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THE OCCURRENCE AND TRANSLATION OF

STABLE MESSENGER RIBONUCLEOPROTEIN COMPLEXES

IN THE CYTOPLASM OF ACETABULARTIA MEDITERRANEA

CHAPTER 1

INTRODUCTION

Acetabularia mediterranea and related species belonging to

the family Dasycladaceae have been widely studied since the pioneer-
ing efforts of Himmerling (1931, 1932, 1935, 1963). These organisms
are quite large - some species reaching lengths of 200 mm (Berger,
Sandakhchiev and Schweiger, 1974). They are unicellular and a single
nucleus is located in the basal rhizoid during most of the life cycle.
Each species proceeds through a series of characteristic stages to a
characteristic adult morphology. This morphogenetic development has
been descriﬁed for a number of speéieé (Berger, Sandakhchiev and
Schweiggr; 1974 and Schweiger, et al, 1974).

Himmerling showed that the cells may be easily enucleated by
amputating the rhizoid. The cells readily survived enucleation pro-
cedures and their morphogenetic development proceeds in a normal fash-
ion. Enucleated fragments increase in length over a period of weeks
and are capable of developing normal gametotangia (caps) and synthesiz-

ing protein in a regulatedvmanner identical to nucleated cells several

1
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weeks after removal of the nucleus (Sperncer and Harris, 1964;
Brachet, 1967; Himmerling, 1963). Morphogenesis may be modified by
transplanting nuclei from a donor species into the enucleated cyto--
plasm of a recipient species. Such manipulations have established
that the development of the morphology that is characteristic of each
gpecies ig determined by the nucleus.

These observations led Himmerling (1932) to postulate the
existence of "morphogenetische Substanzen' that were the controlling
factors in morphogenesis. He postulated that these specles-specific
"morphogenetische Substanzen" originate in the nucleus and exhibit
stability over a long period of time. The exact chemical nature of
these "Substanzen" has been the subject of much research (Brachet,
1964; Himmerling, 1963; Werz, 1969; Kloppstech and Schweiger, 1975
a,b). Messenger ribonucleic acid (mRNA) has been postulated to be
identical to these "Sgbstanzen", but final proof has been lacking.

Kloppstech and Schweiger (1975 b, 1976) have isolated poly-

adenylated RNA from Acetabularia mediterranea that has a number of

properties that coincide with those of the "morphogenetische Substan-

zen'':

it is synthesized in the nucleus, is rapidly transported to

the apical end of the cell, is stable in the cytoplasm (half-life of
10 days) and is capable of inducing peptide synthesis in a cell-free
system from wheat germ (Schweiger, 1977). The nature of the peptides
synthegized has not bheen fnllviinvestigated.

Other studies have demonstrated that the nucleus is involved

in the regulation of non-morphogenetic events in the cytoplasm, For



example, the nucleus determines the differences observed in the
number and electrophoretic mobility of the isoenzymes of malate
dehydrogenase (Schweiger, Master and Werz, 1967; Sandakhchiev,
Niemann and Schweiger, 1973; Berger, Sandakhchiev and Schweigér,
1974) and of lactate dehydrogenase (Reuter and Schweiger, 1969)
among several species of Acetabularia.

The above observations are examples of the numerous lines
of evidence which support the conclusion that messenger ribonucleic
acid can exist for long periods of time in the cytoplasm of Acetabu-
laria in the absence of the nucleus. This information (presumably
in the form of RNA) is stable in the cytoplasm despite the existence
of very active ribonucleases in intact and enucleate cells (Schweiger,
1966).

It has been postulated that the combination of mRNA with
protein ("informosomes") could protect the messenger ribonucleic acid
from endogenous ribonuclease, regulate the transport of the messenger
ribonucleic acid from the nucleus to the cytoplasm and regulate trans-
lation by the specific binding and blocking of mRNA by regulatofy
proteins (Spirin, 1969). Attempts to isolate messenger ribonucleo-
protein particles (mRNPs) from Acetabularia have not been successful
to date. Kloppstech and Schweiger (1975a) found RNPs of buoyant

density = 1.4 g/ml (in CsCl) in Acetabularia mediterranea. This is
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in fish embryos (Spirin, 1969). However, the RNP's found by Kloppstech



and Schweiger were synthesized in enucleate as well as nucleated
cells. The synthesis of these RNP's, therefore, could not be
controlled by the nucleus. Alexeev, et al (1974) isolated RNPs

from Acetabularia crenulata with a buoyant density of 1.4 g/ml in

CsCl. These RNPs were injected into non-growing enucleate cell
fragments and induced incomplete morphogenesis in 107 of the injected
cells,

Messenger ribonucleic acid in the form of mRNA transcribed
from nuclear genes and sequestered in the cytoplasm in the form of
mRNP for long‘periods without translation should be detectable. It
should be possible to isolate mRNP from youﬁg cells that directs the
in vitro synthesis of proteins that are normally found only in older
cells. We have undertaken to identify a protein unique to older cells
and to demonstrate the existence in younger cells of the messenger

ribonucleic acid necessary for its synthesis.



