitation. By combining immunohistochem-
istry with in situ hybridization the cells capable of synthesizing Tf
were identified as oligodendrocytes and microglial cells. A subpopu-
lation of cells resembling astrocytes (but not all GFAP+) also express
the mRNA for Tf. Oligodendrocytes and microglial cells also express
the transferrin receptor in these culture conditions. Ferritin and iron
staining are only found in microglial cells. These experiments form the
baseline for future studies on the dynamics of iron metabolism in
neuroglia. Supported by NS2267 1, NMSS RG2 1IS.

Developmental Control of Gene Expression (1150-1151)
1150

A TranUagei Model Distiguishes Cellular Commimet and Differentiation

in the Developing Pulmona pthelium. B.P Eackett and J.DGitlin. Dept.
of Ped.,Wash. Univ. School Med., St. Louis, MO. (Spon. by P. Shackelford).
To define the mechanisms of cell-specific gene expression in the bronchiolar
epitheium we generated a series of transgenic mice using Clara cell secretory
protein (CCSP) - human growth hormone chimeric gene constructs. These
experiments revealed that cis-acting elements within 2.25 kB of the rat CCSP
gene S' flanking sequence were sufficient to direct tissue and cell-specific gene
expression. CCSP gene expression is also developmentally regulated being
expressed at E17 in the mouse and increasing in abundance during late fetal
and early potnal life concomitant with epithelial cell differentsaton within
the developing pulmonary acinus. In contrast transgene expression was
detectable by E1S and was abundantly expressed within the developing
bronchiolar epithelium prior to endogenous CCSP gene expression. Therefore,
despite an absolute conservation of tissue and cell-type specificity of CCSP
gene expression in these transgenic animals such expression was not
developmentally conserved. These data are not due to a unique effect of
growth hormone since the developmental timing of endogenous CCSP gene

expression is unaltered in these same mice. The conservation of cell-type
specific expression during development in this model allows identification of
pulmonary epithelial cells committed to but not yet differentiated towards this
cell phenotype. This model permits characterization of pulmonary epithelial
cell progenitors at defined stages of early lung development. In addition the
developmental uncoupling of endogenous and transgene expression suggasts
the presence of unique cis-acting elements which transduce signals for
developmental timing within the pulmonary epithelium.

1151

ImL CH. Mjaatvedt adJD. Gelarat Departmnt of Gynecology ad
Obsctrics, Johis Hopkins School of Medicne, Balmore, MD 212

(spon. by D.M. Raben)
stap-specific molecule and mechanism of signal tucton

which regulate the dssue- c ene expression ofmouse hea

m~opgenesis larelyto beelcidd Theppose of this stdy is
to id; and caaceie these molecularcn of hea
morphogeais hdrough screens of stage- c cDNA libraries at cridcal
geoheart da nmt. The gof the single ritivehert

tube into amui d adultheatspd ton thefwmaton of the
cardiac mesenchyme. By day 10. p.c. the mouse hea contain a mixed

ofcardiacmeenchymeinvarious sta ofdif deived

from bot the nesral crest and dhm A hertcDNA lhbry has boen
constucted from mRNA ofday I0.Sp.c. mouse embryonic hea Thee

sub-libraries of staespecifi cloe have been obtined from this embryonic
heart cDNA library usng subrctve hybridition Thir-one clons were
randomly pidckd from the duee sept subtcted heat slraries, the ine
wer y sequenced and compaed with those found in the Genbank/
EMB databases. Among these, nne clones showed dgnificant homology
with ksnown genes Specifically, one has significant homology (90%) with a
high mobility groupDNA binding ptein HMG-17. HMO-17 is a member
ofthe HMG-14/17 family of non-histone proeins (mw 10-12kD) found in
the nucleus. Odters had homology (78.2%) with bovine inositol
monand mouse Ki-ras celular oncogene (89A96 ). Sixteen of

the dxnved no significant honvAM to sequences in the
databass and thus appea torepresent nove genes involved in mouse hea
development.
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1152
A system for isolation of genes that repress myogenesis. I.Pieri
adB.B.Olwin
Department of Biochemistry, University of Wisconsin,
Madison, WI, 53706.

We are interested in understanding the mechanisms
involved in bFGF-mediated muscle differentiation. We modified
BC3H1 muscle cells by transfection with a plasmid containing a

neomycin resistance gene under the control of SV40 promoter
and the hygromycin resistance gene under the control of the
muscle creatine kinase (mCK) enhancer/promoter (mCK is only
expressed in differentiated cells). For differentiation, BC3H1 cells
are exposed to low concentration of serum (0.5%) and selected
with 200 ug/ml of hygromycin. Anti-myosin antibody staining
showed that 90% of the cells were differentiated compared to
60% without selection. Following selection, BC3H1 cells reenter
the cell cycle (or dedifferentiate) in response to mitogenic
stimulation ( 15% serum, bFGF). Reentry into the cell cycle
requires new protein synthesis, suggesting new gene transcription
occurs. A subtractive library method (Wang & Brown, 1991,
PNAS, 88, 11505-11509) is being used to isolate FGF-regulated
genes involved in repression of myogenesis. Isolation of these
genes is in progress.

1154

Temporal Expression of Myogenic Regulatory Genes In Cultured Rat Skeletal
Muscle Satellite Cells, MSJ Jnnan1a, C.K. Smith-11 and RE. Allen2.
1Animal Science Discovery Research, Lilly Research Laboratories, Eli
Lilly and Company, Greenfield IN 46140 and 2Department of Animal
Sciences, University of Arizona, Tucson AZ 85721.

Utilizing polymerase chain reaction amplification of cDNA from reverse
transcribed RNA, we examined the temporal pattern of expression of myf5,
myogenin, MRF41herculln, and myoD from rat myogenic satellite cells
grown in culture. Cells were prepared from 9 month old rats. The rats
were not growing and were not injured; therefore, satellite cells were
assumed to be quiescent. Expression was examined at 0, 24, 48, 72 and 96
hours and in fused cultures (144-168 hours). In our system, satellite
cells reenter the cell cycle within approximately the first 36 hours,
proliferate between 36 and 96 hours, then differentiate and fuse beginning
around 96 hours. None of the myogenic regulatory factor genes were
expressed in 0 hour cells. Myf-5 and myoD expression were first detected
at 24 hours. MRF4/herculln expression was first detected at 48 hours.
By 72 hours in culture, mRNA for all four genes was present and remained
so throughout the duration of the experiment. Thus It appears that
quiescent satellite cells are maintained in the myogenic lineage without
expression of the myogenic regulatory genes. These genes, however, are
apparently involved in activation, proliferation and differentiation of
mammalian skeletal muscle satellite cells.

1156
Molecular Biology of Ecdysone and Juvenile Hormone Action.
E.M. Berger, Biology Dept., Dartmouth College, Hanover,NH 03755

The development of holometabolous insects is regulated
through the interaction of two hormones; ecdysterone, the
steroid moulting hormone, and juvenile hormone, a sesquiterpene.
In an effort to understand the mechanisms by which these
hormones modulate the transcriptional activity of target genes
a hormone responsive, rsophila, continuous cell culture
system has been developed and analyzed using DNA mediated gene
transfer and a transient transfection assay.

The small heat shock protein genes are inducible in response
to either high teuperature or ecdysterone treatment, and their
expression shows a parallel pattern of regulation in vivo
during imaginal disc development. Regulatory sequences
required for both heat shock and ecdysterone induction are
located in the 5' untranscribed region of each gene. The heat
shock regulatory elements are composed of a head to head array
of redundant elements (HSEs) containing the basic motif NGAAN.
The nature and location of ecdysterone response elements (EcREs)
is less certain but the EcREs appear to contain a l5bp dyad in
which two 7bp half-elements (TGANCPyPy) are separated by a
single base pair spacer. The EcRE is the binding site for the
ecdysterone receptor. Binding of a ligand free receptor to the
EcRE leads to transcriptional repression, and the addition of
ecdysterone and its binding to the receptor, converts the
complex into a transcriptional activator.

The juvenile hormone analogue, methoprene, inhibits the
ecdysterone inducible expression of small hsps, but has no
effect on the expression following heat shock. Model of
methoprene action are discussed.

1153
The Bovine Mvr-5 gene can activate all of the endogenous
myogenic factors except the endogenous Mvr-5 gene in
1 OT 1 /2-derived myoblasts. Robert . Worrell, Todd Arnald and
Robert Lyarie. Department of Genetics, The University of Georgia,
Athens, GA, 30602.

We have previously described a DD3 myoblast cell line carrying
the bmyf gene under the control of the glucocorticoid-inducible MMTV
promoter. In proliferating DD3 cells, myogenin is also dexamethasone
Inducible but lags 4 hrs behind the induction of bmyf. Mrrf-4 can be
induced with a lag of 20-30 min. We now demonstrate that bmyf Is
still dexamethasone inducible in differentiating DD3 cell cultures, but
that the peak of expression was at -6 hrs rather than the 1.5-2 hrs
seen in proliferating cultures. f4yogenin was similarly induced. (llyoD
was barely detectable in proliferating cultures but was at least 10-

fold higher under differentiation conditions. The MlyoD expression in
differentiating cultures was significantly reduced within 3 hrs of
dexamethasone induction. The endogenous Mlyf-5 gene, as determined
by a RNAse protection assay sufficiently sensitive to detect mouse
myf-5 transcripts at o-8 sensitivity of detection, was not activated
under proliferation or differentiation conditions. M'yoD, constitutively
expressed from the MSV LTR in lOT1/2-derived myoblasts, also
failed to activate the endogenous Myf-5 gene. We conclude from these
experiments that, since all four myogenic factors are expressed, none
is sufficient for the activation of the mouse Myf-5gene in these cells.

1155
Erssoof the Rat IntsinlLactase-Phlorizin Hydrolase Gen along the

Proximail to Distal Axsad during PsnalDevelopment S.D. Krasinski.
G. Estrada KY. Yeh. M. Yeh. E.H.H.M. Rings, M. Verhave. H.A. Buller
R.K. Montgomery and R,J. Grand, New Engl. Med. Ctr. and Tufts Univ.
School of Med., Boston, MA 02111, LSU Med. Ctr., Shreveport, LA 71130,
and Academic Med. Ctr., Univ. of Amsterdam, The Netherlands.

The enzyme activity of lacuas-phlorizin hydrolase (LPH), an intestinal
brush border enzyme, is known to be regulated along the proximal to distal
(horizontal) axis and during postnatal development. It is unclear and remains
controversial, however, whether this regulation occurs at the transcrptional or
posttranscriptional level. To investigate transcriptional regulation of LPH
expression, we quantified LPH mRNA using RNase protection assays. LPH
mRNA in the 14 day old rat was expressed at high levels throughout the
intestine. In contrast, LPH mRNA in the adult animal was most abundant in
the proximal jejunum, but was barely detectable in the duodenum and distal
ileum. In an extensive analysis of 5 postnatal age groups (n=4 rats in each
group), LPH mRNA in mid-jejunum declined approximately 3-fold from the
preweaning to postweaning period. The most proximal and distal segments,
however, displayed a more prominant postweaning decline (10- and 25-fold,
respectively) in LPH mRNA abundance. The pattern of expression of the LPH
pre-mRNA, as determined by an intron I antisense RNA probe, was similar in
all respects to that of the mRNA, but 20- to 100-fold less abundant. Measure-
ment ofLPH activity and quantitation ofLPH protein by rocket immunoelectro-
phoresis both showed a postweaning decline which paralleled the decline in
mRNA abundance. Immunostaining of intesdnal segments for LPH also
demonsatd a postweaning decline. CnnluW: LPH appears to be tran-
scriptionally regulated along the horizontal axis and during postnatal develop-
ment. The postweaning decline in LPH transcription is region-specific since
the most strikng decrease occurs in the duodenum and distal ileum.

1157
Characterization of the Sisl Tranaduction Pathwavs and cia-Actin Seguences Involved
in n-Mannosidae Trascriptional Induction in Dictyostelium discoideum. L Schatzle L
ITa and 1. Lanisi Dept of Microbiology, LSUMC, Shreveport, LA, 71130

The D. discoideum lysosomal a-mannosidase gene is transcriptionally induced under
two different conditions: during early development (initiated by starvation), and
approximately three generations before logrithmically growing cells using bacteria as a
food source reach stationary phase. The induction of transcription during growth is the
result of the accumulation and response to a secreted glycoprotein termed the
prestarvation response factor (PSF). Northern blot analysis has indicated that, at least for
the Ax3 wild-ype stan, the PSF dependent induction pathway requires de anov protein
synthesis while in contrast the starvation induced increase in a-mannosidase mRNA
occurs to the same extent in cyloheximide treated cells compared to control cells.
Furthmore, preliminary evidence involving examination of a GCa2 null mutant suggests
that both the response to starvation and to PSF are mediated through the plasma
membrane-localized Goa2 protein. The GCa2 mutant is, however, capable of producing
and secreting PSF. Interesti4ny, although the Ga2 protein has been shown to be coupled
to the cAMP receptorl (cAR1), cs-mannosidase mRNA accumulates to wild-type levels
during growth and starvation of mutant cells containing a disrupted cAR1gene. This is
consistent with our earlier report indicating that a-mannosidase expression was regulated
independendy of the cAMP signalling pathway. Promoter deletion constructs of an
internal deletion clone of the a-mannosidase gene were used in transformation
experiments to identify cA-acting sequence elements required for transcriptional
induction during growth and starvation. These studies revealed a 145 bp sequence
element (-509 to -364) in the cs-mannosidase promoter that was required for
transcriptioal induction under both conditons. This sequence element also contained
sequences simiar to the TTG bcx identified as an important regulatory element in the
promoter of another prestarvation response gene, the discoidin I gene. Therefore, the
1TG box may represent a consensus sequence elment important in the induction of the
entire claas of prestarvation response genes.
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1158

Dictyostelium discoideum. N. Watson and S. Alexander, Division of Biological
Sciences, University of Missouri, Columbia, MO 65211.

In order to leam the roles of various glycoproteins in L2 discoideum
morphogenesis and development, monoclonal antibodies have been produced
which recognize carbohydrate epitopes on developmentally regulated
glycoproteins. The use of such monoclonal antibodies and the isolation of
mutants deficient in these modifications has led to the identification of several
classes of novel glycoproteins which appear to have 0-linked sugar groups. 0-
linked glycans are present on proteins in the cytoplasm and nuclei of cells of a
number of different organisms, but the structure, mode of synthesis and function
of these glycans are not understood. The genetic and molecular biological
techniques applicable toE discoideum provide a powerful system for studying
these interesting glycoproteins and their role in the developing organism. We
have identified a soluble multiprotein complex which is expressed at the slug
stage ofa discoideum. The complex is immunoprecipitated by a monoclonal
antibody specific for a particular prespore glycoprotein, PsB, which contains an

0-linked glycan. The complex is large and is primnarily composed of six
different proteins. The proteins are co-ordinately expressed in the complex
with maximnal synthesis at the slug stage. Pulse-chase experiments indicate
that the proteins of the complex are unique gene products and do not represent
different stages of processing of one protein. The glycosylated protein of the
complex partitions into the aqueous phase after Triton X-114 extraction,
indicating that it is not membrane associated. This glycoprotein is much more

polymorphic than the other proteins in the complex. The characterization of
this complex will allow us to study the processing and sorting of cytoplasmic 0-
glycosylated glycoproteins. Supported by NSF DBC 8818687 and a UMC
Molecular Biology Predoctoral Fellowship.

1160

lhe Characterzation of the Cyclic AMP Inducible. PEore Specific
Gene. PL3 and its Protein Product in the Cellular Slime Mould
Dictyostlium discoidem. B.K. Yder and D.D. Blumberg.
Department of Biological Sciences, University of Maryland Baltimore
County, Catonsville, MD. 21228.
The P13 cDNA clone was one of the first probes used to define the expresion of
a group of coordinaely regulated,cAMP inducible prapore genes. I have isolated
and sequenced the genomic frament which hybridizes to the P13 cDNA. The
sequece predicts a protein of 72kdals contning many inten repeats end throe
potental N-linked glycosylation sites. Several of these repeats are centered around
conseved cysteine motifs and show homology to repeats found in Diclyosfellwm
spore coat proteins. Primer extension and RNase mapping reveal three exons which
agree with the apparent size of the mRNA obseved by Northern analysis. To
localize cells expressing the PL3 protein, I have created polyclonal antibodies to a
PL3P-galactosidase fusion protein. The polyclonal antisera recognize a prespore
specific protein with an apparent molecular weight of 92kdals. The protein is first
detectable at tight mounds concurrent with mRNA expression and continues to be
expresed in late culmints where the P12 msage is repressed. Using
immunofluoroscent micrwcopy, I have shown that cells expresing the PL3 protein
follow the known morphological changes tht occur in the prespore zone during
development. The PL3 protein appears to suround individual spore cells in the
culminant suggesting that PL3 encodes a spore coat protein. Tranformation of
Diyosteluwn cells with deletions of the 5' P12 promoter region fused to the E.coli
lac Z gene identified a 818bp fiagment upstream of the start site of tan ion

which is sufficient to confer correct temporal, spatial, and cAMP inducibllity. Cells
expressing the PL3 promoter driven P-galactoidase protein colocalize with those

cells expressing the PL3 protein as detrmined by immunofluorescence.

1162

Cell Specific Reprssion of AFP Transcription in the Adult Mouse,

L.A. Cirillo. J. Vacher5. and A.L. Tyn. Department of Genetics, University
of Illinois at Chicago, Chicago, IL 60612, and *Department of Molecular
Biology, Princeton University, Princeton, NJ 08540.
The gene encoding a-fetoprotein (AFP), the major serum protein
expressed in the mammalian fetus, is transcribed in the fetal yolk sac,
liver and gut. The level of AFP expression in both the liver and gut peaks
shortly before birth, after which transcription of the AFP gene is
repressed. It was recendy determined that the region of the AFP
promoter between -250 and -800 contains a negative cis-acting element
that mediates repression of AFP transcription in the adult liver and gut.
Transgenic mice carrying an AFP minigene in which this element is
deleted transcribe high levels of AFP mRNA in these tissues. In order to
determine the specific liver and gut cell types in which the ARP minigene
is being expressed, we have performed in situ hybridization experiments
using adult liver and small intestine obtained from these mice. While all
hepatocytes in the fetal liver express AFP, only hepatocytes in the cell
layers immediately surrounding the central veins express the AFP
minigene in the adult. Similarly, while almost all epithelial cells lining
the fetal gut express AFP, transcsjption of the AFP minigene is restricted
to single differentiated cells in adult transgenic animals. Additional in
situ hybridizations performed on liver and small intestine obtained from
transgenic mice at various timepoints after birth indicate that the switch
from the fetal to adult pattern of ARP minigene expression occurs
between the second and third week after birth throughout the liver. In
contrast, this switch occurs in a gradient along the length of the small
intestine, initiating proximally one week after birth. Our results suggest
that the factors capable of maintaining AFP transcription in the adult liver
and gut are produced in specific subsets of cells in both of these tissues.

1159

Gene and Functional Organlizaltion of the EnzymeR. Rm U ,

Blume, and H.L. Ennis. Roche Institute of Molecular Biology, Roche
Research Center, Nutley, NJ 07110.

Dictyostelium discoideum, a simple eukaryote, is a suitable model
to study regulation of gene expression during development. Similar to
other stages of its development, spore germination is accompanied by
developmentally regulated changes in the synthesis of macromolecules. A
number of genes expressed exclusively during spore gennination have been
isolated and sequenced. One of them, Cel A, was found to encode a

cellulase, an enzyme thought to be important in digesting the cellulose-
containing spore wall. Both Cel A and its mRNA are synthesized only
during spore germination. Neither the mRNA or enzyme are found in
dormant spores, vegetative amoebae, or any multicellular stage of the life
cycle. The temporal regulation of Cel A gene expression is being studied.
A region of the 5' flanking sequences of the gene lying between 770 and
584 bases upstream of the initiator AUG is necessary for spore
germination-specific expression. Further deletions of this region have been
constructed to accurately define the sequence element necessary for
transcriptional regulation. Expression vectors containing the entire Cel A
coding sequence or portions of the sequence were constructed. These
constructs produce full-length or truncated proteins when transformed into
amoebae, and the proteins have been purified. In this way the 705 amino
acid Cel A was shown to be made up of three functional domains: a 462
amino acid N-terminal catalytic domain, a contiguous 90 residue "hinge"
region composed of a threonine-glutamic acid-threonine-proline repeat,
which is connected to the 153 amino acid C-terminal cellulose binding
domain. The requirements for each of the domains in digesting cellulose is
being examined.

1161

Develoomental Regulation of Cyclic AMP ReonsM. Element Bindins Protein (CtREB)
Phoenhorvl tion in the Embryonic Murine Palate. W.M. Westn end R.M. Greene.
Depatment of Anatmy end Developmental Biology, Thomas Jefferson University, School
of Medicine, Philadelphie, PA 19107.

The CREB protein ia atrescription factor whom activity is regWlatedby eval
moleculr speces, such a cyclic AMP, calcium, end the reformin growth factors P. We
have been ezAmining the developmental behaviorof thls protein in the embWyonic murine
palte, as cAMP hasbe d_emo td to regulate nume critical steps in pelat
ontogeny. CREB is preent in pelatl tissue thrwou its developmental peiod
(geetional days 12 through 14). Wesen blot aalys of staged pdatal tissue exzacts
using en nti-CREB enlisem (obtained from Marc Montniny, Salk Inatitute) revealed 2
immunoreactive bends: one at 43 kD, which is the expected molecular weight for c

CREB, end a second at approximately 100 kD. The intensity of both bnds rained
relatively conntthroughout development, indicatng that CREB is constituitivey
expred during paleatl develqoment Southwestern blot analysis using en end-abeled
digonucleotide probe containing the CRE dm a that both proteins ized by the
anisnam bind to the CRE, showing that the two proteilnsrecogized by the antisam re
functionally s well as immunologically related. Immnunofluomcee microo pyrevealed
uniform distribution of the CREB protein thruhout the pelatal mesenchyme and
epithelium. Metabolic labeling of dstaged pall shlves with inorgaic 32PO4 followed by
immunopreciptation rveaed that phorporyleion of the proteinrepresented by the 43 kD

bend inread steadily during pelatal development. The 100 kD bnd did not appear to be
innunopreclpltaled by the ntisermL Those dataare consistent with previous observatlos
in this labortory that certain genes that have been shown to contain a CRE in their
proen , suchasTGF-o2 sadTGF-p3, re exzpeseddatsteadily lvels during
palate development. Taken toether, these data indicate that CREB activity in the develoing
palate is most llkely to be regulated at the level of protein phosphorylation ter ten at the
level of CREB gene expresion. Supported in part by NIH grnts DE05550 and DE04199.
WMW suWported by NRSA DE05593.

1163
Trncitional Regulation of Cytoskeletal Gene Ex

>. aBan aulaF.MoskowitzandMonica
M. Qblingr Dept. of Cell Biology and Anatomy, Chicago Medical
School, North Chicago, nI 60064

The neuronal cytoskeleton performs many diverse functions
including neurite outgrowth and maintenance of neuronal
cytoarchitecture. During development of the mammalian brain dramatic
alteradons in the exprsion of cytoskeletal genes have been documented,
however, very litde is known about the level at which cytoskeletl genes
are regulated during development. Changes in cytoskeletal mRNA levels
may be due to alterations in the rate of gene transcription, selecdve
alterations in mRNA stability or some combination thereof. In order to
explore these possibilities, the transcriptional activity of various
cytoskeletal genes including those coding for the neurofilament triplet
proteins, NF-L, NF-M and NF-H, a-tubuHin and P-tubulin were studied
during postnatal development of the rat brain using an in vitro
wanscription assay. Nuclei from rat cortex were isolated at postnautl days
2,5,10,18, 35 and 90 (adult), nuclear run-off assays were performed and
labelled RNA transcripts were isolated. Labelled RNA from different
developmental stages was hybridized to slot blots containing equal
amounts of cytoskeletal cDNA's. Robust changes in the transcripidon rate
of several cytoskeletal genes were observed, For example, both a and p

tubulin exhibited a major dcrse in the rate of tr iption during the
course of postatl development. These findings indicate that alterations
in transcnption are involved in the dramatic changes in cytoskeletal
mRNA that occur during the postnatal interval in mammalian brain.
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1164

SELECTION INDUCTION OF GENE EXPRESSION IN RA
RESISTANT MURINE EMBRYONAL CARCINOMA CELLS. ZLLU

J. PURPUS AND PETER A. MCUE . DEPARTMENT OF
PATHOLOGY AND CELL BIOLOGY, THOMAS JEFFERSON
UNIVERSITY, PHILADELPHIA, PA 19107

Embryonal carcinoma cells, the malignant
puripotent stem cells of teratocarcinomas, are
able to differentiate in response to several
compounds including retinoic acid. Our laboratory
has isolated several differentiation-defective EC
cell mutants selected for their r!sistance to RA.
Additionally, the line nulli (RA) has been shown
to be unresponsive to other inducers such ap DMSO
and HMBA as well. In the presence of 10 tM RA,
these cells retain their EC phenotype, do not lose
the cell surface antigen SSEA-1 and show no
induction of plasminogen activator or cRABP
activity. However, we have found that some RA
responsiveness is retained at the level of mRNA
expressioa for selected genes. Upon treatment
with 10--M RA, increases in RA receptors alpha
and beta expression are observed by northern blot
analysis. Also, messages for the cytoplasmic
isoforms of actin are induced. This selective
gene induction might be considered "partial
differentiation" and could indicate a specific
block to an hierarchy of events and/or cascade of
gene expression resulting in what is typically
considered terminal differentiation of EC cells.

1166
Preliminary Identification and Analysis of Heat Shock and
Steroid Hormone Regulatory Sequences in the Steroid-Inducible
HsoS5 Genes of the fungus Achlva. S.A. Brunt and J.C. Silver,
Division of Life Sciences, University of Toronto, Scarborough,
Ontario, Canada 1l4C 1A4.

Sexual differentiation in the male mating type of the
fungus Achlva ambisexualis is mediated by the steroid hormone
antheridiol. One of the prominent antheridiol-induced proteins
has the identical electrophoretic behaviour and is
antigenically related to Achlva HSP85, a member of the HSP90
family of proteins. Two distinct but highly similar hsp85 gene
sequences have been isolated from Achlva genomic libraries.
Northern analyses have shown that there are two hsp85 message

populations. A 2.8 kB transcript is constitutively expressed
in vegetative mycelia and is up-regulated in both heat-shocked
and hormone-treated cells. A 2.9 kB transcript is inducible
only in heat-shocked cells. Sequence data indicate that the 5'
non-transcribed region of both of the cloned hsp85 gene
sequences contain a number of copies of a sequence motif
proposed to be conserved (Riddihough and Pelham, 1987) in many
steroid response elements from Drosophila to masaals. In
addition each hsp85 sequence contains at least four 15bp heat
shock elements, acme of which overlap the putative steroid
response element motifs. The identification of functional
steroid response elements in fungal genomes has implications
for fungal pathogenicity in both plants and animals.
(Supported by NSERC Canada)

1168
The Initial Transcribed Seauence of The Rat Osteocaicin Gene Contains a Noo tive
Reuatory Ehnant.S. FrnL J. Mlin. J.L. Stain, J.B. Lien.and G.S. Stin.
Department of Call Biology, University of Massachusetts Modical Center, Worcoster,
MA 01 655.

Osteocalcin IOC) is a bone specific, vitamin D-responsive protein, which is
associated with differentiation in both ki vivo and In viro model systom. Basal gone
transcription is controlled by the TATA and CCAAT box elements, while vitamin D
responsivene is modiated by an upstream responsive oement. We identified a strong
negative regulatory element within the squences of the rat ostoocalcin gene
(+ 23/+ 147) designated TIS (transcribed inhibitory sequence). Detion of the TIS from
an OC promoter-CAT reporter construct resulted in a 30-fold increased eoression in
either normel osteobiasts or ROS 17/2.8 celis. The repressor activity was consrvod
following deletion of the ATG initiation codon and a splicing site, both prsent within
the native sequence, thus confirming the presence of a repreor lement. Activity of
the OC-TIS is orientation-independent. In addition, the OC-TIS was capable of
trans-activity, following co-transfectionofeithernormelortransformedosteobastswith
OC-CAT constructs together with the isolated subeloned TIS olment. This trans-
inhibitory actity of the vector containing the TIS alone sugests that the noative
regulation is t the transcriptional level. Both normal osteobiats and ROS 17/2.8 cells
contain nuclear factors that bind the OC-TIS oewment, as shown by gel mobility- shift
assays. Formetion of a unique sequence-specifc protein-DNA complex Is well
corrlated with basl OC transcription, exhibit mercd reduction In prolfrertn
normel diploid osteobsts that do not express the OC gen. In conclusion, the
presence of a negative reguiatory element within the OC-TIS Is Indicated by deletion
analysis, co-transfection experiments, and protein-DNA interaction studies.
Furthermore, the OC-TIS contains C>T-rich stretches, identical or highly similr to
squence within silencers previously identified In several gerne that include rat type
11 collagen, Insulin, growth hormone and chicken lysozyme. Thus, the putative
mechenims involved in the deveiopmental regulation of OC in ostooblasts may be
reated to general silencing mechanisms, operativeat the onset of differentiation-related
gene exprossion.

1165
Expression of hsD70 transcripts during steroid
hormone-regulated mycelial branching. G.Kyriakopoulou,
M.Borkar, V.Armavil, S.Brunt and J.C. Silver. Division of Life
Sciences, University of Toronto, Scarborough, Ontario, Canada
MlC 1A4.

In the filamentous omsmycete fungus Achlya, HSP70 proteins
are encoded by a family of seven or eight sequence-related
genes. Three different Achlya genomic hsp7O sequences were
cloned. Transcript populations recognized by each of the three
Achlya hsp70 sequences were found to be regulated by the
steroid hormone, antheridiol, a fungal steroid hormone which
mediates the development of specialized lateral branches
(antheridia) involved in mating and several subsequent
developmental events. The different transcript populations
recognized by each of the three hsp7O sequences respectively,
show a ccmplex temporal expression pattern relative to one
another and relative to the branching response. One of the
three hsp70 sequences cloned, recognizes transcripts regulated
also by glucose-starvation, tunicamycin and calcum ionophore
A23187 treatments, suggesting that this clone represents the
gene encoding the ER luminal protein, GRP78 or alternatively,
the putative glucose-regulated mitochondrial protein, GRP75.
The remaining two Achlya hsp7O sequences each recognize
transcripts which are expressed constitutively and up-regulated
further by heat shock. These latter two hsp7O sequences exhibit
expression patterns expected for genes encoding cytoplasmic
HSP70 proteins similar to the yeast SSA genes. Our results
suggest that HSP70 proteins play a role in the mycelial
branching observed in response to the hormone. (Supported by
Natural Sciences and Engineering Research Council of Canada)

1167

Reution of U3 snRNA Gene Xression. Y. ittt, R.&Savino
and S.A Gerbi, Division of Biology and Medicine, Brown
University, Providence, RI 02912

Sequencing of two U3 snRNA genes from a genomic
library ofXenopus laevis revealed consensus motifs common
to other U snRNA genes: a distal sequence element (DSE.
octamer motif at -222 to -215). a proximal sequence element
(PSE, at -62 to -52) and a 3' Box (15 or 16 bp downstream of
the U3 genes). Nonetheless, there is differential regulation of
transcription from U3 snRNA genes compared to the
spliceosomal snRNA genes. How is this achieved? The "U3
Box"is an inverted CCAAT motif in the DSE of mammals
specific for U3 snRNA genes, and we find this is conserved in
amphibian U3 snRNA genes. The Xenopus U3 Box is exactly
one helical turn further upstream of the octamer than its
mammalian counterpart, suggesting interaction of putative
transcription factors bound to these motifs. We mutated the
U3 Box and part of an adjacent Spl site and found
transcription was greatly depressed after injection into
Xenopus oocytes, implying a role for the U3 Box in
transcriptional efficiency ofU3 snRNA. Electrophoretic
mobility shift assays using nuclear extract from Xenopus
oocytes implicate transcription factor binding to the U3 Box.
Supported by PHS GM20261 to SAG.

116

Developmental Commitment of Mouse Enamel Organ Epithelium to
Algwinin Trasrigtion. R.I. Couwenhoven and M.L. Snead, Ctr. for
Craniofac. Mol. Bio., Univ. of So. Calif. School of Dentistry, Los Angeles,
CA 90033.
Cyto- and biochemical-differentiation of inner enamel epithelium requires
temporal- and spadal-specific interactions of enamel organ epithelium with
dental papilla mesenchyme and exuacelular matix. Biosynthesis of
amelogenin gene products has been associated with the differentiation of
inner enamel epitheliumn Tbe purpose of the present study was to determine:
f) the developmental stage when mouse enamel organ epithelium initiates
amelogenin transcription, and is) the developmental stage when mouse
enamel orpn becomes determined for amelogenin transcription in the
absence of dental papilla mesenchyme. Mandibular first molars were
dissected from developmentally-staged mouse embryos. Enamel organ
epithelium was separated from mesenchyme by protease digestion, and
enamel organs were cultured either in Matrigel, on laminin-coated filters or
on plastic. Total RNA was recovered from cultured and control tissues by the
guanidinium isothiocyanate/cesium chloride method. RNA phenotyping was
accomplished by reverse transcription-polymerase chain reaction
amplification (RT-PCR) utilizing oligonucleotide primers specific for
amelogenin, collagen al(l) and P-actin DNA sequences. RT-PCR of RNA
from enamel organ cultures failed to amplify collagen cal(I) sequences,
indicating that mesenchymal cells were not detected in the enamel organ
cultures. Enamel organs cultured in Matrigel demonstrated the presence of
amnelogenin tanscripts. Amelogenin transcripdon is initiated at the early cap
stage of odontogenesis and epithelial cells within bud stage enamel organs
are committed to amelogenin transcription. Supported by DE-06988 and DE-
10150.
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1170

Construction and Characterization of Immortalized Enamel Organ
nsitheliiICell. LSChen, W.&Iu andM.LSnead TheUaversity of

Southern California, Center for Craniofacial Molecular Biology, School of
Dentistry, 2250 Alcazar Street, Los Angeles CA 90033.

Mammalian tooth development is dependent upon exchange of
instructive signals between the dental epithelium and neural crest derived
ectomesenchyme. Determined dental epithelium differentiates to
ameloblasts with de novo expression of a unique family of hydrophobic
proteins termed amelogenins. Amelogenins are secreted into the
extracellular space and subsequently removed, a process believed to
regulate the formation of enamel hydroxyapatite crystallites.
Characterization of these events has proven enigmatic due in part to the
absence of defined cell lines through which amelogenin expression and
crystallite formation could be characterized. To address these
shortcomings, we used retroviral vectors containing the SV40 large T-
antgen an a selectable marker to immortalize dental epithelium in order
to identify cell clones which express amelogenin gene products. Based
upon either reverse transcription followed by polymerase chain
amplifiicaton or immunodetecton, several ameloblast-like clones have
been identfied which express both amelogenin messenger RNA and
polypeptides. In contrast, other independent cell clones express high
eveS of TGF-beta messenger RNA and polypeptide but not amelogenin,

suggesting their origin from the stratum intermedium, a unique cell
population of unknown function. Identifying clones with distinctive
phenotypes suggests that specific populations of odontogenic cells were
transformed by the retroviral constructs. Cloned ameloblast-like cell lines
now afford opportunities to examine protein-mineral interaction required
for enamel formation, as well as appropriate host cells required for a
detailed investigation of molecular mechanism involved in the regulation
of amelogenin gene transcription. Supported by NIH, NIDR DE06988.

1171

Characterization of Cytokine Gene Expression in the PMA-Induced

Human Histocytic rhia Cell L-ine. U-23Z using RT-PCR. R. R.

Buchner McKenzie Stratagene Coning Systems, La Jolla, CA
92037.

Cytokines play a central role in mediating both immune responses
and inflammatory reactions. The central role of the cytokine in the
immune system has been described as inducing differentiation and
proliferation of leucocytes, and in regulating production or function of
other cytokines. We were interested in performing a comprehensive
characterization of the production of inflammatory cytokines in the
human histocytic cel line, U-937. Cells were stimulated with phorbol 12-
myristate 13-acetate (PMA) for 0, 3, 6, and 24 hours. Total RNA was
isolated and first strand was amplified using reverse transcriptase-
mediated polymerase chain reaction (RT-PCR1 In these expefiments,we
examined the kinetics of cytoidnemRNA expression and demonstrated
that there is an induction of cytoline mRNA for IL-8, IL-6 GM-CSF, TGF-
01 and IL-6receptor by PMA In contrast, the message for cytokines IL-la
and IL-10 was constitutive and displayed no vanation in e-ression over
the time points examined. Gene exprssionfor the ytokines IL-2 and IL4,
important in the development of T and/or B cells were negative. Based
on these results, it may be of interest to monitor both inducible and
constitutively-produced cytokine gene expression for their relation to
tumor progessiaon and/or immunosuppressiort

1172

Control of Gene Expression in Eukaryotic Cells Usina a Modified
E.coli lac Revressor System. D.L. Wvborskd. L.C. DuCoeur, and J.M.
Short Stratagene Cloning Systems, La Jolla, CA 92037.
The Ecoli lac repressor system has been modified for the control of

gene expression in eukaryotic cells, and potentiaUy transgenic animals.
The SV40 large T antigen nuclear localization signal (NLS) has been
added to the lac repressor gene to direct the protein to the nucleus of
mammalian cells. This modified Lac repressor protein was able to
specifically repress expression of a luciferase gene linked to lac
operator sequences. Basal expression of the luciferase in the repressed
state amounted to approximately 10 molecules per cell. Following
exposure of the cells to f-galactoside inducers, expression of luciferase
increased over 50-fold. Coupled with recent data on the
pharmacokinetics of lac inducers in mice, these experiments suggest
that the lac repressor system can be used to tightly control gene
expression in transgenic animals.

Tissue Specific Gene Expression I (1173-1174)

1173

CurL MS. ivolta,L FeAl.N SIMMl1,2, aod EL Wilxl. ILaboratoy of
Molecular Biology, NIDCD, NIH, Bethesda, MD 20892 USA. 2lnsUfte For Seosry
Reaeuch, Syrcuse University, Syracue, NY 13244 USA.

Transcriptional regulatory proeins play mor roles in cells during the events leading
to daeirdffe ni ulaesa d in kEping heeS responsibl forasteady-atatphotype
'turoed on'. ion facors fton by binding o efic DNA queces re tng
goee -. Sevel tansi factor fmiies have ben describe ad homologo
preinsare mchded in a family bsd on the strctre of the domiin involved in bining to

DNA. Tbese include, for example, the ho , the pred domin, the zinc finger
domain, etc. zinc fierdoman wa gnlly diovered TFIA, aSS gene-speific

tncrptn factor from Xenopus, wber each finger conns a pa of cystene sepated
from a p of histdines by a of aosd twelve ammo acid resid Each fin is

folded wound a teuherl y coodinaed zinc ion bound by dte cis ad hist . in

the prese study, we charteriz a zinc finger-beaing gene coned from fteorga of Corti
as a step towads te moleculr mechanims tat poduce and maintain the

particulr pbenotype of this sensory epitheliwn. Total RNA wu purified from
mias_ ed guinea pig orgpn of Coe and revese unascribed to cDNA. Degenerat
primes were s usng highly conservd regioswithin the CysHis2 inc

rngermotif (Pellegrino et al., PNAS. 8a: 671-675, 1991) and a band of l58 bp was
amplified by PCR. It was clned and sequenced and showed a consenu with two
consecive zinc fingr squences be purifiod fragmt was utilized to en an oran of
Cord cDNA libray. PoNitives cones wre squenced and ts indiae the preenceofat
least nine tandom zi fing towds the cwboxy terminus of the protein. A Northen blot
probed with a 700 bp fragment outside the zinc figer region of one clone, showed
hybridiaion to a 43 Kb trncript in the organ of Cod. This tanscript is lo detcted in
other tissues including stri vacularis, auditive nerve, tongue, rina. cerebellum and
kdney. This tanscript represents the first pu ve regulatory gene cloned directly frm the
organ of Cort. Furdter chaacterizatn and maipulan of this gene may povide us with
a valuable tool which will belp us to derstnd development and differentiain of the
auditory epithelium.

1174

Isolation of progesterone-induced genes from rhesus monkey
endometrium by sequential subtractive hybridization and PCR
amplification. C.I. Ace and W.C. Okulicz, Dept. of Ob/Gyn,
University of Massachusetts Medical School, Worcester, MA
01655.

The steroid sex hormone progesterone (P) induces the
expression of a variety of genes through a signal transduction
pathway mediated by the P receptor, a DNA-binding activator of
transcription. In-situ hybridization and immunohistochemical
analysis of endometrial tissue isolated from ovariectomized
rhesus monkeys in artificial menstrual cycles (AMC) reveal a

complex spatial and temporal pattern of P-dependent gene
expression. PolyA+ RNA was isolated from both P-dominant (day
21-23 of AMC's) and estrogen (E)-dominant (day 9-13)
endometrium. The two classes of RNA were converted to cDNA,
ligated to EcoRI adaptors and amplified by PCR using a primer
homologous to the adaptor. E-dominant cDNA (EcDNA) was
labelled with biotin and hybridized in excess to P-dominant
cDNA (PcDNA). Sequences common to both classes of cDNA were
subtracted by phenol/chloroform extraction of streptavidin-
treated hybrid products. The remaining P-dependent cDNAs were
amplified by PCR. After multiple rounds of hybridization/
amplificaiton PcDNA was cloned into a bacterial expression
plasmid vector. The subtracted library contained more than 90%
P-dependent cDNA and minimal sequences common to EcDNA as
detected by Southern blot and colony hybridization. This
approach will be highly useful for further identification of
P-induced genes. (Supported by HD-20290)
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1175
In Situ Localization of Gonadotropin-Releasing Hormone Precursor mRNA in

First Trimester Human Placental Tissues Using Laser Scanning Confocal

Microsco .T.
M Duello, .LKnoles and P.J. Van Ess Department of

Obstetrics and Gynecology, University of Wisconsin, Madison, WI 53706.

It has been hypothesized that human placental gonadotropin-releasing
hormone (GnRH)is produced by the cytotrophoblast and acts on the adjacent

syncytiotrophoblast in a paracrine manner to regulate the secretion of human

chorionic gonadotropin (hCG). However, immunocytochemical studies have
localized GnRH to the cytotrophoblast and/or the syncytiotrophoblast of human

placental tissues. To determine which cells are capable of GnRH synthesis, in

situ hybridization studies were undertaken using first trimester human placental

tissues, because it is at this time that maternal serum [hCG] is elevated.