CHAPTER II
MATERIALS AND METHODS

.Materials

Ingtant Ocean was purchased from Aquarium Systems, Inc.
(Eastlake, Oh.). [5,6-3H]-uridine, 40 Ci/m mole, and L-1-1%cC-
leucine, 342 mCi/m mol were purchased from Amersham Corporation
(Arlington Heights, Ill;). 5-3g-uridine, 26.7 Ci/m mol,
L-[3,4,5-3H(N) ]-leucine, 78.2 Ci/m mol, L-[alanine-3-3H(N)]-phenyl-
alanine, 16.1 Ci/m mole, Aquasol liquid scintillation cocktail and
PPO(Z,S;diphenyloxazole) were purchased from New England Nuclear
(Boston, Mass.). Tritiated radioisotopes were stored at 4°C.
Carbon-14 radioisotopes were stored at -20°C. Tritiated uridine
lsolutions were made 707 (v/v) with respect to ethanol. The ethanol
was removed before use by flash evaporationm.

Sephadex G-25 Medium was purchased from Pharmacia Fime Chemi-
cals (Piscataway, N.J.). Sodium dodecyl sulfate (SDS) was recrystal-
1ized by a modification of the Decker and Foster (1966) procedure.
One hundred forty grams of SDS was dissolved in 1f of 70% ethanol at
70°C. One gram of clean Norit A (Thomson, 1969) was added. The mix-

ture was filtered through Whatman #1 filter paper and precipitated at



-20°C overnight. The crystals were washed with 957 ethanol on a
Buchner funnel and dried under vacuum. Acrylamide was recrystallized
by dissolving 140 g in 1£ chloroform at 50°C and filtering through
Whatman #1 filter paper. This was precipitated at -20°C overnight.
The crystals were washed with cold chlbroform on a Buchner funnel and
dried under vacuum. N,N'-methylenebisacrylamide was recrystallized
from acetone. Twenty grams were dissolved in 1, precipitated over-
night at -20°C, washed with cold acetone and dried under vacuum.

Bovine serum albumin (Cohn fraction V), cytochrome C (type
II-A), agarose (type 1, low EEQ), and chicken egg albumin (grade V)
were purchased from Sigma Chemical Company (St. Louis, Mo.). Human
gamma globulin (frgction I1) was purchased from Pentex (Kankakee, I1l.).

Nonidet P-40 was purchased from Deutsche Shell-Chemie GmbH
(Hambiirg) . Cesium sulfate was purified according to Szybalski (1968)
and Wilt (1973). Bentonite was pﬁrchased from Sigma Chemical Co. and
purified according to Fraenkel-Conrat, Singer and Tsugita (1961).

Complete Freund's adjﬁvent was purchésed from Difco (Detroit,
'Mich.). Proteinase K was obtained from E. Merck (Darmsﬁédt). Escheri-
chia Coli, strain D-10, was a gift from Dr. Leon Unger, University of
Oklahoma Health Sciences Center. Pol}ribosomes were prepared from late
log D—lO'cultures by the method of Godson and Sinsheimer (1967). RNA

was isolated from polyribosomal pellets by deproteinization with

(Kloppstech and Schweigef, 1975b).



Xenopus laevis were purchased from Nasco (Ft. Atkinson,

Wis.).

Radioactivity was determined by counting in a Beckman Model
LS-133 Liquid Scintillation Spectrometer. Counts per minute were
converted to disintegrations per minute (DPM) by the external standard

ratio method.

Methods

Culture of Acetabularia mediterranea

Dormant cells, 1-2 mm long ("Keimlinge"), of Acetabularia
mediterranea were maintained at 20°C in Miiller's medium (Miller, 1962)
in'constant darkness. The keimlinge were illuminated at approximately
3 month intervals for 3-4 days under standard conditions of light and
temperature (Keck, 1964). Growth of the cells was initiated by adding
a suspension of the keimlinge stock culture containing 100-260 cells to
200 ml of sterile medium in 1 liter Roux flasks. The flasks were incu-
bated under standard conditions. The initial cultures were subdivided
when the cells reached a length of 10-15 mm, so that each Roux flask
contained 50-100 cells in 200 ml of medium. All transfers or other
manipulations of cells were performed under aseptic conditions,

Standard culture conditions were 21°C in Sherer RI 24 and RI
48 incubators. Lights were turned on at 08:00 CST and off at 20:00
CST. Illumination was provided by a mixture of Westinghouse "Cool-
White" and General Electric "Gro-and-Sho" fluorescent bulbs., Lights

were placed 12-16 cm above the culture flasks. Two thousand six hundred



ninety Lux from the "Cool-White" and 1345 Lux from the "Gro-and-Sho"
bulbs illuminated tﬁe cultures. Crumpled sheets of aluminum foil were
placed under the culture flasks to enhance illumination.

Miller's medium, Shephard's medium (Shephard, 1969) and modi-
fied Instant Ocean were used in various portions of the research. The
compositiﬁns of the three media are given in Table 1. Muller's medium
and modified Instant Ocean were sterilized by passage through a Milli-
pore type AP 25 prefilter and a Millipore type HA filter. Two-liter
volumes of Shephard's medium were autoclaved for 25 minutes at 121°C.

A standard vitamin composition was adopted for use in all media. One
ml of filter—éterilized standard vitamin solution was a&ded to each
liter of medium. This vitamin mixture contained 300 ug/ml thiamine-HC1,
20 pg/ml p-aminobenzoate, 10 ug/ml Ca-pantothenate, 5 ug/ml biotin, and
4 pg/ml vitamin B-12.

The bicarbonate ion concentration in modified Instant Ocean
was much higher than the other media. Mature cells grown in this medium

developed rigid, calcareous crusts,

Isolation and Characterization of Proteins

Acetabularia mediterranea cells were blotted dry on Whatman

#1 filter paper and weighed. . The cells were resuépended in .a concen-
tration of 200 mg per ml of Studier (1973) sample buffer without bromo-
?hencl-blué (BPBR) (50 mM Tris, pH 6.8, 1Z SDS, 17 2-mercaptoethanol;

2 mM Naj EDTAvand 10Z glycerol) and homogenized in a Potter-Elvejehm

homogenizer on an ice bath. The homogenate was centrifuged at 10,000 xg



TABLE 1. Synthetic media for Acetabularia mediterranea.

Concentration of all solutes given in mM.

Miiller's Shephard's Modified Instant Oceant

NaCl 475 410 441%
MgSoy, 26.6 48.7 26%
MgCl, 23 23.5
CaCl, 13.5 6.8 9.3%
KC1 9.8 . 10 9.5%
Tris? 8.3
NaHCO3 2.4 1.2 7.07%
NaNOj3 1.18 0.47 0.472
H3BO3 0.032 0.03 0.4
NaBr 0.185 0.27
510, 0.2%
NapHPOy 0.14 0.01
SrCl, 0.014 0.09
Na,Si0; 0.07 :
Na, EDTA3 0.054 0.032 0.00016
LiCl 0.00014 0.029
MnCl, 0.001 0.018
ZnCly 0.014 0.0003
ZnS0y 0.007
NaF 0.005%
KoHPO,, 0.006
MnSOy 0.0038
NapMoOy, 0.0008 0.004 0.004
$203 0.0036
FeClg 0.002 0.0005*
Al1Cl, 0.00021 A 0.0015
Fe(2) Citrate 0.0012
RbCL 0.00013 , 0.001
Nal 0.0006
vCl, _ 0.06004
CoCl, 0.00004 0.00001 0.00017
KI 0.00012
CuS0y 0.000008 0.00001 0.00005

1NaN03 (0.47 m moles/1l) was-added to Instant Ocean salts that had been

dissolved in University of Oklahoma tap water.

The salt concentrations

marked with an asterisk (*) are the sum of those in the Instant Ocean

preparationand those in the tap water.

The tap water analysis is that

reported in Clemens and Jones (1%54),

2

Tris is 2-amino-2-(hydroxymethyl)-1,3-propanediol.

3Na2 EDTA is (Ethylenedinitrilo)tetraacetic acid, disodium salt,
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for 10 min. at 0°C. Low molecular weight materials which interfered
with electrophoretic separation were removed from the supernatent by
gel filtration. Small sample volumes (1-3 ml) were applied to a 15 x
60 mn column of Sephadex G-25 Medium that had been equilibrated with
Studier buffer without BPB. Larger sampies (3-8 ml) were applied to

a 15 x 150 mm column. The effluent of the column was moﬁitored at

280 nm with an Isco UA-5 Absorbance Moniter and Type 6 Optical Unit
(Instrumentation Specialty Co., Liacoln, Neb.}). The peak that eluted
in the void volume was collected. Trichloracetic acid (TCA) was added
to a final concentration of 107 (w/w) and the sample was left overnight
at 4°C. The precipitate was collected by centrifugation at 10,000 xg
for 10 min. at 0°C. The precipitate was washed 4 times with 952
ethanol, twice with acetone and twice with diethyl ether. The éther
was removed under vacuum. The proteins were then stored at -70°C.

- Xenopus laevis oocytes were homogenized by suspending 25

oocytes in 1 ml of Studier buffer without BPB and forcing the suspen-
sion through a 1" 23 ga needle. The homogenate was then centrifuged

at 13,000 rpm in a Beckman Model 152 Microfuge. The supernatent was
carefully pipetted off, avoiding the yolk platelets at the meniscus,
and made 107 (w/w) with respect to TCA. The remainder of the frocedure

was identical to that for Acetabularia mediterranea.