Placental tissues were fixed in 4% formaldehyde in 0.1 M cacodylate buffer,

pH 7.2, cryoprotected, and frozen in isopentane in a liquid N2 bath. Twelve

micron sections were cut, mounted on chrom-alun/diethylpyrocarbonate-treated
slides, and hybridized to a biotinylated RNA probe to the precursor of
gonadotropin-releasing hormone (JL Roberts). Control slides were first
hybridized with a 200-fold excess of unlabeled probe prior to hybridization with

the biotinylated RNA probe. For detection, sections were first incubated with
mouse anti-biotin-Cy.5 followed by donkey anti-mouse IgG-Cy.5 (Abs from

Jackson Immunoresearch). Using confocal microscopy, a portion of the

cytotrophoblast cells demonstrated intense fluorescence, while the remainder
did not label at all. Those that labeled were adjacent to one another suggesting
that all of the cells transcribing GnRH precursor mRNA were associated with a

single syncytial unit. Labeling of the syncytiotrophoblast was equivocal. If

consecutive laser scanned confocal images were accumulated, faint labeling was
seen, but approximated that of fibroblasts in the negative control. These
findings are consistent with the hypothesis that the cytotrophoblasts are

responsible for human placental GnRH synthesis. (NSF DCB-9106102)

1177

Up-Regulation of Androsen ReceptorExpression by Cyclic Adenosine 3'.5'-

Monophosphate in Human HeDatoma Cells.

L.-X Shan, C.W.Bardin. and O.A. Jinne The Population Council and The

Rockefdler University, 1230 York Avenue, New York, NY 10021. (Spon. by

J. Catterall)
The effects of 8-bromo cyclic AMP (8-Br-cAMP) and forskolin on

androgen receptor (AR) mRNA and protein levels were investigated in

cultured human hepatoma (HepG2) cells. ARmRNA concentrations were

quantified by Northern blotting with a single-stranded cRNA probe, and a

polyclonal antibody raised against the N-texminal region of the receptor

(residues 14-32) was employed in immunological analyses of the receptor

protein content. Incubation of HepG2 cells for 6 h with increasing

concentrations of 8-Br-cAMP (0.1-100 elevated ARmRNA levels 1.7-

to 3.3-fold above those in control HepG2 cells. Maximal response was

achieved within 6 h after addition of 50 pM 8-Br-cAMP. A cAMP-elevating

agent, forskolin, also brought about an increase in the AR mRNA

in atime- and dose-dependent fashion, with the maximal

response being achieved with a 25 pM forskolin exposure for 6 h. Similar, but

less marked, changes occuared the AR protein content HepG2 cells under

identical conditions, in that both 8-Br-cAMP and forskolin increased

immunoreactive receptor concentradon. These data thus indicate that both

exogenously added and endogenously formed cAMP is capable of up-

regulating AR mRNA and proteinaccumulation in HepG2 cells. This work

was supported in part by grants from the NIH (grant Nos. HD13541 and

DK37692), the Medical Research Council of the Finnish Academy and the

Finnish Life and Pension Insurance Companies.

1179

Heteroeeneity of Secretin Recegto Gene Enression in ProliferatingIntrahepatic Bile
Duct Epithelial Cells in the Rat G.lin. LDTham C.D&Ulrich. LLJMilI
andN.F. LaRusso. Mayo Clinic, Rocheser, MN 55905

Secretin, a gstrointestnal hormone, stimulates bile socredon by inteacting with
receptors on epithdial cells (.e., cholangiocytes) that line the ducts inthe liver. In
the rat, basal and secretin-induced bile flow increas after relief of bile ductligtion
(BDL), a procedure which also induces cholangiocyto proliferton. Although these
proliferting cholangiocytesare morphologically diveo and while recn reports

suggest differential expression ofselected proteins (e.g., blood group agen) by
cholgio cytes, there is no evidence that suchapparet diversity is reflected by
fimctional heterogeneity.Thus, using the secretin receptor as a physiologically
importat phenotype, we began to test the IJXE51S that cholagiocytes anr

heterogeneous. MEODDSQ: We generated a secretin reeptor probe

identical to the previously reported cDNA for a secretin-binding protein (EMBO

10:1635, 1991) using PCR with rat pancreatic cDNA as template. We used this

probe to study the distribution, expression and rte of the scretin

receptor mRNA (SR-mRNA) using Northern blot hybrid zatn andnuclease
protction andrun-on transcription aays in two oubpplations ofmorphologically
distinct cholanicyte purified from BDL rats bycentrifugal elutriation.[I.e., small
cholangiocytes (mean diameter, 8 um) and large cholangiocytes (mean diameter,
13um)].RESULS: Using Northern blot analysis andnuclease protectionassays,
we detcted SR-mRNA only in lage cholangiocytes. Similarly,n n-on assays using
ucldei isolated from large (but not small) cholgiytesdemond active

of SR-mRNA. _ Inchl
isolated from BDL rat, thereis differentalgam eression of SR-mRNA by two,
morphologically disdnct, cholangiocyte subpopulations.The data sug est that large
cholangiocytes play a specific role in regulatn seretin-induced hypercholeris after

BDL and support the hypothess that cholangiocyte are fuctionally

1176
A Novel Trmanscrintionial Enhancer is Involved in the Prolactin- and

Extraceillulair Matrix-Dene-ndetnt Regulaktion of jI-casein Gene E

Sbhmidhauser*, G. F Ciaanean, C. A. Mlyez*, K T. Sanz+, S. Bolten,
and M. J. Biasell*, *Cell and Molecular Biology Division, Lawrence
Berkeley Laboratory, U. of California, Berkeley, California 94720;
+Monsanto Corporate Research, AA3C, Chesterfield Village Parkway,
Chesterfield, MO 63198

Lactogenic hormones and extracellular matrix (ECM) act
synergistically to regulate i3-casein expression in culture. We have
developed a functional subpopulation of the mouse mammary epithelial cell
strain COMMA-1D (designated CID 9), which expresses high level of i3-
casein, forms alveolar structures when plated onto the EHS tumor-derived
matrix, and apically secretes ji-casein. We have further shown that ECM-
and prolactin-dependent regulation of i-casein occurs mainly at the
transcriptional level and that 5' sequences play an important role in these
regulations. To address the question of the nature of the DNA sequence

requirements for such regulation, we analyzed the bovine ji-casein gene

promoter in these cells. We now have located a 160-bp transcriptional
enhancer (BCE1) within the 5' flanking region of the i3-casein gene. Using
functional assays, we show that BCE1 contains responsive elements for
prolactin- and ECM-dependent regulation. BCE1 placed upstream of a

truncated and inactive ji-casein promoter (the shortest extending from -89 to
+42 bp with regard to the transcription start site) reconstitutes a promoter even

more potent than the intact promoter, which contains BCE1 in its normal
context more than 1.5 kb upstream. This small fusion promoter also
reconstitutes the normal pattern of regulation, including a requirement for
both prolactin and ECM and a synergistic action of prolactin and
hydrocortisone. By placing the milk promoter with a heterologous viral
promoter, we show that BCE1 participates in the prolactin- andECM-mediated
regulation.

1178

Purification and Characterization of a Male- and Liver-specific Estrogen
hltinEwPnin. N.J. Barsic. R.P. Hughey. and P.K. Eagon. VAMC and
Depts. of Medicine and Molecular Genefics & Biochemistry, University of
Pittsburgh, Pittsburgh, PA 15261.

The liver of sexually mature male rats contains a unique estrogen
binding protein (MEB) which constitutes at least 99% of the total
cytosolc estradiol binding activity and has properties which disfinguishit
from the classical estrogen receptor. The MEB protein binds estradiol
with moderate affinity (Kd=32nM) and has a strict specificity for steroidal
estrogens and certain estrogenic metabolites; the proteindoes not bind
nonsteroldal estrogens or other steroid hormones. In males, MEB Is
induced by androgen at puberty, and requires neonatal androgen
imprinting and an intact pituitary for full expression. In females, MEB can
be partialY Induced by andro en treatment after ovariectomy. The exact
role of MEB is unknown, but itis postulated to act as a scavenger of
estrogens and/or estrogenic metabolites. Using several
chromato.raphic steps, a partial purification (1 50-fold) of the protein has
been achieved. This partially purified MEB preparation was used to
produce polyclonal antibodies. On Western blots, these polyclonal
antibodies react with a 31K bandin a sex- and liver-specific manner. To
obtain protein sequence, the partially purified MEB preparation was
purified further by SDS gel electrophoresis and transferred to
nitrocellulose. Attempts to sequence the intact 31K protein were
unsuccessful due to a blocked N-terminus. However, using a Cleveland
digest, transfer to polyvinyldene difluoride (PVDF) membrane and
Edman degradation, protein sequence of 40 residues was obtained,
whichconstitutes approximately 15% of the MEB sequence and appears
to be unique, as determined from current Genebankinformation. From
this sequence data, three oligonucleotide probes were constructed to
screen a male rat liver cDNA library. Further studies should clarify the
regulation and function of this unusual protein.

1180

Retinoid X Receptor Binds to and Regulates Liver Specific Enhancer
ofHepatitis B Virus. B. Huan and A. Siddiqui, Department of
Microbiology and Program in Molecular Biology, University of
Colorado Medical School, Denver, CO 80262. (Spon. by W. E. Hahn)

A retinoid X receptor (RXRa) response element is located in the
liver-speocfic enhancer of the hepatitis B virus (HBV) in a region that
has been defined by genetic analysis to play a key role in the
regulation of enhancer function. Using full length liver-specific RXRa
expressed in E. Coli as a glutathione S-transferase-fusion protein or
its DNA binding domain, we demonstrate binding to a putative
retinoic acid response element (RARE) in the HBV enhancer by
mobility shift assay and DNase protection analysis. When
cotransfected with an RXRa expression vector, the HBV enhancer/
reporter gene construct responds to induction by retinoic acid (RA).
A single base transition of G to A in the HBV RARE motif led to a
dramatic reduction in the in vitro binding activity of RXRa.
Furthermore, this mutation results in a significant decrease in
enhancer function and a lack of response to RA induction.
Transfection of the HBV-producing cell line 2.2.15, with an RXRa
expression plasmid followed by inductionwith RA or 9-cis RA, led to
an increase in viral protein synthesis. The results of these studies
implicate potentially important role of RXRa in the liver specific
regulation of HBV gene expression and perhaps in the disease
pathogenesis associated with infection including hepatocellular
carcinoma.
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1181

Role of Hepatocyte Nuclear Factor 3a in Clara Cell Specific Gene Expression
C.D. BingIg and J.D. Gitlin, Dept. of Pediatrics, Wash. Univ. School of
Med., St Louis, MO.
Clara Cell Secretory Protein (CCSP) gene expression is confined to non-

ciliated bronchiolar epithelial (Clara) cells of the lung. Using transgenic mice
we have shown that cis-acting elements within 2.1 kB of the 5' flanking region
of the rat CCSP gene confer tissue and cell specific gene expression of a

chimeric CCSP-human growth hormone gene construct. We now have utilized
DNAase 1 footprinting to identify regions of protein-DNA interaction within
this flanking region. These studies have identified a prominent footprint using
lung nuclear extract in the region from -127 to -76 in the CCSP gene

promoter. Mobility shift assays using nuclear extract from lung or H441 cells
reveal a number of specific DNA binding proteins capable of interacting with
this promoter region. Nucleotide sequence analysis of this DNA reveals two
consensus binding sites for the hepatocyte transcription factor HNF3. Specific
protein binding to this region was competed by oligonucleotides containing
previously characterized binding sites for HNF3 but not for other transcription
factors including NFkB, HNF-4, and C/EBP. Using recombinant proteins and
specific antibodies for the various HNF3 family members we have determined
that this specific interaction is caused by HNF3a. A role for HNF3a in CCSP
gene expression is further supported by Southwestern blotting and transfection
studies using HNF3 expression plasmids. These data are the first to
demonstrate regulation of pulmonary epithelial cell specific gene expression by
this transcription factor and support the concept that members of thefork head
family of transcription factors may determine tissue specific gene expression
in different cell types derived from embryonic gut endoderm.

1183

Analysis of Fibrinogen AaEGene Transcription Following Interleukin-6
Induction G.M. Fuller. R. Zheng. and J. Shuman, Department of Cell
Biology, University of Alabama at Birmingham, Birmingham, AL 35294

lnterleukin-6 and glucocorticoids (GLC) up-regulate the expression
of fibrinogen genes in a highly coordinated manner during the early hours

of an acute inflammatory reaction. To characterize the transcriptional
response to these signals, we have linked portions of the Aat fibrinogen
promoter (-500 to -85) to a luciferase reporter construct. Using
transient transfections as an assay (H35 Reuber hepatoma cells), we

provisionally assign the IL-6 response to two independent sequence
elements within the promoter of this gene. One element (TTNNGNAAT)
(-225 to -180), a consensus C/EBP binding site, was shown to be

protected in a DNAse footprint assay using purified recombinant C/EBP.

The second element appears to be a consensus type 11 IL-6 reponse
element (CTGGGA) (-129 to -123). Whole cell extracts from primary
rat hepatocytes form two complexes with a 30mer oligonucleotide
corresponding to the type 11 IL-6 responsive element. When extracts are

prepared from IL-6 treated hepatocytes the faster migrating complex
diminishes and the slower one increases in intensity. This change is

consistent with a posttranslational modification of a single factor that

interacts with the site. The presence of a C/EBP site In the promoter
region for a type 11 IL-6 element was unexpected in view of the lack of

response of fibrinogen genes to IL-1. (Supported in part by NIH grant
#HL431 55)

1185
Molecuar of Rat P-Selectn aid Studies of mINA nin a Model

of Acu M.G.Olinar*mm.ainML,LJ.L. SlilgS , DC

AndM and A.. D r of Pediatrics* ad Medicine@,
Baylor College of Medicine, HoustOn, TX 77030, and Discovery Research, The
Upjohn Company, Kalmwo, MI 49001.

P-Selectin (GMP-140) is a rapidly inducible cell adhesion rweptor Ihat is
expresed upon the sufac of acdvat platelet and endotheial cells, modulating
their intractions with le1oyte. To ealae its role in rat models of

iflammaion and ntombosi, the prosnt sdy imed to clone P-Selectn and
demonstrate due distibution nd inducibiity in a rat model of endotoxin
shock. A bateri lipopolyuacchade (LPS),-gmulated lunglhver cDNA library
was constucted and screened with a canine P-secin cDNA to isolate a parti rat
P-selctln clone. Sequsace aalyis of this 2060 bp clone demonstrated significant
nucloode identiy (74%) with human P-eectn. Aligment of rat P-Slct with
human revealed the rat cDNA comprised 1179 bp of the coding region, iMcluding
complemn reat (CR) 5-9, te tanmembrane domain (ID), the cytoplauic
domain (CD). A 3' unasated region of 861 bp followed the coding region.
The 393-amino acid peptide deduced from the coding squce exhibited an overall
76% idtity and 85% similarity to human P-Selectn, with TD and CD bdng
more higly conurved than the CR. Tiass-epecfic xprouion of P-lecdin
mRNA wa studied in rats aIminisrd LPS (Smg/kg, 3h). A cDNA frgment

sg CR 7-9, TD, CD, and urnslated region ws used in Northernblot
analysi. In ra, P-Secin mRNA wa not detectable in any of the

tissues amined. However, 3 hrs after LPS levaed leves of P-

Selectn mRNA w deted in sval tise, mo ntable lung, liver, kidney

and splea. Thoe data dnonstrn that part of the celluar response In imw to
endotoxin shock includes the rapid incra of P-Selectin mRNA levels.

1182

Gene ExpressionDuring Hibernation.H.K. Srereand S.L.Martin,
Department of Cellular and Structural Biology, University of Colorado
Health Sciences Center, Denver, CO 80262.

Uver gene expression is modified during mammalian hibernation.
Previous studies in our lab have shown that the plasma protein, ar
macroglobulin, is induced during hibernation. The amount of %2-
macroglobulin protein and its corresponding activity increases during
hibernation. This increase is completely accounted for by an increase
in the corresponding mRNA for this protein. We are continuing the

study of liver-specific gene expression to determine the extent of

repatterning occurring during hibernation.
Qualitative and quantitative differences exist between the mRNA

population in liver isolated from active and hibernating ground
squirrels. mRNA isolated from the liver of active and hibernating
ground squirrels was translated in vitro in the presence of 3S-
methionine. Two-dimensional gel electrophoresis of the m vitro
translation products showed many proteins present in both states,
however, there are some proteins that are unique to one state or the
other. This indicates that there are mRNA species differentay
expressed between the active and hibernating states. To identify these

mRNAs we will use a subtractive hybridization strategy. This

approach is useful because it does not make any presumptions as to
what types of genes are important and should lead to the identification

of new genes in the liver that are induced during hibernation.

1184

Clonino of the Gene for Mouse C-Reactive Protein and Tissue-
Siecific Exorescion. Nam-On Ku and RF. mort-nsnn, Department
of Microbiology, Ohio State University, Columbus, OH 43210.

Although human C-reactive protein (CRP) is a well-

documented acute phase protein that increasee by 1000 fold,

mouse CRP (moCRP) is a minor acute phase reactant. Therefore,

the gene for moCRP was cloned to determine the molecular basis

for the reported low amounts of moCRP. The mRNA coding for

mouse CRP was detected only in mouse liver. Regulation of

mouse CRP gene expression might be regulated by multiple
nuclear factors that interact with cis-acting DNA sequences if

it is similar to the human CRP gene. The promoter sequence

responsible for tissue-specific expression has not been

determined. A series of transient expression vectors

containing progressive deletions of the mouse CRP gene 5'-

flanking sequence were fused to the promotorless bacterial

chloramphenicol acetyltransferase (CAT) gene. Promoter

activity was determined by transfecting hepatoma and non-

hepatoma cell lines with pCAT constructs. The 5'A-220

construct containing nucleotides from -220 bp to -3 bp from

the transcriptional start site expressed almost the sam

amount of CAT activity as the pCBPX-MCRP construct containing

nucleotides from -2.3 kb to -3 bp, suggesting that

constitutive expression of the mouse CRP-CAT fusion gene

required at least 220 bp of the 5'-flanking sequence. A

construct with a 5'A-153 displayed about a 75% decrease in

transcriptional activity compared with construct 5'A-220. A

construct of 5'A-50 exhibited about an 85% decrease in

transcriptional activity compared with the construct 5'A-90.

The results indicated that the mouse CRP promoter contained at

least two cell-specific elements between nucleotides -220 and

-153 and between -90 and -50. The moCRP gene did not respond
to the inflammatory cytokine IL-6 despite the presence of an

IL-6 responsive element at approximately -400 bp. (Supported
by USPHS grant CA30015)

1186

Cloningan Charcterization of a Novel MLg nRNA. A.K. Lishi. M.

joyce-Brady J.M Fisher. L.GDobbs. J. Floros. and M.C Williams.

Plmny Conter, Boston Univ. Sch. of Med.. Boston, MA 02118

A novel mRNA (Tla) was characterized by sequCe analysis of a

cDNA obtaiDned firom an expresion libry of adult rat lung. The clone was

identified by a monoclonal antibody previously shown to be specific for an

adult tpe 1 alveolar opithelial ceil antigen of 40-42 kD (reduced.) The

cDNA is 1672 beo peirs and ideetifies a single mRNA species of the same

size on Norther blots of adult rat lung. The sequence of cloned DNA was

verified by direct overlapping sequcing of native lung mllNA by reverse

tracription-PCR amplification (RT-PCR.) The longest open reading frame
of the cDNA is 498 bpe which would encode a 20kD protein. The _ecoded
protein contaim a 29 amino acid hydrophobic domain noar the C-terminus
but lacks a signl for N-linked sugar. Noetsen blots and RT-PCR show
high expression of Tla mRNA in adult lug with marginally detectable
level in kidney, brin, and intestine. Preliminsry Northe analysis shows
Tla expresion in isolated adult type 1 colis and in type 2 cells cltwed
on plastic for 2-5 deys, but not in freshly isolated type 2 cols or alveolr

macrophages. RT-PCR analys shows exprosion of Tla in frehly isolated

type 1 celi (S0-0% purity) but not in freshly isolated type 2 coll or

macopbagos. Preliminsc in situ hybridization shows diffuse labeling over

alveolar septas but little/no laboling over bronchiolar epithelium or

vasoulature. We beliove tht Tla is prmarily expressed in type 1 celi. By
RT-PCR Tla is dotect in rat lung from day 13.5 of gestation onwars. The

mouse Tla ha about 90% homology and encodes a protein of 211kD.
Homologs have boee identified in adult rabbit and human lung. Further
characterization of the protein product of Tla and clarification of the

discrepsncy between the molecular weigbts of the cDNA product (201kD)
and the original antigen (4O0kD) ae in progrs.

204a



Wednesday. Tissue Specific Gene Expression I (1187-1190)

1187

The Effect of Serum-free Medium on Surfectent Protein G a n E

Expression in Primary TYoD 11 Cell CulturM. K. Guzman, D. W. Hart and G.E.R.
HooL NIEHS/NIH, Research Triangle Park, NC 27709. (Spon. by T. Volberg)

Pulmonary Type II (T2) cells are reponsible for production ot pulmonary surfactant,
the substance which is essential for the prevention of alveolar collapse at low lung
volumes. Traditionally, maintainance of T2 cells in culture has been difficult since T2 cells
rapidly dedifferentiate when cultured on tissue culture plastic with serum-supplemented
medium. Recentiy, a number of paramaters have been described to maintain the T2 cell
phenotype in vitro (eg. a serum-free defined medium); however, the effect of this medium

on surfactant protein (SP) gene expression has not been determined. We have compared
the effects of defined medium (DM) and serum supplemented media (SSM) on the
production the mRNAs for SPA, SPB, SPC from T2 cells cultured on ither tissue culture
plastic or Engelbreth-Holm-Swarm tumor basement membrane gels (Matrigel). T2 cells.
isolated from the lungs of adult Sprague Dawley rats, were plated on plastic or Matrigel at a

concentration of 5x105 cells/cm2 and incubated in DM (1:1 mixture of Hams F12 and DMEM

supplemented with insulin, dibutyryl cAMP, hydrocortisone, epidermal growth factor,
selenium, and albumin/tlnodec acid complex) or SSM (DMEM wlth 5% rat serum). RNA was

solated by the one step guanidiuium-phenol-chloroform procedure and mRNA levels

assayed by an RNase protection assay. Data for SP mRNAs were normalized to actin.
Production of SP mRNAs was improved when cells were incubated in DM. At 18 hr after

plating, SP mRNAs (A, B , and C) had Increased by approximately 1.4- to 2.2- fold from T2
cells on Matrigel and 1.7-fold (SPC only) on plastic. Increases in the mRNAs for SPA and
SPB were also observed but were not statistically significant. Greater differences
between DM and SSM were observed at 4 days after plating. Increases ranged from

approximately 3.4- to 4.7-fold In SP mRNAs from T2 cells on matrigel and 1.7- to 1.9- fold

from cells on plastic. In conclusion, soluble factors in DM stimulate, or soluble factors in

serum inhibit, production of SP mRNAs from T2 cells in primary cell cuiture.

1189

Patterns of Gene Expression in the Mouse Je*unal Epitheliun.L i.

Cheng, L. Ling, M. Bjerknes, and H. Chen. Department of Anatomy
and Cell Biology, University of Toronto, Toronto, Ontario, Canada.

Cellular proliferation, differentiation, and physiology show a high
degree of spatial organization in the intestinal epithelium. It seems
reasonable to expect that the pattern of gene expression parallels that
organization. A few patterns of gene expression have been observed in
the villus but little is known about gene expression in the crypt, prob-
ably due to the difficulty in isolating crypt-specific cDNA clones. In
an attempt to isolate crypt-specific and, in particular, stem-cell related
genes, single-stranded cDNA from normal mouse jejunal epithelium
was used in subtractive hybridization against single-stranded cDNA
from epithelium in which the cycling cells were depleted by 2,000 rads
gamma irradiation. Northern analysis showed that 79 of the 83 clones
from the subtraction library were of epithelial origin. The localization
of 72 clones was determined by in situ hybridization, and the iden-
tity of 40 clones were matched to previously published genes by partial
DNA sequencing. Patterns of expression of the genes represented by
the clones could be classified into three categories: (1) expression in
the whole epithelium, (2) expression restricted to the villus, and (3)
expression restricted to the crypt. Clones in the first two categories
could be further divided into three subgroups: (a) those with uniform
expression, (b) those with an increasing gradient, and (c) those with
a decreasisng gradient of expression along the crypt-villus axis. Five
clones were differentially localized to the crypt. Of these, three dis-
played a uniform distribution in the crypt, one higher in the lower
crypt, and the remaining one higher in the crypt base.

Pattern Formation (1191-1192)

1188

1.6 kb of S' Flanking Sequence of the Rat Secretin Gene is

Sufficient for Cell-Specific and Developmental Expression of
Hybrid Genes in Transgenic Mice. M. J. Lope B. Upchurch, and A.
Leiter. Departments of Medicine and Pediatrics, Tufts University School of
Medicine-New England Medical Center, Boston, MA 02111 (Spon. by D.
Jefferson)

The hormone secretin is produced primarily by isolated mucosal
endocrine cells, the S-cells, of the proximal small intestine. In addition, we
have recently shown that secretin is produced in developing p-cells of the
pancreatic islets. Previous work in this laboratory defined a positive cis-active
regulatory domain in the secretin gene by DNA transfection studies. We now
report on work in transgenic mice which express either SV40 large T antigen
(Tag) or human growth hormone (hGH) under the control of 1.6kb of the 5'
flanking sequence of the rat secretin gene. Tissue sections of these mice were
analyzed by immunohistochemistry with polyclonal antibodies to secretin,
hGH, and Tag. Our results show that the small intestine is the major site of
expression for both hGH and Tag bearing fusion genes. Double
immunofluorescence for hGH and secretin confirmed that transgene expression
was restricted to secretin producing cells in both fetal and adult mice. In adult
mice expressing Tag, tumors are seen in both the intestine and in pancreatic
islets. The intestinal tumors are highly undifferentiated and invasive and do not
appear to make hormones. In contrast, the pancreatic islet tumors are more
differentiated adenomas and primarily express insulin. Prior to the development
of intestinal tumors, Tag expressed in young developing mice frequently
colocalizes with secretin. Both transgenes are ftrst expressed at the time in
development when secretin first appears. We conclude that 1.6kb of the
secretin gene 5' flanking sequence contains the information necessary to direct
appropriate cell-specific and developmental expression of secretin. These
results also confirm the relationship between the f-cell and the secretin cell in
pancreatic islets.

1190

A Novel Aonroach to the Study of Differential Gene Expression alonq the Crsyt-
Villus Axis. D.F. Cano-Gauci* J.C. Lual&S A.J. Ouellette. and R.N. Buick.*
'Ontario Cancer Institute and Department of Medical Biophysics, University of
Toronto, 500 Sherboume St. Toronto, Ont. M4X lK9, Canada and +The Shriners'
Burns Institute, 1 Kendall Square, Cambridge, Mass. 12142.

Cell division in the mouse small intestine occurs in the stem cell zone near

the crypt base, after which cells differentiate and migrate to the villus tip.
Intesial differentiaion can by studied by isolating populations of cells
repesenting successive fractions along the crypt-villus axis. Due to intrinsic
limitations with this and odter methods, however, gene expression regulating
intestinal differentiation is not wellunderstood. A novel approach to the problem
is presented here. Single intact crypts were isolated by EDTA incubation and
mechanical vibration of everted mouse intestinal segments. Crypts isolated in this
manner were suitable for mRNA-directed polymerase chain reaction, thus
generating crypt-specific cDNA, representing approx. 300bp at the 3' end of the

responding tanscr. Crypt specficity was confirmed by Southern blot
hybridization of amplified cDNA with the small intestinal Paneth cell-specific
cryptin cDNA but lack of hybridization to the villus-specific fatty acid binding
protein cDNA. Crypt cDNA was then used to construct a jejunal crypt cDNA
library in AZAPIL The libary contains approx. 1.2X107 pfufuL with an average

isert size of 275 bp. Screening the library with a cryptdin cDNA probe
c-ofirmed the presence ofbnpafide cryptdin. Preliminary results of a differential
hybrization of the library with crypt versus villus cDNA indicate the presence

of several potenial crypt-specific tascipts.

1191

The Drosophila gene. tinman. is a determinant of heart
development and is required for the heart-specific expression

Qf other genes. R. Bodmer Department of Biology, University
of Michigan, Ann Arbor, Ml 48109-1048.

The homeobox-containing gene tinman (previously called
msh-2) is first expressed in the early mesoderm and
expression depends on the mesoderm determinant twist.
Later, after the first mesodermal subdivision has occurred,
expression becomes limited to the developing heart and the
visceral mesoderm. Embryos that are deficient for the tinman
gene develop no heart or cardiac precursors and also lack
visceral muscles, but show relatively little somatic muscle
defects. These results suggests that tinman is involved in the
determination of a major subdivision of the mesoderm, namely
the heart and visceral mesoderm as opposed to the somatic
mesoderm. Since tinman appears to be a transcription factor
specifically required for heart development, we have been
searching for genes that are regulated by tinman. Several
genes with a potential downstream function of tinman have
been identified. The heart-specific expression of these genes
is dependent on tinman. We are now in the process of
inducing mutations in these genes to determine their function
in heart development.

1192

A Role for a Ouail Homeobox Gene in Establishment of the
Dorsal Midline Structure. Y. Takahashi+. N. M. Le Douarin.
Institut d'Embryology du CNRS, Nogent, France. +:Present
address, Institute of Neuroscience, University of Oregon,
Eugene, Oregon

The quail homeobox gene, Quox 8, is expressed in a
variety of regions which seem to undergo active tissue
interactions during development. In the dorsal region of
the embryo, Quox 8 mRNA is expressed in the dorsal
portion of the neural tube and its overlying mesenchyme
and surface ectoderm in a coordinated manner. We have
studied the possible developmental significance of Quox
8 expression by manipulating avian embryos. We have
found; 1. Quox 8-expressing mesenchyme differentiates
into dorsal vertebral cartilage. 2. The neural tube
provides an inductive signal to overlying tissues to
express Quox 8 mRNA. 3. Dorsally restricted expression
of the Quox 8 gene requires the normal polarity of the
neural tube. 4. The Quox 8 gene appears to be involved in
dorsal vertebral formation. Thus, the Quox 8 gene is
regulated by local tissue interactions leading to
establishment of the dorsal structure.
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1193
Neural Cell Adhesion Molecule (NCAM) and Pancreatic Ilet Archllecure

LBaetens, U. Ruishauser P.A. Halban.L. Orel and D.. RouilbrL Laboratory
Louis-Jeantet and Department of Morphology, CMU, 1211 Geneva 4, Switzerland;
Department of Genetics, Case Westem Reserve University, Cleveland, Ohio.

Endocrine cell types are non-randomly distributed within pancreatic islets. In the
rat, a central core of insulin-secreting B-cells is envelopped by a mantle of non-B-
cells, secreting glucagon, somatostatin, and pancreatic polypeptide. To examine
whether a differential expression of cell adhesion molecules (CAMs) characterize
central and peripheral islet domains, frozen sections of rat pancreata were stained
for the Ca2+-dependent CAM E-cadherin, or the Ca2+-independent NCAM, by indi-
rect fluorescence using polycbonal antisera. While E-cadherin staining was equally
distributed on the entire islet section, NCAM imnunofluorescence clearly predomi-
nated on non-B-cells of the islet periphery. This is consistent with our recent finding
of higher levels of NCAM on purified islet non-B-cells than B-cells, with similar
levels of E-cadherin on both. It suggests that differential expression of NCAM plays
a role in the special arrangement of endocrine cells within islets. Islet cells disper-
sed in culture are known to form aggregates with cellular architecture similar to na-
tive islets, thus providing an in vitro model of cell type segregation. Purified rat Islet
B-cells and non-B-cells were obtained by autofluorescence-activated cell sorting.
They were differentially labeled with the fiuorescent carbocyanines dii (B-cells) and
diO (non-B-cells), mixed, and cultured for 5 days to form aggregates. CeUtype se-
gregation was studied by corfocal microscopy. In the presence of non-CAM-
directed anti-islet cell Fab-fragments, non-B-cells segregated to the periphery of
the aggregates. In aggregates formed in the presence of anti-NCAM Fab-frag-
ments, however, islet cells remained randomly distributed. In conclusion, the pre-
sent study demonstrates 1) that NCAM immunostaining predominates on non-B-
cells of rat islets in situ;2) that the normal organization of islet cell types wlthin ag-
gregates in vitro is prevented by anti-NCAM Fab-fragments. These findings sug-
gest that NCAM is responsible, at least In part, for the non-random organization of
cells within islets of Langerhans.

1195
Mammary phenotypic expression induced in epidermal cells by embryonic
mammary mesenchyme. G.R. Cunha,P. Young, C. Christov-Tzelkov,L
fSzman, S. Nandi Flalamas, and G. Thordarson. Department of Anatomy,
University of California, San Francisco, Ca. 94143, Cancer Research Laboratory,
University of Califomia, Berkeley, Ca. 94720, Department of Biology, University
of Califomia, Santa Cruz, 95064

The goal of this research was to establish methods for inducting
mammary epithelial differentiation from non-mammary epithelium. For this
purpose mid-ventral epidermis from 13-day rat embryos was associated with 13-
day embryonic mouse mammary mesenchyme (mouse MgM + rat SKE). The
resultant mouse MgM + rat SKE recombinants as well as control (homotypic
mouse mammary recombinants, homotypic mouse skin recombinants and
mouse mammary mesenchyme by itself) were grafted under the renal capsule of
syngeneic or athymic female nude mouse hosts. Some of the female hosts were
induced to become lactogenic by grafting an adult pituitary which elicited a state
of hyperprolactinemia. Grafts of mammary mesenchyme by itself formed a
mixed fibrous/adipose connective tissue without epithelial elements. Tissue
recombinants of mouse MgM + rat SKE grown for I month in vivo fonned a

hair-bearing keratinized skin from which mammary ductal structures extended
into the underlying mesenchyme, while homotypic skin recombinants only
formed a hair-bearing keratinized skin. Ducts in mouse MgM + rat SKE
recombinants were composed of columnar luminal cells and basal, actin-positive
myoepithelial cells. When grown in pituitary-grafted hosts, the ductal epithellal
cells expressed casein and oa-lactalbumin as judged by immunocytochemistry.
The presence of these milk proteins was confirmed by Western blot. The
epithelial cells in mouse MgM + rat SKE recombinants expressing milk proteins
were shown to be rat cells, while the surroundinig connective tissue was composed
of mouse cells based upon staining with Hocchst dve 33258. Using mammary-
specific markers, these studies confirmed the earlier morphological studies of
Propper and unequivocally demonstrated f(r tlie first time that mammary
mesenchyme can induce morphological and functional mammary
differentiation in a non-mammary epithelium.

1197

The Level of CRABP-I Expression Influences the Levels and Types
of All Trans Retinoic Acid Metabolites in F9 Teratocarcinoma Stem

Cells, John F. Boylan and Lorraine J. Gudas. Department of

Pharmacology, Cornell University Medical College, NY, NY 10021

F9 teratocarcinoma stem cells represent an attractive model

system in which to study the actions of RA. When F9 stem cells are

treated with RA, they differentiate into primitive endoderm, an

epithilial-like cell type. The mechanism by which RA induces F9

stem cell differentiation involve at least three high affinity
nuclear receptors (RAR cx, RAR 0, RAR y) and two cytoplasmic RA

binding proteins (CRABP-I and CRABP-II). F9 teratocarcinoma
stem cells readily metabolize RA to more polar compounds such as
4-oxo-retinoic acid and 4-oxo-16-hydroxy-retinoic acid. The exact
mechanism and enzymes involved in this process are not clearly
understood. A major metabolic pathway of RA consists of the

hydroxylation followed by the oxidation at position C-4 of the
cyclohexenyl ring to form 4-oxo-RA. The purpose of this study
was to examine whether or not CRABP-I plays a role in the
metabolism of RA during F9 teratocarcinoma stem cell
differentiation. F9 cell lines which express elevated levels of
CRABP-I and F9 cells which contain a reduced level of CRABP-I

were examined for their ability to metabolize [3H]-RA. We show
that the level of CRABP-I influences both the type and amount of

[3H]-RA metabolites in F9 stem cells. In addition, CRABP-I effects
the rate at which RA is metabolized. The results presented here

support the idea that CRABP-I is indeed involved in the catabolism

of intracellular RA, thus providing the mechanism by which

CRABP-I can regulate the concentration of intracellular RA.

1194

eaucn DevIdnlO dinrogPicdial Coclom FDrmtion adSp atio

of dte Cardiomyocje Cel Populaton lyN-ae 4hgfruphila.
inthe Early Q(h Eorbg. LLisaL

YLL. Gui,hR R and L Kwon Dept.of Pediatrics, Univ. of

Pennsylvania School of Medicine and Div. of Cardiology, The Children's

Hospitalof Philadelphia, Philadelphia, PA 19104.
An immunohistochemical analysis of N-cadherin localization in the

heart-forming region (HFR) ofHH stage 5-8 chick embryos suggested an

important role for N-cadherin in specificaton of the pattern of pericardial
coelom formation that for the first dmedelineates the cardiomyocyte cell

population in the embryo (Linask, KIK. 1992. Dev. Biol. 151:213-224). The

transmembrane cell-cell adhesion protein N-cadherin assocates via its

cytoplasmic domain with three or more proteins whose structure and function

arenot yet established. Three associated proteins, termed a-, B-, and 1-

catenins (70100kD) may form a link to the cytoskeleton, and/or regulate N-
cadherin function. Immunoprecipitates of N-cadherin complexes, isolated

from early embryos or early tubular hearts, indicate the presence of the three
catenins and a 230 kD protein. Western blots indicate antibodies to bovine

plakoglobin and the Drosophila armadillo protein cross-react with two of the

catenin proteins. Immunohistochemical localization of plakoglobin and

armadillo protein in the stage 7 chick embryonic HFR indicate different

immunostaining patterns, suggesting differing functions for the two catenins.

Only the homologue of the armadillo protein, a Drosophila segment polarity
gene product, is involved in pattern development during pericardial coelom

formation. This study extends to vertebrate heartdevelopment a role for a

Drosophila protein homologue. [This work is supported by a Grant-In Aid to

KKL from the Southeastern Pennsylvania American Heart Association

Affiliatel.

1196

Retinoic acid regulates expresion of late alveolar genes and altensth

pattern of growth of the developing lung in vitro. W.V. Cardoso. M.C.

Williams. M. JoyceBrady. A. Rishi. and LJ. Broy. Pulmonary Center,
Boston Univ. Sch. Med. Boston, MA. 02118

Retinoic acid (RA) has been shown to influence pattens of

morphogenesis and regeneration in a number of vertebrate systems. We
studied the effect of RA on the pattern of development and on epithelial
cell differentiation in the 13 day rat embryonic lung bud cultured in

defined media for periods up to 9 days. Lung development was assessed

by morphology and by gene expression using reverse transcribed lung
mRNA and PCR with oligonucleotide primers specific for 5 epithelial
genes expressed in the lung periphery. In control media the lung bud

developed a central to peripheral structure of branching airways and

peripheral alveolar sacs and expressed genes associated with epithelial
cell differentiation in a fashion similar to that of the in vivo lung.
Surfactant protein SP-C , lysozyme and a type 1 cell gene, Tlct, were

expressed in the early lung bud, while SP-A and SP-B, so called late

genes, were expressed after 3-5 days in culture. RA (105M) altered the

pattern of lung development, favoring growth of proximal airways while

suppressing peripheral epithelial buds. RA also prevented expression of

late alveolar genes, SP-A and SP-B, which are expressed in the

peripheral portions of the lung. The RA effect was reversible and did not

appear to be the result of direct suppression of late genes. Rather, RA
acted to proximalize the developing lung, possibly through its effect on

expression of pattern-determining genes in the lung.

1198
Deep cytoplasmic rearrangements in first cell cycle
Xenopus embryos. B. Brown and M. Danilchik, Dept.
Biology, Wesleyan Univ., Middletown, CT 06457

Following fertilization in Xenopus, dramatic
rearrangements of the egg cytoplasm relocalize
maternally synthesized egg components. During the
first cell cycle the vegetal yolk mass rotates
relative to the egg surface, toward the sperm entry
point (SEP; Vincent et al., 1986), while concomitant
deep cytoplasmic rearrangements occur in the animal
hemisphere (Danilchik & Denegre, 1991). We have
further examined the cytoplasmic swirl pattern in
labeled eggs and have found that both the first cell
cycle yolk mass rotation and the sperm are involved
in producing rearrangements of the animal cytoplasm.
Even in UV-irradiated embryos, in which yolk mass
rotation is inhibited, a swirl pattern develops
during the first cell cycle, suggesting a role for
the expanding sperm aster in directing animal
cytoplasmic movements. However, in unirradiated
control embryos the dorsal (anti-SEP) swirl is larger
than in UV-irradiated embryos and often extends into
the vegetal hemisphere. Thus the yolk mass rotation
may enhance the dorsalward cytoplasmic movement,
begun by the sperm aster, enough to induce normal
axis formation.
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1199
Analysis of mutations which affect early develoment and fin reseneration in zewbrafish.
3le I 1Johnson, Dn Afria, and Jamu . Weston, Institute of Neuroscience,
University of Oregon, Eugene, Oregon 97403.

Many of the gene and the cell biological mechanisms which are employed in early
development, including control of oell proliferatlon, differontiation, migration and
pttorn formation, may also be employed in the regenration of adult tissues. We have
begun to exploit the rapid regeneatlon of the caudal fin of adult zebrfish, and the
availability of mutations which affect embryonic pigment pat, to explore the relative
roles of these proceses in re-establlsm t of the pigment sripes in the renerating
fin. Two populations of meanocytes can be identified in the regeneraing fin by
treatment of the animal with phenylthiourea (PTU), a drug which blocks melanin
synthesis, and thereby identifies pm-existing meolanocytes. First, a PTU-resiatant

population of melnocytes appeas by three days folowing amputation in the regeneated
tissue just distal of the old stripe, sugesting that these cells have migrated is from the
old stripe. A second population of melanocytes, whose visualization is PTU-sensitive,
and thereby may represent de novo differentiation of melanocytes, then appears
uniformly throughout the proximal half of the regenerate (distal to stripe and interstripe
alike). Previously identified mutations affecting pigment pattern in embryos or adults
were investipted for defect in pattrning during fin regeneration. In ate embryos
mutant for ggg=, melnocytes are absent. In adult sprs mutants, pigmentation is
normal in the fin, but defective upon regenertion. The PTU-sensitive population of
melanocytes fails to appear; only the PTU-resistant population appears in the
regenerated tissue distal to the old-stripe. These defects in fin regeneration, and other
evidence concerning the development of meuanocytes inse embryos, sugest that the
sogene product plays a role in the differentiation or survival of melanocytes.
Further screen for mutants that are temperature-sensitive foraspect of fin regeneration
are now underway, and may likewise identify defects in embryogenesis. Supported by
Grant HD22486, an NIH Postdoctoral Fellowship (HD07470) and the Neurofibromatosis
Foundation Inc.