Polyacrylamide gel electrophoresis separations were made onm
10 ¥ 13 cm slabs using the apparatus designed by Studier (1973). Fro-
teins were separated with the continuous buffer system (25 mM Tris, 192

o glycine, pH 8.3, 2 mM Nap EDTA, 0.1%7 SDS) of Laemmli (1570). Gels
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of 7.5%, 10% and 12% acrylamide were prepared with 3% acrylamide
stacking gels. Analytical separations were made on 1.1 mm thick gels.
Preparative separations were made on 3 mm thick gels.

TCA-precipitated proteins were dissolved in Studier sample
buffer, placed in Beckman microfuge tubes and heated in a boiling
water bath for 2-5 minutes. The samples were centrifuged at 13,000
rpm for 2 minutes. A mixture of bovine serum albumin (300 pg/mij,
human gamma globulin (1 mg/ml), chicken egg albumin (1 mg/ml) and
cytochrome C (400 pg/ml) was used as a molecular weight standard. An
appropriate volume (10-30 pl) of this mixture was run on every gel.

Electrophoresis was carried out at 30-40 mA. The run was
usually terminated when the BPB band reached the lower edge of the gel.
Protein bands were stained in Coomassie Brilliant Blue R250 at room
temperature according to Maizel (1971) and destained electrophoreti-
cally. Radioactive proteins were detected by fluorography (Bonner and
Laskey, 1974; Laskey and Mills, 1975). Stained gels and fluorography

films were scanned with an Isco model 1310 gel scanner.

Radioisotope Labeling of Macromolecules
Freshly-prepared Miller's medium was found to provide the
highest rate of incorporation of labeled precursors into macromole-
cules. One-half gram of keimlinge was placed in 20 ml of incorporation
medium contained in 100 ml milk dilution flasks. The incorporation
medium contained 5-10 uCi/ml of 3H-labeled precursors and/or 1-2 uCi/ml

of 1%C-labeled precursors. Older cells were treated similarly except
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that they were incubated in 10 ml of incorporation medium. Incorpora-
tion was terminated by washing the cells 3 times with a total of 100
ml of freshly-prepared Miiller's mwedium containing a 30-100 fold excess
(0.2 mg/ml) of unlabeled precursor.
Isolation of Messenger Ribonucleoproteins and
Messenger Ribonucleic Acids

Acetabularia mediterranea keimiinge and cells 5 mm long were

labeled for 28 hours, starting 2 hoqrs after the beginning of the
light period, in the presence of 3B-uridine and !%C-leucine. Messen-
ger ribonucleoproteins were isolated using modifications of Greenberg's
(1977) technique. Cells were resuspended at a concentration of 0.3 g
per ml in sample buffer A (50 mM Tris, pH 7.5, 30 mM RCl, 2 mM MgSOy,
2 mM 2-mercaptoethanol, 0.5% Nonidet P-40, 0.17% betonite and 10% (v/v)
glycerol) and homogenized in a Potter-Elvejehm homogenizer on an ice
bath. The homogenate remained on ice for 5 min. and was then centri-
fuged at 10,000 xg for 10 min. at 0°C in polycarbonate tubes. The
supernatent volume was adjusted to 3.54 ml by the addition of Cs3S50y
gradient buffer (50 mM Tris, pH 7.5, 30 mM KC1l, 2 mM MgSO,, 0.01%
Nonidet P-40 and 157 (v/v) dimethyl sulfoxide). The diluted superna-
tent was brought to a final volume of 5.9 ml by the addition of 1.69
molal CsiSOg dissolved in gradient buffer. - This solution was then
layered over 5.9 ml of 1.69 molal Cs,50; in 13.5 ml polyallomer tubes.
The tubes were centrifuged for 30 hours at 46,000 rpm at 25°C iz the

Beckman Type 65 rotor. The bottom of the tubes was punctured and the
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gradients were displaced by injection of 0.4 ml volumes of mineral
o0il delivered with a Hamilton Repeating Dispenser (Hamilton Co.,
Reno, Nevada). Five or 10 pl of each fraction and 50 pl of 1 N HCl
were added to 5 ml Aquasol. The density of each fraction was deter-
mined by weighing 100 pl aliquots on an analytical balance. The
gradient fractions were stored at -70°C while the liquid scintilla-
tion counting was performed.

Gradient fractions containing mRNP were pooled and diluted
50-fold with 10 mM Tris buffer, pH 7.5 containing 500 mM KCl and 1 mM
MgCl,. The mRNP was separated into 2 fractions by filtering through
nitrocellulose filters (Greemberg, 1977). The nitrocellulose-filter-
bound RNP was eluted from the filter by shaking for 30 min. with 2
changes of 5 ml of 0.5%7 SDS and 200 pg/ml proteinase K. The RNP was
deproteinized with chloroform-phenol-isoamyl alechol. The RNA was
precipitated for 2 hrs. after the addition of 650 ug of E. coli
ribosomal RNA by the addition of 2 volumes of 95% ethanol containing
0.2 M sodium acetate ét -20°C. The precipitate was collected by
centrifugation at 16,000 xg for iO min. at 0°C. The RNA pellet was
drained and stored at -70°C.

One-tenth volume of 1% SDS and 200 pg/ml proteinase K was
added to the filtrate solution. This was then concentrated 40-fold by
dialysis against saturated polyethylene glycol (molecular weight range:
6000-7500) dissolved in 10 = Tris buffer, pH 7.5, containimg 500 =
NaCl and 1 mM MgCl,. The inside of the dialysis bag was wéshed with 4

volumes of glass distilled water and the washings added to the concentrated
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RNP solution., This preparation was then deproteinized and precipitated

with ethanel.

Microinjection of Xenopus Oocytes

Each experiment utilized oocytes from the same Xenopus
laevis female. Oocytes were injected with 50-80 nl of mRNA dis-
solved in Barth's medium (Barth and Barth, 1959 and Gurdon, 1968).
Each mRNA sample was injected into 10 oocytes {(Gurdon, Lane, Woodland
and Marbaix, 1971). Control oocytes were injected with Barth's medium
or E. coli rRNA. The oocytes were incubated for 24 hrs. at 21°C in
2 ml disposable beakers covered with coverslips and sealed with silicone
grease. Each beaker contained 100 pl of Barth's medium containing 100

uCi/ml of 3H-pheny1alanine neutralized with 0.1 N NaOH.

Determination of Site of'Synthesis of mRNP

Enucleated fragments from cells 20-25 mm long were prepared
by ligating and amputating the rhizoid and 5 mm of the apical end.
Nucleated control cells had only the apical 5 mm amputated., The cells
were allowed to recover overnight. Both types of cells were incubated
for 28 hrs. in the presence of 5 uCi)ml 34-uridine and 40 ug/mL
rifampin beginning one hour after the onset of the light phase. The
cells were homogenized and subjected to Cs;S50y isopycnic demsity gradi-

ent centrifugation as described. '

Preparation and Use of Immunoadsorbant

The MY protein from 3.8 g of mature (30-35 mm)vAcetabularia
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mediterranea cells was isolated by preparative polyacrylamide gel
electrophoresis on 7,57 gels, followed by separation on 127 gels.

The protein was recovered from the 7.5Z gels by homogenization in 10
volumes of Studier buffer (containing one-tenth the normal coﬁcentra—
tion of SDS énd without BPB)., The gel fragments were removed by
centrifugation at 16,000 xg for 10 min. at 0°C. The supernatent was
then lyophilized. The same procedure was used to recover the protein
from the 12Z gels, except 20 mM Tris buffer, pH 7.4 was used.

One hundred thirty milligrams of lyophilized MY protein was
isolated and resuspended in 3.2 ml of 0.15 M NaCl. This was divided
into 0.8 ml aliquots and stored at -70°C. Just before injection, 0.8
ml of freshly-thawed protein solution was mixed in a Potter-Elvejehm
homogenizer with 0.8 ml 0.15 M NaCl and 1.6 ml of complete Freund's
adjuvan;.

One ml of this mixture was injected into each of 3 domesfic
rabbits (Oryctolagus sp.). The first injection was made subcutaneously
dorsal to the pectoral girdle., The sécond injection was given sub-
cutaneously dorsal to the pelvic girdle 6 days later. Three da&s after
the last injection, 1.5 ml of blood was removed from each rabbit and
tested for the presence of ahtiEody using an interfacial precipitation
test (Kwapinski, 1972). Ten days after the first injection, 15 ml of
blood was removed by cardiac puncture from rabbits that showed a posi-
tive reaction for antibody. Fifteen mi of blood was also removed from

an uninjected control rabbit.
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Insoluble immunoadsorbants were prepared from the rabbit
antisera (Avrameas and Ternynck, 1969). Tritium-labeled proteins
(20 p1 or 50 pl) produced in Xenopus oocytes injected with Acetabu-

laria mediterranea mRNA were mixed with immunoadsorbant (14 mg or

70 mg) in 1.5 ml microfuge tubes. The mixture was shaken for 30 min.
at room temperature and centrifuged for 2 min. in the Beckman micro-
fuge. The supernatént was decanted and saved., The pellet was washed
twice with a volume of buffered saline (150 mM NaCl in 10 mM Tris
buffer, pH 7.4) equal to the original volume. Unbound radicactivity
was determined by combining all supernatenﬁs and counting in 10 ml of
Aquasol,

Specifically-bound antigen was eluted from the immunoadsorbant
by washing three times with one volume of 100 mM glycine buffer, pH

2.8. The eluate was counted in 10 ml of Aquasol.



CHAPTER III

RESULTS

Growth of Acetabularia mediterranea

Cells grew most rapidly in Miller's medium. Cells attained
a length of 5 mm in 10-14 days, a length of 15 mm in 30-35 days, and
a length of 30 mm in 60-70 days. Gametotangia (mature caps) were
well formed by 70-80 days and were filled with gamete-bearing cysts

after 80-90 days.