1201

Patterning and Segmentation in the Vertebrate Central Nervous
System. E. irgbab and S. E. Fraser, Division of Biology,
Beckman Institute, California Institute of Technology, Pasadena,
CA 91125.

We are examining pattem formation in the vertebrate central
nervous system. The rhombencephalon is overtly segmented into
rhombomeres which appear on day E2 in chick and then
disappear by about day E6. The rhombomeres show a segmental
pattem of neurogenesis and expression of certain homeobox-
containing genes. Previous analyses of cell lineage by labelling
clones with fluorescent dextran on E2 and examining their
descendants on E3 show that the rhombomeres are compartments
of lineage restriction for at least motor and commissural neurons.
We have been examining this lineage restriction in more detail and
have obtained results that suggest that rhombomere boundaries
are not impenetrable at all stages. Some clones of cells labelled
on E2 and examined later on E4 show members that are not
restricted to a single rhombomere. This loss of compartmental
restriction occurs despite the continued presence of morphological
boundares, the undulations of the neural tube. It remains to be
determined if the clones that violate the boundaries do so because
the rhombomere boundaries no longer represent barriers to cell
crossing by E4, or because only certain cell types are segmentally
restricted, leaving other cell types, which are generated later, free
to cross.

1203
A Call DensItySensing Mechanism In the Eukaryote Dkctystellum Dlscoideum,

RenuiJain. Ha S. Yuen, and RichardH. Gomr Howard Hughes Medical Institute,
Department of Biochemistry and Cell Biology, Rice University, Houston, Texas
77251-1892.

Throughout development, gene expression In Diaostillum dlscoldeum
Is regulated by a variety of factors Including cell density. The effect of oell density
on gene expression Is mediated by a secreted factor referred to as conditioned
medium factor (CMF). This factor, added exogenously during starvation to cells at
low cell densHies, allows them to express prespore and prestalk genes In
response to extracellular cAMP. In contrast, cells starved at this density without
CMF cannot express these genes. Size fractionatlon of CMF showstwo classes
with activity: one an 80 kD glycoprotein, the second is composed of polypept0des
of molcuiar weight between 0.5-6 kD which are breakdown products of the 80 kD
CMF. The CMF cDNA has been cloned. The predicted molecular mass of the
poypptide backbone is 62.6 kD and it shows no signincant similarity to any known
proteins. Antisense constructs of the CMF gene were transformed into
Diyostallum cells. This resulted in cells which secrete vety ittle CMF, have lwer
motility, and do not aggregate. However, the addition of exogenous purified CMF
to the CMF antisense transformed cells causes them to develop normally. To
examine the distributlon of CMF, antibodies were raised against a portlon of the
bacterially expressed CMF gene and were affinity purIfied. CMF Is present In all
vegetative and early developing cells, and Is secreted by both the precursors of
the stalk and spore cells. We previously observed that the 80 kD CMF breaks
down to a65 kD protein which has CMF activity. The apparent molecular weights
of both the 80 and the 65 kD bands were reduced by deglycosylatlon with various
enzymes which remove either N- or 0-Unked glyoosylatlon, Indicating that the 65
kD protein Is a proteolytic fragment of the 80 kD CMF. The CMF activity of the
bacterially synthesized CMF, which Is not glycosylated, was one third that of the
purIfiedendogenous protein. We previously observed that the small breakdown
products of CMF have verylittle activity after deglycosylation; the above results
thus suggest that glycosylatlon may be important for stability rather than the
function of CMF.

1200
Homeostatic control of bud morphogenesis in S. cerevisiaeJ.JL. Brewster and
M.C. Gustin, Dept. Biochem & Cell Biol., Rice U., Houston, TX 77251
We have been studying a MAP kinase-mediated signaling pathway in yeast
that mediates cellular responses to osmotic stress. The following results
suggest that this pathway is required for cells to maintain normal patterns of
bud morphogenesis following osmotic stress. Actin filaments are important in
directing growth to the bud and are localized to the bud region. An increase
in external osmolarity arrests bud growth and causes actin filaments to be
distributed homogeneously throughout the mother cell and bud. When
osmoregulatory processes restore the osmotic gradient, actin filaments are
again localized to the bud and bud growth resumes. In wild-type cells,
resumption of bud growth occurs by continued expansion of buds that were
initiated before osmotic stress was applied. The location of new buds after
recovery from osmotic stress follows normal spatial patterns: axial budding in
haploids, bipolar budding in diploids. Null mutants in the osmo-sensing
pathway genes HOG) and HOG4 respond differently to osmotic stress. HOG]
is a new member of the MAP kinase gene family. HOG4 is identical to PBS2,
a putative protein kinase related to STE7 and wisi. Like the wild-type,
exposure of cells lacking either HOG] or HOG4 to small increases in external
osmolarity causes a temporary arrest of bud growth and delocalization of actin
filaments. However, the mutant cells after recovery from osmotic stress
abandon the old buds and resume growth by initiating new buds. The location
of the new bud does not follow normal spatial patterns. This result suggests
that wild-type cells have a HOGI- and HOG4-dependent homeostatic
mechanism for resuming cell morphogenesis at pre-existing sites within the
cell following a change in external osmolarity.

1202

Stage-Specific Requirement of Myosin during Dictyostelium
Development. M.L. Sringe, B. Patterson, and JSpudich.
Department of Biochemistry, Stanford University School of
Medicine, Stanford, CA 94305. (Spon. by T. Soldati.)

A Dictyostelium strain has been isolated that is cold-
sensitive for myosin function (B. Patterson, unpublished).
Multicellular development in this strain was compared to that
in a myosin-wild-type strain. At non-permissive temperature,
the cold-sensitive strain is blocked at the beginning of fruiting
body formation, while at permissive temperature, it forms
almost-normal fruiting bodies. Shifting this strain between
permissive and non-permissive temperatures at various times
of development revealed two stages during which myosin
function was essential for correct development to proceed.
The first myosin-dependent stage is aggregation, during
which myosin may play a role in differentiation and sorting of
cells. The second stage is the final raising of the spore mass
to the top of the stalk, during which myosin may be required
as a motor to function against gravity. Calcofluor staining of
the structures made at non-permissive temperature revealed
the presence of cells possessing spore coats; however, these
cells were killed by heat treatment conditions that true spores
survive.

1204
Finite-Element ModellingofPlantSomatic Embryo Development. IL

YiILJJ. Derb and W-S. Hu, Department of Chemical Engineering and
Materials Science, University of Minnesota, Minneapolis, MN 55455.

A mathematical model for somatic embryo development was
developed as a tool to enhance our understanding of the dynamic
interactions between environmental factors and the regulation of embryo
growth and development occurring via endogenous synthesis of growth
regulators and differentiation of tissue. Solutions are obtained with a
Galerkin-finite element method with boundary tracking, that allows
simulation of morphological histories. The simulation results show that
globular to heart transitions can be obtained by imposing simple growth
patterns and that surface tension can affect the displacement patterns
within the tissue. The latter effect suggests that the interaction between
surface and volumetric events has to be considered in the representation
of other plant morphogenetic events such as the development of shoot
apical meristems.
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1205

Expression of Rh(D) antiaenicitv does not involve its SH
groups K. Suvama, R Lunn and J Goldstein Cell
Biochemistry Laboratory, New York Blood Center, New York,
NY 10021.

One or more SH groups of the Rh(D) polypeptide are

thought to be involved in expression of Rh(D)
antigenicity. To explore this, we treated intact red
cells with membrane permeable NEM(N-ethylmaleimide) or

impermeable DTNB [5,51-dithiobis (2-nitrobenzoic acid)),
reagents which specifically bind to the SH group.

Hemagglutination titers of these treated cells were
determined using human monoclonal and polyclonal anti-D.
No significant decrease in hemagglutination titer was

detected in Rh positive cells treated with 5mM NEN or DTNB
for 1 hr. at room temperature. Increasing the
concentrations of DTNB or NUN to the extent of appreciable
hemolysis or increasing incubation time does not result in
a loss of hemagglutination titer by anti-D, suggesting
that cysteine residues are not involved in Rh(D)
antigenicity. Rh(D) polypeptide is known to be
palmitoylated at its cysteine residues. NEM or DTNB-
pretreatment (30 min, room temp., 1.5-5.0mM) of intact red
cells completely inhibited uptake of 3H-palmitic acid by
Rh(D) polypeptide, indicating that its SH groups are

blocked by NUM or DTNB. However, immunoprecipitation of
Rh(D) polypeptides from such treated cells with human
anti-D was not affected. Thus, SH group involvement in
Rh(D) antigentic expression was not observed at either the
cellular or protein levels. Supported by Office of Naval
Research Contract No. N-00014-84-C-0543.

1207

GRA3 from Toxg a gnd D m *, J. F. Dubremetz, and

*Yale University School of Medicine, Department of Intemal Medicine,
Infectious Diseases Section, New Haven, CI 06510
**Unitc 42 INSERM, 369 rue Jules Guesde, 95650 Villeneuve d'Ascq,
France.

Modification of the parasitophorous vacuole (1V) by Toxoplasma
gondfli occurs by exocytosis from a set of parasite secretory organelles,
the dense granules. Four dense granule proteins have been identified by
monoclonal antibodies (GRA1, 2, 3 and 4) and characterized by
intracellular localization. Of the four dense granule proteins only the 30
kD GRA 3 is preferentially associated with the parasitophorous vacuole
membrane (PVM) after exocytosis as determined by immunofluorescence
and immunogoldEM (Achbarou et al. 1991, Parasitology 103: 321-329).
A Agtl 1 cDNA library of T. gondii (kindly provided by J. Boothroyd) was
screened using a polyclonal GRA3 antiserum. Six clones were isolated
and tested by immunoblot using both the polyclonal and monoclonal
antibodies to GRA3. Only one clone produced a P-galactosidase fusion
protein which reacted with both antibodies. This fusion protein was then
used to affinity purify the polyclonal antisera On immunoblots these
antibodies reacted with a 30 kD band and by immunofluorescence reacted
with the PVM and dense granules. Translation of a pardal DNA sequence
shows a single open reading frame and a hydrophobic region of 22 amino
acids flanked by charged residues consistent with a transmembrane
domain. No significant homology has been detected to other proteins,
including other dense granule proteins. These results are being used to
define the mechanism and topology of GRA3 association with the PVM

1209

Identification and isolation of membrane-bound and soluble forms of the
arDcal alvcovrotein. butvrohilin. L.R.Banahart. LJ.W.Jack. and LHMather.
Dept. Animal Sciences, University of Maryland, College Park, MD 20742.

Butphilin (BT) is a glycoprotein expressed on the apical surfaces of
mammary epithelial cells which may function in the socredon of milk-fat
droplets. The sequence derived from cloned cDNA predicts that unprocessed
BT has a M, of 59,260, an amino-terminal hydrophobic leader pepdde and a
transmembrane domain in the middle. To confirm this, mRNA was prepared
from the cDNA and translated in vitro. BT was in ad into microsomes
as a 61,000-dalton peptide. As expected, treatment with proteinase K left a

35,000-dalton fragment associated with the membranes which was degraded
on the further addition of Triton X-100. Rabbit antibodies to synthetic
peptides encompassing residues 125-136 and 328-344, in the exoplasmic and
cytoplasmic domains, respectively, specifically bound to all of the isoelectric
variants of BT on nitroceUlulose blots of fat globule membrane (FGM)
proteins. These antibodies were used to determine the distribution of BT in
cel fractions of lactating mammary tissue. One immuactve species with
the same M, (67,000) as fuUly processed BT in FGM was detected in Na2CO3-
washed mioal membranes. Suiprisingly, soluble forms of BT of M,

57,000-64,000 were detected in post-microsomal supematants that bound to
both exoplasmic and cytoplasmic antipepdde antibodies. These could be
recovered as a water soluble complex of M, 204,000 after gel filtration in the
absence of detergent and purified in soluble forms by immunoaffinity

chromatography. The possible function of soluble and membrane-bound BT
in the assembly of FGM during lipid secredon will be discussed.

1206

RBC Membrane Protein Concentration Variances between Normal and
Abnormal Red Cells. J. Planas. D. Denson. R. Gomez, H. Gu and D.J.
Wilson, Division of Biomedical Sciences, Meharry Medical College,
Nashville, TN 37208.

In our laboratory, we have found that the amount of Glycophorin A
is decreased in red blood cells (RBC) taken from patients with sickle cell
anemia when compared with that found In normal control RBC membranes.
An 18-20% gradient SDS polyacrylamide gel demonstrates a 3-fold
decrease of the middle protein of the PAS 2 band of erythrocyte ghosts. In
the United States, Sickle Cell Disease is a common disease among African
Americans and Hispanics from the Caribbean, Central And South America.
Glycophorins are the major sialogicyoproteins found in the membrane of
the RBC. Five (5) different glycophorins have been described in the
literature. The objective of our research was to determine the
macromolecular events responsible for the differences in glycophorin A
amounts in these cells. Samples were collected in collaboration with the
Comprehensive Sickle Cell Center at Meharry Medical College Hubbard
Hospital. Protein isolation was done acording to the hypotonic lysis method.
Total protein concentration was determined by the BCA procedure, SDS-
PAGE analysis was carried out on 10% discontinuous gels. Glycophorins
were stained using Periodic Acid Schiff (PAS) and Dzandu staining
procedures. Ghost preparations were also submitted to 0- and N-
glyconase analysis, as well as to Western blot analysis using several
glycophorin-specific antibodies. Densitometric analysis was conducted on
a laser densitometer. Results are discussed in terms of the relative
concentration of glycophorins found on the RBC membranes of these
Individuals. This project was supported in part by Minority Biomedical
Research Support (MBRS) and National Science Foundation.

1208

Overexression and Structural Studies of Yeast a-Agglutinin. A Putative
Member of the ImmunoglobulinSu[pefamily. M.-H. Chn, Z.-M. Shen, and
P.N.Lik. Department of Biological Sciences, Hunter College, CUNY, 695
Park Avenue, New York, NY 10021

a-agglutinin is a cell adhesion glycoprotein expressed on yeast cells of
a mating type. It binds to a-agglutinin, expressed on cells of a mating type,
to facilitate mating. The N-terminal half of a-agglutinin contains 3 regions
with limited homology to immunoglobulin (Ig) subdomains. The third domain
shows significant identity with an Ig domain consensus sequence (p< 10-7).
All three regions appear to be necessary for oi-agglutinin binding to a-

agglutinin. The N-terminal half of the et-agglutinin gene was PCR subcloned
into a yeast high expression vector (pPGK) to encode a secreted form of a-

agglutinin that retains binding activity. The production of ci-agglutinin with

PGK promoter was about 40 times greater than that with the ai-agglutinin
promoter. a-agglutinin was purified by concentration of the culture

supernatant and chromatography on DEAE-Sephadex and Bio-Gel P-60. The

circular dichroism spectrum (CD) of purified et-agglutinin showed a structure

rich in B-sheets. The ei-agglutinin CD profile was similar to that of CD2, a

T-lymphocyte transmembrane cell adhesion protein that is a member of the

immunoglobulin superfamily on the basis of NMR structural studies (Recny
et al., 1990. J. Biol. Chem. 265: 8542-8549; Driscoll et al., 1991. Nature

353: 762-765). Preliminary results of peptide sequencing of trypsin-digested
a-agglutinin fragments purified by HPLC indicated that there is a disulfide

bridge within one of the predicted Ig-like domains.

Supported by grants from NIGMS and NIH-RCMI.

1210

The mechanism of the release of NADase from activated

mnacohag.s U.-H.Kim.Wand M.K.Han. Department of Biochemistry,
Chonbuk National University Medical School, Chonju, 560-182, Korea.

We have previously shown that membrane-associated
NAD glycohydrolase (NADase) can be solubilized by the treatment
of phosphatidylinositol- specific phospholipase C (PIPLC) of Bacillus
cereus [Kim,U.-H, et al. 1988. Biochim. Biophys. Acta, 965, 76-81].
We attempted to activate mouse peritoneal macrophages by endotoxin
treatment following infection with Mycobacterlum tuberculosis. NADase
was released from endotoxin- treated mouse macrophages
which were primed with M. tuberculosis , but not from normal
macrophages. The release of NADase from mouse macrophages
was observed in the presence of plasma which contains
phosphatidylinositol-specific phospholipase D (PIPLD). These results
suggest that endotoxin treatment on the primed macrophages increases
PIPLC or PIPLD activities which are responsible for the cleavage of Pi
linkage of the ecto-NADase.
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1211

Evidence for a Novel Tvoe of ATP-Diphosphohvdrolase (Tvoe M) in Bovine Lunas.
M. Picher. Y. P. CotM. and A.R. Beaudoin, Centre de recherche sur les m6canismes de
s6cretion, Ddpartement de biologie, Universitd de Sherbrooke, Sherbrooke, Quebec,
Canada, JIK 2R1.

In the past few yeas, we have reported two distinct ATP-diphosphohydrolase
(ATPDases) in pancreas (type I) and in bovine aorta (type fl). The purpose of this work
was to describe ATPase and ADPase activities in bovine lungs. Our results demonstrate
both ATPase and ADPase activities sensitive to Cae and Mge. Analysis of substrate
specificity show that the enzyme preparation hydrolyses both diphospho- and
triphosphonucleosides. A series of inhibitors, including NaN3, HgCI2 and Gossypol,
were tested and showed a comparable level of inhibition of ADPase and ATPase
activities, suggesting the presence of an ATPDase. Analysis of the physico-chemnical
properties of the enzyme: optimum pH, heat denaturation curves, estimation of
molecular weight by cobalt ("Co) irradiation-inactivation and polyacrylamide gel
electrophoresis under non-denaturing conditions demonstrate, on the one hand, that the
sane enzymne hydrolyses both ATP and ADP, and on the other hand, that the ATPDase
described in bovine lungs is differem from those reported in pancreas and bovine aorta.

Our results thereby support the view that there is an hitherto undescribed type of
ATPDase in bovine lungs. Supported by Quebec Heart Foundation and PCAR Quebec.

1213

Purification of Fungal B(1.3)-Glucan Synthase from Neubssoracrossa bv
Product Entrapment. PM, A Zug, D. Frost, and C.P. Selitrennikoff.
Dept. Cellular and Structural Biology, University of Colorado Health Science
Ceeter, Denver, CO 80262.

The synthesis and assembly of carbohydrate polymers into cell-wall is essential for
normal morphological development of fungi. In vio inhibition of the synthesis of
B(1,3)-glucan, an abundant carbohydrate polymer in the cell wall, by drug
treatment or mutation, results in abnormal morphology and poor viability of N.
cramsa, a filamentous Ascomyeete. Thus, purification and characterization of
p(1,3)-glucan synthase will yield valuable information with regard to
morphogenetic events in fungi. N. crarra hyphae were disrupted, and membrane-
enriched fractions obtained by high-speed ce tion. Glucan synthase activity
was solubilized from membranes by treatment with octyl-p-D-glucoside and (3-
[(Cholamidopropyl)dimethyl-ammonio]-propanesulfonate). Solubilized fractions
were incubated with substrate (UDP-glucose), and glucan synthase, with its
associated glucan chain, were purified by centrifugation through a 10% sucrose

cushion (product entrapment). Partially purified enzyme had a mean specific
activity of 3,000 nmoles glucose incorporated/min/mg protein; recovery was

greater than 80%. This represents an 1,100 fold purification of enzyme activity
when compared to crude lysates, and is over 100 fold greater than any reported
purificaion on fungal glucan synthase to date. Separation of proteins by SDS-
PAGE revealed a number of proteins copurifying with enzyme activity. Proteins
of 105 kDa, 70 kDa, 55 kDa, 50 kDa, 42 kDa, 41 WDa, 35 kDa, 32 kDa, 31 kDa,
and 28 kDa were especially prominent. These data reinforce the current view that
fungld(1,3)-glucan synthase is a multimeric enzyme complex

1212

Monoclonal Antibody Affinity Chromatography of
Chicken Ecto-ATP-Dighosphohydrolase. R.S.
Strobel and M.D. Rosenberg. Dept. of Genetics and
Cell Biology, University of Minnesota, St. Paul, MN
55108.
Ecto-ATP-Diphospholase is an integral

membrane ectoenzyme which hydrolyzes
extracellular nucleoside tri- and di- phosphates.
Using a novel ATPase capture screening assay, six
monoclonal antibodies have been produced to the
chicken oviductal fluid enzyme. One antibody
(MC22) coupled to hydrazide activated Sephacryl S-
1000 has proven optimal for immunoaffinty
chromatography of the enzyme. Using this column,
the oviductal enzyme has been purified to a single
band of 80K and 860 units\mg protein. The same
column has been used to purifiy the chicken liver
enzyme to a single band of 85K and 1230 units\rng
protein. Studies are in progress to assess the
crosreactivity of these antibodies in other species.

1214
Localization of Human Placental Phospholipase A2 in

Cultured Placental Trophoblast Cells Using Immunocytochemical
Techniques, G. Bowden, C. McCain,P. Hatch and L.M. Jordan

Phospholipase A2 is an ubiquitous enzyme that is found in

every cell that it has been sought. This enzyme catalyzes
the hydrolysis of phospholipids in.the sn-2-acyl position of
phospholipids. Phospholipase A2 is involved in various

cellular abnormalities including asthma, arthritis,
gastrointestinal disorders and septic shock.

We describe herein a series of experiments designed to
determine the location of phospholipase A2 (PLA2) in

cultured human placental trophoblast cells. Trophoblast cells
were cultured from fresh term placenta on gold labelled
coverslips. The cells were fixed using gluteraldehyde
Gey's buffer solution. Cells which were cultured from

t-0 to t-5 days were analyzed using a scanning transmission
electron microscope. Phospholipase A2 was localized with

the aid of a polyclonal antibody.

1215
Characterization of Two-Dimnsional Crvstals of Photosystem 11
DI Electron and Atomic Force Nicroscopy. PSEurci.ni±tti,
K.M.Marr, M.K.Lyon, Department of Molecular, Cellular and
Developmental Biology, University of Colorado, Boulder, CO 80309-
0347.

Photosystem II (PS II) is different from all other reaction
centers in that it splits water to evolve oxygen and hydrogen
ions. This unique ability to evolve oxygen is due partly to
three peripheral membrane polypeptides associated with the PS II
complex. We have been able to induce the PS II complexes in
spinach thylakoids to form two-dimensional arrays. The purified
two-dimensional crystals have been characterized by room
temperature absorption spectroscopy, imunoblots and gel
electrophoresis. We have examined the topography of these
arrays, as well as the surface of membrane fragments, with the
atomic force microscope (AFM). The AFM provides a relatively
high resolution, three dimensional view of individual PS II

complexes, examined under hydrated buffered conditions, with no
need for image averaging techniques. In addition, using low dose
electron microscopy, we have produced a projection map of
negatively stained PS II arrays at a resolution of 17 A with a
signal-to-noise ratio of 5.32. The projection map shows four
distinct areas of density for each PS II complex. One area is

much larger than the others and is likely to include the reaction
center core. A second area extends out from the mass of the
complex, where it may be involved in interaction with other
membrane complexes. (This work supported by NIH GM 40735 and NIH
Biotechnology Resources RR00592).
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1216
Characterization of the Proteolytic Activity Reaponsible for
Cleaving the Prenylated CAAX Box of Yeast Ras2 Protein. L.
Farh, D.A. Mitchell and R.J. Deschenes, Department of Biochem-
istry, University of Iowa, Iowa City, IA 52242.
Ras proteins are initially synthesized as soluble precur-

sors, but subsequently undergo posttranslational modifications
that result in membrane localization. The signal lies in the
CAAX box, where C is a cysteine, A is generally an aliphatic
residue and X is the carboxyl terminal amino acid. Processing
begins with farnesylation of cysteine, followed by proteolytic
removal of the -AAX tail. In yeast, the protein farnesyl-
transferase is a dimer encoded by the RAM1 and RAM2 genes.
The protease that cleaves the -AAX tail of the CAAX box has
not been identified by genetic screens. We have established
biochemical assays based on Ras2 protein synthesized in reti-
culocyte lysates. The assay detects farnesylation by incorpo-
ration of H-farnesyl and proteolysis by a change in mobility
by SDS PAGE. Attempts to inhibit the proteolysis with stan-
dard protease inhibitors have not been successful. However,
we find that the activity is sensitive to EDTA and o-phena-
throline, but not EGTA. Dialysis experiments show that the
activity requires Zn2+ and MgZ+. In this respect, the
properties of the protease and farnesyltransferase are indis-
tinguishable. We synthesized CIIS and CIIS-FAR, which are the
unfarnesylated and farnesylated versions of the peptide Tyr-
Arg-Ser-Gly-Gly-Cys-Ile-Ile-Ser, respectively. Only unfarne-
sylated CIIS showed appreciable inhibition of the Ras2 mobil-
ity shift. The failure of CIIS-FAR to inhibit suggests that
the prenylation and proteolysis are tightly coupled In vlvo.

1218

Bbonesk of the Yeast MaUig Phermone a-Faor P. Chan,
A. KaflnLR.CLin, and S Michaels, Dept. of Cell Biology and Anatomy, Johns
Hopkins University School of Medicine, Baitimore, MD 21205.

We are studying the biogenesis of the yeast mating pheromone a-factor.
Mature a-factor is an isoprenylated, carboxymethylated dodecapeptide that exits
the cell through a novel membrane pump, STE6, ratherthan via the cassical
secretory pathway (ER->Golgl->secreto.y vesicles). a-Factor is inkially
synhesized as a 36 amino acid precursorwith a C-terminal CMX box and an N-

terminal extension. Through characteriation of biosynthetic Intemiediates, we
have previously shown that the first step in a-factr biogenesis Is C-terminal
modification, consisting of prenylation, cleavage of AAX and methylation of the
Cys residue of the CAMX box. a-Factor then becomes membrane-associated,
and subsequently undergoes two N-terminal proteolytic cleavage steps to
generate mature a-factor, which is exported. The first N-terminal proteolyti
cleavage step, which was unanticpated, involves a clp within the first 7 amino
acids of N-terminal extension of the a-factor precursor. The second cleavage
step occurs, as expected, at the junction between mature a-factor and the
remaining portion of N-terminal extension.

To identily signals within the a-factor precursorthat are recognized by the
proteolytic processing machinery, we have examined the effects of aiteratons
(including substitutions and deletions) in the N-terminal extension of a-factor. We
found that mutations which prevent the first proteolytc clip within the N-terminal
extension have no detectable impact on production of mature afactor. In
contrast, aiterations In amino acids flanking the junction between the N-teminal
extension and mature a-factor, as well as dleotns elsewhere In the N-terminal
extension, can profoundly affect the production and secretion of mature a-factor.
Taken together, these resuits Indicate that this second proteolyti processing
step Is essential tor a-factor bogenesis and export.

1220

CA, HycMna and S Clarke Department of Chemistry and Biochemistry and
the Molecular Biology Institute, UCLA, Los Angeles, CA 90024-1569

In eukaryotic cells, there are a number of proteins and polypeptides whose initial
translation poduct contains a -Cys-Xaa-Xaa-Xaa sequence atthe COOH teminus, where
-Xaa represents a varety of amino acids. This sequence can target these polypeptides fora
series of postranslational modifications that include sequential lipidation with ithera
farnesyl or geranylgermnyl isoprene group on the cysteine residue, proteolysis of the three
tenninal amino acids, and methyl esterification of the newly exposed a-carboxyl group of
the cysteine residue. We have been interested in elucidating this pathway in the yeast
Saccharonyces cerevsiae concentrating our efforts on the study of the methylation and
proteolytic reactions. The enzyme involved in the final methylation step has been well
characterized. We have shown that a membsaneassociated COOH-terminal
methyltransferase, the product of the STE14 gene in S. cereviriae, can catalyze the the
methylation of both farnesylated and geranylgeranylated substrates including the RAS
proteins and the a-factor mating pheromone. We have also determined thtat ast one of
the small G proteins,YPTl, appears not to be methylated in vivo and are currently
investigating the methylation state of other G proteins including the RHO, RSRI, and
CDC42 gen pwoducts. Another as yet uimdentified membrane-associated 29kDa protein in
S. cerevisia appcars to be methylated by the STE14 methyltransferase. In contrast, not
much is known about the proteolytic processing enzymology either in yeast or other cell
types Through the development of an indirect coupled assay, we have identified three in
vitro activities in Ssccharomyces cerevrisa that can catalyze the preoteoytic cleavage of thethree COOH-terminal amino acids from the synthetic peptide substrate N-acetyl-KSKTK[S-faesyl-CysiVIM. One of these is the vacuolarproe carboxypeptidase Y. Using a
strain deficient in this enzymc, we find evidence for an additional soluble activity as well as
for a membraneSSociated activity that are both candidtes for the roles in the physiological
processing of isoprenyhsed protein prcursos. Furtherch izin of the soluble
activity revealed a novel carboxypeptdase of approximately l lOkDa tht catalyzes a
processive removal of amino acids from the COOH terminus of both the farmesylated and
non-famesylated substrate, but not from three other unrelated peptides. We are presently
purifying this activity from the cytosolic fraction.

1217

CaaX Box Sequence Requirements for Yeast RAS2 Protein Processing and
Activity. D.A. Mitchell, T.K. Marshall and R.J. Desches Department of
Biochemistry,University of lowa, lowa City, IA 52242
Saccharornyces cerevisiae contain two ras gene homologs at least one of which
is required for vegetative growth. Ras proteins are synthesized as soluble
precursors, but then undergo a series of posttransiational modifications resulting
in localization to the cytoplasmic surface of the plasma membrane. These
modifications are mediated through the CaaX box, the terminal four amino acids
of the immature protein. The CaaX-box posttransiational modifications include:
l) farnesylation of the conserved cysteine residue (C319) four amino acids from
the protein's carboxyl terminus; 2) cleavage of the C-terminal three amino acids;
3) a-carboxyl methylation; and 4) palmitoylation of the other cysteine (C318)
located imr.ediately upstre&un of the farnesylaied cysteine. We have created a
series ofCaaX box mutants to probe the sequence requirement for processing
and membrane localization. Mutations which prevent famesylation abolish RAS
activity, whereas palmitoylation and methylation do not appear to be essential
In the course of mutagenizing the yeast ras2 CaaX box, we have found mutants
which are not prenylated but still possess RAS activity. These mutants contain
serine for cysteine substitutions at amino acid positions 318 and 319 followed by
a basic amino acid extension of the sequence IIKLlKRK (CC-ext, SC-ext, and
SS-ext). While loss of Ras activity is lethal to the cell, the extension mutants, at
low copy number, are necessary and sufficient for growth in a raslras2
background. Direct assays of prenylation reveal that none of the extension
mutants becomes farnesylated. In addition, the extension mutants migrate more
slowly than wild-type RAS2 when subjected to SDS-PAGE indicating they are
not proteolytically processed. In a raslras2 background, these strains grow
more slowly than wild-type. RAS produced from the CC-ext construct partitions
to both the membrane and cytosolic fractions while RAS produced from SC-ext
or SS-ext constructs is found predominantiy in the cytosolic fraction. These
observations suggest that altemate mechanisms exist which promote RAS
function.

1219

CONSEOUENCES OF ALTERED ISOPRENYLATION

TARGETS IN a-FACTOR EXPORT AND BIOACTIVITY
G. Caldwell, L. Lovin. F. Naider and LBegker; Univ. of Tennessee,
Knoxville, TN, 37996, and College of Staten Island, CUNY, Staten
Island,NY,10301
Two distinct isoprenoids have been identified in the post-translational

modification of proteins, the 15-carbon famesyl moiety and the 20-carbon
geranyl, geranyl group. Specific cysteine-containing amino acid
sequences (CAAX, CC, CXC) are targets for attachment of these lipids
by prenyl transferases and have been identified in various proteins
including the oncogene product RAS, nuclear lamins, and rab vesicular
trafficking proteins. The functional consequences of differential
isoprenylation of proteins with either a C15 or C20 isoprenoid have not
been elucidated. The primary gene product of the S. cerevisiae MFal
gene is a 36 a.a. precursor that is processed to yield the farnesylated
mating pheromone a-factor, YIIKGVFWDPAC[Farnesyl]-OCH3.The
famesylation of a-factor is required for biological activity and export via
the yeast STE6 protein, a homolog of the mammalian multiple drug-
resistance P-glycoprotein. We have employed site-directed mutagenesis to
alter the isoprenylation targeting sequence of a-factor from its native
CVIA to both CVIL and SVCC, putative sequence targets for geranyl,
geranylation. Yeast expressing these modified a-factor genes under the
control of an inducible promoter secrete biologically active pheromones.
In contrast, under similar conditions, ste6 mutant cells containing these
constructs do not exhibit a-factor activity. These results suggest that a-
factor precursors containing a C-terminal target sequence for geranyl,
geranylation are biosynthetically processed to pheromones which can be
exported via STE6 and are also recognized by their receptor on the
opposite mating-type cell.

1221
E nenlial targe proteins of the CAL VICDC4S geranygerar ren transferase In

Samharomycs caervinsas- Y. Ohya .2, H_ Oadotal, Y-Anrakul, M_Ttbbts3
J-R.pre4gj4, anVW DigLjn2, 1DeDztmenrt of Biog, Facuity of Sdece, University
of Tokyo, Bunkyo-ku, Tokyo 113, 2Department of Genetis, Stanford University
School of Medicine, Stanford, CA 94305, 3Depament Of BEiogy, The University of
Michigan, Ann Arbor, Ml 48109, 4Department of B3iolgy, The University of North
Carolna, Chapel I-il, NC 27599.

Protein prenylation, Incklding farnesytation (C15) aWnd geranylgeranyWatlon
(C20), plays an important role in helping to anchor many proteins In the membrane.
Proteins containing a C-terminal Cys-Ali-AN-Xaa sequence can be modified by
famesyl-protein transferm and geranylgalratein transferase (GGPTasel). The
Xaa position defines whether a proteln Is preferentially famesylated or
geranylgeranylated.

The CAL ICDC43 gene product In yeast has been shown to be emsrnal for
GGPTasel activity. CAL 1/CDC43 Is essential for growth. Mutations In the
CAL lICDC43 gene were isoated using two different screns. The temperature
sensitive cill saole requIres high levels of CaCI2 In the meda. The temperature
sensitive cdc43 alleles were isolated as cell divIsion cycle mutants. calf-1 alele
oottainlng a 328Gly to Ser change caused cel cyce arest with a unal bud and GJM
nucleus, whereas six odd3 mutants had missen_ mutations at 4 different posIons;
each of these allbes arrested cell cycle with unbudded muilinucleate cells. The fact
that there exist two classes of the calllcdc43 mutant alleles In terms of terminal
phenotype suggests that there are at least two different CALlICDC43 target proteins
which are essential forcel cycle progression.

Four yeast proteins oontain the cons sequence for GGPTasel. Two of
these, CDC42 and RHOI are essental proteins. We have shown that simuitaneous
overprducton of CDC42 and RHOl suppresses callIdb43 mutations, incding the
lethality of the null mutant. This Imples that overpoducton of two known essental
targets of CALlICDC43 suffices to swppre the call, Wc3 defects.
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1222
The Yeast Cell Adhesion Protein a-Agglutinin is Synthesized with a

GlycosylhoosRhatidyl-Inositol Anchor. C.-F. Lul, j. KUrjan2, and PNj
LiRk I Department of Biological Sciences, Hunter College, CUNY, New
York, NY 10021; 2Department of Microbiology and Molecular Genetics,
University of Vermont, Burlington, VT 05405 (Spon. by R. Rudner)

Saccharomyces cerevisiae ea-agglutinin is a cell adhesion glycoprotein
expressed on haploid cells of a mating type. The predicted amino acid
sequence of a-agglutinin contains a C-terminal hydrophobic region that is
characteristic of signal sequences for the addition of glycosylphosphatidyl-
inositol (GPI) membrane anchors of numerous proteins. We therefore
investigated whether es-agglutinin has a GPI anchor. Using Triton X-1 14
hydrophobic/hydrophilic phase separation, we identified a 140 kD membrane
protein that reacted with ca-agglutinin-specific antisera. This 140 kD
membrane protein was a form of ca-agglutinin, because 1) like os-agglutinin,
this protein was expressed only on a cells and its production was pheromone
inducible; 2) transformation of MATa cells with a multicopy plasmid
containing the ca-agglutinin structural gene increased the expression of the 140
kD protein by about 10-fold; and 3) this protein had a-agglutinin activity
(specific binding to mating type a cells). This form of a-agglutinin was

released from the detergent phase into the aqueous phase by the action of a

bacterial phosphotidylinositol-specific phospholipase C. This protein could be
metabolically labeled with myo-inositol and palmitic acid, indicating a

covalent attachment of an inositol-containing phospholipid to this protein. This
form of ca-agglutinin contained N-linked and 0-linked carbohydrate.

Supported by grants from NIGMS.

1223
Expression and Characterization of a Nonmvristvlated Mutant Human
Ervthrocvte Band 4.2. M.A. Risinser, C. Korszren, and C.M. Cohen,
Department of Biomedical Research, St. Elizabeth's Hospital, Boston, MA 02135
and Departments of Medicine and Anatomy and Cellular Biology, Tufts
University School of Medicine, Boston, MA 02111.

Band 4.2 is an abundant protein of the erythrocyte membrane which
binds to band 3 and is apparently essential for normal red blood cell function
since deficiencies in the protein are characterized by fragile and abnormally
shaped red blood cells, resulting in hemolytic anemias. However, a specific
function has not been determined for band 4.2. We have recently demonstrated
that band 4.2 is an N-myristylated protein. In order to elucidate the function
of the covalenty bound myristate, we used oligonucleotide directed mutagenesis
to produce a glycine to alanine (G-.A) mutation at the N-terminal myristylation
site of band 4.2 and expressed the mutant protein in a Baculovirus expression
system. 5H-myristic acid labeling studies confirmed that the mutant protein is
not myristylated. Immunofluorescence experiments revealed that nonmutated
band 4.2 expressed in Sf9 cells is plasma membrane associated. In contrast, the
G-A mutated band 4.2 demonstrated a punctate distribution at multiple focal
levels, consistent with retention of the mutated protein within an intracellular
compartment. Preliminary subcellular fractionation studies indicated that the
nonmyristylated mutant protein may be associated with the rough microsomal
fraction. These observations suggest that myristylation may be important for
the targetting of band 4.2 to the plasma membrane in Sf9 cells. Both
nonmutated band 4.2 and the G-A mutated protein were also expressed in a

rabbit reticulocyte lysate system and the 35S-labeled expressed proteins were

tested for binding to erythrocyte alkaline stripped inside out vesicles.
Comparable amounts of the nonmutated and G-.A mutated proteins bound to
the membranes and the binding appeared specific in that it was inhibited by
excess cold band 4.2. These findings suggest that myristylation may not be
required for the binding of band 4.2 to erythrocyte membranes. Supported by
NIH grant HL37462.

1224
Cholesterol Regulates Cell Surface Expression of Glycophospholipid-
Anchored (GPI-linked) CD14 Antigen. RD. Bigler. J.L Alfieri. S. Lund-
Katz. and M. Esfahani, Hahnemann University, Philadelphia, PA 19102
and Medical College of PA, Philadelphia, PA 19129

Clustering of the GPI-linked receptors for 5-methyltetrahydrofolate
into uncoated pits ofMA104 cells is inhibited by sterol binding compounds
or by partial depletion of cellular cholesterol. (Rothberg, K.G., Y.-S.
Ying, B.A. Kamen and R.G.W. Anderson. 1990. J. Cell Biol. 111:2931-
2938). Another GPI-linked surface protein, the CD14 antigen, is
expressed on human monocytes and macrophages. Adherent human
monocytes were cultured for 4 days in media containing delipidated fetal
calf serum (DFCS) which depleted cellular cholesterol by 56%.
Immunofluorescence analysis showed a decreased percentage of CD14+
cells from 93.+L1_% in FCS to 31 + 6% in DFCS medium. The decrease
in the fraction of cells expressing CD14 was parallel to a decrease in the
average number of molecules per cell as indicated by a decrease in the
mean value fluorescence intensity from 883 + 17 to 172 + 18. Expression
of high affinity Fc receptors (FcRI) also was reduced under these
conditions. The inhibition of CD14 expression was overcome by addition
to the culture medium of cholesterol, low density lipoprotein, or very low
density lipoprotein which replenish cellular cholesterol. Expression of
FcRI was not restored by cholesterol. Taken together, these observations
indicate that cholesterol regulates the lateral diffusion and surface
expression of some GPI-linked glycoproteins. (Supported by Merck
Research Laboratories, AR40404, and HL-23633).

Membrane Fusion (1225-1226)

1225
CD4-lnduced Activation of HIV-1 gp12O-gp41 Complex Is pH and
Temperature Sensitive. Y.-K. Fu. T. K. Hari, and P. J. Bugelski.
SmithKline Beecham Pharm., King of Prussia, PA 19406.
Membrane fusion is mediated by the activation of an HIV envelope

glycoprotein gp4l (fusogenic peptide) following binding of gp120 to
CD4. Recombinant soluble CD4 (sCD4) induces shedding of gp120 from
gp4l thereby blocking the fusion potential. BJAB cells stably
expressing HIV-1 envelope glycoproteins were used to study the
Interaction of CD4 and gpl2O-gp4l with regards to shedding of gp120
and fusion events. Both sCD4-induced shedding of gp120 and cellular
CD4-mediated fusion with SupTi cells were sensitive to pH and
temperature. sCD4-induced shedding of gpl20 was optimal at pH 4.5 to
5.5. Fusion was nonpermissive in that range, but favored at pH 7.5 to
8.5. The acidic pH effect on fusion was Irreversible; shifting the pH
from 5.0 to 7.5 resulted in slow (>16 h) recovery of fusion capability.
At neutral pH, sCD4 did not induce shedding of gp120 at 40C or 160C, as

it did at 220C or 370C. However, fusion occurred at 370C but did not
occur at or below 22oC. Incubation of co-cultures at 40C, 160C, or

22oC for 3 h, then shifting to 370C for 1.5 h, resulted in similar,
increased, or decreased numbers of fused cells compared to controls,
respectively. These results show that cellular CD4 can inactivate the
HIV-1 gpl20-gp4l fusion complex In a process analogous to sCD4-
induced shedding of gp120. Furthermore, the physicochemical
dissection of shedding and fusion implies that induced release of gp120
is not an integral step in fusion.

1226

Structure and Function of Glycosylphosphatidyl Inositol-Linked Viral
Membrane Fusion Glycoproteins. ,JM. Gilbert, G.W. Kemble, C D
Weiss, L. Hernandez, and J.M. White, Departments. of Biochemistry
and Pharmacology, University of California, San Francisco, San
Francisco, CA 94143. (Spon. by J.M. White.)
We have generated stable cell lines expressing three GPI-linked

viral membrane fusion glycoproteins: GPI-linked influenza hemag-
glutinin (HAPI), GPI-linked Rous sarcoma virus envelope (RenvPI),
and GPI-linked human immunodeficiency virus envelope (HenvPl).
Immunofluorescence and cell surface labeling demonstrated trans-
port of each of these GPI anchored chimeras to the cell surface.
Biochemical studies suggested that these molecules are properly
folded. HAPI and RenvPl migrated similar to their wild type (wt)
molecules on sucrose gradients. HAPI crosslinked as a trimer. Both
HAPI and HenvPl interacted with reagents specific for the native
oligomers.

Each of these GPI anchored glycoproteins was released from the
cell surface by digestion with phosphatidyl inositol-phospholipase C
(PI-PLC). Chemical crosslinking and sedimentation analysis
demonstrated that HAPI and RenvPl remain oligomerc following re-
lease. PI-PLC released HAPI underwent the low pH induced con-
formational changes characteristic of wt-HA. Nonetheless, none of
the GPI -anchored molecules mediated membrane fusion as evi-
denced by lipid mixing (HAPI) and syncytial assays (HenvPI). These
results suggest an important and previously unrecognized role for
the transmembrane domains in the fusion mechanism of viral glyco-
proteins.

21 la



Membrane Fusion (1227-1232). Wednesday

1227
Fluorescence Decuenching of Octdcrhodamine labeled Plasm
Membrane Veslcies Fusing with Ceils gxpresel Vesicular Stomatits
Vimus GIvcoroteln: A New Asoroach to Measure Fusion Activity of
Cloned Viral Enveloce Proteins. A. Pud M. Krumbieoel. D. Dimi. L
Prevece and R. Blumenthal
Secdon of Membrane Structure and Function, NCI, NIH, Bethesda, MD and
Department of Biology, McMaster University, Hamilton, ONT

We have studied fusion between fluorescently labeled plasma
membrane vesicles (PMV), prepared from Vero cells by hypotonic lysis, wfih
HeLa cells expressing vesicularstomatitis virus glycoprotein (G-protein). The
G-protein was expressed on the cell surface either folowing Infection with
intact VSV, or with an adenovirus vector (AdGl2) containing the gene for the
VSV G-protein. The kinetics of fusion was monitored using a lipid mbixng
assay based on fluorescence dequenching of octadecyl rhodamine (R18).
Fusion began Immediately after lowering the pH below 6, and showed an
approximately exponential time course. The pH dependence of PMV fusion
paralleled that observed for VSV-cell fusion and VSV-induced syncytia
formation. Fusion was very rapid, dependent on temperature and the density
of G protein expressed on the cell surface. Fusion was inhibited In low Ionic
strength medium. Preincubation of G-protein expressing cells bound to
R18PMV with G-protein antiserum resuited in inhibition of fusion. Upid
symmetric human erythrocyte ghosts which serve as targets for intact VSV
did not efficiently bind or fuse with G-protein-expressing cells even in the
presence of wheat germ agglutinin. The assay opens the possibilty to
perform quantitative measurements of the fusion activity of mutant envelope
proteins expressed in cells.

1229

Staining Methods for CharacterizatIon of Plasma
Membrane Fusion Mutants In the Fission Yeast
Schizosaccharomyces pombe.
Qing Un, D. Alford, T. Taraschi*, N. Kaufer and J. Bentz.
Dept. of Bioscience and Biotechnology, Drexel University,
Philadelphia PA 19104 and *Dept. of Pathology and Cell Biology,
Thomas Jefferson University, Philadelphia PA 19107.

We intend to study plasma membrane fusion during
conjugation of the fission yeast S. pombe. This organism is
amenable genetically and biochemically to extensive
characterization of the proteins involved. Using a genetic
approach we have isolated several mutants which are blocked in
a prezygotic stage, phenotypically defined by horse shoe shaped
cell pairs. However, this general microscopic phenotype does not
reveal wheter blockage occurred at the stage of cell wall re-
arrangement, of cytoplasmic membrane fusion or of some
subsequent step.

To refine our definition of phenoypes, we have used stains
and fluorophores which label the cell walls (PKH 26), the plasma
membrane (octadecyl-Rhodamine (ODR), the cytoplasm
(malachitgreen) or the nuclei (DAPI). Visualization of these
mutants with epifluorescence and confocal fluoresoence
microscopy will permit us to distinguish between mutants blocked
at the cell-wall re-arrangement stage and those blocked at the
membrane fusion stage. The latter will be further characterized.

1231

PoonetaQ.CalciumTriggaL. &&Vogel,"L ALChnrdiki

Laboratory of Theoretical and Physical Biology, National Institute of
Child Health and Human Development, National Institutes of Health,
Bethesda MD 20892

Biologil menmrane fusion is mediated by proteins. While viral
fusion-proteins have been identified, the identity and distribution of
proteins that mediate exocytosis is unknown. Neverthess, models for the
mehanism of exoqtosi have been prposed involving either cytoplamnic
fusion proteinsor pre-formed protein conmpexes, aidn to gap-jnctons,

formed from hemiproteins in each of the two In opposition to
these models, we present evidence here, using exocytotic granules from see

urchin eggs, that proteins in only one of the two memranes are required for
fusion. We shw using both light scattering and video microscopy that
exocytotic granules treated with either trypsin or N-ethylmaleimide
NM ) cant fuse with other inactivated granules but do fuse with

untreated granules Moreover, we ow using fluorescentmicosopy that
granuls fuse with liposomes prepared from lipids extracted from sea
urchin egg cortices, and with liposomes containing cholesterol and either
DPPC or PI (1:1). Finally, we show that ganule-liposome fusion requires no

added cytoplasmic proteins, is inhibited by NEM, and is triggered with 59
IM calcium. Thus, our data suggests that calcium triggered exocytosis
requies proteins in ordy one of the fusing mnemnes.

1228

Direct Measurement of Herpes Simplex Virus -Cell
Fusion Kinetics
JE Fisher, DR Afford, M Ponce de Leon*, RJ Eisenberg*'#, GH
Cohen* and J Bentz
Dept. Bioscience and Biotechnology, Drexel University, Dept.
Microbiology and Center for Oral Health Research, and # Dept.
Pathobiology. University of Pennsylvania, Phildelphia, PA 19104

Herpes Simplex Viruses (HSV) enter cells by fusion of the viral
envelope with the cell plasma membrane. Among the ten
identified envelope glycoproteins, three have essential roles in
infectivity: gB, gD and gH. However, precise assignment of their
functions in this multi - step process has been elusive. To
determine which proteins are specifically involved in the
membrane fusion step of viral entry, we have developed a direct
assay. In this system HSV-1 envelopes were labeled with seff-
quenching concentrations of the fluorescence probe
octadecyirhodamine. Labeled virus was incubated with mouse L-
cells, in suspension, at 4' C to permit binding. After removal of
unbound virus the cells were incubated at 37 C to monitor fusion.
Increases in fluorescence, indicative of fusion - dependent relief of
seif - quenching were observed over 150 minutes. Over this time
period at least 50% of bound virus had fused. These kinetics are
similar to those derived from previous studies using electron
microscopy or plaque assays. Fusion neutralization studies
employing monoclonal antibodies against each of the relevant
envelope glycoproteins are underway.

1230
Inacllul Calcium m i
MWaaFusion J. D. Davidand A&Ex1ids Division of Biological
Sciences, University of Missouri, Columbia, MO 65211

The involvement of extracellular Ca2+, prostaglandin E1 (POE1), protein

kdnase C (PKC) and Ca2+ influx in chick skeletal muscle myoblast fusion has
been well documented. The present study tests the hypothesis that release of
intracellular Ca2+ from inositol 1,4,5-trisphosphate (IP3)-sensitive stores is
an obligatory step in the regulatory signal cascade that leads from PGE,
reeptoroccupancy to membrane union. We conclude that relase of Ca2+
from IP3-sensitive inacellular stores can trigger, and is necessary to trigger,
membrane fusion based in part on the following evidence (1) thapsigargin,

which triggers release of Ca2+ from 1P3-sensitive intracellular ss, induces
precocious fusion; (2) TMB-8, a drug which inhibits Ca2+ release from
intracellular stores, inhibits fusion and; (3) thapsigargin attenuates inhibidon
byTMB-8. In contast, release of Ca2+ from IP3-insensitive intracellular
stores can trigger fusion, but an inhibitor ofthat rlckase does not block
fusion. Ca2+ release from the 1P3-sensitive stores is not alone sufficient to
tigger fusion since thapsigargin cannot attenuate inhibiton byedter the PKC
inhibitor H-7 or the plasma membrane Ca2+ channel blocker D600. We have
previously shown that D600 acts downstmam ofH-7 in the regulatory
cascade, therefore the inability of thapsigarin to relieve inhibition by H-7
indicates that intcllular Ca2+ release occurs prior toPKC activaion, We
furtier conclude that intracellular Ca2+ rele serves drety to acvate PKC
based on the following evidence: (1) thapsigargin actssyn ay with

the PKC activators TPA and OAG to stimulate fusion; (2) thWsigargin
stimulates Ca2+ influx through D600-sensitive Ca2+channels with kinetis

similar to stimulation by TPA; and (3) the ThB-8 sensitive step lies between
PGE1 receptor occupancy and PKC activation.

1232
ibition of spermeg fiusion by peptdes contining the TDE squenc in

inof the Munem ten PH1-30. D,.(
Myles'. Kimmd'.C. Blobe C. Turc. J whi.P m oL

Department of Physiology, 'University of Connectict Heath Cent,
Farmington, CT 06030 and Departmenta of Phamcology and Biochomistry
and Biophysics and 'Howard Hughes Medical Inst ad Deparm of
Medicine, University of Califomia San Francisco, CA 94143.

The PH-30 protein is a heterodimer which was initially Idifed X
a potential sperm-eg fusion molecule by antbody inhibition studie
(Primakff et al, 1987, J Cell Biol 104:141). Det of tho cDNA
sequence of PH-30 subunits showed that the a subunit contais a putativ
fusion peptide nd the A subunit contains an xtaceular sequen
homologous to the disintegrins, a class of snake venom peptides that bind to
integrins (Blobel et al, 1992, Nature 356:248). The active site RGD
tripeptide sequence found in most snake disintegrins is replaced by TDE in
guinea pig PH-30 To determine if the disintogrin region of PH-300 is

required for spem to bind to the egg plasm membne via a mechanism
that leads to membrane fusion, we tested the ability of PH-30 peptides
containing the sequence TDE to inhibit guinea pig qspr-egg fusion. Fusion
was ssayed by scoring the appearance of swollen sperm heads in the en
cytoplasm. We found tha PH-30 8 TDE contining peptides inhibitod
fusion in a dose-dpendent manner with saurat inhibition of 80-100%.
Irrelevant or scrambled control peptides, including GRGDTP, did sn Inhibit
guinea pig spam-egg fusion. Tbese results are dirct evidence that PH-30
functions in sperm-egg fusion and the TDE sequence in the disintegrin
region is an active site. We propose the TDE binds to an egg integrin and
that this adhesion leads to membrane fusion.
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1233

Ihe Pro Region of a Prtein Active in Sperm-Egg Fusion Contains a Disintegin Domain
an aMcalTasoni.GI: WolfsM&g C.P Blobel D.G. Myles, Pniikf,
and LM. White. Depts. of Pharmacology and Biochemistry and Biophysics, Univ. of
California, San Francisco and DepL of Physiology, Univ. of Conn. Health Center

PH-30 is a sperm surface protein shown to be involved in sperm-egg fusion
(Primakoff et al. 1987. JCB 104:141). Sequence data presented here suggest that the
protein also plys a role in sperm development in the testis. PH-30 is composed of two
subunits, a and , which are synthesized as precursors and processed, duria sprm
develogment to yield the mature forms present on fetilization-cometent sem lotl et
al. 1990. JCB 111:69). The complex of mature a and P resembles many viral fusion
potins in its membrane topology and its predicted binding and fusion funions (see Fig.)(BIlobel e al. 1992. Naturc 356:248). Furthermore, the mature a and B subunits are
similar in amino acid sequence to each other as well as to a family of anake venom
proteins which contain mtegnn-bndbing disinte nn domains. We report here the cDNA
and deduced aminoacid sequences of thea andIprecursors (aee Fig.). Thepro-a region
contains, from amino- to carboxy-teminus, (1) a aomain of unknown function similar in
sequence to the precursor dmains of some make venom disintegrinsg (2 ame allTdoan similar to snalce venomn metaoprotwases and (3) a disintegnn aoan m r
subunit also contains the domain of unknown function and the metalloprotease domain;
the mature P subunit contains a disintegrin domain. The putative metalooase catalytic
residues are present in the a, but not the B pro-region. We speculate that the
metalloprotease and disintegrin domains of the lH-30poa subunit are actve in sperm
development in the tesis. ihus, PH-30 a is potentially a multifunctional protein that
may enact metalWprotease, cell-ell adhesion, and membrane fusion functn ln addition
PH--30 a and was well as some snake venom proteins, likely stem from a common
ancestor.
SS ? M D C TM T
II I u I 1 1 I PH-30 a
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a signal sequc;? =unknown funeson; M mealloprotcas; D odisissein; C =cysein-richr
1IM =- ;nmnnbrm; T= cyeotnanic ait * = fusion peptide + unino terminus of matue protein

1235

Characterization of Seguential Intermediates during Endosome
Fusion. James M. Lenhard and PhiliR D. Stahl, Washington
University School of Medicine, St. Louis, HO 63110

Studies with cell-free systems have allowed for
identification of intermediates that form during vesicle-
mediated protein transport. We have used an in vitro assay
to characterize sequential events during early endosome
fusion. GTPrS and 50 mM KC1 were required for formation of
a dilution-resistant intermediate in low and high
concentrations of cytosol, respectively. KC1 was also
required for fusion of this intermediate. Formation of the
dilution-resistant intermediate was blocked by addition of
ARF plus GTPrS while fusion of the intermediate required
NSF. Several lines of evidence suggest the sequential
requirement for heterotrimeric and small GTP-binding
proteins (smgs) before fusion. (I) Aluminum fluoride, an
activator of heterotrimeric G proteins but not smgs,
antagonized the effects of GTPrS on fusion. (II)
Mastoparan, a peptide that activates nucleotide exchange on
heterotrimeric G proteins, and a peptide from the NH2-
terminal domain of ARF1 reversed inhibition of fusion by
GTPyS but not aluminum fluoride. (III) Preincubation
experiments showed that endosomes formed aluminum fluoride
(ie. heterotrimeric G protein)- and GTPyS (ie. smgs and
heterotrimeric)-resistant intermediates with different
kinetics. Taken together, the results indicate a cascade of
distinct biochemical events occurs that are required for
transport between early endosomes.

1237

Putav Lysosome-Pusion-BlocIging Membrne Comomts Kl Kim,
YML and KW. 1Sn, Department of Zoology, University of Tennessee,
Knoxville, TN 37996.

Some intracellular vesicles such as symbiosomes containing endo-
symbionts avoid fusing with lysosomes, suggesting the possible presence of
a fusion-blocking component(s) on their membranes. In the course of search-
ing for such a component in the symbiont-bearing xD strain ofAmoa
teus, we found a 96-kDa protein and lipopolysaccharides (LPS) unique to
symbiosome membranes. In an attempt to characterize these components
further and to learn of their possible fusion-blocking activities, we obtained
monoclonal antibodies (mAbs) and used them to study the origin of the
molecules, their distribution on intracellular membranes, and the time course
of their apparanc in newly infected amoebae. Wt found that these mol-
ecules were produced by symbiotic bacteria and inserted/attached to the
symbiosome membrane, which was apparently an amoeba membrane. When
symbiont-free amoebae (D strain) were newly infected with bacteria isolated
from xD amoebae, they digested most of the infecting bacteria and only a
small portion survived. The vesicle membranes that enclosed surviving
bacteria were initially devoid of 96-kDa protein or LPS, but they acquired
the 2 types of molecules within 7 days as detected by indirect immunofluor-
escence. The intensity of fluorescence increased for up to 2 weeks after
infection, when the labeling pattern was the same as in established xD
amoebae. When we injected an anti-LPS mAb into symbiont-bearing amoe-
bae to mask LPS, some of the symbiosomes that usually do not fuse with
lysosomes fused, as determined by using a mAb specific to an amoeba
lysosomal-membrane protein as a probe. Thus, it appeared that LPS was
actively involved in preventing the lysosomal fusion with symbiosomes.
[The work was supported by a grant from the National Science Foundation.]

1234

Microiniection of fodrin alO peptides (SH3 homology region) and anti-fodrin
antibodies induce migration and fusion of cultured epithelial MDBK cells. S.M.
Eskelinen. J. Merilainen, and V.-P. Lehto, Biocenter and Department of Pathology,
University of Oulu, Kajaanintie 52 D, SF-90220 Oulu, Finland.

Fodrin is the main component of the membrane skeleton. It contains in its a-

subunit the SH3 (src homology region 3) motif (calO domain) which is
characteristic of e.g. nonreceptor-type tyrosine kinases and phospholipase C. We
have shown that manipulation of signal transduction pathway by PMA, TFP and
pH leads to mobilization of the fodrin - actin network. This made us assume that
fodrin may participate in signal transduction or actively respond to extracellular
signals. We chose microinjection as a tool to manipulate the membrane skeleton
in order to elucidate its function in cultured cells. We prepared a bacterially
expressed fusion protein encompassing the alO domain of fodrin linked to
glutathione-S-transferase (alO-GST peptide). Microinjection of this peptide into
cultured epithelial Madin-Darby bovine kidney (MDBK) cells led to their migration
and fusion, resulting in heterokaryons with up to 6 - 8 nuclei. Fusion began one

hour after injection and continued for four to five hours leading to an average

fusion index of 14 %. Some of the ftused cells were stable for at least 20 hours.
Injection of antibodies against the aI0-GST peptide or entire a-chain of fodrin
induced rapid fusion (< one hour) of MDBK cells, but the fused cells were

unstable and died within 4 - 5 hours. Fusion process was not dependent on

intracellular calcium, since injection of EGTA did not prevent the fusion process.

This is the first direct evidence that the membrane skeleton participates in the
fusion process of nucleated mammalian cells. The results suggest that there is no
absolute requirement for newly synthetized fusogenic proteins, but fusion can be
induced by a rearrangement of preexisting membrane components.

1236

In Vitro Reconstitution of a Late. Microtubule-Deoendent
Endocvtic Fusion Event in Non-Polarized Cells. F. AnienLto. N.
Emans and J. Gruenbegg. Cell Biology program. European
Molecular Biology Laboratory. Heidelberg. Germany

We have investigated two aspects of membrane traffic in
endocytosis: membrane fusion and microtubule-dependent
transport. Previous studies have established that early
endosomes (EE) exhibit a striking tendency to undergo fusion in
vitro. However, it has been difficult until now to reconstitute
fusion events between endosomes that may occur at later stages
of the pathway. In vivo, markers destined to lysosomes appear

sequentially in EE, late endosomes (LE) and then lysosomes.
Previous studies of the group have suggested that the passage
between EE and LE is microtubule-dependent and is mediated by
multivesicular endosomes, which we termed endosomal carrier
vesicles (ECV). Here we report a cell-free assay that measures

the occurrence of fusion between ECV and LE. Fusion was
measured by the formation of a product between two substrates
(avidin & biotinHRP), which had been selectively internalized
in two cell populations. We show that this in vitro process is
cytosol and ATP-dependent and sensitive to low concentrations
of GTP-y-S. Electron microscopic studies using two electron-
dense tracers established that the vesicular partners of the
fusion reaction were ECV and LE, respectively and that both
tracers colocalized in LE at the end of the reaction. In vitro
fusion is stimulated several fold by the presence of taxol-
stabilized microtubules (MT) and depends on microtubule-
associated proteins, including cytoplasmic dynein. Direct
binding of ECV with MT could be observed at the EM level. We
are now using this assay to investigate the mechanisms that
control that late stage of endocytic membrane traffic.

1238

Effects of GTP on Upid Metabolism and Membrane Structure in
Derivatives of Rough Endoplasmic Reticulum from Rat Liver.
J. Paiement. C. Lavoie*. M. Jolicoeur*. L Roy*. A. Gu6nette*, D6parte-
ment d'anatomie, Universit6 de Montr6al, Montr6al, H3C 3J7.

The accumulation of polyunsaturated free fatty acids (PUFAs)
occurs coincident with GTP-dependent membrane fusion (Lavoie et al.,
B.B.A.1070:274,1991). We now report that cytidine nucleotides
(5'-CMP>5'-CDP>5'-CTP) have a potentiating effect on PUFA
accumulation and GTP-dependent membrane fusion and lead to the
formation of multilamellar membrane structures (MMS). The analogues
3-CIMP, 2'-CMP, 5'-GMP and 5'-AMP are ineffective. In contrast, in the
presence of 5'-GTP and 5'-CMP (500 MM) 10 MM coenzyme A, (CoA),
plus 2 mM ATP cause a reduction in the accumulation of PUFAs as
well as an inhibition in membrane fusion. Coenzyme A and ATP also
stimulate the synthesis of triglycerides and the appearance of lipid
droplets amongst the rough microsomes. Incubation of microsomes
containing MMS in the presence of increasing amounts of CoA
(1-5 MM) provokes the transformation of the MMS into lipid droplets.
The use of an EM peroxidase cytochemical technique based on the
generation of H202 using acyl-CoA oxidase indicated the accumulation
of free fatty acids in the MMS. Thus GTP may permit the formation of
membrane lipid microdomains which can lead to dramatic changes in
membrane structure and influence membrane fusion. Supported by
MRC Canada.
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1239
Low molecular weight GTP-binding oroteins In Qurifled derilvatives of rough
endoolasMic reticuLium membranes from rat liver and rat hepatocelular carcinomas.
J. Lanoix and J. Paiement. Departement d'anatomie, Universit6de Montr6al, Montr6al,
Canada, H3C 3J7.

We have studied GTP-binding proteins In membrane preparations enriched In
derivatives of rough endoplasmic reticulum (RER) and determined the effects of a
variety of post-translationai modifications d GTP-binding proteins on GTP-dependent
membrane fusion. Analysis of binding of [a-XPjGTP to proteins on nitroceilulose
blots after separation by two-dimensional gel electrophoresis has revealed the
presence of as many as 15 such proteins In the fraction containing rough microsomes
(RM) (Lanoix, J. et al., Blochem. J. 262: 497-503, 1989). These proteins were
assessed for ras antigenicity with anti-ras monodonal antibodies using both Immuno-
chemistry and immunocytochemistry. By Immunochemistry, antibodies were
observed to precipitate a 23.5 kDa [a-32P]GTP-binding protein. Electron microscopic
immunocytochemistry revealed ras antigenicity associated with smooth membrane
contaminants of the RM. We carried out a variety of post-translational modifications
including phosphorylation and ADP-ribosylation. A number of low molecular weight
GTP-binding proteins were observed modified. However, quantitation of membrane
fusion Indicated that these post-translational modifications did not influence GTP-
dependent fusion of rough microsomal membranes. We also studied RM Isolated
from rat hepatocelular carcinomas. These microsomes exhibited a greater capacity
for GTP-dependent membrane fusion when compared with controls and biochemical
studies revealed differences in the content and the Isoelectric charge properties of
associated low molecular weight GTP-binding proteins. The changes observed could,
In part, account for differences observed in GTP-dependent membrane fusion.
Supported by MRC Canada and CRSI Quebec.
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1240

Calcium-De2endent Cell-Cell and Cell-Substratum Adhesion

Mechanisas are Not Required for Expression of Differentiated
Properties by LLC-P, Cells. Kaler, J.-L.CLhn, and L.

Gatti. Department of Physiology and Biophysics, UMDNJ-Robert
Wood Johnson Medical School, Piscataway, NJ 08854 (Spon. by
D.P. Beck).

Development of the mature, polarized epithelial cell

requires calcium-dependent cell-cell contact events, including
those mediated by E-cadherin (uvomorulin) . The role of calcium-

dependent cell-cell adhesion events in expression of apical
membrane differentiated properties has not been examined. The

pig renal epithelial cell line, LLC-PK1, acquires progressively
many properties characteristic of the mature renal proximal
tubular cell, including Na-glucose symport activity, gama-
glutaoyl transpeptidase activity, and villin protein, upon
attaining a confluent density. Expression of these properties
was compared in populations maintained in normal calcium sedium
supplemented with dialyzed serum and in calcium-free sedium
supplemented with dialyzed serum. Normal calcium cells

exhibited a typical epithelial morphology and normal cell-cell

interactions. In contrast, low calcium cells were elongated and

adhered to one another very poorly. This demonstrated that the

calcium-mediated cell-cell contacts had been disrupted. Despite
these differences, expression of all three differentiated
parameters was identical in the two cell populations. These
results demonstrate that expression of differentiated
properties by the LLC-PK1 cell is not dependent on calcium-

dependent cell-cell contacts, including those mediated by E-

cadherin/uvomorulin, and thus does not require a completely
polarized epithelial cell.

1242

Regulation of E-Cadherin Binding Activity by Muscarinic Acetylcholine
Receptors in Small Cell Lung Carcinoma, CL Williams and A.M. Hummel
Departments of Immunology, and Laboratory Medicine and Pathology, Mayo
Cinic, Rochester, MN 55905.

We previously reported that cell-cell adhesion rapidly increases upon
activation of M3 muscarinic acetylcholine receptors (mAChR) in the SCC-9 small

ccli lung carcinoma cell line (J. Cell Biol. 115:71a, 1991). This response may be
due to protein kinase C activation, since phorbol 12-myristate 13-acetate (PMA)
similarly increses cell-cell adhesion of SCC-9 cels. We have identified
E-cadherin as the molecule mediating increased adhesion, since antibodies to
E-cadherin completely inhibit cell-cell adhesion induced by mAChR agonists or

PMA. Immunoprecipitation of 35S-methionine-labelled SCC-9 cell lysates with
E-cadherin antibodies yields a protein with the MW of E-cadherin (140 kDa), as

well as other proteins (109 kDa and 105 kDa) which may correspond to catenins.
The amount and type of proteins that are immunoprecipitated are not altered by
treating the cells with mAChR agonists or PMA. Using immunofluorescent
techniques, we do not detect any changes in cell surface expression or localization
of E-cadherin in response to PMA or mAChR agonists. These results indicate
that increased binding activity of E-cadherin, rather than increased expression,
causs cell-cell adhesion upon exposure of SCC-9 cells to PMA or mAChR
agonistL These findings provide the first evidence that the binding activity of
E-cadherin can be regulated by a cell surface receptor. Additionally, this is the
first report that a neurotransmitter receptor can increase binding activity of an

adhesion molecule. We are currently investigating the effects ofmAChR agonists
and PMA on the phosphorylation state of E-cadherin and associated proteins to

determine the role of phosphorylation in E-cadherin binding activity. (Supported
by NIH grant CA52471 to CLW).

1241
Disruption of E-cadherin activity perturbs calcium-induced
reorganization of the cytoskeleton in cultured human
epidermal keratinocytes. J Lewis*, P. J. Jense and M. J.
Wheelock.* *Department of Biology, University of Toledo,
Toledo, OH 43606 and §Department of Dermatology,
University of Pennsylvania, Philadelphia, PA 19104.

Human keratinocytes grown in 30 gM calcium display
minimal cell-cell interactions. However, elevation of the
calcium concentration to 1 mM induces the formation of
adherens junctions and desmosomes. Formation of these
intercellular junctions is accompanied by reorganization of
actin and keratin filaments, which insert into the adherens
junctions and desmosomes respectively. Function blocking
antibodies to E-cadherin, an adhesion molecule localized to
adherens junctions, delay the calcium induced formation of
both adherens junctions and desmosomes. In the present
study, we show that anti-E-cadherin antibody also delays
the calcium-induced reorganization of the cytoskeletal
elements, including not only actin and keratin filaments,
but also microtubules. These studies indicate that E-
cadherin function and intercellular junction formation are
required for the cytoskeletal reorganization that occurs
upon calcium elevation in human keratinocyte culture.
(Supported by NIH CA44464 and AR39674)

1243
Characterization of Transfected E-cadherin in Human Breast Cancer
Cell Lings C.L. Sommers, E.P. Gelmann and S.W. Byers Department
of Anatomy and Cell Biology and the Lombardi Cancer Research
Center, Georgetown University, Washington, D.C. 20007.

We and others have described loss of expression of E-cadherin in
some human breast carcinoma cell lines (bccl's). All bccl's that were
highly invasive when tested in modified Boyden chamber or Matrigel
outgrowth assays had complete loss of E-cadherin expression. These
cells also have a fibroblastoid phenotype, express vimentin and have
down regulated keratins. To examine the effect of E-cadherin expression
on invasiveness in these bccl's, we transfected the mouse E-cadherin
cDNA into the invasive bccl's HS578T and BT549. For comparison we
also transfected weakly invasive, cadherin-positive MCF-7 breast cancer
cells and cadherin-negative mouse L929 fibroblasts. E-cadherin protein
was detected in the transfected clones by immunofluorescence
microscopy and immunoprecipitation. E-cadherin-transfected invasive
cells did not assume a more epithelioid morphology and still exhibited
an invasive phenotype in Matrigel. Triton treatment of transfected
HS578T and BT549 cells prior to immunofluorescence microscopy
resulted in loss of E-cadherin immunostaining. In contrast, Triton-
insoluble E-cadherin was present at cell-cell borders in the transfected
MCF-7 and L929 cells. These results indicate that in the invasive bccl's
HS578T and BT549, the transfected E-cadherin is not appropriately
linked to the actin cytoskeleton.
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1244
Spatiotemporal Dissection of Early Molecular Events During
Cadherin-Mediated Epithelial Cell Adhesion. Helen McNeil
Timot A..yan. and W. J. Nelson, Department of Molecular and
Cellular Physiology, Standford University School of Medicine, Stanford,
CA 94305

Using high resolution differential interference contrast
microscopy we have viewed MDCK epithelial cells as they initiate
cell-cell contacts. Cells were processed for indirect immuno-
fluorescence to determine the distribution of adhesion molecules
and membrane cytoskeletal components at these early contacts.
Using retrospective histochemical analysis, we correlated the stages
in the formation of a cell contact with the distribution of E-
cadherin, its association with the cytoskeleton, and the distribution
of the cytoskeletal proteins actin and fodrin. Our data show that
MDCK cells initially go through a stage during which cell contacts
are often insubstantial and transient. Upon the formation of a
stable contact, there is no significant change in the amount or in
the organization of E-cadherin at the contact for - 10 minutes. After
this lag period, there is a dramatic reorganization of the cadherin
specifically at the contact point, indicated by a rapid acquisition of
Triton insolubility, however the net amount of E-cadherin at the
contact remains unchanged during this time. Only at much later
time points (- lhr) is there an increase in the concentration of this
adhesion molecule at the contact point. The distribution of the
cytoskeletal proteins actin and fodrin was examined at these times.

1246
Preparation and Characterization of Hybridomas Secreting Monoclonal

ntibodies Directed gainst the Cl Adheion Recognition Sequence o

Cadherins.O.W. Blashuk. Division of Urology, Deparutent of Surgery,
McGill University, Montreal, Quebec, H3A lAl.

The cadherins area family of calcium-dependent cell adhesion molecules
(CAMs). The molecular mechanisms by which these CAMs promote cell
adhesion renain poorly understood. We have previously demonstrated that
the tripeptide HAV is a component of a cadherin cell adhesion recognition
(CAR) sequence (Blaschuk et al., Dev. Biol. 139, 227). Synthetic
peptides containing the HAV sequence are capable of inhibiting various
cadherin-mediated processes, such as rat neuite outgrowth on astrocytes.
In order to analyze the properties of the cadherin CAR sequence in greater
detail, we have prepared a panel of mouse hybridomas that secrete
monoclonal antibodies (Mabs) directed against the mouse N-cadherin (N-
cad) CAR sequence. Four hybridomas (designated Hyb3, Hyb6, Hybl4
and HybW20, respectively) have been characteized. They all secrete Mabs
of the IgM subclass. These Mabs bind to the synthetic peptide
FHLRAHAVDINGNQV-amide, which was used as the immunogen. This
peptide harbors the mouse N-cad CAR sequence. Three of the four
hybridomas (Hyb3, Hyb6 and HybW20) also bind to the peptide
LRAHAVDVNG-amide. The amino acid sequence of this peptide
encompasses the chicken N-cad CAR sequence. Finally, two of the four
hybridomas (Hyb3 and HybW20) secrete Mabs that bind to the synthetic
peptide LDRERIATYLFSHAVSSNG-amide, which harbors the human
E-cadherin CAR sequence. Studies are now in progress to determine the
ability of the Mabs to disrupt cadermin-nedited processes.

(Supported by the Medical Research Council of Canada)

1248

Plakoglobin, or an 83 kD homologue distinct from
beta-catenin. interacts with E- and N-cadherin.
K.A. Knudsen+ and N.J. Wheelock++, +The Lankenau
Medical Research Center, Wynnewood, PA 19096 and
++Department of Biology, University of Toledo,
Toledo, OH 43606.

E- and N-cadherin are members of a family of
calcium-dependent, cell surface glycoproteins
involved in cell-cell adhesion. Extracellularly,
the transmembrane cadherins self-associate, while,
intracellularly, they interact with the actin
cytoskeleton. Several intracellular proteins,
collectively termed catenins, co-immunoprecipitate
with E- and N-cadherin and are thought to link the
cadherins to the cytoskeleton. Two catenins have
been identified: 102 kD vinculin-like alpha-catenin
and 92 kD armadilljplakoglobin-like beta-catenin.
We observe that plakoglobin (or 83 kD plakoglobin-
like protein) also co-immunoprecipitates and co-
localizes with E- and N-cadherin. The 83 kD
catenin is immunologically distinct from the 92 kD
catenin and, because of its molecular weight,
likely represents gamma-catenin. Thus, two
different members of a plakoglobin family associate
with N- and B-cadherin and, together with 102 kD
alpha-catenin, appear to participate in linking
these cadherins to the actin-based cytoskeleton.

1245
Expression in L-Cells of the Cell Surface N-Acetylgalactos-
Aminylphosphotransferase which Modulates Cadherin Mediated
Cell Adhesion. F. Evraert, J. Balsamo, and J. Lilien,
Department of Biological Sciences, Clemson University, Clemson,
South Carolina, 29634-1903

A cell surface M-Acetylgalactosaminylphosphotransferase
(GalNAcPTase) has been shown to be associated with the cell
adhesion molecule N-cadherin in embryonic chick neural retina
and rat pancreatic islet cells. Anti-GalNAcPTase antibodies
inhibit homophilic N-cadherin mediated adhesion and neurite
outgrowth. We have isolated cDNA's that encode the GalNAcPtase.
L-cells transfected with a single cDNA clone express protein
that cross-reacts with anti-GalNAcPTase antibodies, transfers
GalNAc from UDP GalNAc to an exogenous acceptor and localizes
to the cell surface. The GalNAcPTase shares very high sequence
similarity with chicken brain spectrin. We conclude that a
close relative of spectrin is present at the outer cell
surface, exhibits glycosyl transferase activity and modulates
cell adhesion.

1247

Two distinct but related prteins. ai catenin and plakoglobin, r sscae
with E-cadherin in Madin-Darby canine kidy cells. hagen
and W. James Nelson.
Department of Molecular and Cellular Physiology, Stanford University
School of Medicine, Stanford, CA 94305.

The cadherins represent a family of calcium dependent cell adhesion
molecules. The catenins are a set of proteins found constitutively associated
with the cadherin cytoplasmic domain. Their designations are a(l02Kd),
(92Kd), and ycatenin(82Kd). Although their functions are unknown, the

catenins appear to be important for cadherin function. A desmosomal
protein, plakoglobin, has been shown to bear sequence similarity to p catenin,
but the relationship between P catenin and plakoglobin was unclear from
previous reports. In this study, we have used metabolic labeling,
immunoprecipitation, western blotting, two dimensional gel electrophoresis,
and immunofluorescence techniques to characterize the relationships among
plakoglobin, ,B catenin, y catenin, and E-cadherin in Madin-Darby canine
kidney(MCK) cells. Our results show that plakoglobin, P catenin, and y
catenin are all distinct proteins based upon their having different apparent
molecular weights, detergent extractabilities, and isoelectric points. Despite
these differences, all of them associate with E-cadherin as revealed by
coimmunoprecipitation and western blotting. Plakoglobin association with E-
cadherin is consistent with our observation that plakoblobin and E-cadherin
immunostaining accumulate at lateral cell borders in a detergent insoluble
form with the same kinetics. Our results also demonstrate that there are
multiple isoelectric variants of plakoglobin present within MDCK cells but
that only a subset of these associate with E-cadherin. These data more clearly
define the composition of the cadherin associated proteins and suggest a
mechanism for regulating the association of plakoglobin with E-cadherin.

1249

Peritubular Mvoid Cells Modulate the Secretion of ag2
Macroglobulin and Clustenn by Sertoll Cells. Ismail H. Zwainl,
Josephine Grimal, Guido Verhoexen2, C. Wayne Bardini, and C. Yan
Chengl. IThe Population Council, 1230 York Avenue, New York, NY 10021; and
2Laboratory for Experimental Medicine and Endocrinology, Onderwijis en Navorsing,
Catholic University of Leuven, B-3000 Leuven, Belgium. (Spon. by A. Moo-Young)
Sertoli celb (SC) are the major secretory component in the seminiferous epithelium
whose function is regulated predominantly by follicle-stimulating hormone (FSH) and
testosterone (T). q2-Macroglobulis (MG) and clusterin (CL) are two putative SC
secretory proteis that were purified from SC-enriched culture media. More recent
studies from this laboratory have shown that the testicular MG, unlike its hepatic
homologue, Is not a acute-phase protein since its levels in the testis did not increase
during acute-inflammnation wherea the erum MG level Increased by more than a 100-
fold. Since the modulator that affecte their secretion by SC is unknown, we sought to
determise if FSH, testosterone, and other blomolecules as well as peritubular myoid
cells (PMC) would affect their secretion. It was noted that SC cultured In vitro
secreted increasing amounts ofMG and CL as a function of time. FSH (0-1000 ng/mI)
and testerone (0-10f5 M) had no apparent effect on the secretion of MG and CL by
SC. Addition of interleukin-6 to SC in doses known to stimulate MG secretion by
hepatocytes did not affect ib secretion. Dexamethasone stimulated the MG secretion
by SC dosedependently but the addition of interleukin-6 had no synergistic effect on
the dexametsone stimulation of MG secretion. These findinp coupled with the fact
that the testicular MG is not an acute-phae protein suggest that the synthesis and/or
secretion of MG by SC is regulated by a mechanism distinct from that of the liver.
PMC cultured alone did not produce any measurable amount of either MG or CL;
however, co-cultue of PMC with SC induced a significant increame in the MG and CL
secretion by SC. Addition of T to these co-culture did not affect the levels MG and CL
sugestig that the known PMC modulator of SC functions, P-Mod-S, is not involved
in the secretion of MG and CL by SC. In summary, FSH and T at doses known to
affect SC secretory function did not affect the secretion of MG and CL; however,
PMC modulate the secretion of both MG and CL by SC via a T-independent factor.
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1250

Inhibitin. A Novel Biological Factor Secreted By the Rat
Seminiferous Tubules that Inhibits Leydig Cell Steroldogenesis. Ismi

HL Zwain and C. Yan Chenhgle Population Council, 1230 York Ave. New York, NY 10021.
Seminiferous tubules (ST) secrete multiple biological factors that affect Leydig cell
(LC) steroidogenic functions. Interleukin-1 (IL-1), a potent inhibitor of LC function,

has been detected in the culture media of rat ST. These rindings suggested that IL-1
plays an important role in the LC function. We sought to identify, purify, and
elucidate the mechanism of action of a novel paracrine factor secreted by ST that
affects the LC function. Using Sephadex G-100 gel filtration chromatography, it was
noted that ST culture medium contained three distinctive peaks of LC inhibitory

activity designated Peaks I, II, and III. The inhibitory activity under Peak III was
subsequently purified to apparent homogeneity using five reversed-phase HPLC steps

and was designated inhibitin. Inhibitin inhibited the basal testosterone (T) and hCG-
stimulated T and cAMP production by Percoll purified LC. It also inhibited the

forskolin (10-5 M; FK)- and cholera toxin (S Lg/ml; CT)-stimulated T and cAMP
productions but had no apparent effect to compete the binding of [125I]hCG to the

LH receptors indicating that it exerts its inhibitory action at steps beyond the LH

receptors but before the cAMP formation IL-1p, like inhibitin, inhibited hCG., FK-,

and CT-stimulated T and cAMP production by LC; however, IL-1p, unlike inhibitin,

stimulated the basal T production and inhibited the binding of [125I1hCG to the LH
receptors; whereas, IL-lacaused a signiricant increase in the basal T production but
had no apparent inhibitory action on the hCG-stimulated testosterone and cAMP
production by LC. Inhibitin also inhibited the 8-bromo-cAMP-stimulated T

production, and the conversion of exogenously added 22R-hydroxy-cholesterol,

pregnenolone, progesterone, or 17ahydroxyprogesterone to T and had no effect on

the conversion of androstenedione or dehydroepiandro-stenedione to T indicating
that this factor exerts its effect on cytochrome P450Scc and cytochrome P450 17am
hydroylase/17,20-lyase but not 3P-HSD and 17P.HSD. In summary, ST produces a

unique biological factor that modulates LC function possibly mediated through the

adenylate cyclase and steroidogenic enzymes. This factor is distinct from other

known LC inhibitors such as IL-1, TGF , and activin.