Isolation and Characterization of Proteins

Figure 1 shows a typical calibration curve for molecular
weight estimation. SDS-polyacrylamide gel electrophoresis was carried
out on 10% gels for this figure. Figure 2 shows the proteins from

Acetabularia mediterranea cells of 15 mm and 30 mm in length. These

proteins were separated on 107 SDS-polyacrylamide gels and stained
with Coémassie Blue. Figure 3 shows the proteins from cells of 5 mm,
15 mm and 30 mm in length that were labeled with 3g-leucine. These
Proteins were separated oﬁ 107% SDS-polyécrylamide gels and fluoro-

graphed,
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Figure 1

Calibration curve for molecular weight estimation. Molecular weight
standards are bovine serum albumin (BSA) = 68,000; human gamma globulin
heavy chain (HGGh) = 55,000; chicken egg albumin (0A) = 43,000; human
gamma globulin light chain (HGGl) = 25,000; and cytochrome C (CYT C) =
12,000. Equation of best fit line i1s: log MW = -1,351 (Rf) + 5.279;
(r = 0.997).
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Figure 2

Scan of Coomassie Blue-stained proteins from Acetabularia mediterranea.
Upper curve: protein from cells 15 mm long. Lower curve: protein from
mature cells (30 mm long). The arrow indicates the position of the MY
protein,
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Figures 2 and 3 show the presence of a unique protein,
designated MY, in the older cells. Xo trace of this protein was found
in 5 mm cells. There was a low rate of synthesis and a barely detect-
able concentration of the MY protein in 15 mm cells. The MY protein
has a molecular weight of 51,000,

Figure 7 shows the proteins from injected Xenopus laevis

oocytes that were labeled with 3H-phenylalanine and fluorographed.
The high endogenous protein synthesis of the oocytes is evident from
the control injected oocytes. There is an endogenous Xenopus protein
which migrates coincident with the MY protein in electrophoresis.

Isolation of Messenger Ribonucleaproteins
and Messenger Ribonucleic Acids

The RNPs isolated from 20-25 mm long enucleated cells and
nucle#ted control cells are shown in Figure 4, Incorporation of 35~
uridine into ribosomal RNA was inhibited by the use of rifampin at
20 pg/ml. A large peak of activity (density = 1.33 g/ml) was found in
the nucleated control cells. Greenberg (1977) found mRNP from mouse
L-cells to have a density of 1.3-1.5 g/ml under similar conditionms.

The RNPs isolated from keimlinge and 5 mm cells are showm in
Figures 5 and 6,-respectivé1y. RNP was labeled with 3H-uridine and l%c-
leucine. The Cs,50, density gradient centrifugation strips proteins
from ribosomal RNA. mRNP particles remain intact under these conditions.
Radioactive labél incorporated into ribosomal proteins was fouwad near

the meniscus after centrifugation (density = 1.1-1.2 g/ml) and label
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Figure 3

Scans of fluorographs of 3H-labeled proteins from Acetabularia
mediterranea., A = mature cells (30 mm long). B = 15 =mm long cells.
C=5mm long cells. The arrow indicates the position of the MY
protein.
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Figure 4

Isopycnic Cs,S0, density gradient centrifugation of 3H-labeled RNP from intact cells
(—@—o——) and enucleate cells (~ - -®~) of Acetabularia mediterranea. Cells
20-25 mm long were labeled for 24 hrs. with 3H-uridine in the presence of 20 pg/ml
rifampin,.
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incorporated into ribosomal RNA is found near the position of pure
RNA (1.57 g/ml). mRNP particles are found in the density range of
1.3-1.5 g/ml (Greenberg, 1977). Figures 5 and 6 both show peaks of
activity corresponding to protein, mRNP and ribosomal RNA. Figures
5 and 6 differ in the heterogeneity of the mRNP fraction.

Fractions 10-18 of Figure 5 were pooled. Fractions 6-22 of
Figure 6 wefe also pooled. The RNP was fractionated by binding to a
nitrocellulose filter. RNP that bound to the nitrocellulose filter
was designated filter (+). RNP that did not bind to the filter was
designated filter (~). The RNA from both types of RNP was isolated

by deproteinization.

Protein Synthesis in Xenopus Oocytes

Xenopus oocytes were injected with filter (+) RNA, filter
(-) RNA and E. coll rRNA or Barth's medium as a control. The Acetab-

ularia mediterranea RNA injected in this experiment was obtained from

cells 5 mm long. Protein with a molecular weight equal to the MY
protein is apparent in the injected oocytes. However, in the control
there is a low level of incorporation of radloactivity into an endo-

genous Xenopus protein of the same molecular weight.