1252

Substrate bound GP130/Fll stimulates neurite
outgrowth from DRG neurons. D.J. Moss. G.A.
Clarke & C.A. White Department of Human Anatomy
and Cell Biology, Liverpool University, P.O. Box
147, Liverpool L69 3BX, U.K.

GP130/F11 is a neuronal cell adhesion
molecule belonging to the Ig superfamily. Its
role during the development of the chick nervous

system remains to be established. Although
GP130/F11 is linked to the membrane by a
glycosylphosphatidyl inositol group, our evidence
suggests that GP130/F11 is exclusively located on

the neuronal cell surface and is not, under
normal conditions, released into the
extracellular environment. It has been isolated
under mild conditions by PI-PLC release and
chromatography on HPLC. GP130/Fll bound to
nitrocellulose stimulates neurite outgrowth from
DRG neurons maximally at 270ng cm2 compared to
laminin at - 35ng cm2. Denaturing GP130/Fll
reduces this ability which is not entirely
abolished until the reduction of the disulphide
bonds. Preliminary results suggest that neurons

not expressing GP130/Fll will also adher and
extend neurites on this molecule. This privides
evidence that GP130/Fll can be a heterotypic cell
adhesion molecule.

1254

Identification of a Peptide Sequence Involved in Homophilic Binding
in the Neural Cell Adhesion Molecule NCAM. Rao, X. F. Wu,
J. Garjey, Urs Rutisbau.ert, and C.-H. Siu. Banting and Best
Department of Medical Research and *Department of Biophysics,
University of Toronto, Toronto, Ontario, Canada; and tDepartment of
Genetics, Case Westem Reserve University, Cleveland, Ohio.

The neural cell adhesion molecule NCAM is capable of
mediating cell-cell adhesion via homophilic interactions. In this
study, three strategies have been combined to identify regions of
NCAM that participate directly in NCAM-NCAM binding: analysis of
domain deletion mutations, mapping of epitopes of monoclonal
antibodies, and use of synthetic peptides to inhibit NCAM activity.
Studies on L cells transfected with NCAM mutant cDNAs using cell
aggregation and NCAM-Covasphere binding assays indicate that
the third immunoglobulin-like domain is involved in homophilic
binding. The epitopes of four monoclonal antibodies which have
been previously shown to affect cell-cell adhesion mediated by
NCAM were also mapped to domain 3. Overlapping hexapeptides
were synthesized on plastic pins and assayed for binding with these
monoclonal antibodies. One of them (PP) reacted specifically with
the sequence KYSFNY. Synthetic oligopeptides containing the PP-
epitope were potent and specific inhibitors of NCAM binding activity.
A substratum with immobilized peptide-conjugates also exhibited
adhesiveness for retinal cells. Cell attachment was specifically
inhibited by peptides that contained the PP-epitope and by anti-
NCAM univalent antibodies. Two active peptides were identified
and they both contained the sequence KYSFNYDGSE, suggesting
that this site is directly involved in NCAM homophilic interaction.

1251

Expression of Neural Cell Adhesion Molecule and Retinoic Acid

Receptor in Normal Brain and in Glial and Non-BialBrain
Tumors. D.R. Conway, B.K. Kleinschmidt-DeMasters, W.A.

Frankliln, M.P. Gaub*, C. Rochette-Egly*, C.A. Kruse. Depts. of

Surgery and Pathology, Univ. of Colorado Health Sci. Ctr.,
Denver, Co 80262 and *INSERJ4, 67085 Strasbourg, Franca.

The expression of neural cell adhesion molecule (NCAM) and

of retinoic acid receptor alpha (RARa) was assessed by
immunohistochemistry in normal brain and in glial and nonglial
brain neoplasms. Monoclonal antibodies NKH-1 and 9a(F), which

react with NCAM and RARa respectively, were used in a

sensitive alkaline phosphatase-antialkaline phosphatase
technique. Both NCAM and RARa were strongly expressed by
normal and neoplastic brain tissue. Anti-NCAM monoclonal
antibody stained normal neuropil and frequently stained the

cell membranes of glial tumors including glioblastoma
multiforme, anaplastic astrocytoma and oligodendroglioma.
Several glioma cell lines, derived from primary tumors which

stained intensely for NCAM, had negligible NCAM expression.
The nonglial neoplasms, pituitary adenoma, meningioma and

metastatic melanoma were also labeled with anti-NCAM but

metastatic adenocarcinoma and sarcoma were not. Anti-RARa
labeled the nuclei of nonglial tissues with variable intensity
but strongly labeled the cytoplasmic processes of astrocytic
cells and tumors. The coexpression of NCAM and RARa and the

unique pattern of RARa expression in the cytoplasm of

astrocytic cells and tumors may have biological significance
as well as diagnostic utility.

1253

Structural Characteristics of a Homophilic Binding Site in the Neural

Cell Adhesion Molecule NCAM. Y. Rao, X. F. Wu, P. Yip. J. Garieg ,

and C.-H. Siu. Banting and Best Department of Medical Research

and *Department of Biophysics, University of Toronto, Toronto,
Ontario, M5G 1 L6, Canada.

We have identified a homophilic binding site in the third

immunoglobulin-like domain of the neural adhesion molecule

NCAM. This site is located at a region corresponding to the C'
strand of this domain. Further analysis using peptide analogues of

different sizes in competition studies indicated that the decapeptide
sequence KYSFNYDGSE is the shortest peptide sequence that still

retained biological activity. Studies using peptide analogues with

amino acid substitutions suggested a role for the charged residues

Lys-243 and Asp-249. Substitution of the aromatic residues with Ala

also rendered the peptide inactive. The role of this decapeptide
sequence in NCAM homophilic binding was further confirmed by
mutational analysis. Deletion of the decapeptide sequence or

randomization of the first five amino acid residues of the decapeptide
sequence totally abolished the binding activity of NCAM.

Site-directed mutagenesis was also employed to alter individual

amino acids. The homophilic binding activity of mutant NCAMs
transiently expressed in COS-1 cells was assayed. Results suggest
that hydrophobic interactions contributed by the three aromatic

residues, Tyr-244, Phe-246 and Tyr-248, may play an important role

in NCAM-NCAM binding and that the interaction may also be

dependent on the b-structure backbone.
(Supported by MRC of Canada.)

1255

Altered Distribution of Bile Canalicular Antigens in Chick Liver
Aggregates Treated With Anti L-CAM Fab' Fragment and Whole lgG
T.L. Tary and W.J. Gallin, Department of Zoology, University of
Alberta, Edmonton, Alberta.

Monolayer cultures of embryonic chicken hepatocytes do not form
structurally discemible bile canaliculi (BC), and only express bile
canaliculus-specdfic antigens for 1 to 3 days in culture. In contrast,
aggregates of hepatocytes formed in liquid rotation culture form BC
within 24 hours of initiation of the culture and express canaliculus-
specific antigens for at least 7 days. Cell shape and the extent ofcell-
cell contact differ in monolayer and aggregate cultured hepatocytes
and one or both of these differences may be responsible for the
observed differences in BC formation and antigen expression. We
reasoned thatitis possible to differentiate between effects caused by
cell shape and cell-cell contact by bbcking cell-cell adhesionwithout
disrupting the overall structure of an aggregate of hepatocytes. To
test this idea, we perturbed normal cell-cell adhesion in preformed
aggregates without dissociating them, using anti-liver cell adhesion
molecule (anti-L-CAM) Fab' fragments and wholeIgG. Treatment of
aggregates of 14-day hepatocytes for1 to 7 days with anti-L-CAM Fab'
fragment or wholeIgG led todisruption of normal hepatocyte polarity.
Specifically, treatment with the anti L-CAM antibodies led to
disassociation of the BC and dispersion BC specific antigens over the
hepatocyte cell surtace, but not to a decrease in expression of these
antigens. These results suggest that cell-cell contact mediated by L-
CAM is necessary for the formation of BC, and that cell shape may
play an important role in the maintenance ofbile canalicular antigen
expression.
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1256
ZO-1 bdorm diibudon revels two cl d tlht lunctons. M.S. Balda andJ.M.Anderson, Dep of Internal Medicie and Cel Bblogy, Yale School of

Medcine, New Haven CT 06510
Tight Junctons fonm htercelar barrks parating tissue coarmet.Charactedcs of these barriers are rmariably derse among diffrent epthelia

end endothlb end are not exlaned by our lmuted knldge of dte modctar

compotion Two bofoms of the tght junction protein ZO-1 dilfr by an htrnal
80 amino acid donmin and resuit from alematlve RNA spilicng (Am.J.Physlo:
Cl 19,1992). In order to correlat ZO-1 boform dstrbution wth junctonal
properts we perrmed double-labeled Immunoluorcence micscopic
localiation wth bdor p antbodes on rat tisses We obseed the ZO-1
in- bofonm Is r Ited to juntions d endotx W cde and highly specilzed
epkhllal cels of both seminfrous tubuis (Swtoll cas) and, as prevbusly
reported (Kurihara et al. PNAS in press) renal glomerJi (podocytes). This pattem
was corfirmed by and RNAse protection assay Based on th

known popetes of them juction this dchotomy suggests the dincton
betwee two Ca of tiht junctons; those epes ZO-la are capable ofreadly opening the Intrcelular space and movng on the cel surface, those

ZO-1a+ are reatvely dynamicb In additon, correltion isoforwm
dtbuon withp l reported freezeracture EM data, the fibris ofZO-1- jwudcos fraction with the outer m ban ilt wh ftose of ZO-1a+
junctions ftacin with the inner meranm lealet We hyp the a-domain
is responsible for an interction which stablizes the Junction on the cytoplasmic
surface. This interaction is not wth ZO-2, because this protein was
immunoprcpdtad with bothbdioms We conclude eprsson pattem of ZO-1
isoorm reals a molecular distiction btween two dass of tight
junctions and is a potential ochmical basis forwrabity in Junctopqop-eL

1258

Phoso loseA-GoldCytochemistry Reveais the Upidic Nature of Tight JunctionStrands F.W.K Kan, Department of Anatomy, Unlversite de Montrdai, Montreal,
Quebec, Canada H3C3J7. (Spon. by 1. Hottner)

Previous freeze-fracture experiments using either glutaraldehyde-fixed and
cryoprotected specimens or unflxed, rapidly-frozen samples led to the proposal thatcyiindrical strands of tightJunction (1J) observed In freeze-fracture preparations are
Inverted cylindrical miceles made up of membrane lipids and possibly, membrane
proteins. Howeer, no one has yet been able to labl directiy thestructural fibrils of
the TJ. To test the hypothesis that TJ strands observed on freeze-fracture
preparations are composed at least partilly of lipids, we have combined thephosphollpaseA2-gold (Eur J Cell Bko 46:564,1988) and the fracture-label (Science
213:231, 1981) techniques for the localizationd phospholipids. Phosphoipase A2,
purified from bee venom, was adsorbed on gold partides and used for the specific
labeling ofits substrate. Phosphdipase A2-colloldal gold (PLA2-CG) complex was
applied tofreeze-fractured preparations of ratexocrine pancreatic cells and testicularSertdli cells, both of which are known to have extensive TJ complexes on their
plasma membranes. Fracture-label replicas of exocrine pancreatic calls revealed
specific association of gold particles with TJ fibris on the protoplasmic fracture-face
of the plasma membrane. A majority of these gold particles were observed elther
directty on the top of the TJ fibrifs or adjacent to these cylindrical structures. High
density of PLA2-CG labeling was also observed over the complemfentary exoplasmic
fracure-face of the TJ complex. Thisintimate asocon of PLA2-CG labeling with
the TJis particulay evident In the Sertoll cell plasma membrane where rows of gold
particles were observed to be superimposed on anaysd cylindrcal strands of the
TJ complex The presentflndings provide direct cytochemicel evidence, to support
the hypothesis that cylindrical TJ strands observed In freeze-fracture preparations
contain phospholipids, thus confirming the prevously proposed lipidic nature of tight
junctions. (Supported by MRC of Canada).

1260

CaIiumInteracts Ia Facl e QlX M mnkan i

£o1k,aa R--, Mira, .LE, ZamoQM, hi, L,
,

YiIIsas,M.h. and Csmjjd M. Dqearnment of Physiology, Biophysics and
Neurosciences, Center for Reearch & Advanced Studies, Aparado Postal
14-740, Mexico, D.F. 07000, M xico. (Spon. by Marinez-Palomo, A.).

Ca2+ plays a crucial role in the fornation of tight junctions (TJs)
between the epithelial cells. When confluent monolayers of Madin-Darby
canine kddney (MDCX) cells are tranferred from low (1-5 pM) to normal
(1.8 Mm) Ca2l medium, cytosolic Ca2'inreases and TUs assemble and seal.
This increase does not seem to be necessary for junction formation because
when cytosolic Ca2i is kept low by adding La3 to the normal Ca2'medium,
TJs form. This suggests that Ca2+ acts on the extracellular face of the plasma
membrane. Here we analyzed this hypothesis by measuring unidirectional
Ca2? fluxes across the plasma membrane of MDCK cells to find suitable
inhibitors and testtheir effects on the ability of Ca2+ to seal the TJs. We
observed (1) that Ca2+ triggering of junction formation does not depend on
its entry to the cell; (2) that cationslike La?' may impair the influx of Ca2?
without affecting the sealing ofTJs; (3) that only Cd+ is able to block both
Ca2+ penetration andjunction formation; yet (4) Cd2+ itsef cannottingger
junction formation. Weinterpret that Ca2+ triggers junction formation by
acting mainly on an extracellular membrane site, and that this site has a
higher Ca2+ selectivity than the mechanisms for Ca2+ translocation across the
membrane.

1257
Isolation and Preliminary Characterization of ZO-2. L.A. Jesaitis and D.A

oonogh. Program in Cell and Developmental Biology and the Department of
Anatomy and Cellular Biology, Harvard Medical School, Boston, MA 021 t5

The tight junction regulates the permeability of the spaces between epithelial
cells and plays a role in prventing the mixing of apical and basolateral plasma
membrane components. We previously identified ZO-I,a 210 to 225 kD peripheral
membrane phosphoprotein which localizes exclusively to the tightjunction in a variety
of epithelia (Stevenson, et al., 1986; Anderson, et al., 1988). ZO-2, a 160 kD protein
coimmuneprecipitates with ZO-1 from MDCK cell extracts (Gumbiner, 1991). In this
study, we found that anti-ZO-1 antibodies failed to react with ZO-2 as assayed either by
immunoprecipitation of disocated complexes or by immunoblotting, suggesting that
ZO-2 is not a protolydc fragment of ZO-1. Further, we isolated ZO-2 by bulk
immunoprecipitaion of extracts prepared from MDCK monolayers and subjected gel-
purified protein to trypsin digestion and amino acid sequencing. No significant
homology was found to previously identified proteins contained within the genbank
database. Degenerate oligonucleotide primers derived from N-terminal sequence of a
single Isyptic polypeptide were used to PCR amplify a75 bp DNA fragment from
MDCK cDNA. The PCR fragment encoded an amino acid sequence identical to that
obtained by Edman degradation and thus was used asa probe to isolate a3.5 kb cDNA
from an MDCK library in 1ZAP. Preliminary sequencing reslts suggest a small
portion of the carboxy terminus of ZO-2 is encoded by this cDNA. We are also in the
process of raising polyclonal and monoclonal antibodies to synthetic ZO-2 peptides.

1259
Uvomoruin (UMI Expression Is Neither Sufficent or Nesar to Confer
Adherens Junction Formation InCHO Cabs or Eoithellal Morhoioov In L-929CggL&HChoora andS.W. C[a. Department of Biolgal Chemistry, The Johns
Hopkins School of Medicine, Baltimore, MD 21205.

Durig experiments to assess the abilty of UM to recruit vinculin to the
plasma membrane, we have been diaoited to uncover evidence that is

inconsistent with the proposed function of UM in triggerng junction formnation and
eplhlod mophoiogy. We found that 4clones of CHO ceis that express UM at
levels equivalent to MDCK cab did not exhibit morphobgy dfferent from wid
type (wi), did not form adherens junctions, and did not show clear differences In
loaizaton of vinculn and actincompared to wt ceas. Hower, they did acquire
the ablty to co-aggrgate under conditions where wt CHO celia remain as single
cab. The UM-posiive cones expressed a and P catenins to a simlar level as
MDCKcels, but only a trace of ycatenin. To determineif this unexpected failure
of UM to Induce junction formation was caused by expression In a non-
competent cell me, we transfected L 929 calls with UM. At low densiy, wt cells
grow isolated from one another and show several morpholges Including round,
spdlb-shaped, and a small number of fiat, poyonal cells. Four llnes
expressi bleveis of UM simbarto MDCK ceas were analyzed for morphology and
three have been analyzed for catenin expression. All lines analyzed expressed a
andP catnins at levels simwar to MDCK, but only a trace of y catenin. At low
density, two of the lins show round celis and ebngated chains of 3-4 cells
attached at their ends, but become round and detached from one another at
conflunce, The other two lines exhbt epitheod shape and morphology even at
bw densiy and remain epithelNod at high density. One of these lines SA-44, was
notconal and hadabout 40% UM-gative celi. Al low density,isWands of UM+
and UM-epIhellal nests were observed. These reults show that UM expresion

neter nessary nor suffneient for expresslon of epitheal morphology.
Supported by AHA Postdoctoral Felbwship (H.C.); and the W.W. Smith

Foundatin.

1261
Phosphorylation and Calcium Requirements for
Glucocorticoid Induction ofTight Junctions in 31EG4
Mouse Mammary Cells.
K. S. and GOL irestone, Department of Molecular and Cell
Biology, Univ. of California at Berkeley, Berkeley, CA 94720.

We have previously demonstrated that the synthetic
glucocorticoid, dexamethasone, induces high resistance tight
junctions (2000Qecm2) in the untransformed mouse mammary
cellline, 31EG4. The hormonal induction of tight junctions in a
single cell line is advantageous for studying molecular
mechanisms responsible for changes in transepithelial electrical
resistance (TER). Exposure of dexamethasone treated 31EG4 cell
cultures to the phosphatase inhibitor okadaic acid (100nM)
resulted in a decrease in TER from 1097 G*cm2 to background
levels over 48 hours. This result, along with many others in the
field, suggests that phosphorylation events and/or the direct
phosphorylation of tight junction proteins may play a role in the
regulation of tight junctions. Furthermore, consistent with
studies using MDCK cells, switching to low Ca++ media (6
abolished high TER and cell contact of 31EG4 mammary cells. In
contrast to MDCK cells, reestablishment of TER and/or cell
contact in normal Ca++ (1.8 mM) was sensitive to cyclohexamide,
suggesting a dependency on de novo protein synthesis.
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1262

The role of olhosehorvlastion in the assemhly aknd disssmbly

of epithelial junctions. Sa.ndra flii N~atasha Dnisenko & Mauro RabinoL
Department of Cell Biology and Anatomy, Cornell University Medical College,
New York, NY 10021.

We have used protein kinase and phosphatase inhibitors to investigate the
role of phosphorylation in the assembly and disassembly of intercellular junctions
in MDCK cells. Upon removal of extracellular calcium (LC), all junctions are

disassembled, as determined by immunofluorescent analysis with antibodies
against cingulin, E-cadherin and desmoplakin, and by measurement of
transepithelial resistance (TER). Pre-treatment with the serine protein kinase
inhibitors H-7, H-8, and staurosporine and the tyrosine kinase inhibitor genistein
prevent completely orpartially the cell-cell dissociation, cytoskeletal reorganization
and fall in TER induced by LC, suggesting arole for protein kinases in the events
induced by LC. For example, LC may induce a cadherin-mediated activation of
kinase(s) or, alternatively, phosphorylation of specific proteins may be required in
order for LC to produce its effects (Citi, JCBllZ, 169, 1992). Treatment with the
tyrosine phosphatase inhibitor pervanadate mimics the effects of LC, is cumulative
with LC, and can be partially prevented by H-7, suggesting the possibility that a

cascade of phosphorylation events may modulate the organization of junctions and
the cytoskeleton. Results of experiments to assay the level of phosphorylation of
specific proteins following calcium removal and treatment with kinase and
phosphatase inhibitors will be presented.

In the rapid assembly of junctions induced by the calcium switch, and in
the slower assembly of trypsinized cells at normal calcium concentrations, serine
and tyrosine kinase inhibitors prevent selectively the assembly of tight junction
proteins and the establishment of TER, however E-cadherin, desmoplakin and
actin appear to accumulate normally at sites of cell-cell contact. These results
suggest that the assembly of adherens junctions and junctional actin is not
sufficient for tight junction assembly, and that distinct pathways are used by
MDCK cells to sort and/or target proteins oftight and adherens junctions.

1264

Effect of polycations on permeability of glomerular epithelial cell (GEC)
monolayers. M.Hammes andA. Singh, Department of Medicine, Loyola
University Medical Center, Maywood, IL 60153

Polycations can interact with the surface negative charges of the GEC in
the kidney and give rise to morphological changes usually associated with
proteinuric states. The mechanism of charge neutralization-induced
permeability loss is still unclear. We examined this question by studying
the effect of polycations on the permeability property of GEC monolayers.
Cells were grown to confluency on filter lined cups (millicell). They were
treated apically with cationic BGG or protamine (100 ug/mI) for 2 hrs. at
370. After washing the cells, the monolayers were tested for leakage of
albumin by adding radioactive bovine serum albumin on the apical side and
determining the time course of its appearance on the basal side. Polycation
treatment caused significant leakage of albumin in absence of any toxic
effect on viability or LDH release. The leakage was shown to be through the
tight junctions of the monolayer. Permeability alterations were compared at
40C and 370C to determine whetherimpairment was due to the membrane
ruffling effect of charge neutralization or due to intracellular metabolic
changes. Significant leak occurred only at 370C suggesting role of active
processes in the maintenance of permselectivity. This was further
substantiated by studying the protective effect of removing bound polycation
with heparin. Removal of polycation after initial binding failed to protect
the monolayer from albumin leakage.

It wasconcluded that neutralization of GEC cell surface charges results in
subtle impairment of tight junction control of permeability to
macromolecules across the monolayer. The functionality of the tight
junctions is coupled to the negative charges via active processes in the cell.

1266

Regulationof Transeithelial Eletricl Resista An Un cted

CtokineFunction. S. Myrda and.Bailcy, Bristol-Myers Squibb,
Pharmaceutical ResearchInstitute, Seattle, WA

We reported earlier that the novel cytoldne Oncostatin M (OSM)
produced polarized, bidirectional changes in the transepithelial electrical

resistances (TER) of our MDCK clone BMS.1. That is, treating these
epithelia with OSM at the apical surface caused an increase in TER, and
at the basolateral surface, a decrease. We found no difference in size,
numbers, or affinities of OSM receptors at the two surfaces. Both
responses required tyrosine phosphorylation (Myrdal and Bailey, 1991,

JCB 115:237a). We now report that several other cytoldnes exhibited
TER regulatory effects. Among the unexpected findings was that TGF-4
and TNF-c (both wholly unrelated to each other or to OSM regarding
structural homology or receptor cross-talk) also induced polarized
bidirectional TER changes in these epithelia. Unlike OSMK TGF-4
neither induced tyrosine phosphorylation nor required it for TER
regulation. Conversely, leukemia inhibitory factor (IF) and IL.6 (which
share structural homology and a receptor subunit (gp130) with each other
and OSM) do not mimic the OSM bidirectional regulation. IL,6 neither
alters TER nor binds to these epithelia.LIF causes TER increases from
both apical and basolateral surfaces. Thus, LIF mimics and augments

OSM on one side, and opposes OSM on the other. We do notknow the
molecular mechanisms underlylntgi reonally opposite responses to a

single cytokine, the redundancy of OSM with TGF-4 and TNF-a, or the
sided differences between OSM andLIF.

1263
Increased Tyrosine Phosphorylation Accompanies Modificaton of Tight
Junctions between Foot Processes of Glomerular Epithelial Cells (GEC).
H. Kurihara. J.M. Anderson'. and M.G. Facguhar. Division of Cellular and
Molecular Medicine and Center for Molecular Genetics, University of
Califomia San Diego, La Jolla, CA 92093, and *Dept. of Medicine, Yale
University School of Medicine, New Haven, CT 06510.

We have previously shown that the tight junction protein ZO-1
rapidly redistributes from the attachment sites of slit diaphragms to the
newly formed occluding-type junctions within 15 min after neutralization of
the GEC cell surface charge by perfusion with a polycation (protamine
sulfate (PS)) [Kurihara et al., 1992, Amer. J. Pathol., in press]. To
invesfigate the role of transmembrane signaling in this process, tyrosine
phosphorylation was analysed. In the normal rat kidney staining with anti-
phosphotyrosine (P-tyr) antibody, was observed in the cytoplasm of
mesangial cells by immunofluorescence. In PS-treated rats, however, it
was concentrated along the foot process layer of GEC as well as in
mesangial cells. In controls, little or no gold was seen in GEC after
immunogold labeling with anti-P-tyr antibody. In PS-treated glomeruli
numerous gold particles were localized along the aftered GEC junctions and
the basal membrane of podocytes. Some gold particles were also
associated with the residual slit diaphragms after PS-treatment.
Immunoblot analysis with anti-P-tyr antibody on glomerular lysates from
control kidney demonstrates prominent 200, 140, 116, and 80 kD bands. In
PS-treated glomerular lysates new bands were detected at 225, 180, and
100 kD. The 225 kD tyrosyl phosphorylated protein seen only in PS-treated
glomerular fractions was identified as ZO-1 by immunoprecipitation followed
by immunoblottlng with anti-P-tyr. These findings suggest that tyrosine
phosphorylation plays a key role in the formation of tight junctions between
foot processes of glomerular epithelial cells upon neutralization of their cell
surface charge. Supported by NIH grant DK 17724.

1265

A Soluble- Termolabile Factor Secrete into the Apical Medium of Epitblial Calls
Monolavers Promotes Increase of Transepithelial Electrical Resistance. M.IJuur Y.
Dodane. end B. Kach Laboratory of Cellular Biology, NIDCD. NI.H.,Betesda, MD,
20892, U.SA. (Spon. by. A.Seso).
right junctions provide a selectively permeable occlusion along the paracelluler pathway
of epithelia. These structures limit the diffusion of molecules that are selectively
concentrated on each side of the cell layer by transepithelial transport or secretory
processes.We report evidence indicating the existence of a thermolabile factor(s) thit is
screted by the apical membrane of vacious epithelial cell lines. This factor seems to
influence transepithelial permeability when applied to the basolateral membrane of these
cell lines. Cells from the A6 amphibian kidney cell line were grown on Costr chambers
until they reached confluenceandtrnsepithelial electrical resistance (MSR) wan stabilized.
When the basolateral surface of a confluent monolayer was exposed to apical medium, the

TER increased progressively 16.5 1% witiin 5-20 minutes. After 40-60 minutes, the TER
returned slowly to baseline values. An increase of 21.5 ± 3.2 was obtained when the apical
medium was concentrated 10 times by ultrafiltration through a 30,000 MW cutoff
menbrane.This increase in TER wasnot observed when the apical mediumn wa preheated at
65 'C for 10 minutes or when using the 30,000 MW filtrate. All experiments were repeated a

minimum of 10 times at constant temperature, pH and volume.The ability ofthe apical
medium to promote the increase of TER was only observed when it was collected 4-7 days
after confluence of the donor culture.This increase of TER was observed both in the
presence end absence of the serum used to supplement the freshmedium.This suggeststhat
the component which promotes the increase of TER is secreted and slowly accumulated in
the apical medium.Similar results were obtained with MDCK and Caco-2 cell lines.Furtemlore, apical medium collected from one cell line promoted increase of TER when
applied to the basal side of another cell line. Apical medium collected from MDCK
monolayers increased the TER of Caco-2 monolayers by 22.3 ± 4.7 %. We were not able to
detect changes in the freeze-fracture morphology of the tight junction strua followingthe
obsaved increase of TER. These preliminary results indicate that a component of thespical
medium promotes an increase in TER, restricting the passage of ions through tight
junctions. Leakage of this apical component to the basolateral domain couldbe involved in
a feedback mechanism controlling TER.

1267

Identification 2f f£actor in urine that inscrease
transegithelial electrical resistance in MDCK
cells. J. Gallardo ontoya, M. Hernandez, B.

G. Contreras, L. Gonzalez-Mariscal and S.
Cereiiido. Department of Physiology, Center for
Research and Advanced Studies. Ap. Postal 14-740,
M4xico D.F., 07000

Epithelial cells of the mammalian kidney
tubules develop an increasing transepithelial
electrical resistance (TER) as well as more complex
tight junctions as they proceed from the glomerulus
to the distal convoluted tubule. We have searched
for the presence of a factor(s) in urine that might
regulate TER of kidney epithelia. Aseptically
obtained urine from healthy male dogs was dialyzed
against water and liophilized (DLU, dialyzed and
liophilized urine). Confluent one day old MDCK
cells, treated with DLU exhibit a significant
increase in TER above control values, specially if
DLU is applied to the basolateral surface (10% DLU
produces an increment in TER of 14% when applied
apically, and of 266% when added to the
basolateral surface). Half maximal increments in
TER were obtained 4 hs. after addition of DLU to
the basolateral surface. The effect seems to be
reversible, for once DLU is withdrawn TER returns
to control values. The factor(s) in DLU is
thermoresistant, as a 30 min incubation at 95 OC
does not abolish the effect on TER.
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1268
Structure of rat brain capillary endothelial cell tight
iunctions after cell isolation and short-term culture.
N.J. Lane, Department of Zoology, Downing Street,
Cambridge, S. Vhytock, LMB, Hills Road, Cambridge, P.A.
Revest and N.J. Abbott, Physiology Group, King's College,
Strand, London, UK.

Rat brain microvessel fragments were isolated by
mechanical and enzymatic dissociation, and the endothelial
cells cultured (Abbott etal, J. Cell Sci 1992, in press).
The fine structural features of the endothelia were

examined in thin sections and freeze-fracture replicas,
with particular attention to the tight junctions. During
isolation the cells rounded up, and immediately after
isolation, few tight junctions could be seen in thin
sections. Replicas showed one or two incomplete rows of
particles forming discrete strands in the junctional zone.
After 24hrs in culture, when cells were proliferating and
growing out from the fragments, the complexity and number
of junctional strands increased. The cell membranes also
showed omega profiles in thin sections, and craters and
volcanoes in replicas. Experiments with the exogenous

tracer, cationized ferritin, are being made to test the
hypothesis that the omega profiles are involved in
endocytosis. Further studies are underway looking at the
maturation and modifications of the junctions during
development to confluence.

1270
Extracellular ATP regulates paracellular transport in human
uterine cervical cells. G.I. Gorodeski, M.F. Romero, U.Hopfer
and W.H. Utian. Departments of Reproductive Biology and
Physiology and Biophysics, School of Medicine Case Western
Reserve University, Cleveland, OH 44106 and Department of Cell
and Molecular Physiology, Yale School of Medicine,
New Haven, CT 06510.

The obiective of the present study was to determine whether
extracellular ATP (ATP ) can regulate transepithelial
paracellular transport. Is a model we used Caski epithelial
cell cultures, originally deriveW1irim squamous carcinoma of the
human uterine cervix, grown on permeable support. The
methodology included measurements of 1. transepithelial
conductance (TC) and 2. transepithelial fluxes of inert,
nonmetabolizable molecules with MW's varying from 182 to 70K.
The latter included mannitol, sucrose and polydextrans. Results:
Day 5-12 cultures of caski in FCS-enriched medium have a

consistlent IC of 35±7 mS cm and permeability(P) of 9.6±0.4
cm*ec (-10 ) to pyranine (MW-50012 In serum-free mediy bolh

TC and P increase to 61±11 mScm and 12.50.8 cm sec (10

respectively. In the latter condition, compared to the former,
small sluxo of 40K molecules can be measured (P of 2.2±0.3

cm sec (10 ]). ATP resulted in an acute and reversible dose-

related decrease bot'h in TC and P to molecules of MW 182-10K and

the magnitude of the effect was 10-33% of baseline values. The
effect began at 0.5pM added ATP and reached a plateau at 50*M,
with EC5, of 3yM. Maximal ATP effect was obtained in experiments
done in serum-free conditions with 33% reduction in both TC and

P to molecules of MW 182-40K. Summary: ATP in low,
physiological concentrations, decreas-e acutely an& reversibly
transepithelial transport in Caski cells via, probably, a

receptor mediated effect. We speculate that ATP may be an

important factor in the regulation of paracellular transport in

the human cervix, in vivo. Support: NIH AR-39750-04 and

1K08HD00977-01 to G.I.G.

1269

Bacterial elastase facilitates Pseudomonas aeruginosa passage
between epithelial cells. A.0. Azghani and I.F. Williams,
Department of Biochemistry, University of Texas Health Science
Center. Tyler, TX 75710.

We have shown that elastase from Pseudomonas aeruginosa
decreases transcellular electrical resistance of MadIine-Darby
canine kidney (MDCK) epithelial monolayers. The phenomenon
coincides with a decreased fluorescent intensity of the ZO-1
protein of the tight junction. We reasoned that P. aeruginosa
might use this mechanism to breach the epithelialbarrier and
invade the underlying tissue. Confluent MDCK monolayers on
culture inserts (Costar) were pretreated with fgeudomonas
elastase (PE) 30 win prior to the addition of ;S-labeFe7
bacteria (2-4 X 1) in phosphate buffered saline containing
cycloserin. We measured transcellular electrical resistance
(TER) before PE treatment and at the end of a 2.5 hr

experiment. Monolayers were detached after three washes to
determine the number of adherent bacteria to apical surfaces
of the cells. Samples from basal media were taken to determine
the number of bacteria that traverse the monolayers during the
2 hr incubation. While P. elastase (6 u/ml) increased
bacterial adherence to MDCK more than 2 fold, it enhanced
bacterial entry across epithelial monolayers significantly
(0.06Z vs 0.38%, p<0.05). This phenomenon coincided with
decreased TER suggesting that bacteria probably traversed the
paracellular space by opening the junctional complex. Thus,
elastase may have an important role in pathogenesis of
Pseudomonas infection.
Supported by grants from NHLBI (HL44473), AHA and ALA of
Texas.

1271

The Effect of Azide on Cell to Cell Diffusion of Large Molecules, E.B.
Tucker, Natural Sciences, Baruch College (CUNY), 17 Lexington
Avenue, New York, NY 10010.

The function of cytoplasmic streaming remains unknown but it
may be required to mix the contents of plant cells and aid cell to cell
diffusion of some molecules. Previously, we found that when
cytoplasmic streaming in staminal hairs of Setreasea purp.ura was
stopped with the metabolic inhibitor azide, the intercellular diffusion of
microinjected carboxyfluorescein (CF) was not inhibited. Similar
studies have now been done using fluorescent molecular probes that are
larger and not as charged as CF. The molecular probes used: FITC-Gln,
FITC-(Gln)2, FITC-(Gln)3, FITC-(Gln)4 have molecular weight 535,
665, 796 and 926, respectively. They were found to have similar
solubility and charge characteristics on chromatography and
electrophoresis. Coefficients of diffusion between cells (D) and
coefficients of loss into the vacuole (L) were determined for each probe
using the kinetic analysis technique [Tucker et al. Plant Physiol.
90:1143-1147 (1989)]. Average Ds for FITC-Gln, (Gln)2, (Gt,)3, and
(Gln)4 in untreated cellswere2.1, 3.2, 1.9and 1.8 x 10- cm /sec, 8
resectively and in azide treated cells were 2.5, 3.9, 3.8 and 4.1 x lo
cm'/sec, respSctivEly. Average Ls in untreated cells were 8.5, 3.4, 2.7,

2.3,2.7,and3.1
10-/m respectively and in azide treated cells were 2.9,2.3, 2.7, and 3.1 x 10t/um /secrespectively. Azidetreatments

stopped cytoplasmic streaming, inhibited loss and enhanced cell to cell
diffusion.

We concluded that cytoplasmic streaming does not drive the cell
to cell diffusion of large, hydrophilic molecules. Furthermore, it
appears that azide labile components of the cytoplasm or plasmodesmata,
affect the rate of cell to cell diffusion.

1272

Intracelluilar Rgulation of the Movements ofE-cadheiin on the Cell Surfac.

Y_ .Sakol, A.NUAgafIh2, M- Takicihi3, and A_KuLsumil. IDept. of Pure

and Appi. Sci., The Univ. of Tokyo, Meguro-ku, Tokyo 153, Japan. 2Dept.
of Information Physiol., National Inst. of Physiol. Sci., Okazaki 444, Japan.
3Dept. of Biophys., Fac. of Sci., Kyoto Univ., Kyoto 606, Japan.

The movements of E-cadherin on the surface of living cells in culture
were studied to elucidate the intracellular structural mechanism for regulation
of cadherin assembly at the site of cell-cell contact. E-cadherin was labeled
with 40 nm colloidal gold particles, whose movements were traced by
analyzing the video-enhanced images at the temporal resolution of 33 msec
(1.3nm precision for detrmmination of the spatial coordinates of the particles).
The movements of normal and mutated E-cadherin polypeptides that contain
various deletions in the cytoplasmic domain were examined by using five
lines oftransfected L-cells expressing these proteins. The analysis of the
observed trajectories of normal E-cadherin showed that 1/3 of the molecules
undergo transport-like movements or no motion, indicating binding to
cytoskeletal network; 2/3 undergo fast movements (the microscopic diffusion
coefficient = 1.0 x 10-40 cm2/sec) and 1/2 of these molecules are confined
within areas of '0.12 gm2 (350nm square) in the time scale of 30 sec.
Deletion mutants that lost binding site(s) for catenins (E-cadherin-associated
proteins) showed decrease in the cytoskeleton-bound fraction (10%) and
increase in the diffusionrate by a factor of -2 for the mobile fraction (90%).
One half of the mobileE-cadherin showed confined movements with the area
size similar to nonnal cadherin. The size of the confined area increased by a
factor of 4 for the mutant protein with asmall cytoplasmic domain (24 aa).
These results suggest regulation of E-cadherin movements by catenin-
dependent cytoskeletal binding and by enclosing mechanism of the meshwork
of the membrane skleton (Tsuji et al., Biochemistry 27,7447-7452, 1988).
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1273

Microfilamentous Nets In the Region of the Golgi Stack May Serve s

Structural Links and Organizers of Vesicular Trafficking. R.D. Allen and
AK Fok, Pacific Biomedical Research Center and Department of
Microbiology, University of Hawaii, Honolulu, HI 96822.

Recent studies on the Golgi apparatus have centered around
vesicular trafficking, but the question of what links the Golgi stack to the
transition element of the ER remains unexplained. By using physical
fixation ofParamegium and deep-etch, rotary-shadow replicas at different
phases in a culture-age study we have looked for an answer to this
question. The Golgi stack in Paramecium is always small but the ER
transition elements are very active in early-log-phase cells. Vesicles
budding from the ER are coated with an 11 nm layer of subunits,
presumably coatamer complexes. Linking these buds and coated vesicles
together and linking the ER to the cis-cistema of the Golgi stack is a
non-etchable network of thin filaments. In late-log-phase cells this
transition zone is filled with an extensive network of these
microfilaments. Globular elements are bound to the network. Another
microfilamentous array is associated with the trans-Golgi network. Thus
we believe we have identified the structural specialization of the ER
transitional element in Paramecim which holds the ER and Golgi stack
together and which may serve to organize anterograde vesicular
movement from the ER to the Golgi stack. Though poorly preserved by
chemical fixatives, examples of such a network can be found in published
accounts of both plant and higher animal cells. This network may
represent a common feature of most cells. (Supported by NSF grants
MCB 92-06097 and MCB 90-17455.)

1275

Evidence for LiRid Sortina in the Cell-Free Vesicular Lipid
Transfer from EndoRlasmic Reticulum to Cis Golgi ARRaratus.
D.J. Morrd. P. Moreau. C. Cassagne. D.M. Morrd and L.W.
Keenan, Purdue University, West Lafayette, IN, CNRS,
Bordeaux, France and Virginia Polytechnic Institute and State
University, Blacksburg, VA

Cell-free transfer of lipids from endoplasmic reticulum
(ER) to Golgi apparatus was investigated using a system from
rat liver. All major lipids were transferred except
triglycerides and ceramides. Ceramides were present in both
ER and Golgi apparatus but were absent from transition
vesicles. Transition vesicles were much more efficient in
transfer of phosphatidylcholine (PC) than the transitional ER
from which they were derived. Transfer was temperature- and
ATP-dependent and inhibited by N-ethylmalei9ide (NEM). In
contrast, there was little or no transfer of [ H]-ceramide via
transition vesicles and that transfer which occurred was ATP-
and NEM- independent. Transfer of ceramide from ER to Golgi
apparatus did occur in the cell-free system but via a non-
vesicular mechanism that was temperature-dependent but not
dependent on ATP or cytosol, nor inhibited by NEM. A
component of PC transfer also was found that exhibited similar
characteristics. Previous work showed triglycerides were
excluded from transition vesicles (J. Biol. Chem. 266, 4322,
1991). The results provide evidence not only for lipid
sorting for two mechanism of cell-free transfer of lipids from
ER to Golgi apparatus. The first is vesicular and ATP- and
temperature-dependent. The second is non-vesicular,
temperature-dependent and neither ATP- nor cytosol-dependent.
Supported by NIH GM44675 and 312 44.

1277

Role ofEdoRSmlc Redlaular Caldum In OHgchade Procn lng of a.-

Antirndn G.Kuznetso.C.. Brostrom, and M.A. Bmstrom. Department of
Pharmacology, UMDNJ-R.W. Johnson Medical School, Piscataway, NJ 08854.

Mobilization of sequestered CA' from the endoplasmic reticulum (ER)
inhibits post-translational processing and export of at,-ntitrypsin (a,-AT) by
HepG2 cells (Kuzntov et al., 1992, J. Biol. Chem. 2E: 3932-3939). The
present study explores themechanism whereby ER Ca`+ depletion by such agents
as thapsigargin CTg), an ER Ca2+-ATPase inhibitor, or ionomycin, a Cae+
ionophore, results in the inurcellular retention of glycosylated a,-AT bearing high
mannose, Endo H-ensitive oligosaccharide side chains. Arrest occurred at the
removal of manose residues such that intermediates with ManGlcNAc2 side
chains accumulated with the Man,GlcNAc2 structure predominating. Maturation
of presynthesizeda,-AT bearing the Man5,GlcNAc structure was unaffected by the
drugs. In the presence of brefeldin A (BFA), which causes redistribution of Golgi
components to the ER, a,-AT was retained intracellularly but was resistant to Endo
H. In ionomycin and Tg treated preparations, however, Golgi enzymes relocated
totheERby BFA failed tofurther process retained a,-AT. Aformof a,-AT
identical to that retalned by ionomycin and Tg was observed upon treatment with

1-deoxymannojirimycin (1-DMJ), an inhibitor of ER/Golgi al,2-mannosidases.
However, tratent with l-DMJ did not prevent secretion of a,-AT bearing high
mannose type, Endo H-ensitive oligosaccharide side chains. We conclude (1) that
treatment of HepG2 cells with ER Cae mobilizing agentsinerrups ER processing

of a,-AT at the mannose side chaintrimming steps and (2) that Ca2+ depletion
produces misfolding in the ER such that normal mannose timming does not occur.

Dissociation ofa,-AT fromal,2 manwsidae may require Ca+ or, alteraively,
processing nd folding ofa,-AT in the ER may require aCa+-binding chaperonin.
(Supported by aPMA Prodoctoral Fellowship toG.K. and by NIH DK 35393)

1274
Microtubules and ER/Golgi traffickino localization of membrane-bound kinesin on ER to
Golgi transoort intermediates, J. Ligincott-Schwartz and G. Bloom'. NICHD, NIH,
Bethesda, MD. 20892, 'Dept Cell Biol., UT Southwestern Med. Ctr, Dallas, TX, 75235.

In this study we show that delivery of membrane from the ER into the Golgi
apparatus in fibroblast cell lines occurs through distinct transport intermediats which arise
from multiple peripheral exit sites within the ER and then move toward the centrally located
Golgi apparatus in a microtubule-facilitated process. The transport intermediates exist as

tubular-vesicular structures which are largely devoid of resident ER and Golgi components
but are enriched in the integral membrane protein, p53, the peripheral 'ooat' protein, PCOP,
and the microtubule motor protein, kinesin based on immunofluorescence localization
experiments. Since manipulations which alter the steady-state distribution of p53, including
incubation at 1 C, and nocodazole and brefeldin A treatment, cause a similiar shift in
distribution of membrane-bound kinesin, we suggest that both of these molecules move

constitutively within the ER/Golgi system. At 160C, p53, PCOP and kinesin show extensive,
overlapping distributions in pre-Golgi intermediate structures. These structures move into
the Golgi region upon 5 min of warming to 370C, but not when microtubules are
depolymerized with nocodazois, suggesting a role for microtubules in facilitating ER to Golgi
transport. Consistent with this, newly synthesized albumin was retarded In pre-Gogi/Golgi
structures instead of being rapidly secreted in cells treated with nocodazole. The
predominate localization of kinesin on pre-Golgi structures raises the question of what role it
plays in the movement of these structures into the Golgi region. Since kinesin is thought to
act as a plus-end directed microtubule motor protein, membrane-bound kinesin could
function in the recycling of membrane from the Golgi to the ER and in intra-ER membrane
movements (both of which involve microtubuis plus end directed movements). The presence
of kinesin on membrane structures moving toward the minus ends of microtubuiss (i.e.
toward the Golgi) suggests Its motor activfty is either inhibited or altered on these
structures. Since the cytoplasmic protein, PCOP, preferentially binds to ER-derived
membrane moving toward the Golgi apparatus and is dissociated from membrane recycling
back into the ER , we discuss the possibility that membrane binding of PCOP regulates
kinesin motor activity on membrane that cycles between the ER and Golgi apparatus.

1276

Antibody to a Subunits of Trimeric G-Proteins Recognizes 38
kDa Protein Resident to Cis-Golgi ApRaratus M. Paulik. A.O.
Brightman. J.B. Lawrence. T. Reust. C.C. Geilen. K. SRicher.
G. Schultz. W. Reutter. D. M. Morrd and D.J. Morre, Purdue
University, West Lafayette, IN 47907 and Free University,
Berl in, Germany

Both low molecular weight, monomeric GTP-binding proteins
[1] and trimeric G-proteins 12] have been implicated in the
regulation of intracellular vesicle traffic. Included is
evidence for their involvement in vesicular transport between
the endoplasmic reticulum (ER) and the cis-Golgi apparatus.
The transfer of vesicles between the ER and cis-Golgi occurs
via small (50-70 nm) transition vesicles which bud from
elements of transitional ER and fuse with cis cisternae of the
Golgi apparatus. We have evidence for a 38 kDa protein (p38)
that is concentrated in cis-Golgi membranes. Using a cell-
free ER/cis-Golgi transfer system [3,4], vesicular transfer
between ER and cis-Golgi was inhibited with polyclonal
antisera directed against p38, but only when the antisera was
preincubated with cis-Golgi. New findings using peptide
specific antibodies directed against the a subunit nucleotide
binding domain of trimeric G-proteins suggest that p38 may
also be a GTP binding protein and a potential candidate for a
targeting and/or docking receptor to help explain the GTPyS
inhibition of specific binding of transition vesicles to the
cis-Golgi apparatus. Supported by NIH GM44675.
(1] B. Goud and M. McCaffrey (1991) Curr. Opinion Cell Biol.
3, 626; [2] R.D. Burgoyne (1992) Trends Biol. Sci. 17, 87; [3]
M. Paulik et al. (1988) J. Biol. Chem. 263, 177728; [4] P.
Moreau and D.J. Moreau (1991) J. Biol. Chem. 266, 4329.

1278

Myisyaon of an ADP-ribosylation Factor, a - 20-kDa Guanine
Nucleotide-binding Protein, is Essential for its Binding to Golgi, LL

H2un, S.-C. Tsai, R. Adanik,L Moss, and M. Vaughan, Laboratory of
Cellular Metabolism, NHLBI, NIH, Bethesda, MD 20892.

ADP-ribosylation factors (ARFs) are a family of 20-kDa guanine
nucleotide-binding proteins that were initially identified by their ability to
enhance the in vitro ADP-ribosyltransferase activity of cholera toxin.
ARFs, thought to be involved in protein trafficking, have been localized to
the Golgi apparatus in mammalian cells and are associated with non-

clathrin-coated transport vesicles and coat proteins. ARF are N-terminally
myristoylated and, although they are predominately cytosolic proteins,
associate with membranes or phospholipids ina GTP-dependent manner. It
appears that members of the ARF family may be preferentially associated
with different membranes. We, therefore, used recombinant human ARF 5

to evaluate the role of myristoylation in membrane binding. Recombinant
myristoylated ARF 5 was obtained from bacteria by co-expression with
yeast myristoyl-CoA:protein N-myristoyltransferase. Bacterially exrssed
myristoylated and non-myristoylated ARF are functionally similar, as

determied by their ability to enhance cholera-toxin catalyzed ADP-
ribosylation, and display similar affinities for GTP in a nucleotide
displacement assay. We show that only myristoylated ARF exhibits
tempeature- and GTP-dependent binding to Golgi, indicating that
myristoylation is necessary, though not sufficient, for membrane
association. Also, we demonstrate that ARF binding to Golgi is saturable,
suggesting that it interacts with a specific membrane-associated protein.
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1279

Dissodated §-COP Accumulates In Lage Sedimentable Aoregates in BFA- or N97
treated Pancreatic Exocrine Cells (PEC). L. C. Hendricks. M. McCaffery. G. E

Palade and.G,Ea ja& Division of Cellular and Molecular Medicine, University of
Calfornia, San Diego, La Jolla, CA 92093

In many cell types BFA bkbcks protein export from the ER and causes rapid
disorganization of the Golgi complex with redistribution of Golgi proteins to the ER
following dissociation of P-COP from Golgi membranes. In PEC BFA blocks early
steps in secretory protein transport and stacked Golgi dstemae disappear, but
vesicles and tubules containing Golgi markers persist and relocation of Golgi
proteins to the ER is not detected. We have now examined the redistribution of 3-
COP in PEC of lobules incubated in vitro in the presence of BFA or under N2, two
agents known to inhibit ER to Golgi transport. In controls, P-COP was concentrated
in the Golgi region by immunofluorescence and by immunogold was associated with
Golgi dstemae and transport vesicles. In BFA-treated (7.2 pM) PEC, 3-COP was
concentrated in globular masses in the Golgi region by immunofluorescence. Large(,1 pm) electron-dense aggregates containing p-COP were seen in close proximity
to Golgi remnants by immunogold. In N2-treated (30 min) PEC, p-COP was
concentrated in sirrilar dense aggregates located predominantly on the ds side of
the Golgi stacks which remained intact. Diffuse cytoplasmic stairing was not seen

after either BFA or N2 treatment. To determine what proportion of the dissociated p-
COP was sedimentable, we homogenized lobules in 0.3 M sucrose, removed nuclei
(600g, 10 min) and centrifuged the postnuclear supernatants (100,000g, 60 min)
yielding membrane and cytosol fractions. The proteins of the fractions were

separated by SDS-PAGE and immunoblotted with arti-j-COP. In control, BFA- or

N2-treated lobules, p-COP was detected exclusively in the 1 00,000g pellet. These
data indicate that: 1) upon arrest of ER to Golgi transport by either BFA or energy
depletion p-COP dissociates from Golgi membranes and accumulates as large,
sedimerntable aggregates, 2) stacked dstemae persist under N2 and Golgi remnants
are present in BFA-treated spedmens notwithstanding dissodation of p-COP from
Golgi membranes, and 3) factors other than p-COP must be required for
maintenance of Golgi integrity. Supported by NIH grants CA46128 and DK17780.

1281

The Secl3p-containing complex is required for vesicle formation in vitro.
Nancy K. Pryer, Nina R. Salama and R. Schekman. HHMI and Molecular
Cell Biology, U. C. Berkeley, Berkeley, CA 94720.
To begin to understand the mechanism of vesicle formation from the ER, we

have characterized and purified the product of the SEC13 gene of Si.
cere. Secl3 mutants are defective in ER to Golgi transport at a point
prior to the formation of transport vesicles. The SEC13 gene product is a

34kD protein that partitions between membrane-bound and soluble fractions.
Immuno-fluorescence localization of Secl3p reveals punctate staining
concentrated around the nucleus. We have developed a Secl3p-dependent in

=ito assay to reconstitute vesicle formation. For this assay, Secl3p is
extracted from an ER-enriched microsome fraction by urea treatment. Cytosol
depleted of Secl3p is produced using a SEC13-dihydrofolate reductase
(DHFR) gene fusion expressed in a strain carrying a SEC13 deletion. A high
speed supematant prepared from this strain was applied to a methotrexate
(MITX)-agarose column, which binds DHFR and retains the Secl3p-DHFR
fusion protein. The flow through from this column is inactive in the vesicle
formation assay, while wild type cytosol chromatographed over MTX-agarose
retains activity. Activity can be restored to the Secl3p-depleted flow through
by addition of small amounts of wild type cytosol or a Secl3p-enriched
(NH4)2SO4 precipitate. The majority of Secl3p in wild type cells is
incorporated into a large complex that elutes from a gel filtration column at

700kD. Column fractions containing this complex are able to restore activity
to the Secl3p-depleted assay. A small amount of Secl3p elutes from a gel
filtration column as expected for a 34kD protein, but this fraction is inactive in
the assay. Overexpression of SEC13 results in overproduction of the inactive
monomeric form alone. We are using the Secl3p-dependent budding assay

and Secl3p immunoreactivity to monitor the purification of the Secl3p
complex.

1283

Characterization of Proteins Associated with Sec7p in Extracts of
Saccharomyces cerevisiae. l. Wolf and A. Franzusoff Department
of Cellular and Structural Biology, University of Colorado Health
Sciences Center, Denver, CO 80262.

Sec7p, encoded by thebreast SEC7 gene, is a 230 kDa acidic
phosphoprotein that is required for vesicular transport from the ER
and through the different compartments of the yeast Golgi
apparatus (Nature 355: 173,1992). The protein is equally distributed
in cell lysates between a cytosolic form and associated with multiple
intracellular structures. The mechanism by which this protein
functions, however, is not understood. Sec7p apparently interacts
with a number of other proteins. Non-denaturing immuno-
precipitation of yeast cytosol followed by polyacrylamide gel
electrophoresis and Coomassie blue staining show that proteins of
230 (Sec7p), 83,60, and 32 kDa are specifically precipitated with
antibody toSec7p (Sec7-Ab). A 25 kDa protein is also associated
with Sec7p, as demonstrated by GTP-ligand binding blots. A
similar collection of proteins can be shown to be associated with
Sec7p by experiments in which lysates of radiolabeled spheroplasts
are covalently attached with acleavable bifunctional crosslinking
reagent and immunoprecipitated with Sec7-Ab. These results
demonstrate that Sec7p is associated with a number of proteins in
yeast and suggest that these proteins may function with Sec7p in
vesicular trafficking at either unique or multiple stages of the yeast
secretory pathway.

1280

Differedal biily ofthe G3=Wpasnfic domain ofthe H-2Ld class IMWHC

transm Gf.G Cas d M.C. Ziiga Department of Biology, The
University of Califoria, Santa Cruz, CA 95064.

A rabbit antiserum specific for the cytoplasmic domains ofH-2Ld and H-
2DbMHC class I molecules was geneated against a synthetic peptide
(GSQSSDMSLPDCK) coeonding to a portion of the cytoplasmic domain
of the H-2Ld/Db class I MHC molecules. This antibody preparation (R4)
specifically immunopipitates H-2Ld and H-2Db molecules bearing this
sequence in theircytoplasmic domains. R4 binding of the H-2Ldmolecule is
unaffected by phosphorylation of the cytoplasmic domain. However, R4
binds only H-2Ld/Db class I molecules which are not associated with Szm or
with antigenic peptide. In f6-m+ cells, R4 binds only Endo H-resistant H-
2Ld/Db class I molecules, but in O-m- cells R4 binds H-2Ld molecules
immediately after their synthesis. To explore further the molecular basis of
the differential availability of the H-2Ld/Db cytoplasmic tail to R4 we
examined the susceptibility of the sole cytoplasmic domain tyrosine to
radioiodinaton, using gently decavitated cell preparations. Density gradient
fractionation of the radioiodinated organelles and subsequent
immunoprecipitation analysis of gradient fracdons showed that the
cytoplasmic tyrosine of Endo H-resistant, but not of Endo H-sensitive, H-
2Ld/Db molecules is accessible to radioiodination. These results suggest that
the failure of Endo H-sensitive H-2Ld/Db molecules to react with R4 is due to
association with specific factor(s) which shields the cytoplasmic domains untl
the H-2 molecules have traversed the medial Golgi, and that this factor(s) is
sensitive to the state of assembly of the class I-o-m-antigenic peptide
timolecular complex. (Supported by NSF grants DCB-9196051 and DCB-
9096241)

1282

Yeast ER to Golgi Transport is Dependent on Sec7p Function. A.
Franzusoff. E. Lauze. and E. van Tuinen Department of Cellular
and Structural Biology, University of Colorado Health Sciences
Center, Denver, CO 80262.

The transport of proteins destined for post-endoplasmic
reticulum (ER) locations in the secretory pathway is mediated by
small vesicular carriers. Cytosolic components are required in the
budding of transport vesicles, in a manner analogous to the
formation of clathrin-coated vesicles. In the yeast cell-free ER to
Golgi transport assay, the introduction of antibodies to the Sec7
protein (Sec7p) prevents a-factor transport to the Golgi, and
results in the accumulation of vesicle intermediates, including
those that have budded from the ER. These transport
intermediates exhibit Sec7p on the vesicle surface, as determined
by both biochemical and morphological criteria (Franzusoff et al.,
(1992) Nature 355, 173-175). These results prompted a re-
investigation of the cellular requirement for Sec7p in vivo. We
report that yeast depleted of Sec7p by regulation of SEC7 gene
expression exhibit alterations in protein traffic from the ER as well
as through the Golgi apparatus. Furthermore, antibodies to the
yeast HDEL (ER retrieval) sequence highlight a novel budding
intermediate on the ER membrane by immuno-EM ofsec7
mutants at the restrictive temperature. These results suggest that
Sec7p participates in vesicle budding from the ER as well as from
different compartments of the Golgi apparatus.

1284

New Gene Products that Interact with Beti1 a Membrane Protein Required
for ER to Golgi Transport In Yeast. P. Mancini. K. KoIstad. V. Zarate andL
Ferro-Novick. Department of Cell Biology, Yale University School of
Medicine, New Haven, CT 06510. (Spon. by P. De Camilli.)

BET1 and SEC22 genetically Interact with each other and with a third
gene,BOS1, to execute a common aspect of ER to Golgi transport (Newman,
et al., 1990, MCB 10: 3405-3414; Shim, et al., 1991, JCB 113: 55-66)
The betl and sec22 mutants are phenotypically similar in that they
accumulate ER and small vesles when they are shifted to their restrictive
growth temperature. While screening a yeast genomic library for genes that
suppress betl and sec22, we identifed three high oopy suppressors (BOS2,
BOS3 andBOS4) of these mutants. TheBOS2 gene (bet gne auppressor) is
the best suppressor of this group of genes and it also suppresses several
other mutants that block transport from the ER to the Goigi apparatus. DNA
sequence analysis ofBOS2 has revealed that this 68KD hydrophilic protein
is not a previously Identified gene required for secretion In yeast.
Currently, we are raising antibody to Bos2 and sequencing the other high
copy suppressors. We are also determining the phenotypic consequences of
depleftng yeast cells of theBOS2 gene product.

Additionally, we are utilizing a synthetic lethal screen to identify other
proteins that Interact with Betl. Synthetic lethality results when two non-
lethal mutations are combined in the same hapiold strain and the resulting
double mutant faliato grow. Thus far, our studies have led to the isolation of
several new temperature-sensitive secretory mutants that we are presently
analyzing.
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1285

GTP hydrolase purified from endoDlasmic reticulum is inhibited by
retinol. J.Zhaq& , D J.1Mrre and D.M. Morr&. 'Department of

Foods and Nutrition and Department of Medicinal Chemistry,
Purdue University, West Lafayette, Indiana 47907.

The formation of transition vesicles from transitional
endoplasmic reticulum is stimulated by all-trans retinol (Nowack
et al., Biochim. Biophys. Acta, 1051, 250, 1990). The retinol
stimulation is favored under conditions of low GTP levels
suggesting an interaction between retinol and a GTP-requiring
step in the vesicle formation process. A GTP hydrolase was
purified from transitional endoplasmic reticulum by DEAE-
cellulose column chromatography, gel filtration chromatography,
HPLC and native gel electrophoresis that was inhibited by all-
trans retinol with a K. of 0.03 mM. Binding of all-trans retinol
to the purified GTP hydrolase, as determined by equilibrium
dialysis, was with a kd of ca. 0.1 nM and a stoichiometry of ca.
1 mole retinol bound per mole of purified protein. The specific
activity of the 300- to 400-fold GTP hydrolase was 275 tmole/h/mg
protein. Two peptides of differing mobility on non-denaturing
gels were identified using a GTPase activity stain as being
inhibited by retinol. On SDS-PAGE, the two peptides yielded
similar molecular weights of 55 kD. Cyanogen bromide fragments
of the two peptides exhibited no obvious sequence homology with
any previously described retinoid binding protein. Supported in
part by NIH GM 44675 and Phi Beta Psi Sorority.

1287
A Highil Conserved Sequence near the Carboxvl Terminus of S;ermis Effects

AnparalnL R.M Brodbeck and J.L.kBrmwi, Department of Biochemistry,
Biophysics, and Genetics, University of Colorado Health Sciences Center,
Denver, CO 80262.

In the human disease al-proteinase inhibitor dericiency, some variants
of human al-proteinase inhibitor (AlPi) are poorly secreted, and others are
not secreted at all. To examine possible causes for defective secretion we
altered the AlPi cDNA to encode a series of C-terminally truncated forms of
this protein. Examination of the fates of these shortened proteins In
transiently transfected Cos 1 cells via pulse-chase followed by
immunoprecipitation, SDS PAGE and phosphor-imagery, shows that
truncation prior to Pro391 (total length is 394 amino acids) prevents
movement from the endoplasmic reticulum (ER) to the Golgi apparatus and
therefore secretion. Comparison of the primary sequences of the C-terminal
regions of all serine protease inhibitors (serpins) reveals a highly conserved
region from residues 383 through 391 (AlPi numbering). Saturation
mutagenesis within this conserved region, and subsequent analysis as
indicated above, show that amino acids of specific classes are required at
specific positions of AlPi. Our results from the expression of a series of
pro391 point mutants in Cos 1 cells suggests that a hydrophobic residue is
required at amino acid 391 for movement from ER to Golgi. Analysis of a
series of variants resulting from mutations of the codon specifying Lys387
show that the putative salt bridge between Lys387 and Glu264 is not required
for effcient secretion. Replacement of Lys387 with other polar residues,
including Arg and Glu, severely depressed AlPi's transport from ER to Golgi.
These data are consistent with a model which has the conserved C-termini of
serpins playing a key role in ER to Golgi transport, Studies are underway to
determine if this conserved region plays a similar role for other members of
the serpin superfamily of proteins

1289

A Novel Germ Cell Associated Domain of the Sertoli Cell Central
Vacuolar System May Regulate Protein Secretion. K. Johnson. and
K. Boakalhe*da. Department of Pathology and Laboratory Medicine,
Brown University, Providence, RI 02912.

Germ cell regulation of Sertoli cell protein secretion has been
widely observed although little is known of its mechanism. Using
the fungal metabolite Brefeldin A (BFA), we have revealed a unique
compartment within the Sertoli cell central vacuolar system.
Following 45 min BFA exposure, the Sertoli cell Golgi complex (GC)
is specifically resorbed to areas immediately surrounding elongate
spermatid heads using the GC antibody marker Mannosidase II on
testis frozen sections. This compartment is likely endoplasmic
reticulum associated with complex Sertoli cell/germ cell adhesion
junctions termed ectoplasmic specializations. Colchicine treatment
prior to BFA exposure results in Mannosidase II immunostaining
throughout the Sertoli cell indicating that GC transport to this
compartment is microtubule dependent. Following washout of
BFA, the Sertoli cell GC retums to its normal intracellular location
within the basal cytoplasm. We propose that this novel Sertoli cell
compartment is involved in germ cell paracrine regulation of Sertoli
cell protein secretion.

1286
Isolation. Characterization, and Partial Seguencing of the
Principal ATPase Activity of Transitional EndoRlasmic
Reticulum from Rat Liver. L. Zhang and D.J. Morri , Department
of Medicinal Chemistry, Purdue University, West Lafayette
47907

Transition vesicle formation from transitional endoplasmic
reticulum in a cell-free system from rat liver is an ATP-
dependent process. In order to begin to characterize some of
the functional molecules involved in the transitional vesicle
formation, the principal ATPase activity of transitional
endoplasmic reticulum has been characterized. Unique
inhibitor specificities and ion requirements distinguish the
ATPase activity from that of other ATPases present in liver
homogenates. The ATPase activity was purified as a single
band of 100 kDa on SDS-PAGE. A 25 amino acid sequence
obtained by digestion of the 100 kDa with cyanogen bromide
exhibited 80% identity to p97-ATPase. This 25 amino acid
sequence shared 55% identity with cell division control
protein (CDC 48). Both p97-ATPase and CDC 48 display homology
to the mammalian N-ethylmaleimide sensitive fusion protein
(NSF) and yeast Sec 18p which are essential for fusion in
secretory process. Supported by NIH GM44675.

1288

EmeK LL alsts,~MsinustL n3sliAnAk.0
Depamnt of Cell Biology and Anatomy, lhe (licago Medical School, No. Chicago,
IL 60064 and *Cweous Biology Reacach Cent, Masshustts Genera Hospital,
Harvard Medical School, Chrletown, MA 02129.

Cailage extracelhlar matrix (ECM) is o ped imarily of pe UI coilagm
and chondroitin sulfae lycan (aggrec). Maurato and function of these
complex m mocules ared upon sequential pces vents which occur
dwing their nvments gspcific subcellul comptn in the e path-
way. Failre to complte these events relts in usembly of a defective ECM may
produce ske o ities. Nanmlia is a lhal gnetic mutadon of chickens char-
acterized by snoened and malformed limbs Bio ical sues show that cultured
nanomdic chdrocytes synthesize a Iuncated aggrea core protein Prcursor that dis-
appears with time; however, the protein does not apper to be pressd by the Golgi or
secreted. Moe recet studies investigae the intracellular taffint of the defective
aggrecan precusor using immunofl e, immunoeecn mcroscopy and several
inhibitors. Results indicate that nnomelic docy assemble an ECM that contains
type U collagen, but lacks agecan. Instead, aggecan precursor is bcalized intracellu-
lady, within snall cytoplasnc structures co dng to extensions of the endo-
plasnic reticulum (ER). At no time w reursor molcues observed in the Golgi. In
contust, normal and nanomelic ch cytes exhibit no difference in the intracellular or
extracelular distribution of type Uprcl Teref rtention of the aggrcn pre-
curso appea to be selective. bIubatio ofchodcytes at 1S°C results in the reten-
tion and accumulation of product in the ER. After a return to 370C, ranslocaion of the
product to the Golgi is observed for normal, but not for nanomelic chondrocytes,
although the preus disappes with time. Ammonium chloride, an inhibitor of lyso-
somal function, hss no effect on protein loss, suggesing that the precursor is removed
by ann-lysosomal mechanism, possibly by ER-associated degrdati. Based on tese
studies, we suggest th the nanomelic chndroyte is a useful model for examining
cellular traffickng and soting events and the processes by which oormal prducts ae
targeted for retention or degradation. Further mvatigations uld provide insights into
the mechanisms underlying chonrodystrophies and other related diseases. (Supportd
by NIH grants AM 28433, HD 22016.)

1290

GAF: Faators Which Potentiate ARF Function Within the Qolgi
Complex. T. C. Taylor and P. Melangoa. Dept. of Chemistry and
Biochemidstry; University of Colorado; Boulder, CO 80309-0215.

Protein transport through the Golgi complex in vitro is regulated by
gTP-dependent Qolgi Einding Eactors (GGBFs) which are members of the
ARF family of GTP-binding proteins. Two soluble proteins of 20 kDa were
purified by their ability to mediste a GTP7S-dependent inhibitlon of transport
('GGBF-activity'; Taylor et at., (1992) Cell, 70, 69). Poor yields of GGBF-
activity during purification prompted us to investigate the existence of
additional factors involved in regulating intra-Golgi transport. Here we
describe the partial characterization of GAF, or aGBF-Associated Eactor,
which potentiates the activity of GGBF. GAF-GGBF interaction may be
monitored by performing GGBF assays in the presence of GOBF at a
concentration below the sensitivity of the GGBF assay. Upon the addition of
fractions containing soluble proteins including GAF, a strong GTPyS-
dependent inhibitlon is observed. Using the soluble fraction (cytosol) from
bovine brain, GAF can be localized exclusively to a high-salt-ekting fraction by
ion-exchange chromatography. Furthermore, cytosolic GGBFs and GAF can
be oompletely separated by this technique. By combining a fractlon containing
GGBFs with one containing GAF, GGBF-activity equivalent to that measurod in
whole cytosol can be reconstituted. By size-exdusion chromatogmphy GAF
elutes at an apparent Mr Of > 200 kDa and is most likely a complex of distinct
proteins. The possiblity that unique GAFs interact preferentially with different
ARF proteins is being investigated.
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1291
Bindinoth.e p200 coat protein t o~ membranes is
rglate-d by lpefusis toxin -sensitiveG proten.

J.B. de Almeidal, J. Doherty,' N. Narulal, B. Burke4, K.
Matlin15,and J.L. StowIARenal Unit', Dept. Medicine, Massachusetts
Gen. Hosp. and Depts. of Patholog9, Anatomy & Cell BiolA Cell & Molec.
Physiok , Harvard Medical School, Boston, MA.

We have previously described a 200kd, brefeldin sensitive,
phosphoprotein (p200) which is found predominantly in the
cytosol and associated with Golgi membranes. The role of
heterotrimeric G proteins in binding p200 to Golgi
membranes was investigated by in vitro incubation of highry
purified rat liver GoEgi membranes with cytosol in the
presence of AIFn, mastoparan and GTPyS to activate G
proteins. Activation of heterotrimeric G proteins with AlFn
and mastoparan induced binding of 30-40% of the cytosolic
p200 onto Golgi membranes; in the presence of GTPyS 100%
of p200 was bound to the membranes. Intact cells treated with
AlFn showed altered immunostaining of p200, seen as
depletion of cytoplasmic staining with more intense stainin
of the Golgi complex. Pertussis toxin specifically ADP-
ribosylates Gai subunits, such as the Gai;3 which is on Golgi
membranes. Pertussis toxin pretreatment partially blocked the
AlFn-induced binding of p200 to membranes, both in the in
vitro assay and in intact cells. These results show that
pertussis toxin sensitive heterotrimeric G proteins on Golgi
membranes are involved in the binding of p200 protein onto
Golgi membranes. This provides further evidence that p200 is
similar to other coat proteins, ,BCOP and -adaptin, suggesting
that p200 may also be involved in Golgi vesicle traffickng.

Organization of Extracellular Matrix (1293-1296)

1292

Staphylococcal ADP-ribosyltransferase-sensitive small G protein is involved in
brefeldin A action. C.-H. Chen. M. Sugai. and H.C. Wu.
Department of Microbiology, Uniformed Services University of the Health
Sciences, MD 20814-4799.

Brefeldin A (BFA) is a fungal antibiotic which inhibits protein secretion and
disintegrates the Golgi apparatus, resulting in the redistribution of the Golgi
proteins into the ER in mammalian cells. An early event in the action of
brefeldin A is the dissociation of the 110-kD protein from the Golgi membrane.
We recently found that staphylococcal ADP-ribosyltransferase (EDIN) with
substrate specificity of a member of small G protein, rho, disassembles the
Golgi apparatus and dissociates the I10kD protein from the Golgi apparatus in
Vero cells. Three independent BFA-resistant cell lines (BER-40 from Vero
cells, PtKI, and MDCK) showed cross resistance to EDIN regarding the
release of the 110-kD protein and other Golgi markers from the Golgi
membrane by EDIN or BFA. It has been shown that ADP-ribosylation of rho
protein induces the disassembly of actin microfilaments. BFA as well as EDIN
induced the disassembly of the actin microfilaments in Vero cells, and they
both failed to induce the disassembly of actin microfilaments in BER-40, PtKI,
and MDCK cells. EDIN differed from BFA in its effect on protein secretion in
Vero cells; BFA inhibited protein secretion in Vero cells but not in BFA-
resistant cell lines, whereas EDIN did not inhibit protein secretion in either
Vero or other cell lines. AIF4- which has been shown to activate a trimeric G
protein but not small G proteins of the ras superfamily, inhibited the effect of
EDIN on the distribution of the 10-kD protein. Taken together, these results
suggest that an EDIN-sensitive rho protein is one of the biochemical targets of
BFA in Vero cells, and this small G protein together with a trimeric G protein
is involved in the regulation of the assembly of coated vesicles and vesicular
transport in the Golgi apparatus.

1293

The aSfil integrin fibronectin receRtor. but not the a5 cytoRlasmjc
domain.is requhred for fibronectin atrix assembly. L

McDonald1, IMayo Clinic Scottsdale, AZ 85259,

:Dept. Pharmacology, Univ.North Carolina, Chapel Hill, N.C.
The ct5p1 integrin mediates cell adhesion and migration on fibro-

nectin (MN) matrices. We used a molecular genetc approach to definitively
examine a more controversial role of aSpl integrins, that of FN matrix
assembly. Mutant CHO ceUs deficient in ac5 integrin expression could not
assemble a FN matrix. Reconstitudng ctP5 integrin expression by trans-
fecting them with a full length cDNA encoding the human aS chain restored
FN matrix assembly ability. Thus, a5pl integrins are required for an
initial, critical step in matrix assembly. Cells expressing an a5 chain
lacing the cytoplasmic domain also assembled a FN matrix. To form a FN
matrix, cells must bind FN's 29 kDa domain, a site distinct from the RGD
containing integrin binding domain. The aS deficient cells were also
deficient in 29 kDa binding. We conclude that aO5P integrins not only
mediate cell adhesion to FN, but also play an essential role in the assembly
of a FN matrix. This role includes direct binding to EN, and modulating a
distinct binding event involving the interaction of FN's aminoterminal
matrix assembly domain with the cell surface. In this novel system, a low
avidity integrin receptor appears to facilitate the activity of a distinct cell-
matrix recognition system of much higher avidity that leads to matrix
assembly on the cell surface.

1295

Rul of lrnPiloeesi vtro bvaC Matrix Protein,
M.iM.Tondravi, . H enshild, and P. . Goenck Cutaneous Biology
Research Center, MGH/Harvard Medical, Charlestown, Ma. 02129.

The extracellular matrix of cartilage is a highly specialized tissue
deposited by chondrocytes with the principal property of being highly
compressible and having high tensile strength. The compressibility is
mediated by the temary complex of aggmcan, link protein and hyaluronic acid
while tensile strength of the tissue is imparted by the collagenous fibers. In
an effort to understan the molecular intractions that occur in the extracellular
matrix of cartlage, we are investigating the role of cartilage matrix protein
(CMP) in the organization of the collagen fibrils. CMP is a disulfide bonded
multimeric protein. The monomer (54 kDa) consists of two homologous
190-amino acid domains (CMP domains) that are separated by a central -40
amino acid region with homology to an EGF-precursor motif. In a previous
publication, we demonstrated by ELISA that CMP binds to collagen
(Winterbottom et al. 1992. Dev. Dyn., 193:266.) and that CMP binds to
collagen in a periodic manner which is consistent with its binding to ends of
the collagen molecules that make up the fibriL Experiments on the effects of
CMP on collagen fibrillogenesis in vitro demonstrate that the addition of
purified CMP to type II collagen molecules increases the extent of collagen
fibril formation as measured by change in absorbance at 400 nm. The effect
of CMP on in vitro collagen fibrillogenesis is concentration dependent, and
the fibrils formed in the presence ofCMP appear thinner than those formed in

the absence of CMP as visualized by EM. The effects of the addition of
bacterialy expressed full-length CMP as well as various deletions ofCMP on
in vitro collagen fibrillogenesis will also be presented. Immunoelectron
microscopy is being used to determine if the CMP in the in vitro fibrils is
organized in a periodic manner analogous to the in vivo pattern established by
pnmarychondocytes. (Supported by NIH grantHD 22016 and the Arthritis

1294

Collagen Fibril Assemby And Deposition During Extracellular Matrix
Morhogenesis. D.E. Birk and ELZycband. Department of Pathology, Robert
Wood Johnson Medical School, Piscataway, NJ.

Collagen fibril organization is directly related to tissue function. Discrete fibril
segments are assembled and deposited into developing connective tissues. A
lateral and/or linear fusion of segments may be responsible for the formation
of mature, continuous fibrils. This would produce a change in fibril diameter
and/or length with development. Fibril segments were isolated from 12 to 17-
day chick embryo metatarsal tendons. Tendons were gently homogenized in PBS
with protease inhibitors, which almost completely disrupted the 12 to 15-day
tendons. Transmission electron microscopy demonstrated intact segments of
discrete length. Between days 12-15 of development, mean segment length
increased from -22 to 33 pm. The incremental increase in length with
development indicates a limited linear fusion of segments. Morphological
examination of extracted segments support this suggestion. At 16 days of
development there was a significant decrease in segment extratability and by 17
days intact segments were nearly unextractable. Mean segment lengths were 37
and >70 pm for 16 and 17 day tendons respectively. During this period fibril
diameter also increased. These data demonstrate both lateral and linear fusion
of segments. This also was supported by morphological data. In all cases, the
segment ends were asymmetric as described in situ. These observations are

consistent with in situ data, indicating an increase in fibril length between 14 and
18 days of development. Similar increases in segment length were observed in
chick embryo cornea and dermis. These data indicate that segments are

precursors in fibril formation in a variety of soft connective tissues. The post-
depositional lateral and/or linear fusion of fibril segments are important
processes allowing for orderly development and growth.

1296

Cordinaed Reasuladon of Altentive SiDUcina of Fibronectin Pte-mRNA at ED-A
andEDB Reiions. H.Hi T.Tachikawa. FOXama, K.Titanil), an K.&kdgchf
Otsuka Phrmaceuical Co.Ld., Tokushima 771-01, "Fujita Health University
School ofMedicie, Toyoale 470-01, and 2Research Insttute, Osaka Medical Center
for Matral Child Health, Izmi 590-02, Japan.

Moleculadiversity of fibronectn(FN) results from altenativeRNA splicing
at two regions, termed ED-A and ED-B. We have shown that the alternadve splicing
at these regions is regulated in an oncodevelopmental and organ-specific manner.

The expression of the ED-A* andVor ED-B* isoforms is significandy increased in
fetal and tumor tissues when compared with nonnal adult tissues. It is not clear,
however, whether the splicing at the ED regions witiin a single EN pre-mRNA is

regulated independently or coordinately. In order to address this question, we have
prepared monoclonal antibodies against these ED regions and developed ELISA
system specific for ED-A' and ED-B' isoforms. By combination of immunoaffinity
chmna hy using and-ED-A monoclonal andbody and these ELISA, we have
fractionated placental PN into ED-A and ED-A isoforms and examined whether the
ED-B' lsofonm was cosegregated with the ED-A' isofonm. We found that the ED-B'
lsofonn was tree fold enriched in the bound ED-A' fraction while it was
completdy depleted from the unbound ED-A fraction. Similaly, the ED-B' isofonn
was coseegated with the ED-A' isofonm, when the "cellular EN" isolated from the
spent medium of human fibroblst was fractionated. These results strongly suggest
that the alteadve splicing of EN pre-mRNA at two ED regions is coordinately
regulated within a single pre-mRNA, thus the ED-B exon is preferably included in
the mRNA with the ED-A exon than in the mRNA without it.
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1297

Thrombospondin I and Thrombospondin 2 are Expressed as Both
Homo and Heterotrimers. K. M. O'Rourke. C.D. Laherty. and V.M.
Dixit, Department of Pathology, University of Michigan Medical
School, Ann Arbor, Ml 48109.

There exist two distinct thrombospondin molecules (designated
TSPI and TSP2) which are encoded by separate genes. TSPI is a
trimeric cell surface and extracellular matrix molecule. Sequence
comparison reveals that the two cysteines involved in interchain
disulfide linkage and trimer assembly in TSPI are conserved in TSP2
(Laherty, C.D., O'Rourke, K.M., Wolf, F.W., Katz, R.M., Seldin,
M.F., and Dixit, V.M. (1992) J. Biol. Chem. 267:3274-3281). Swiss
3T3 fibroblasts express both TSPI and TSP2, and, therefore, an
important question is whether TSP in such cells is expressed as
homotrimers or as heterotrimers. We find that Swiss 3T3 cells and
epithelial cells transfected with TSP expression vectors express both
homo and heterotrimeric forms of TSP. In addition, homotrimeric
TSP2 has a lower heparin affinity for heparin than homotrimeric
TSP1. Thus, the heparin affinity of TSP can be modulated by the
expression of TSP as homo or heterotrimers.

1299

Link Protein is a ubiguitous structural component of non-carti*ginous tissues. E,
inette, J. Cravens and P. F. Goetinck. Cutsneous Biology Research Center, MGH-

Harvard Medical School, Charlestown, MA 02129

Link Protein (LP) is a member of the hyaladherins, a category of proteins defined by
their ability to bind to hyaluronic acid (Toole,B., Curr. Op. Cell Biol. 2:839; 1990).
Hyaladherns share structural homologies to the tandem repeats of LP, the region
responsible for hyaluronic acid binding. In the ECM of cartilage, LP stabiizes the
interaction of the proteoglycan aggrecan with hyaluronic acid. Although cartilage
contains large amounts of LP, the protein has also been reported in the aorta
(Gardell et al., BBRC 95:1823; 1980), the mesonephros (Stirpe et al., Dev. Bil.
137:419; 1990), eyes (Poole et al., JCB 93:910; 1982) and brain (Ripellino et al.,
JCB 108:1899; 1989). In the present study, using the RT-PCR technique, we
report on the wide distribution of LP mRNA in a large number of embryonic tissues.
We also identified on westem blots the LP translation product in these tissues
using a new monoclonal antibody (486/A5) that recognizes LP. LP mRNA and
protein were found in dorsal skin, kidney and aorta from 10 day old embryos, in
brain, heart, proventriculus, gizzard, intestine, liver from 10 and 15 day old embryos
and in pectoral muscle, ceca, catvaria and sterna from 15 day old embryos. Using
the new monoclonal antibodies 4B8/A5 and 3H8/C3 in indirect
immunofluorescence, we localized LP on frozen sections of chicken embryos. In
addition to cartilage, aorta, kidney and eyes, reactive material was found in the
connective tissue along the entire digestive tract from the esophagus to the lerge
intestine. The finding of LP mRNA and its translation product in a wide variety of
tissues suggests that this protein may also play an important structural role in the
stabilization of extracellular matrix of non-cartilaginous tissues. The interaction of
LP with molecules in a non-cartilaginous environment is currently under
investigatin. (Supported by NIH grants HD 22016 and HD 22050.)

1301
Fibulin Is a ComRonent of Connective Tissue Microfibrils. E. F.
Roark, S. Godina, M. MatteLi H. Tran, and W.S. Argrave .

Biochemistry Laboratory, American Red Cross, Rockville, MD 20855.
Fibulin is an extracellular matrix and blood glycoprotein. As part

of our efforts to determine the function of this protein we have
examined its pattern of expression in various tissues by
immunohistochemical analysis using monoclonal antibodies. Fibulin
was found to be widely distributed in connective tissues such as in
the dermal layer of skin, the embryonic connective tissues of the
umbilical cord and basement membranes such as that underlying the
amnion epithelium. Fibulin staining was particularly evident In fibrous
structures such as those found in the dermis of skin and the smooth
muscle layers of blood vessel walls. The fibers in skin reactive with
fibulin antibodies also stained with elastin antibodies and elastic Van
Giesen stain indicating that they contained elastin. These fibers were
also positive using fibrillin antibodies. The results suggest that fibulin
is a component of connective tissue microfibrils and highlight the
potential for interactions between fibulin and other microfibril
glycoproteins including elastin, fibrillin, gpl 15 and MAGP. Supported
by NIH grant GM42912 (WSA) and NRSA grant HD07515 (EFR).

1298
A PCR Search for Tenasdn In Fish and Invertebrates. B.K. Maddox
and H.P. Erickson. Department of Cell Biology, Duke UniersitY
Medical Center, Durham, NC 27710. (Sponsored by H.P. Erickson.)