Preparation and Use of Immunoadsorbant

Three rabbits were injected with purified MY protein. Two
rabbits developed anti-MY antibodies, as indicated by an interfacial

precipitation test. Blood was removed again the following day in
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Figure 7

Scan of fluorograph of 33-labeled proteins from injected Xenopus
laevis oocytes. Upper curve: injected with filter (+) RNA. Middle
curve: injected with filter (~) RNA. . Lower curve: injected with
Barth's medium (control). The arrow indicates the position of
proteins with MW = 51,000,



27

large quantity and again tested for anti-MY antibody. One rabbit's
serum was found to contain a satisfactory titer of anti-MY antibody.
Blood was removed from an uninjected rabbit for use as a control serum.

Immunoadsorbants made from each serum were mixed with Xenopus
oocyte proteins produced after injection of filter (+) RNA, filter (-)
RNA and Barth's medium. The RNA from the keimlinge RNP was injected
into Xenopus oocytes without fractionation into filter (+) and filter
(-). The proteins produced were mixed with both types of immunoad-
gsorbant. Table 2 shows the results of all the immunoadsorbant binding
experiments, |

Two percent or less of the input radioactivity of proteins
isolated from oocytes that had been injected with Barth's medium or
keimlinge RNA was bound to the anti-MY antiserum, Proteins isolated
from filter (+) -_and filter (-) - injected oocytes bound specifically
to the anti-MY antiserpm at levels exceeding 107 of the input radio-
activity.

The affini?y of the proteins translated from filter (+) RNA
was 55 times greater for tﬁe anti-MY antiserum than for the control
antiserum. Its affinity for anti-MY antiserum was 10 times greater
than that of proteins from control oocytes. The average affinity of
the proteins translated from filter (~) RNA for the anti-MY antiserum
vas 6.1 times greater than for the control serum. Its affinity for
anti-MY antiserum was 13.4 times greater than that of protein from

control oocytes. Proteins translated from keimlinge RNA showed no
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TABLE 2. Binding of MY protein to immunoadsorbant.

Qocytes
Iomunc= Barth's Filter () TFilter (=) Keimlinge RNA
adsorbant | injected injected injected injected
Run 1 Run 2 A Run 1 Run 2 Ruz 1 Run 2

Input radicactivity (DPM)
965 1040 876 1068 1075 1474 1272

Unbound radioactivity (DPM)

anti-MY 430 602 460 420 732 355 487
control 395 594 370 353 639 337 524

Specifically-bound radioactivity (DPM)

anti-MY 3 19 96 183 132 12 25
control 15 5 2 23 30 12 24

Percent of input bound

anti-MY 0.3 1.8 = 11.0 17.1 12.3 0.
contrel 1.6 0.5 0.2 2,2 2.8 0

Pilter (+) was the RNA from the RNP that bound to a nitro-
celliulose fiiter. :

Filter (-) was the RNA from the RNP that did not bind to a
nitrocellulose filter.
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specific affinity for the anti-MY antiserum (ratio of radioactivity
bound to anti-MY antiserum to radiocactivity bound to control = |
1.0-1.1).

A significant fraction of the input radioactivity was not
recovered in the combined radioactivity of the unbound material and
the bound and eluted radioactivity. This fraction probably represents
non-specifically bound radioactivity and specifically bound radio-

activity that was not eluted (Avrameas and Ternynck, 1969).



CHAPTER IV
DISCUSSION

The MY protein has the properties necessary to test the
hypothesis of long-term storage of genetic information in the cyto-
plasm. It is undetectable in cells 5 mm long or younger. It occurs
in the highest concentration and is synthesized at the highest rates
in older cells. The linear response of pre-exposed x-ray films in
the fluorographic detection of radioactivity provides a means of
accurately measuring the rate of synthesis (Laskey and Mills, 1975).

Ribonucleoprotein particles capable of directing the synthesis
of the MY protein are found in young cells which do not synthesize the
MY protein. No significant incorporation of 3H-uridine into RNP was
found in enucleate cells. Nucleated cells, on the other hand, had
high levels of incorporation of 3H-uyridine into RNP with a buoyant
density of 1.3 g/ml. The occurrence of MY protein-specific ribonucieo-
protein particles is therefore nucleus dependent.

Isopycnic Cs2S0y density gradient centrifugation dissociates
ribosomes into ribosomal core particles (essentially bare rRNA, buoyant
density = 1.57 g/ml) and free ribosomal proteins f{buoyant density = 1.1-

1.2 g/ml). Other RNPs, presumably messenger RNPs, are more resistant

30
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to dissociation by high Cs,S0, concentrations and are found in the
density range of 1.3 - 1.5 g/ml (Greenmberg, 1977). In gradients
containing homogenates from keimlinge and 5 mm long cells, peaks of
radioactivity corresponding to ribosomal core particles and ribosomal
proteins were found. Both 3H and %C radioactivity were distributed
in a series of peaks in the density range of 1.28 - 1.5 g/ml. Thus
these peaks contain both RNA and protein. They must represent a
stable association of RNA and protein (viz, RNP) since the buoyant
density of free RNA and free protein is significantly different from
the observed density of 1.28 - 1.5 g/ml (Greenberg, 1977).