Tenascin Is a prominent extracellular component of developing
embryonic tissues, healing wounds, and tumors. The biological
functions of tenascin remain elusive, although the pattem of expression
suggests a role In the cell-matrix interactions of growing and
restructuring tissues. While tenascin has been observed In most
vertebrates, a more manipulable genetic system with which to
investigate function would be highly desirable. Towards this goal, we
have screened for the gene In an assortment of organisms using the
polymerase chain reaction (PCR). Degenerate oligonucleotide primers
were designed for each of the four types of structural domains of
tenascin from published sequences of human and chick cDNA cones.
Paired segments of conserved amino acids were identifled that
corresponded to -20 base pairs, and were separated by 150-500
base pairs. The four different pairs of primers were used for PCR
amplifcation of genomic and cDNA templates isolated from fish,
tunicate, octopus, sea urchin, Drosophila and C. elegans. This
technique demonstrated the expression of tenascin In goldfish brain
using a primer pair within TNfn4 (fibronectin type IlIl, repeat #4) and
another pair from the EGF-like repeats. PCR primers that recognzed
TNfn12, an altematively spiced domain, and the central crosslinling
region, were unsuccessful in amplifying template from fish, In contrast
to control mouse brain tissue and cultured chick fibroblasts. Although
several primers amplified bands of the expected size from the
invertebrate species screened, no sequence related to tenasdn has
been ldentified. One possible conclusion is that these invertebrates
may not have the gene for tenascin.

1300
Isolation and Partial Characterization of a new Fibrillin-like Protein
MA. Gibson. E Davis. M. Filiaggi. and R.P. Mecham. Department of
Pathology, University of Adelaide, Adelaide, Australia, and Departments
of Cell Biology & Medicine, Jewish Hospital at Washington University
Medical Center, St. Louis, MO 63110.

While screening nuchal ligament cDNA libraries with antibodies
to MP340 (Fibrillin-15), a partial cDNA for a fibrillin-like protein (clone
cL9) was identified, isolated and sequenced. Northern blotting of nuchal
ligament RNA demonstrated hybridization of the isolated clone to two
large mRNAs of 9-10 kb and 8 kb. DNA sequencing revealed in cL9 an
open reading frame coding for a protein that contained multiple EGF-
like repeats and several motifs containing 8-cysteine repeats that contain
the sequence CCC. On comparison with other fibrillin sequences, the
isolated clone demonstrated the same motif structure as Fibl5 and Fib5
but differed in individual sequence within the motifs. Using the cL9
clone for additional library screening resulted in the isolation of several
clones that exhibited complete homology with the 5' region of cL9 but
their sequences diverged at the same point to give a different 3' region
which was over lkb longer than that of cL9. These results suggest
alternative splicing of the cL9 transcript, which would also explain the
existence of two sizes of cL9 mRNA detected by northern analysis.
Evidence supporting the identification of the cL9 protein as a fibrillin
includes similarity in domain structure, immunogold localization of
peptide antibodies specific for cL9 to elastic fiber microfibrils and a
strong correlation between cL9 expression and expression of the elastin
phenotype in developing tissues.

1302
DomnInteractioins in Eatin Crsslinking and Fiber Assembly
ELL Brown smmLC.Sloan, and &LLMechaim, Departments
of Cell Biology and Medicine, Jewish Hospital at Washington University
School of Medicine, St. Louis, MO 63110.

Assembly of tropoelastin into polymeric elastin requires
oxidative deamination of lysyl e-amino groups yielding active aldehydes
that condense to form covalent crosslinkages between tropoelastin
molecules. To investigate which domains of tropoelastin align during
crosslink formation, we isolated and sequenced crosslink-containing
peptides from insoluble clastin obtained from copper-deficient pig aorta
(a gift from Dr. Larry Sandberg) with the hypothesis that the crosslinks
formed in insoluble elastin would be those primary in tropoelastin
polymerization. Purified insoluble elastin was treated with NaB3H4 to
radiolabel reducible crosslinks and was then solubilized by successive
treatments with trypsin and chymotrypsin. Solubilized peptides were
fractionated by reverse phase HPLC. Cross-link containing peptides
were rechromatographed by reverse phase HPLC and sequenced by
automated Edman degradation . Preliminary data suggests that most of
the crosslinks that form in copper deficient elastin are in the amino
terminal half of the tropoelastin molecule. One desmosine-containing
peptide contained sequences from exon 6 and exon 10. Exon 6 contains
the only alanine-rich crosslinking domain in the amino terminal end of
the molecule while exon 10 contains two lysines separated by a single
proline. Although it was not possible to determine whether the two
sequences derive from the crosslinking of different tropoelastin
molecules or from crosslinking between two sites within a single
molecule, these results imply that the amino trminal half of tropoelastin
may contain important nucleation sites for tropoelastin crosslinking.
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1303
Modification of lTroolastin Cross-link Domans during Elasqtic Fibe

Formation. EC. Dalvis P.L. Bmwn and R. Mecham Departments of
Cell Biology and Medicine, Jewish Hospital at Washington University
School of Medicine, St. Louis, MO 63110.

The formation of cross-links in mature elastin is critical for the
characteristic properties of elastogenic tissues. Although numerous
alanine- and lysine-rich cross-link domains have been identified in the
tropoelastin molecule, the inter- and intramolecular organization of these
cross-links remains to be established. In an attempt to study the formation
of elastin cross-links in developing elastic fibers, synthetic peptides
corresponding to putative cross-link and non-cross-link domains of
bovine tropoelastin were made and used to generate polyclonal antisera.
All antisera raised to the synthetic peptides demonstrated positive
immnunoreactivity to tropoelastin by Western blot analysis. To investigate
the modification of the tropoelastin cross-link domains in developing
elastic fibers, the antisera were localized by immunoelectron microscopy
in fetal bovine aorta and ligamentum nuchae. Antisera raised against non-
cross-link domains of tropoelastin showed strong positive
immunoreactivity over the insoluble elastin of elastic laminae and fibers.
Similar immunoreactivity was observed with an antiserum raised to a
cross-link domain at the carboxy terminal end of the tropoelastin
molecule. In contrast, antisera raised to several different cross-link
domains in the amino terminal end of the molecule showed little or no
immunoreactivity over elastic laminae and elastic fibers. Although the
extracellular localization of the antisera to the cross-link domains showed
contrasting results, all antisera showed similar positive intracellular
labeling. lThese results suggest that upon secretion of the tropoelastin the
antigenicity of the amino terminal cross-link domains is rapidly alterated
by the oxidation of lysyl residues during cross-link formation.

1305

Aora and Nuchal L4iment. M.C Flhi M.A. Gibson,. Rosenlom
andRPMMchmDepartment of Cell Biology & Medicine, Jewish Hospital
at Washington University Medical Center, Department of Pathology,
University of Adelaide; and Department of Anasomy-Histology, University of
Pennsylvania School of Dental Medicine.

The expression of four putative microfibrllar components fibrillin 15
(Fib 15), MAGP, MP70, and a unique fibuillin-like protein (clone cL9) - was

assessed during fetal development (120 to 270 days, gestadon = 270 days) in
bovine aorta and nuchal ligament and compared to the pattern oftropoelastin
expression over the same period. Northern analysis of total tissue RNA
using cDNA probes for each component revealed that in both dssues the
patterns of Fib 15 and cL9 expression are similar. In ligament, message
levels for both proteins increased 3 toS fold over the last two timesters to a

peak: at 270 days, preceding the rise in tropoelastin expression by 20 days.
In the aorta, where elastin synthesis begins earlier than in ligament, Fib 15
and cL9 levels peaked by mid gestation and decrased through the third
trimester. As was observed in the ligament, this increased expression
occurred before changesin tropoelastin expsion. The message for MAGP
was constant at a high level in both tissues during this period, while the that
for MP70 was constant at low levels. The similar developmental pattern of
Fib 15 and cL9 expression suggest that both may contribute to the structure
of elastin-associated microfibrils; the temporal relationship between the
expression of these components and tropoelastin during fibrilloSenesis
supports the hypothesis that microfibrils may nucleate the formation of elastin
fibers.

13a
The Substrate Can Affect the Net Synthesis/Retention and
Secretion of LRMinin in NHEK Cells J.. Cook and R. Van
Buskirk, Department of Biological Sciences. State University of
New York at Binghamton. Binghamton, New York 13902-6000.

The factors needed to elicit the synthesis and secretion of
basement membrane components are not known. Using SDS
PAGE, immunoprecipitation and autoradiography, we explored
the possibilities that the type of underlying substrate coupled
with the arrangement of the cytoskeleton can affect the
synthesis/retention and secretion of laminin. When Normal
Human Epidermnal Keratinocytes (NHEK) cells are grown on cross-

linked Type I collagen gels and Type I collagen-coated Millipore
Millicell CM microporous cell culture inserts, they exhibit a
marked increase in beta laminin synthesis/retention but not

alpha laminin synthesis as compared to conventional plastic-
grown NHEK cells. These substrates also regulated the apical and
basal release of beta laminin. This increase in the
synthesis/retention of the beta laminin may be related to the
substratum-directed arrangement of the cytoskeleton because the
microtubule-inhibiting drug, nocodazole, further changes the
amount of beta laminin detected. This observation is not
apparent when NHEK cells are grown on conventional plastic
substrata. We conclude that the substrate can influence laminin
synthesis/retention and secretion and this may be, in part,
regulated by the arrangement of the cytoskeleton.

1304

P.W. Park. G.L. M.S. Mudd.' R.M. Senior, and R.P. Mecham
DeparmUents of Cell Biology and Medicine, Jewish Hospital at Washington
University School of Medicine, St. Louis, MO 63110.

Lysostaphin is a bacterial zinc metalloenzyme that degrades
bacterial cell wall peptidoglycans through proteolysis of the glycyl-glycyl
cross-link. In using lysostaphin to solubilize staphylococcal cell wall
components for isolation of elastin-binding proteins, we found that
lysostaphin both binds to and degrades purified insoluble elastin. Specific
elastin binding was demonstrated through elastin affinity chromatography,
and the elastase activity of lysostaphin was determined using a [3H]elastin
release assay. Similar to the staphylolytic activity, the elastolytic property
of lyso-staphin is pH-dependent and is inhibited by zinc and EDTA.
Interestingly, elastolytic activity was not inhibited by trypsin treatement,
which has been shown to inactivate the enzyme's staphylolytic properties.
Although the mechanism of zinc inhibition is unknown, exogenously added
zinc does not inhibit the ability of the enzyme to bind to elastin. This result
suggests distinct substrate recognition and catalytic domains on lysostaphin.
The first five amino acids, AATHE, of mature lysostaphin have perfect
homology with an internal sequence of matrilysin (PUMP-1, a
metalloenzyme with elastase activity). This sequence has been
hypothesized to play a role in zinc binding and to define a portion of the
enzymatic active site. Similar sequences are also present in other
metalloenzymes such as stromelysin, collagenase and Pseudomonas
elastase. Whether the amino terminal sequence of lyso-staphin contains the
zinc binding and elastolytic domains remains to be established. However,
based on enzymatic properties and sequence homology, lysostaphin may
belong to the growing family of matrix metalloproteinases with elastase
activity.

1306
Fibroneetin and Laminin Synthesis by Typg 11 Pulmonary Epithelial Calls.
S E Dunsm and D.E.L.RanoaI, Dept. of Cellular & Molecular Physiology,
Penn State Univ. Collge of Medicine, Hershey PA 17033.

Bidirectional interactions of type 11 pulmonary epithelial cells (T2Ps)
with the extracellular matrix (ECM) affect both cell differentiation and
ECM compositon. The foliowing studies focus on the relative synthesis of
fibronectin (FN) and laminin (LAM) In matrix fractions from T2P
primary cultures. Relative synthesis rates were examined between day 1

and day 3 of culture. During this interval, T2Ps undergo significant
changes In differentiation and the proportion of total cell protein synthesis
devoted to the matrix fraction Is regulated, reaching a peak at day 2. Matrix
fractions were obtained by treatment of T2Ps with 0.25M NH40H.
[36Sjmethionine-labeled proteins In the matrix fraction were analyzed by
immunoprecipitation, SDS-PAGE, and fluorography. Fluorographic
analysis of the matrix fraction on day 1 shows a predominant band at 50 kO.

On day 3, the matrix fraction contains predominant bands at 220 kD and 50
kD with several less predominant bands between 220 kD and 50 kD. These
intermediate molecular weight bands are more prevalent In continuous
labeling protocols than In pulse labeling protocols. Fluorographic analysis
of matrix fractions immunoprecipitated with anti-FN (Collaborative
Biomedical) reveals a predominant band at 220 kD on day 1 and
predominant bands at 220 kD and 46 kD on day 3. When immuno-
precipitated with anti-LAM (gift of Dr. D. J. Carey), predominant bands at
200 kD and 46 kD are observed on both day 1 and day 3. The relative
synthesis of both FN and LAM is greater on day 3 than on day 1. These
results Indicate that the relative synthesis of FN and LAM is regulated as a
function of time in primary culture and suggest that bidirectional T2P-ECM
interactions play a role In the regulation of FN and LAM synthesis.
Supported by HL-31560 and HL-07223.

1308

Am=alec fix Vhsc sy ollff=MallGkM LLL E Zba A&
Iahh1a.a adL anAadmi. Dept. of Ccll Biology and Anatomy, Univ. of North Carolina
Chapel Hill, NC 27599.

At the interface of the plasmaembn and the exhraceliularmatrix is the pericellular
matrix where the extraceflnlardxmains of pluma membrane moleculesintermgle with
extacellulamatrix molecules. mhe stuctur and physical poperties of the periceliular
maix were probed with Nanovid microscopy (video- enhanced microscopy of 30 m
coloi goldptWdes) andgold- labeledlipi Gold labeledLipids diffuse freely in
artficial planar me branes (Lee eta., PNAS 88:6274,1991).With celil, the gold must
move through the pericellur matrix as the aacedLipiddiffusesin the plasma
membrane. Te diffusion of the gold labeled lipds will be restrictedif ereare
fllsmentousbsriersorextensive croslnkg within the pericellularmatrx. Fluorescein-
phosphatidylethanolamine, incorporated into the plma membranes of cultured
fibroblas, epitbellal celsand keaxto was labeled with 30 em colloidalgold
conjugaed to anti-fluoescin. The trajectoris of the gold-labeled lipids were used to
compute diffusion coefficients (DrG) and to teat for retricted motion. On the cl lamelia,
the gold-labeled lipids diffed freelyin the plasnamemban withno evidentrstriction.
Ibis result suggeststat any extensivefilamentous barier in the pericellular matrix are at
least 40 mm fimmtbep re surface. The average diffusion coefficients ranged
f/me.lto 1.7 x c. leseXalues were lower than the average diffusion
coefficients (Dp)(S. lo9S 10- cm'/aec) obtined by fluoresnce recovery after
pboIobleaching. The lowerDG is partially due to the pericellularmatrx as demonstated

Seputthat1epra asent of keatocyte significantly increased DG to 2.8 x
10-'cns/sec, but did noaffect Dp. Ptirellular matrix viscosity was estmated from the
frictiona coefficients computed fom DG andDpand ranged frm 0.5 to 0.9 poise for
untratedceis Heparina tetment of keratocytes decreased the apparent viscosity to

yp-rDXls eyo0.1 poise.
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1309
Removal of Soluble Growth Factors from MatrigelTM Basement
Membrane Matrix and the Demonstration and Quantitation of
Insoluble, Matrix-Bound TGF-Beta. F.J. Mannuzza, Collaborative
Biomedical Products, Inc., Becton Dickinson Labware,
Bedford, MA 01730.

Basement membranes are thin extracellular matrices (ECM)
underlying epithelial cellt separating them from connective
tissues in vivo. Matrigel Basement Membrane Matrix
(MatrigeTTtFM) extracted from the Englebreth-Holm-Swarm mouse
tumor consists predominantly of laminin, type IV collagen,
heparan sulfate proteoglycan and entactin which polymerize
under physiologic conditions to produce reconstituted
biologically active extracellular matrix for use as a tissue
culture substrate. Growth factors, including EGEfJ IGF1, bFGF,
PDGF, and TGF-Beta, are also present in Matrigellh BMM and may
contribute to the proliferation and differentiation of cells
grown on the matrix. These growth factors, with the exception
of TGF-Beta, can be reduced to biologically inactive levels by
repeated precipitation using 20% (NH4)2S04. We have
quantitated these growth factors and the major structural
components before and after regeated salt precipitations. The
growth factor-reduced Matrigellm BMM retains the gelation
properties of the starting matrix material and is useful for
cell studies under growth factor-defined conditions.

Collagen and Basement Membranes (1310-1313)

1310

Genomic Oroanization of Human Surfactant Protein D - SP-D Is
Encoded at 10a22.2-23.1. E.Crouch K.Rust. R.Veile. H.Donis-Keller.
Depts. of Path. and Genet., Wash.Univ.Schl.Med., St.Louis, MO. 63110.

Surfactant protein D (SP-D) is a member of a family of collagenous C-type
lectins that includes surfactant protein A (SP-A), and the serum mannose
binding proteins (MBP). We have previously described cDNAs specific for
human SP-D (Arch.Btochem.Biophys. 290:116, 1991). We now describe the
characterization of genomic sequences for hSP-D, and present evidence for
an SP-D gene on the long arm of chromosome 10 -in the company of SP-A,
MBP-C, XilI collagen, and bullous pemphigold antlgen-2. DNA sequencing
of two overlapping clones demonstrated at least seven exons spanning - 7
kb. The collagen domain is encoded on five exons - including 4 sequential
exons of 117 bp, which appear unique to SP-D. These exons begin and end
with split glycine codons, and show marked conservaffon in the predicted
distribution of hydrophilic amino acids, consistent with tandem replication of
this collagen gene sequence during evolution. The sequence also predicts
a 39 a.a pediodicity in polar residues within the triple helical domaln similar
to the D/6 periodcity observed for theintersftitalcollagens. The carbohydrate
recognition domain (CRD) and the connecting region between the collagen
domain and conserved region of the CRD are each encoded by a single
exon. Previous segregation analysis of Hindill digests of genomic DNA using
specific cDNA probes demonstrated selective hybridization of radiolabeled
hSP-D cDNA to chromosome 10q-containing human/hamster hybrids -
findings confirmed by DNA amplification using oligomers specific for intron
and exon sequences within the collagen domain. Fluorescence in situ
hybridization of metaphase chromosomes using genomic probes gave
selective labeling of1 Oq22.2-23.1. We speculate that SP-D is encoded at a
'locus' on 1 Oq that includes the genes for SP-A.

1312
Basic Fibroblast Growth Factor in the Extracellular Matrix
Decreases Collagen Sythesis and al(III) Procollagen mRNA
Levels in Arterial Smooth Muscle Cells, AKLMajora and ILA
Ehrhart. Cleveland Clinic Research Institute, Cleveland, Ohio
44195.
Previously we showed that arterial smooth muscle cells

(SMC) plated on a preformed extracellular matrix (ECM)
synthesized only 67% as much collagen as cells plated on
pastic. Levels of al(III) procollagen mNA were also reduced
in cells on the SMC-derived ECM. Total protein synthesis was
unchanged. Furthermore, we demonstrated that recombinant
basic fibroblast growth factor (bFGF) could elicit the same
effects. In the present study we have plated SMC sparsely on
an untreated, SMC-derived ECM, on an ECM pretreated with
heparitinase to release bFGF, or into plastic dishes. In a
separate experiment, SMC were plated onto an ECM in the
presence of either a neutralizing polyclonal antibody directed
against bFGF or nonimmune goat IgG. Control SMC cultures
were plated directly onto plastic. After 19 h on the various
substrata, the cultures were incubated for 5 h with JH-proline
and sodium ascorbate. TCA-precipitable protein was
hydrolyzed and collagen synthesis was determined from the
radioactivity in hydroxyproline and proline which were
resolved by ion exchange chromatography. Both heparitinase
treatment of the matrix and addition of the anti-bFGF antibody
abolished the inhibitory activity of the matrix on collagen
synthesis. Together, these results indicate bFGF is the active
component of the ECM responsible for its suppression of SMC
collagen synthesis.

1311
Collagen Gene Expression in Human Scar: Quantiation and
Localization of Type L III and VI Collagen mRNA in Vitro and in
Vivo, Lu-gian Zhang, Matti Laato and Juba Peltonen, Department
of Medical Biochemistry and Surgery, University of Turku, Turku
Finland
The studying on hypertrophic scar clearly indicated the presence
of defferent pathogenic mechanisms in scars of defferent
clinical diagnosis, as evaluated by the expression of the major
collagen types at mRNA level. The lesions diagnosed as hyper-
trophic scars demonstrated a clear elevation mRNA for al(I) and
al(III),but much less of typeVI collagen. This is in striking
contrast to keloidal lesions, which have been demonstrated to
contain elevated steady-state levels of type I and VI collagen
mRNA, but not much of that of type III collagen. Other hand
In vitro the collagen gene expression profiles of hypertrophic
scar cells were markedly different from that observed in Vivo.
In essence, The stoichiometric ratios of MRNAs for collagen
types studied were the same in cultures from hypertrophic scars
compared to age matched controls.. these findings clearly
suggest that factors operative in individuals developing
excessive scar formation relate to an in vovi situation only.
Furthermore, fibroblasts in hypertrophic scars may not display
a auto regulatory mechanism detectable in vitro.

1313

Increased Collagentvye IIl in the Neurogenic Non-comRliant Bladder. D2.H.
Ewait, S. Constantinescu, G. Bellon J.P. Borel H.M. Snyder.J.W,.Duckett
and E.l. Macark. Children's Hospital of Philadelphia and Connective
Tissue Research Insfitute, University of Pennsylvania, Philadelphia, PA
19104.

Collagen distribution In neuropathic bladdertissue Is extensively aitered.
In such tissues, a fibrotic response occurs which Is characterized by the
altered accumulation of type lIl collagen. The Increase In type ill collagen
Is associated with the muscle bundles of the bladder wall and may be a
product of the smooth muscle cells. In patint with non-compliant
bladders, total hydroxyproline concentration Increased from 31.2±4.1 mg/g
to 37.5 +mg/g, p- 0.15. Fibrillar collagen concentration estimated from
4-hydroxyproline concentration increased in the non-compliant bladders
from 231+31 mg/g to 278+ 14mg/g, p-.15. Quantitation of type and lIl
collagens showed the percentage of type lIl collagen Increased from
24%+ 2.5in the normal bladder to 32%+ 2.4, p-0.04 In the noncompliant
bladder (33% Increase) while the percentage of type collagen decreased
from 76% + 2.5 to 68% +2.4, p=0.04in the non-compliant bladder (10%
decrease). When combined with the slight Increase In total collagen
concentration, type lIl collagen actuallyincreased 61%in the noncompliant
bladder while type increased by only 7%. Increased type lIl collagen
accumulation within the smooth muscle bundles of the noncompliant
bladder wall may contribute to aitered mechanical properties of this tissue.
Supported by NIH Grant HL34005.
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1314
Isolation of Chondrons and Two Distinct Collaaen Fiber PoQuiations from Artiucar
Cartilaoe. G.N. Smith. Jr. E.A Mickler, and AM. Lovelace. Arthritis Center, Indiana

University School of Medicine, Indianapolis, IN 46202-5103

Isolation of Intact elements of cartilage after homogenization astows direct

determination of the dibution of specific cdlagen types within morphologically
distinct cartiage matrix structures. The chondron-the cell, the periceluiar matrix, and

the capsule-can be isolated as a unit from artictiar cartilage by homogenization and

filtratlon. To Increase the ybid and purity of chondrons for biochemical studies, we

fractionated homogenates of canine artctiar cartilage on gradisnts of Percoll. The

homogenateswere suspended In PBS containing 24% Percoll and centrifuged for one

hour at 12,000 x g. The resultant gradient contained three zones of cdlagen-rich

fragments. The chondrons formed a sharp zone near the top of the gradient, while

coilagenous fibers formed two distinct zones within the gradient. More than 90% of

the chondrons were in the zone at 1.016 g/ml. The bulk of the fibers migrated at

density greater then 1.07 g/ml, whilesa second population ofcollagen fibers migrated

at a density of 1.018 g/ml. The biochemical diference between low density and high
density fibers is under investigation. The bulk of the proteoglycan In the gradient, as

measured by DMMB binding, co-migrated with the chondrons, but more rigorous

studies of the fiber populations are In progress to determine if proteoglycan content

ls the basis for the difference in density. The collagen xtracted from the chondrons

and the low and high density fibers by pepsin digestion and analyzed on SDS-

polyacrylamide gel electrophoresi was predominantly type 11, but type Xl also was

presentIn each of the fractbins When these collagen types were quaritfied by HPLC

chrormatography on TSK-heparin, there was more type reiative to type 11 In the

chondrons than In either the low-densityfibe or high-density fibers. These data are

consistent with the observationIn studies of chick cartilage all cartilage colagn

fibers contain type collagen, but suggest that the pericellular matrix IsenrichedIn

this collagen type, as suggested by immunofluorescence staining.

1316

Contact and Non-contact Atomic Force Microscopy of Type I Collacen.
E.A.G. Chernoff. D.A. Chernoff, and K. Kioller, Department of Biology,

Indiana University-Purdue University at Indianapolis (IUPUI), Indianapolis,

IN 46202; Advanced Surface Microscopy, Inc., Indianapolis, IN 46220;

Digital Instruments, Inc., Santa Barbara, CA, 93117

Type I collagen was examined using two types of atomic force

microscopes (AFM) in a continuing effort to refine the process of obtaining

molecularInformation from biological materials using scanning probe

microscopy. Operatingin air, a contact mode (NanoscopeII) and a non-

contact mode AFM (Nanoscope ll) were used toimage collagen fibrils

polymerized from pepsin-extracted type I bovine skin collagen adsorbed

onto mica substrates. Fibrillar collagen samples were polymerized from

phosphate-buffered saline at pH 7.4 at 370C, monomer samples were

adsorbed from 0.012N HCI at 210C. Thecontact AFM Images show well-

defined D-banded fibrils wlth a banding period of 70nm. Well-formed fibrils

with tapered ends lie on a meshwork of finer fibrillar material, probably

oligomeric collagen. Adsorption of unpolymerized collagen at acidic pH

produced a meshwork of monomeric collagen with an occasional studcture

of oligomeric size. Using the non-contact AFM we obtained further, higher

resolution Information from the fibrillar samples: sub-bands at intervals as

small as 30 nm are foundIn both the regions of subunit overlap andin the

gap region. In the region of overlap two principal bands show the

characteristic asymmetry seenIn negative stained material visualized using

transmission electron microscopy. This assymetry of the sub-bands In

region of overlapIndicates the direction of the carboxy-termini of the

polymerized monomers within the fibril.

1318

Basement Membrane Gene Expressioni* Rat Sertoli and Peritubular

Mseid Cells in vitro, L.LRighardson- IHK .lfei &ad hiQD.m.
Department of Anatomy and Cell Biology, Georgetown University

Medical Center, Washington, DC 20007 and 'Laboratory of

Developmental Biology, National Institute of Dental Research, Bethesda,

MD 20892
As demonstrated by Skinner et al (JCB 100:1941, 1985), Sertoli

cells (SC) and peritubular myoid cells (MC) in monoculture synthesize

and secrete basement membrane components, but only deposit highly

complex matrix fibrils in coculture. In order to determine the

mechanism by which these cell types cooperate in the production of

basement membrane, we sought to determine how the expression of the

genes for basement membrane components are regulated. Total RNA

obtained over 5 days from monocultures of SC, MC, or SC:MC

cocultures was analyzed by Northern blot for laminin A,Bl, and B2

chains, type IV collagen (IV), and fibronectin (FN). Surprisingly, the

genes for the laminin chains were not coordinately expressed. SC
produced mRNA for the laminin A and B2 chains which did not change

with time in culture. Low yet increasing amounts of mRNA for the BI

chains and IV were observed only on days 3-5 of culture. No FN
mRNA was seen in SC. In contrast, MC produced mRNA for the
laminin Bl and B2 chains, but had no detectable A chain transcripts.
Collagen IV and FN mRNAs were also present in MC and there was no

change in the levels of any of these mRNAs with time in culture. In
SC:MC cocultures, the levels of expression of the A and B2 chains were

similar to those in the SC monocultures. Bl chain, IV, and FN
transcripts were lower in the SC:MC cocultures than in MC
monocultures and decreased with time in coculture. The data suggest

that these basement membrane genes may be regulated by paracrine
factor(s).

1315

Force Microscopy of Collagen at 143 K. M.B. Shattuck', M.G.L.
Gustafsson2, K.C. Yanagim3, R.S. Bhatnag&1, J. Clk2, and K.A.
Fisher3 'Group in Bioengineering, Univ. Calif., San Francisco, CA 94143;
2Dept. Physics, Univ. Calif., and Center for Advanced Materials, Materials
Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720;
3Depts. Anatomy, Biochemistry & Biophysics, and F.I. Proctor Foundation,
Univ. Calif., San Francisco, CA 94143.

Imaging biological molecules by scanned probe microscopy is often
limited by interactions between the probe and the soft sample. It has been
suggested that such limitations may be diminished by scanning frozen
samples at cryogenic temperatures. Reproducible images of individual
molecules of type I collagen have been obtained using a newly designed low

temperature scanning force microscope (cryo-SFM) operating at 143 K in
isopentane. Characterization of identically prepared samples, by
transmission electron microscopy (TEM) and gel electrophoresis, supported
the conclusion that the structures imaged were indeed collagen. Cryo-SFM
images revealed intramolecular features of single collagen molecules that
have not been visualized by conventional TEM techniques. This represents
the first time frozen single biomolecules and sub-molecular structure have
been imaged by a low temperature force microscope. Supported by NIDA
Grant No. DA-05043 and NEI Grant No. EY-02162 (K.A.F.) and by the

Director, Office of Energy Research, Office of Basic Energy Science,
Materials Science Division of the U.S. Dept. of Energy, under contract No.

DE-AC03-76F00098 (J.C. and M.B.L.G.), NIH Grant No. DE-09859
(M.B.S. and R.S.B.), and NIH Training Grant No. GM-08155 (M.B.S.).

1317

MorDhometric Analyses of Collagen Tvpes II and X
mRNA Expression in the Growth Plate Cartilage of
Normal and Rachitic Chicken Vertebrae and Tibiae
M. Havashi. K. Hayashi. R. Adox Dept. of Pathology,
Robert Wood Johnson Medical School, Piscataway, NJ

Rachitic chickens were produced by raising 1-day-
old male chickens on a vitamin-D-free diet for 4 wk.
Vertebral bodies (C9-Cll) and proximal tibiae were
examined. Serial sections from paraffin-embedded
tissues were processed for in situ hybridization to
localize type II and type X collagen mRNAs using 3H-
labeled cDNA probes, and the autoradiographic silver
grains were quantified by computer-based image
analysis. Histograms of the distribution of silver
grains clearly demonstrated two separate peaks for
type II and type X collagen mRNA zones in the growth
plate cartilage of normal vertebrae; and the altered
distribution of the two collagen mRNAs in the
enlarged and disorganized growth plate of rachitic
vertebrae. The areal density of silver grains for
type II collagen mRNA in the growth plate cartilage
of rachitic chickens was almost double that of
normal chickens in both vertebrae and tibiae. In the
rickets, the areal density for type X collagen mRNA
was reduced by 50% in the tibial growth plate but it
was increased by 40% in the vertebral growth plate.
In contrast, in the epiphyseal cap cartilage, areal
densities for types II and X collagen mRNAs showed
no significant changes in rachitic chickens.
(Supported by a NIH grant AG09199)

1319

Generation of Glyoprotein Fragments by Proteolytic Clipping of theC-
Terminal Regions of Perlecan. P. Val n '2,D.M. Nooman2, andLJL
Hasall', 'The Eye & Ear Institute and University of Pittsburgh, PA 15213
and2Ist. Naz. per la Ricerca sul Cancro, 16132 Genova, Italy.
The core protein of perlecan, a proteoglycan present in most basement

membranes, undergos proteolytic modifications (J. Cell Biol. 106:963-970,
1988). The nature and positions of these modifications are not yet known.
cDNA clones encoding for portions of Domain III and Domain IV of perlecan
were expressed in E. coli using the p-mal expression vector. The recom-
binant proteins were partially purified by Q Sepharose and Mono S chroma-
tography and subsequently linked to activated Affi-gel columns. Polyclonal
antiserum to perlecan were affinity purified over these columns, resulting in
antibodies specific to domain III or to domain IV. The extracellular matrix
produced by M1536-B3 cells was extracted and separated into glycoprotein
and proteoglycan fractions by DEAE chromatography. Antibodies to both
recombinant proteins recognized the 400 kDa core protein isolated after
heparatinase digestion of the proteoglycan fraction and specifically immuno-
precipitated the 400 kDa precursor protein to perlecan. Antibodies to domain
III did not react with glycoprotein fraction. Antibodies to the domain IV,
however, recognized an 130 kDa protein in the glycoprotein fraction in
westem blots. The deduced sequence of domain IV encodes for a peptide of
139 kDa. Predicted disulfide bonding within domain IV suggests it forms a
single globule. These results suggest that proteolytic clips occur between
domains III and IV as well as between domain IV and V to release a possibly
intact domain IV. (Supported by NIH Grant E ROI GM45389 (JH); CNR
91.02482.CT14(DN); and AIRC (PV)).
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1320
A lamina lucida does not a22ear in the basement membranes of
cryofixed or 2araformaldehyde-fixed tissues processed bX freeze
substitution F.L.Chan, S.Inoue, and C.P.Lablond, Department of
anatomy, McGill University, Montreal, Quebec, Canada H3A 2B2

Ultrastructurally, the basement membrane is generally divided
into two main layers: the electron lucent lamina lucida and the
electron dense lamina densa. However, after cryofixation by slam
freezing followed by freeze substitution in osmium-acetone, the
basement membranes of rat seminiferous tubules, epididymis and
ciliary body show a lamina densa making contact with the
plasmalemma of the associated cells without an intervening
lamina lucida. It thus appears that the lamina lucida is an
artefact arising in the course of conventional tissue
processing. To find out whether the formation of a lamina lucida
is produced by aldehyde fixation or by dehydration, mice have
been perfused with glutaraldehyde and the fixed tissues have
been frozen in Freon 22 followed by freeze substitution to
insure a slow gentle dehydration. Under these conditions, the
basement membranes of seminiferous tubules, epididymis, ciliary
body and kidney show no lamina lucida. Hence, the slow
dehydration has resulted in the absence of lamina lucida.
Nevertheless, two tissues, plantar skin and trachea still show
a lamina lucida. The experiment has then been repeated using
fixation by paraformaldehyde perfusion instead of glutaralde-
hyde. No distinct lamina lucida is then observed in skin and
trachea. It is concluded that the lamina lucida is formed by
disruption of the fragile attachment of the lamina densa to the
associated cells, mainly during conventional dehydration but
facilitated in some tissues by glutaraldehyde fixation.

1322
Cloning and Biological Function of a Primitive Laminin in Hydra. M.P.Sa sIJ,
L.Yan X.2Zhng, A,Gron, P.L. St.John, and D.R. Abmhanoon. Deprtet of
Anatomy & CeUl Biology, University of Kansas Medical Center, Kansas City, KS;
Developmetal Biology Center, University of Califomia at Irvine, Irvine, CA;
Department of CeUl Biology, University of Alabas at Birmingham, Bimingham, AL.

Hydra is charcteized by having a simple body structure composed of a geatric tube
with a foot process at the basal pole and a mouth ad adjacent tentacles at the apical pol.
Its entire body wall consists ofa epithelial bilayer with an intervening extracelular matrix
(ECM) termed the mesogles which contains Type IV colage, fibronectin, laminin, and
heparan sfate proteoglycan. Mesogles components have been shown to be importat
in developmental processs such as head regeneation and hydr cell aggregaton. The

latter proces involves complete of the adulthydr strtre within 96 hrs

fom pelots formed from disociated cells. In the prent study, monoclonal antibodies
rimed to isolated mesoglea were used to furthe detmine the role of ECM components
in hydra developroent and to characterize these components using rDNA techniques. One
of thse antibodies (mAb52) binds to a single protein with a mass of sbout 300kDa under
noneuducing conditions and ultastrolurally localizes to the subepitheial zone of the
mesogles on both the ectoderm and endoderm side. mAbS2 was found to block
development of morphogensis as assayed in hydra coll agregate experiments and to
block - yivo cell migration as asayed in grafting experiments. Using mAb52 we have
screened a Lambda Zap II cDNA library made from Poly(A) RNA from lEryd vulpris
and have isolated sveral clones with insert sizes of from 2.5 to 3.0 kb. Partial
sequencing of these clones and analysis of these sequences using Genbank indicates tht

they code for a protein with high homology to laminin BI chain. This homology cros
species lines from drosophila to human. Given that hydra developed some 500 million
yeara ago, thes experiments indicate the highly conserved nature of laminin stnchre and
function. The studies also support the ue of hydra as an experimental system to tudy
cell/mstrix interactions during development. Supported by funds from NIH granta
RRO6500 (MPS), DK34972 (DRA), and the Juvenile Diabetes Foundation (MPS).

1321

Chicken Emb WLen. Chi, and J.E. Mgcel Depab t of
Zoology, Oregon State University, Corvallis, OR 97331.

Our previo study has shown that hepan sul&fte pro ycan

(HSPG) is a major component of the inner limiting membane (1MM) from
chicken embryonic redna (Chai t al., J. Cell Biol. 15(i, 1990). In the
present study, we explored the possible funcdons of this p lycan on
growth of ganglion cell axons (GCA) on the ILM, the nahurl subs8tr for
their migraion. We isolated the ILM acording to Halfter et al. (.
Neurosci. 7:3712, 1987) by attching the retna, with gnglion cdl skid
facing down, to a polylysi-coted gbss cov slip. The atached ILM
was trated with 2% Tliton-X 100 to remove Monlla cell endfeed. The

coverlip with attached LMM was then cut in half. One half was eated
either with enymes or with antibodies and the other was left untreated as
a control. After reatment, the two pieces were thn combined and a 300
rm-wide strip of retina was placed acro the two pieces of coverslip. We
found that density of GCA growing from the explant was grty rduced
by heaitnase, whereas the growth rate of GCA was only sightly lss

than the control. ndoitinae had no effect on density or growth rate.
Heeritinase greatly inhibits outgrowth of GCA from 6- and 8-day
embryos but not from 13-day embryos. We also found that axonal density
and growth rate were inhibited by exogenous heparin, but kl by

sulfate. reslts using the natural sbstr for GCA
outgrowth pport the concluson of other usn plasc or gls substates
that HSPG promotes retia cell adheson. We conclude that thes

molecules have a key role in normal axonal migion. (s by NIH
grant HD 19530)

1323
Ouantitative Analysis of Extracellul1r Matrix Formation In Vivo
and In Viro. E Paadimitrulou. B.R. Unsworth.
Maragoudakis. and P. 1. Lelkes, (*)Marquette University,
Milwaukee, WI, (a) University of Patras, Greece, (#) University
of Wisconsin - Medical School, Milwaukee, WI

Angiogenesis, i.e. the formation of new blood vessels from
pre-existing ones, is associated with the formation of a sub-
endothelial basement membrane (BM). The sequential deposition of
extracellular matrix (ECM) proteins, such as fibronectin (FN),
laminin (LM), collagen IV (C-IV) and collagen-I (C-i) have been
studied both in vivo in the chick chorioallantoic membrane (CAM)
and in vitro in cultured rate adrenal medullary endothelial
(RAME) cells using indirect immunofluorescence, enzyme-linked
immunoadsorption (ELISA) and Western blotting techniques. In the
CAM, FN levels increased transiently with the peak at day seven
of development, after which it decreased gradually. By contrast,
the levels of LM and collagen-I increased steadily during
development. Quantitation at later stages of CAM development
showed the predominance of C-i, whereas LM comprised only a
minor component of the ECM proteins. A similar temporal sequence
of ECM protein deposition was observed with RAME cells in vitro.
FN formed an increasing extracellular network immediately after
plating and until the cells became confluent. After confluence,
the amounts of FN remained constant. By contrast, although LM
and C-IV were synthesized by the cells from the onset of
culture, they were deposited into the ECM only after the cells
became confluent. The temporal sequence of the gene expression
for the various BM proteins is currently being assessed using
molecular biological approaches.

1324

Diffusion Rates of Solutes in Extracellular Matrix
Measured by Fluorescence Recovery after Photobleaching
S.-C. Chen, J. Hoying & S. Williams, Department of
Surgery, University of Arizona, Tucson, AZ 85724

Transglomerular basement membrane protein

exchange illustrates the degree of selectivity which
can occur during the diffusion of macromolecules
through matrices. We have developed an in vitro model
of molecular diffusion using reconstituted gels of
extracellular matrix proteins saturated with FITC
labelled solutes. The diffusion of these labelled
molecules was assessed by fluorescence recovery after
photobleaching (FRAP). Fluorescence intensity
profiles were subsequently analyzed and diffusion
coefficients were derived using a PC based curve
fitting program. Initial studies have focussed on
collagen gels reconstituted from rat tail collagen.
The diffusion coefficient for FITC-labelled native
bovine serum albumin (Alb)in collagen gels was
determined to be 1.63 x 10- (± 0.22) cme/s. Glycated
albumin exhibited a diffusion coefficient of 1.42 x
107 (± 0.21) cm2/s. Finally, ismunoglobulin G
diffusion coefficient was determined to be 0.38 x 107
(± 0.15) cm2/m. The mean diffusion rates of these
proteins were therefore Alb > g-Alb > IgG. We suggest
that matrix gels can be used to evaluate the diffusion
characteristics of molecules and the diffusion
barrier that matrix components create with regard to
molecular transport processes. (supported by grant DK
43620).
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1325
Cartilage differentiation and calcification during skeletal
development in organ culture. B.J. Klement and B.S. 52ooner.
Biology, Kansas State University, Manhattan, KS 66506-4901.

Bone formation is a process that includes cellular
differentiation and concomitant tissue morphogenesis. We
have developed an organ culture system, using embryonic mouse

pre-metatarsals, where these events occur in a pattern like
that observed In vivo. Pre-metatarsals are isolated at 13
days of gestation, and cultured in serum-free, defined BGJb
medium, on Nucleopore supports. The explants are initially
composed of mesenchyme. In culture, the mesenchyme
differentiates into cartilage that is morphogenetically
organized into discreet rods. With further culture, a sub-
population of the chondrocytes undergo terminal
differentiation into hypertrophied chondrocytes, surrounded
by a calcifying ECM. When the medium is supplemented with
ITS, mesenchyme differentiation to cartilage occurs, but the
time required for terminal cartilage differentiation is
accelerated, i.e. hypertrophy begins in less than half the
control time. Supplementation with 10% fetal bovine serum
also results in normal cartilage rod formation and
accelerated terminal differentiation. However, continued
culture in FBS results in the formation of osteoid-like
tissue similar to that seen in the metatarsals of newborn
mice. This in vitro organ culture system is advantageous for
the study of embryonic bone formation since it models pre-
metatarsal tissue development In vivo, while being isolated
from additional embryonic and maternal tissues and accessible
for manipulation of the system. Supported by NASA NAGW 2328.

1327

In VHtro Chondrogenic Potential of Embryonic Chick Calvarial Cell Subhooulations.
M. Wong. and R.S. Tuan, Developmental Biology/Teratology Program and Dept. of
Orthopaedic Surgery, Thomas Jefferson University, Philadelphia, PA 19107.
Intramembranous ossification in embryonic chick calvaria (CV) occus through drect

differentiatlon of mesenchyme into bone. However, under certain conditions,
chondrocyte-like cells have been observed in the developing CV [Dev. Biod. 115:
215; j13: 2211. To analyze their chondrogenic potential, primary CV cells from day
14 embryos were Percoll-density fractionated. After 14 days in culture, one

subfraction of CV cells (fraction F, sp. gr. =1.055-1.060) showed a rounded
phenotype, with abundant refractile extracellular matrix. The chondrogenic potential
of CV cells was characterized by co-culturing the CV cell fractfions, as side-by-side
micromasses, with en equal number of chondrogenic, stage 23-24 embryonic chick
limb bud (LB) mesenchymal coell. Chondrogenesis was assayed alter 4 days by the
number of Aldan Blue staining nodules and by [35SJ-sulfate incorporation. None of
the CV cell fractions cultured alone formed nodules. However, when co-cultured
with LB calls, all CV fractions had a 3-fold increase in [3S5-suIfateincorporatin. In
the presence of fraction F CV cells, LB cells had 1.5-fold more [35S]-sulfate
incorporation (p<0.05). Interestingly, conditioned media from fraction F CV cells
stimulated [35S]-sultate Incorporation (1.4-fold, p<0.05) by LB cells cultured alone,
whereas conditioned media from other fractions had no effect. In summary,
embryonic chick CV cells (1) may be stimulated to incorporate more [35S]-sulfate by
co-cultured LB cells, and (2) contain a fractlon of cells (fraction F) which can

differentiate Into a chondrocyte-like phenotype in vitro. Furthermore, (3) this
chondrogenic CV cell fraction enhanced sulfate incorporation by co-cultured LB
cells, possibly through a secreted factor in the medium. These findings suggest that
although chondrogenesis is normally inhibited in CV Cell differentiation, a

subpopulation of CV cells are responsive to chondro-stimulatory influences and are

Involved In aberrant CV development. Support: NIH HD 15822.

1329

Altemative Splicing of Fibronectin During Chondrogenesis in Vitro. ALGehris andV.D. Ben= Department of Orthopaedic Research, Thomas
Jefferson University, Philadelphia, PA 19107.

Fibronectin, a large extracellular glycoprotein that mediates interaction
of cells with the extracellular matrix, appears to be present in cartilage
matrix. Previous studies demonstrated that the splicing patterns of
fibronectin RNA change during chondrogenesis (cartilage development) in
the chick limb. Prechondrogenic limb mesenchyme contains both exon

IIIB and exon IIIA (B+, A+) while the fibronectin RNA from cartilage
contains exon IIIB, but no exon IIIA (B+, A-). Therefore, the structure and
function of cartilage fibronectin may differ from fibronectin in
prechondrogenic mesenchymal cells, possibly due to interaction with the
matrix. To determine if the splicing patterns of fibronectin RNA play a role
in the chondrogenic process, we have begun to examine the structure of
fibronectin RNA during chondrogenic differentiation of chick limb
mesenchymal cells in vitro. Cultures were assessed for chondrogenesis by
[35S]-sulfate incorporation and enhancement of accumulation of alcian blue
stainable extracellular matrix. Poly (A)+ RNA was prepared from the
cultures at various times in vitro and the splicing patterns of the fibronectin
RNAs were examined by RNase protection assays. Preliminary results
suggest that the amount of fibronectin RNA containing exon IIIA decreases
as chondrogenesis increases in the cultures. The result is consistent with
the loss of exon IIIA in fibronectin RNA that occurs during chondrogenesis
in vivo.

1326

Moduladon of Chondrocyt Differendation from Mesenehymal Stem Cdls.
1. McK. CiombQr and R.K. Aaron, Department of Orthopaedics, Brown
University and the Orthopaedic Research Laboratory, Department of
Surgery, Roger Williams Medical Center, Providence, RI.

The expression of the differentiation of chondrocytes from stem cells
has been studied mainly in chick limb bud micromass cultures. These
cultures are arduous and provide limited cell number. We have worked
with another model system for the study and modulation of chondrocytic
differentiation, in which stem cells are recruited with decalcified bone matrix
(DBM).

The process of endochondral ossification can be induced by the
introduction ofDBM into the subcutaneous space of an adolescent rat. The
inducing agent (osteogenin) causes a recruitment of mesenchymal stem cells
to the site of the implant within the first day following implantation. On day
2, the newly formed plaques are harvested and the cells are enzymatically
released and placed in culture on a membrane system. The expression of
the chondrocyte phenotype is determined by morphological assessment,
incorporation of radiolabelled sulfate into proteoglycan, and production of
mRNA to type II collagen and proteoglycan core protein. 3H TdR
incorporation is used to assess proliferation.

The differentiation of stem cells is modulated in this system by several
factors. The composition of the culture surface can be shown to be
permissive for either proliferation or differentiation. Collagen coated
membranes provide a surface which permits differentiation. Addition of
EGF to the cultures induces proliferation. bFGF induces a large
differentiative response by day 2 in culture. The time course of
differentiation varies with the exogenous factors used.

1328
In vitro Proteoglycan Synthesis in Response to Extracts of Bone Matrix. M.A
Nathanson, Dept. of Anatomy, Cell Biology & Injury Science, New Jersey
Medical School, Newark, NJ 07103.

Two extracts of bovine bone, termed BMP (Urist) and OFE (Celtrix Labs),
were tested for the ability to elicit formation of cartilage from embryonic
skeletal muscle. Skeletal muscle from 20-day rat fetuses was placed into organ
culture on substrata of type I collagen and fed on alternate days with medium
CMRL-1066 containing 15% fetal calf serum and either 50pg/ml BMP or
20pg/ml OFE. Controls on authentic bone matrix consistently produce hyaline
cartilage within 6-12 days in vitro. Experimental data indicated that only BMP
was capable of eliciting a similar morphologic transformation, even though
both extracts supported GAG and Sepharose CL2B elution profiles that were
consistent with the expected appearance of cartilage-type proteoglycan,
Aggrecan. Unexpectedly, the cell layer of cultures treated with BMP
contained little or none of the newly-synthesized proteoglycan; the latter was
lost to the culture medium. Proteoglycan produced in response to OFE turned
out not to be Aggrecan, but a proteoglycan with short GAG chains that had
only limited ability to aggregate with hyaluronic acid. These results
demonstrate that BMP is effective in promoting chondrogenesis by virtue of
its ability to upregulate both the core protein and the GAG of an Aggrecan-like
molecule. However, BMP may be only one of several factors required during
the induction of cartilage, as "accessory" matrix components appear to be
required to anchor Aggrecan within the matrix of the cell layer. BMP, then,
may be the sum of several activities that collectively upregulate
chondrogenesis. Supported by NIH grant AR37940.

1330

Charactrization of Fibronectin in Cartilage: Generation of an Antibody
to the Region of Fibronectin Encoded by the Alternatively Spliced Exon
IIlB. D.W. Brandli and V.D. BEnnett. Department of Orthopaedic
Research, Thomas Jefferson University, Philadelphia, PA 19107.

Fibronectin (FN), a large extracellular glycoprotein, is found in a
variety of tissues and participates in many critical cellular processes
including differentiation, adhesion, and migration. Heterogeneity in the
structure of fibronectin is largely due to the alternative splicing of at
least three exons during processng of the FN primary transcript.
Previously, we determined that chick cartilageFN mRNA differs from
the mRNA in mesenchyme as a result of these differential splicing
events. CartilageFN mRNA contains exon IIIB but not exon IIIA
(B+A-), while the mRNA in prechondrogenic mesenchyme contains exon
IIIB and exon IIA (B+A+). In order to characterize the FN protein
in cartilage, we have generated a polyclonal antibody (Ab) which
recognizes the region of fibronectin encoded by exon IIIB. Immunoblot
experiments with the exon IIIB Ab and an exon IIIAFN Ab indicate
that both antibodies react with the FEN present in prechondrogenic
mesenchyme. In contrast, only the exon IIIB Ab reacts with the FN
present in chick cartilages. Neither Ab reacts with chick plasma FN,
known to lack both of the regions corresponding to exons IIIB and

EIA. Thus the exon IIIB Ab appears to react with FN in a tissue-

specific manner indicating that the Ab is specific for FN isoforms

containing the region corresponding to exon IIIB. Furthermore,
characterization of cartilageFN with the exon-specific Abs confirms our

previous characterization of theFN mRNA in cartilage.
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1331
In Situ Hybridization of Alternatively Spliced Type II Procollagen N-ronptides in Human
Felal Laryngeal and Tracheal Cartilages. R.A. Reife, A.M. Nalin and LL. Sandell.
Departments of Biochemistry and Orthopaedics, University of Washington and Veterans
Administation Medical Center, Seattle, WA, 98195.

Two isoforms of type II procolagen exist. The difference between them resides in
the presence or absence ofexon 2, encoding the 69 amino acid cysteine-rich domain of the
NH2-propeptide. Type HA procollagen is defined as containing exon 2 while type IB
procollagen does not contain exon 2. We examined the distribution of IIA in catilages of
the hypophaiynx and trachea; cartilages which are not ultimately replaced by bone thus
avoiding the additional complexity of osteogenesis. Human fetal larynx and trachea
tissues from 59 - 89 days of gestation were probed for mRNAs of types IIB, IIA and I by
in situ hybridization. Hybridization of the oligonucleotide probe for type IIB mRNA
ocalized to chondrocytes of the cricoid, thyroid and arytenoid cartilages of the larynx and

cartilage rings of the trachea whil type IHA message was observed in cells of the
perichondrium. In addition, the probe for type I mRNA localized to cells of the
mesenchyme external to the perichondrium and did not appear to be synthesized by cells
expressing type IIA. Upon closer morphological examination, the type IIA-expressing
cells appeared to be fibroblastic in shape compared to the polygonal appearance of the
cells synthesizing type IIB. This study demonstrates that mRNAs for the type II
procotlagen isoforms are expressed in spatially and phenotypically distinct cell
populations during chondrogenesis. It seems that as chondroprogenitor cells mature to
chondrocytes, the pattern of collagen expression switches from type HA mRNA to type
IIB and is accompanied by an overt accumulation of a cartilage matrix. To further
examine the temporal expression of both isoforms as an indicator of their potential roles
in chondrogenesis, we employed an in Witro system where isolated periosteal cells
cultured at high density differetiate into chondrocytes and form cartilage. Cryosections
of cells after 8 days of culture were examined for procollagen mRNAs by in situ
hybridizadon and revealed that type IIA was more abundant than IIB. In contrast, after 16
days of culture, the ratios between the two isoforms reversed where IIB appeared to
predominate. Collectively, these results support our hypothesis that there is a switch
from type IIA to type IIB prior to chondrogenesis and that IIA may be the molecular
marker for chondrogenic potendal.

1333
Poly-L-Lysine Stimulation of Limb Mesenchyme Chondrogenesis Involves
Interaction with Membrane Proteoglycan. R.S. Tuan and M. Yagami
Department of Orthopaedic Surgery, Thomas Jefferson University,
Philadelphia, PA 19107.

Polyionic compounds, such as poly-L-lysine (PL) and heparin-like
glycosaminoglycans (GAG), stimulate chondrogenesis by limb mesenchyme
micromass cultures in vitro ( Devel. Biol. 11 5: 313, '86; 123: 17, 87).
Based on our recent findings (Devel. Biol., in press), which suggest a strong
Interaction between PL and GAG during modulation of chondrogenesis, we
have examined the possibility of a cell surface "PL receptor"-like
component(s) on limb mesenchymal cells. Whole chick embryonic limb
buds (HH stage 23/24) were metabolically labeled with either 35S-Met or
35S-sulfate, and homogenized for membrane isolation. The PL-binding assay
is as follows: solubilized membranes were incubated with PL(240 KD)-
impregnated nitrocellulose disks, and then washed sequentially with buffer
(to remove unbound materials), PL(4KD), lysine (0.25M and 0.5M), and
pH 10 borate buffer. The amount of radioactivity eluted with each wash and
remaining on the disk were determined. Radiolabeled materials were found
to bind to PL-disk with high specificity, and consisted primarily of high-Mr
(-180 KD) components as analyzed by SDS-PAGE. The proteoglycan nature
of the bound components is demonstrated by: 1) labeling by both 35S-sulfate
and35S-Met, and 2) chymotrypsin removal of bound Met radiolabel, but not
sulfate label (with reduction in Mr). Compositional analyses, including
nitrous acid sensitivity and glycohydrolase treatments, indicate that the
bound materials consist of heparan sulfate GAG; heparin also effectively
competes with and displaces the limb mesenchyme material in PL-binding.
Finally, the amount of PL-binding materials increase as a function of
embryonic development in vivo and culture time of the mesenchyme in
vitro. Taken together, these results suggest that a heparan sulfate
proteoglycan Is present in pre-cartilage limb bud and may be involved in
PL-mediated stimulation of chondrogenesis. (Supported in part by NIH HD
15822)

1335
gldTans Electron Mi ic Demonstration of Vimentin in

Osteoblast and Osteocyte Cell Process in Rat Bone. F. Shapiro. M.D.. C.
Cahill and R.C. Nayak,PhD, Laboratory for Skeletal Disorders, Children's
Hospital and Joslin Diabetes Center, Boston, MA 02115.

Although the intermediate filament protein vimentin has been shown to be
expressed in mesenchymal cells, its specific localization at the ultrastructural level
in bone cells has not been reported. We have examined the expression of
vimentin in rat bone by immunogold staining and TEM. After perfusion fixation
with 4% paraformaldehyde plus 0.5% or 1.0% glutaraldehyde and decalcification
in 7.5% EDTA, tissues were embedded in several resins. Araldite 502 and
Lowicryl HM20 gave poor results whereas Lowicryl K4M proved to be the resin
of choice. Sixty nanometer sections were placed on nickel formvar grids and
floated on 3% ovalbumin overnight followed by flotation on anti-vimentin
antibody (monoclonal, VIM 13.2, IgM) for two hours at room temperature.
Antibody binding was detected with gold conjugated goat anti-mouse IgM (i).
Control staining was performed by omission of primary antibody and also with a
control antibody (MOPC 104 E, IgM myeloma protein). Results. We
demonstrated very good binding on the cell processes and cell body intracelular
filaments in both osteoblasts and osteocytes with minimal matrix binding at
preferental concentrations of 1:25. In the control studies there was no uptake in
cells or matrices. The discernable uptake was present over the intracellular
filaments at the periphery of the cell body cytoplasm near the point of exit of the
cell processes and in the cell processes of both osteoblasts and osteocytes.
Preferential uptake adjacent to the gap junctions linking cell processes in the
canaliculi was not seen. Although dense uptake in the cell processes was seen on

occasion, most filaments show no uptake. It is a point of current investigation
whether this is antibody-concentration related or indicative of the existence of
other filamentous processes.

1332
mtof losbketaraiz on by metlic subs t &es,&K Sinhaad RS. Tn.

Dept. ofOrthpec Surgy,Thoma Jeffason University, Philadelphia, PA.
The composition and topography of a biomateral substrate exert substantial effects oecell

attachment and morphology (J. Cell Biol, 115:448a, 1991. We decribehee differaeos amoUng
various orthopedicaily relevant materials in acin fdlament reorganization in cultured nonmal
human osteobiasts. The substrates used (Biomet, Inc.) were of two chemical compositions--
Ti6AI4V (It) and CoCrMo (CC); and two different topographies--polished (PdI) ad rough
(R; 4.62X the surface area of Pol). Tissue culture polystyrene (PS) was the control substrate.
The clls were plated at 10,000/ctm2 and at 3,6,12 or 24 hours were stained with rhodanine-
phalloidin. Morphology was analyzed based on 100 nonovesiapping high power fields on two
separate sample preparations for each surface and time point. Upon PS, the proportions of the
three distinct morphological arrangements changed as a function of time: Type I cells-- faint
staining, no disernible actin filaments, most abundant at 3h but decreased over ime; Type II
cells-- cortical filaments below the membrane and a few radially oriented filaments, pecentage
increased from 3 to 6 h but decreased thereafter; Type HI cells- distict actin filaments aligned
paalld to the long axis of the cells, percentage inceased steadily with time. The temporal
sequence of each cell type suggests that Type I cells represent little cytoskeletal organization,
Type II cells are intermediate, and Type III cells have the greatest degree of cysoskeletal
organization. For the Ti surfaces, at 3h, there were a greater percentage of Type HI cells on R
Ti (55.04%) than on Pol Ti (22.73%). This diffeence remained at 6h (71.15% vs 44.84%),
equalized at 12 h (79.36% vs 74.39%), but became reversed at 24h (73.88% vs 89.06%).
Upon CC surfaces, a similar relationship was observed. At 3h, the percentage of Type III
cells was higher on R CC (34.61%) than on Pol CC (15.59%). Again, this differenee was
sustained at 6h (52.21% vs 37.95%), but was equalized at 12h (54.02% vs 58.11%) and 24h
(79.11% vs 80.18%). Comparing Ti to CC, there was a higher pcrentage oflype III cells on
Pol Ti vs Pol CC at all time points, and a higher percentage on R Ti vs R CC at all time
points except 24h. Thus, the initia rate of cytoskeletal organization in human osteoblasts is
influaened by surface chemistry (Ti faster than CC) and topography (R faster dtan P). These
differences in early cell-substratum interaction may result from the surface chemistry and
surface ara (Supported by NIHHD15822 and AR01877)

1334
Tenascin plays a role in early cartilage formation, LJ IBrooks and M.L
anzer, Department of BioStructure and Function, University of

Connecticut Health Center, Fannington, CT 06030.
The extracellular matrix glycoprotein, tenascin, shows a unique pattern

of temporal and spatial distribution in the developing avian limb bud.
Micromass culture conditions which allow chondrogenesis of chick limb
bud mesenchyme simulate in vivo developmental events, and such cultures
have been used in the present studies. The purpose of this investigation
was to demonstrate the effect on chondrogenesis of blocking the function
of tenascin through addition of anti-tenascin antibody. The monoclonal
antibody, M1-B4, against tenascin was raised in ascitic fluid, then purified
by affinity chromatography through Protein-G Sepharose. When purified
antibody IgG was added to micromass culture media at a concentration of
10 Itg/ml, chondrogenesis was inhibited. Alcian blue stain bound to
cartilage matrix was extracted with 8M guanidinium chlorsde and
quantified by spectrophotometry. Micromass cultures of stage 23/24 whole
wing bud mesenchyme treated with anti-tenascin antibody during the five-
day culture period exhibit one-half the amount of stained matrix in
comparison to untreated cultures or those exposed to 10 itg/ml non-specific
IgG. To determine whether cultures in the three groups contained
equivalent numbers of cells, cell counts were performed with a
hemocytometer after digestion of cultures with 0.25% trypsin and 0.1 %
collagenase. Cell counts were not affected by antibody treatment lhese
data suggest that tenascin promotes chondrogenesis in micromass culture
of avian limb mesenchymal cells.

1336
Expression and Functional Involvement of N-Cadherin during Cartilage
Development in the Chick Embryonic Libt Bud. S.A. Oberlender and R.S. Tuan.
Departments of Orthopaedic Surgery and Biochemistry and Molecular Bioiogy,
Thomas Jefferson University, Philadelphia, PA 19107

Prior to chondrogenesis, the pre-cartilage mesenchyme of the deveioping limb
bud undergoes a crucial cellular condensation phase. Because condensation is
most lkely dependent on cell-cell interactions, we have examined the Involvement
of N-cadherln, a neural Ca-dependent cell adhesion moWicue. Using NCD-2, a
monoclonal antibody directed against the binding region of N-cadherin, our
immunohistochemical studies demonstrate that N-cadherin is expressed on Umb
mesenchymal cell surface In a deveiopment-specific manner. High levels of staining
occur around H-H stage 24/25, corresponding to the period of cellular
condensation in vivo. At later stages, when cartilage growth is apparent, N-cadherin
is iocalized to the surrounding mesenchyme and perihondrium, but not in the
growing cartilage core. In additon, imrmunohistochemistry of limb mesenchyme
cultured as micromass in vitro, reveals N-cadherin protein expression in distinct
cellular aggregates. Immunoblot analysis of Umb bud protelns using NCD-2 reveals a
single protein band around 130 kD, corresponding to N-cadherin, which increases
as a function of limb deveiopment. N-Cadherin is detected as early as H-H stages
17/18. In situ hybridization using N-cadherin cDNA reveals N-cadherin mRNA
expression as early as H-H stage 17/18, and continued expression through limb
bud development and chondrogenesis. To examine the functional importance of N-
cadherin, NCD-2 antibodies were added to micromass cuitures of Umb
mesenchyme, which Inhibited chondrogenesis in a concentration-dependent
manner, perhaps by Interfering with active recruiment of uncommitted
mesenchymal cells into growing cartilage nodules. These rsults demonstrate that
N-cadherin is expressed in a deveopmernt specific manner In the limb bud, and
Implicates a specift role for N-cadhedn in chondrogenesis, such as mediating cell-
cell interactions during mesenchymal condensation. (Support: NIH HD15822)
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1337
Inhibition by Estrogens of Differentiation of Cultured

Hemopoietic Stem Cells into Osteoclast-like Cells.
T. Tsutsui', N. Iwasaki' and H. Ishikawa3, Department of

Pharmacology', Periodontology1 and Endodontology3, The Nippon

Dental University, Tokyo 102, Japan.
To examine a possible involvement of estrogens in the

differentiation of hemopoietic stem cells (HSC) into osteo-

clasts, HSC were treated with estradiol or diethylstilbestrol
(DES) and the incidence of multinucleated cells with a

tartrate-resistant acid phosphatase (TRAP) activity was scored.

HSC from a mouse spleen were cultured for 7 days with methyl-

cellulose medium containing interleukin-3 (IL-3) to form

colonies consisting of blast cells. The blast cells were

replated on 24-multiwell plates at 1.5X10+ cells per well with

IL-3 medium (e -MEM + 5% fetal bovine serum + 10% IL-3 supple-

ment). Following 3 to 10 days of incubation, the cells were

exposed for 3 to 10 days to l0nM 1l ,25-dihydroxyvitamin D3

(1' ,25(0H)5D3) and stained to detect TRAP activity. The

incidence of TRAP-positive multinucleated (TRAP) cells were

increased by the exposure to l ,25(OH)2Da. The highest
incidence was induced when the blast cells were cultured with

IL-3 medium for 5 days and subsequently exposed to lo ,25-

(OH)2D3 for 3 days. Treatment with estradiol or DES for 3 days

at 1pM to lnM resulted in decrease in the incidence of TRAP

cells in a dose-dependent manner. The results indicate that

treatment of hemopoietic stem cells from a mouse spleen with

estrogens inhibited the differentiation of the cells into

osteoclast-like cells. This suggests a direct response of

estrogens to cells of the osteoclast lineage, and a regulation

by estrogens of differentiation of the cells.

1339

Effects of Recombinant Human Osteoaenic Protein

(hOP-1) on the Differentiation of Osteoclast-like

Cells and Bone Resorotion. T.A. Hentunen, P.T.

Lakkakormi, J. Tuukkanen, T.K. SamUath and H.K.

Vaananen, Department of Anatomy, University of Oulu,

Oulu, Finland and Creative BioMolecules, Inc.,

Hopkinton, MA 01748.
Both purified bovine bone osteogenic protein and

recombinant hOP-1 have previously been shown to be

equally potent in bone induction in vivo. Here we

show that recombinant hOP-1 significantly and in a

dose-dependent manner stimulates the formation of

tartrate-resistant acid phosphatase-positive

multinucleated cells in rat bone marrow culture. The

effect of hOP-1 on osteoclast-like cell formation

was further enhanced (8-fold) when 1,25(OH)2D3 was

present in the culture. In addition to hOP-1, the

presence of 1,25(OH)2D3 was needed to induce

multinucleated cells capable of bone resorption.

hOP-1 at the concentration of 20 ng/ml also

stimulated bone resorption by measuring 45Ca-release

in neonatal mouse calvaria-assay and by counting the

resorption pits on bovine bone slices made by

isolated rat osteoclasts. Interestingly,

concentrations below 20 ng/ml and above 40 ng/ml did

not have any effect on resorption. These and

previous studies indicate that OP-1 could be one of

the coupling factors in bone remodellation.

1338
OST-EOBLASI'S AND OSTEOCLASTS SECRETION AND ACTIVATION OF
LATENT TRANSFORMING GROWTH FACTOR-P. MJ. Oursler. B.L Ris, and
T.C. Soelsberg. Mayo Clinic and Foundation, Rochester, MN 55905.

Normal bone metabolism involves a finely-tuned coupling between osteoblast
(OB)-mediated bone formation and osteoclasts (OC)-mediated bone resorption. This
coupling suggests that autocrine and paracrine factors are produced within the bone
environment. Transforming growth factor (TGF-P) is a potent cytokine which
influences bone metabolism by modulating the activities of both OBs and OCs.
Osteoblasts synthesize TGF-P as a latent complex which must be activated in order to
influencecellular activity,and OCs are known to activate this latent complex. Therefore,
a likely candidate for a paracrine coupling factor may be TGF-P. Glucocorticoids have
diverse effects on bone metabolism including involvement in glucocorticoid-induced
osteoporosis. We have investigated the influence of dexamethasone (DEX) on the
secretion and activation of istent TGF-P by normal human OB-like ceDs (hOB). We
have also examined highly purified avian OCs for synthesis of TGF-P, and investigated
the mechanism by which avian OCs activate the latent TGF complex. TGF-P protein
production was measured in conditioned media usinggrowth factor inhibitionof CCL-64
cells, and verified by blocking the effects with anti-TGF-P antibodies and northern
blotting. Both hOBs and OCs secreted measurable TGF-P within 4 hours of culture.
Nearly ali the secreted OC TGF-P and hOB TGF-P from Dex treated cells were

activated. When presented with exogenous latent TGF-P, both OCs and DEX treated
hOBs activated latent TGF-P from various sources. Furthermore, both hOBs and OC
conditioned media retained the ability to activate latent TGF-P during cell-free
incubations at 37C. Activation was inhibited by protease inhibitors and weak base
treatment of the cels. DEX treatment of hOBs resulted in a dose-dependent increase
in lysosomal protein mRNAs. Taken together, these data suggest that DEX treatment
of hOBs induces production and secretion of lysosomal proteases which could activate
the TGF present within the bone environment. Both OCs and OBs may therefore
activateTGF-P which thenmight be involved in autocrine and paracrine effects on bone
cells.

1340

Non-genomic Regulationof Osteopontin (OPN. Sppl) Charge State
by 1.25-Dihydroxyvitamin D%, R. E. Devoll R. Khouy G. C.Wrigbt

.
T. Butler. and M.C. Farach-Carson. Department of Biological

Chemistry, University of Texas Dental Branch, Houston,TX 77030
Previous studies have shown that in the presence of low nM

levels of 1,25(OH)2 vitamin D3, both the mRNA and protein levels of
OPN produced by osteoblasts are increased. This increase is
mediated through a cis-element upstream of the OPN gene (VDRE)
which is recognized by the vitamin D receptor (VDR). Using
osteoblast-like ROS 17/2.8 cells as a model, we found that this up-
regulation of OPN assessed by Northern blotting is relatively slow and
is maximal after 24-48 hours. In contrast, we have found that in the
presence of 2.5 nM 1,25(OH)2D3, the isoelectric point of OPN
measured following 2-D gel electrophoresis rapidly changes from 4.6
to 5.1 without a shift in apparent molecular weight. This change in
charge state is apparent within 3 hours of treatment with
1,25(OH)2D3, far too quick to be accounted for by a genomic
mechanism. We have isolated OPN from the conditioned medium of
ROS 17/2.8 cells either with or without exposure to 2.5 nM
1,25(OH)2D3. Experiments are underwaywith the purified proteins to
identify the molecular mechanism for the shift in charge state, which
we believe to occur through a change in post-translational
modificaton. (Supported by R01 AR39273)

Extracellular Matrix and Cell Signaling (1341-1342)
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The Organization of Extracellular Matrix Regulates PDGF-

Induced DNA Synthesis and Autoohosohorylation of PDGF

Receptors. Y.-C. Lin andF. Grinnell, Department of Cell Biology
and Neuroscience, University of Texas, Southwestern Med Ctr,

Dallas, Tx 75235.
Collagen matrices contracted in vitro by fibroblasts

acquire morphologic and biosynthetic features similar to

wound tissue or dermis respectively depending upon whether

or not stress is allowed to develop in the matrices during

contraction. Previous studies have shown that fibroblasts in

stressed but not relaxed collagen matrices proliferate in

response to serum stimulation. To learn more about the role

of extracellular matrix organization in regulation of

fibroblast proliferation, we studied DNA synthesis and

intracellular signaling pathways for DNA synthesis induced by

PDGF treatment of fibroblasts in stressed and relaxed

collagen matrix cultures. Fibroblasts in relaxed collagen

matrices showed reduced PDGF-induced DNA synthesis and

tyrosine phosphorylation of PDGF receptors compared to
fibroblastsin stressed collagen matrices. On the other hand,

the number of PDGF receptors and their clustering,

internalization, and down-regulation were similar for

fibroblasts in relaxed and stressed collagen matrices.

Therefore, the loss of fibroblast proliferative capacity in

relaxed collagen matrices can be explained by a reduction in

the ability of PDGF receptors to undergo autophosphorylatlon.

1342

Struc FeaturesofFlbronectdnMFn)Reqird for Regulation of Matrix
MetalallQuMolainzsemOMIdD.E sioun dFocal Contlact Formation. G.
Santos, P. Tremble, J. Schwarzbauer, Z. Werb and C. Damsky.
University of California San Francisco, CA 94341-0512, and Dept. Biol.
Princeton Univ., Princeton, NJ.

Rabbit synovial fibroblasts (RSF) express low levels of MMP
when plated on intact Fn and enhanced levels when plated on the12OkD
cell binding domain, orinmobilized antibody against theaS/B1 Fn
receptor (Werb, et al 1989 JCB 109).This suggests that the ability of
RSF to regulate MMP expression depends ontheir ability to recognize
sites within the cell binding domain, via OMI. and outside this domain
via as yet unknown receptor(s). To detrmine which domains of Fn are
required to control MMP expression, dimeric constructs with specific Fn
domain composidon have been used as substrateligands for RSF, and
expression of interstitial collagenase and the 92 kD gelatinase was

monitored. RSF plated on dimeric recombinant cellular Fn.expressed
basal levels of these MMP. RSF plated on a dimeric Fn construct
containingtype m repeats 3-15, but lacking the N-terninal assembly and
collagen binding domains expressed elevated levels of MMPas did RSF
plated on a construct lackdng onlytype I repeats 1-7. RSF plated on
intact Fn displayed well orpnized focal contacts. In contrast, conditions
thatsupported elevated MMP expression resulted in poor localiztion of
both and cytoskeletal proteins to focal contacts. This approach
should allow us toidentify specific regions of Fn outside the cel binding
domiun that contol M aswel asrecptr(s) thatcooperate with5 AI1
in comununicadng this informaton tothe signaling nmchinery of the cell.
Supported by CA42032, DE-AC03-76F01012.
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Ectopic expression of integrin raffiJ suppresses in vitro growth and
tismorigenicity of human colon carcinoma cells. LAA-Varner., L H.
Fisher. and R. L. Juliano. Department of Pharmacology, University
of North Carolina, Chapel Hill, NC 27599 (spon. by R.L. Juliano)

The integrin superfamily of a P heterodimers
mediates the adhesion of most mammalian cells to a

variety of extracellular matrix ligands and to some
recently described cell surface immunoglobulin
superfamily molecules. Although several integrin
receptors for vitronectin, collagen, or laminin (a v p3,

Q6 P t, 3c l, a 2 P I) impart tumorigenic or metastatic
capabilities to the transformed cell, overexpression of
the fibronectin receptor (a lpi) in Chinese hamster
ovary fibroblasts (CHO) has been associated with loss
of tumorigenicity. We have expressed the fibronectin
receptor alpha subunit (a S) in HT29 colon carcinoma
cells, which, like most adult epithelial cells and many
carcinoma lines, do not normally express alpha S and
thus exhibit minimal adhesion to fibronectin. In
addition to imparting significant cellular adhesion to
fibronectin, focal contact formation and signal
transduction events commonly associated with a 5 p l, the
classical fibronectin receptor completely suppresses
the tumorigenicity of human colon carcinoma cells in
nude mice as well as depresses the growth of
transfected cells in vitro. We are studying the growth
inhibitory signals transduced by the fibronectin
receptor.

1345

Sinnallinn Kw Intearins: The p FEK Trosainge Kinase
Conneqtion. U Korrnbera, HS Earp.JPasn;RL
Ju,ifflao- Departments of Pharmacloly a

University of North Carolina Chapel Hill NC 27599 and
Department of Microbiology3, University of Virginia,
Charlottesville, VA.

The interaction of cell surface integrins with the ECM
leads to profound changes in cell behavior. This suggests that
integrins transmit biochemical signals. We have recently
shown that changes in tyrosine phosphorylation of a 130 kD
protein(s) (ppl3O) may be involved in integrin-signalling
(Kornberg, et al. Proc. Natl. Acad Sci, 88: 8392). We now
demonstrate that one component of the pp130 protein fak
complex reacts with an antibody generated against p125
which is a focal adhesion-associated tyrosine kinase (Schaller,
et al..Proc. Natl. Acad Sc., 89:5192). Both antibody mediated
integrin-clustering and adhesion of KB cells to fibrorl tin
leads to increased tyrosipQ phosphorylation of p125A. The
phosphorylation of p125.aI is coincident with adhesion of cells
to fibronectin and is max al prior to cell spreading. Tyrosine
phosphorylation of p125 is induced when KB cells are
allowed to adhere to fibronectin, collagen, or laminin, but is not
induced on polylysine. When KB cells are subjected to
immunofluorescence microscopy, p125 co-localizes with talin
in focal adhesions. These data lend further evidence that
tyrosine kinases are involved in integrin signalling.
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Oligosaccharide(s) in the Extracellular Coat of Sea Urchin Eggs
(the Egg Jelly Coat) Induce the Acrosome Reaction. S.H. Keller
and V.D. Vacquier, Scripps Institution of Oceanography, Uni-.
versity of California, San Diego, La Jolla, CA 92093.

The major signal transduction event in sea urchin fertil-
ization is the induction of the acrosome reaction (AR) when
sperm contact the extracellular egg jelly coat. A glycoprotein
fraction induces the AR not the fucose-sulfate polymer (Keller
and Vacquier, unpub. data). Here we summarize evidence that
oligosaccharide components are sufficient to induce the AR. (a)
A strong alkaline hydrolysis with sodium borohydride (IM NaOH,
4M NaBH 60 C, 48 hr) should cleave peptide bonds but leave
oligosaccharides relatively intact; proteinase-K treatment
should produce the same result. Our results demonstrate that
AR inducing activity remains (although lowered by one-half)
after jelly samples are treated separately by the above treat-
ments. (b) Strong alkaline hydrolysis without sodium bor-
ohydride should destroy protetns and alter oligosaccharides by
a peeling reaction. We found that AR activity its inhibited
with this treatment. (c) After whole egg jelly is treated
with PNGase-F, the fucose-sulfate-protein glycoconjugate ab-
sorbed on SM-2 resin (which should remove proteins) and the
flow-through fractionated on a Sephacryl-200 column, molecules
included within the column volume have AR activity. This
active fraction is not included without PNGase treatment, it
strongly reacts with the phenol-sulfuric assay indicating the
presence of neutral sugars.

1344
Twoine hbtrEffects on C ftos nand Cell Motility.

Rogn1LC.E.Y_3, and i BUrridgs3. Pediatric Critical Carel, and Cell Biology and

Anatomy3, University of North Carolina at Chapel Hill, 27599-7220, and 2Dept of
Anatony and Cell Biology, SUNY Health Sciences Center, Syracuse, New York

Integrin-mediated cell adhesion is accompanied by an increased level of tyroine
phosphorylation in the proteins paxillin (701kD) and ppl25FAK. The tyrosine kinase
inhibitor herbimycin A blocked the adhesion-associated tyrosine phosphorylation in
paxillin and ppI25FAK, as measured by Western blotting and immunoprecipitation. To
investigate the importance of tyrosine phosphorylation in cytoskeletal assembly during
adhesion, REF52 were plated on fibronectin-coated surfaces in the presence or absence of
875nM herbimycin A. Many of the cells treated with herbimycin A had a marked
decase in the size and number of focal adhesions when stained with antibodies against
phosphotyrosine, paxillin, ppl25FAK, and atain. In addition, a pawcity of stress fibers
was noted in the herbimycin A-treated cells. Cell spreading was also diminished in the
REF52 treated with herbimycin A. We then investigated the role of tyrosine
phosphorylation in cell migration. Human umbilical vein endothelial cells grown to
confluence on gelatin-coated coverslips and wounded with a pipette tip were stained for
phophotyrosine. Increased tyrosine phosphorylation was seen in the focal adhesions of
cells at the wound margins. Western blotting of cell extracts identified increased
phosphotyrosine in a band at 125 kD in the samples from multiply wounded monolayers
as compared with intact controls. The addition of several tyrphostins to endothelial
monolayers delayed the time to wound closure from 48 hours for untreated and DMSO-
treated controls to 96 hours for tyrphostin-treated monolayers. Tyrphostin-treated cells
demonstred a decrease in focal adhesions and stress fibers. We conclude that tyrosine
phosphorylation serves an important role in the cytoskeletal reorganization events that
enable cell speading and motility. Supported by NIH grantsGM 29860, and HL 44918.

1346
Si Trasmits Mchaal Forcs Acoss thc Cell Surface and to the

Cytosltcleto. LHu-, J.P Btler, and -E. Inaher. Respiratory Biology Program,
Harvard School Public Health; Depts. of Surgery & Pathology, Children's Hospital &
Harvard Medical School, Boston, MA 02115

Studies were carried out to identify molecules that mediate mechanical force
transmission across the cell surface. A cell magnetometry system (Valberg & Butler,
Biophys. J. 52:537, 1987) was adapted in order to apply mechanical loads directly to
specific cell surface receptors, independent of any global cell shape change. Adherent
cells were allowed to bind to ferromagnetic beads (3.5 um diam.; approx 5/cell) coated
with specific lignds for transmembrane integrmn receptors (RGD-conta;inwg peptides,
anti-integrin B1 antibodies) or with non-specific ligands (e.g, acetylated-LDL which binds
to scavenger receptors). The magetic moments of al beads were aligned and then
magneticaly twisted in a perpendicular direction using applied magnetic fields. Stress
(applied force), strain (angular rotation of beads in the direction of the twising field), and
elastic recoil (angplar rotation in the opposite direction when the twiting field is turned
off) were all quntitated. In cells bound to RGD-beads, we found that incasing the
stress applied to cell surface receptors from 7 to 40 dynes/cm2 resulted in a increase in
both cytoskeetal stiffnss (30 to 90 dynes/cm) and elastic recoil (4 to 110). This
alteration of cytosklekt mechancswas preventedwhen soluble GRGDSP (1 mg/ml) was
included in the medium; GRGESP was ineffective. Importantly, beads coated with anti-
81 antibodies mediated similar transfer of mechanical forces to the cytoskeleton whereas
acetylated.LDL beads had no effect. These data demonstrate that a single type of
transmembrane molecul, integrin B1, can mediate mechanical force transfer across the
cell surface and thereby produce a cytoskeletal response. This finding is constent with
the concept that integrins act as mea ptors and provide a molecular mechanism
for mechanochemical transduction across the cell surface (Ingber, Curr. Opin. CelL BioL
3:841,1991). [Supported by NIH grants HL33009 & CA45548 and byNASA grant NAG-
9-430.]

1348
Hyaluronic Acid Induces Lyphocyte Signal Transduction and

GP85/CD44-Cytoskeleton Interaction. Lilly Y.W. Bourguignon, ian
Zhang and W. Glenn L. Kerrick. Departments of Cell Biology &
Anatomy and Physiology and Biophysics, University of Miami
Medical School, Miami, FL 33101 (Spon. by Robert Warren.)

Hyaluronic acid (HA) is a major extracellular
glycosaminoglycan found in many types of extracellular matrix in
mamalian systems. Recently, the hyaluronan receptor (the HA
binding site) has been shown to be identical to GP85 (CD44)
which has been implicated in lymphocyte homing-related cellular
adhesion. In this study we have examined various signal
transducing events occurring after HA binding to its receptor on
a mouse T-lymphoma cells. Our results indicate that the
concentration of intracellular Ca2+ (as measured by Fura-2
fluorescence) increases as early as 2-5 min after the addition
of HA to the cells, Calcium channel blockers, such as nifedipine
and bepridil, readily inhibit HA-induced Ca2+ mobilization.
Following the increase of intracellular Ca2+, hyaluronic acid
receptors (GP85/CD44) form surface patched/capped structures.
Cytoskeletal proteins such as actomyosin, fodrin and ankyrin,
are preferentially accumulated underneath the HA-induced
GP85/CD44 patched/capped structures. The Ca2+ ionophore,
ionomycin stimulates HA-induced receptor patching and capping.
Various agents, such as EGTA (a Ca2+ chelator),
nefedipine/bepridil (Ca2+ channel blockers), W-7 (a calmodulin
antagonist) and cytochalasin D (a microfilament inhibitor),
inhibit HA-induced receptor redistribution. These findings
suggest that the sub-plasma membrane actomyosin contractile
system, which is regulated by Ca2+ and calmodulin, is involved
in hyaluronic acid-mediated lymphocyte adhesion function.
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