The distribution of radioactivity in this region of the
gradients was heterogeneous and quite different in cells of different
ages. Heterogeneity of messenger-containing RNPs would be expected -
corresponding to the diveréity of protéins that are synthesized by
the cell. It is also reasonable to expect a difference in the mRNPs
found in cells of different ages. The types and numbers of proteins
required is presumably different during different stages of development.

The MY protein was synthesized in ococytes injeéted with
filter (+) RNA and filter (-) RNA from the 5 mm long cells. There was
a low level of synthesis of an endogenous Xenopus protein of MW =
51,000. Thus the unequivocal ideﬁtification.of the MY protein by SDS-
PAGE was not possible,

The occurrence of MY protein méséenger activity in both the

filter (+) RNA and filter (-) RNA was surprising. It was expected that
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all the messenger activity would be found in RNP bound to the nitro-
cellulose filter (Greenberg, 1977). It seems unlikely that there
exist two functionally different mRNPs for the same protein. A
plausible explanation for MY protein messenger activity in both
filter (+) RNA and filter (-) RNA is that the nitrocellulose filter
became sa;urated with RNP and the additional RNP was unable to bind
and thus would be found in the filtrate solution. Or, perhaps the
specific affinity of nitrocellulose filters for RNP is not absolute
(Infante and Nemer, 1968).

Proteins isolated from homogenates of Xenopus ococytes
injected with filter (+) RNA and filter (-) RNA from 5 mm long cells
bind specifically to immobilized rabbit anti-MY antibody. These results
unequivocally establish the presence of the MY protein in these homo-
genates. No MY protein was synthesized in oocytes injected with keim-
linge RNA.

A significant fraction of the input radicactivity was irre-
versibly bound to both immunoadsorbants. Avrameas and Ternynck (1969)
have.noted that immunoadsorbants made from unfractionated antisérum
have a high level of non-specific binding. These observations were
made in procedures which used purified antigen preparations. The anti-
gen preparations which contained the MY protein were darived from whole
cell homogenates of Xenopus oocytes and were thus extremely complex
mixtures of many proteins. The quantity of MY protein in the homo-

genates is very small (a maximum estimate is 17 ng/ml, assuming the
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MY protein céntains 5% phenylalanine and all the phenylalanine was
3H-1labeled at 1007 isotopic enrichment). Therefore, the irreversibly
bound radioactivity can be attributed to protein other than the MY
protein.

The results presented here demonstrate that genetic regulation
in Acetabularia may occur at the level of translation. Models of regu-
lation of protein synthesis that deal with control at the transcrip-
tional level, such as the Jacob and Monod (1961) "operator model", cam
have no relevance to enucleate cells. The unique characteristics of
Acetabularia make it an ideal.model system for investigating alternative
mechanisms of regulatien. Spencer and Harris (1964) found that the
activity of an alk;line phosphatase enzyme (pH 12 enzyme) was increased
just prior to cap formation in enucleate as well as intact cells.

They concluded that "the cytoplasm:of Aéetabularia contains independent
mechanisms... for the continuous fegulation of synthesis over a period
of weeks". They suggested that such mechanisms may represent a general
phenomena. These results give some indication of the possible nature
of these independent cytoplasmic mechanisms. Although regulation at
the transcriptional level has been unequivocally demonstrated in
eucaryotes (Rowe and Wyngaarden, 1966 and Martin and Owen, 1972), it is
clearly not the only means and probably not the principle mechanism of

regulation in these cells,



SUMMARY

Proteins from Acetabularia mediterranea cells 5 mm, 15 mm

and 30 mm long were separated by SDS-PAGE. A protein, designated MY,
of MW = 51,000 was found to occur only in older celis. This protein
was isolated and purified by preparative SDS-PAGE. An anti-MY anti-
body was produced in rabbits.

RNPsbwere isolated from keimlinge and 5 mm long cells. The
RNPs were of density = 1.25 - 1.5 g/ml in CsyS0O,. RNA was isolated

from these RNPs and injected into Xenopus laevis oocytes. MY protein

produced by translation of the Acetabularia mediterranea mRNA in

Xenopus oocytes was detected by SDS-PAGE and reaction with an anti-MY
immunoadsorbant., Keimlinge mRNA did not direct the synthesis of MY
protein. mRNA from 5 mm long cells was effective in directing the
synthesis of MY protein.

These results demonstrate the long-term cytoplasmic storage
of genetic information in Acetabularia and suggest that genetic regula-

tion in Acetabularia may occur at the level of tramslation.
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