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ABSTRACT
‘.

The eiidermis: of the American builfroé, Rana
catesbeiana, - consists of a &inple 2-3. cell layer
epitﬁeiial covering for most of its larval iife, Duéing
this time, larvae are exppsed to a variety of exogenous
and éndogenous influences which may alte{ thé expression
of epidermal cell genes., In order to' study exogenous
influences and to circumvent the ©possible influences of
tissue—tiésue interactions onv thé ’gene expre;sion of

epidermal cells, a nethod was developed for cultiring.

epidermal cells from larval R. catesbeiana. This "study

exanined the effect(s) of brief fluctuations _ In

“a
‘

temperdature and . the 1influence of thyroid hormone’.(T3
(triiodothyronine); a known inducer of precocious
differentiation 1in situ) on protein synthesis in primary

epidermal cell cultures from R. catesbelana larvae,

Primary epidermal cell cultures from wholly larval
(tail fin) and.adult (hind limb) organs were incubated
briefly. at temperatures between 22 and 36,5°C. The

‘ +

types of proteins synthesized by epidermal cell <cultures

from either tissue were indistinguishable at  these
+ ' " .
temperatures, ' However, at temper%tupes exceeding 22°¢

(32, 34 and i%.joc.'specificalLy? epidermal cell cultures
dppressed their synthesis of 'control' proteins and
synthesizéd a novel heat shock protein (HSP) of 65 kd (pI-
6.7-6.8); synthesis of an additional HSP (M,=25 kd) ?as

.

iii . .



_§;d§ertiea similar to mammalian keratins., i

detected onf; at 36.5°C, = The synthesis of tﬁese HSPs is
transient as control protein synthesis 1s virtually
rés{oréd 4 hr after returning the cultures to.the control
(22°C) temperature. The results indicate that these
cells respond to flictuations in temperature by the
depressed synthesis of proteins normally made at 22°C and
the new and/or enhanced non-coordinate synthesis of HSPs.

-

The effect of ‘I“3 on th® water-insoluble proteins
synthesized by epidermal cell <cultures was examined.,
Hind 1imd 'epidermal cell cultures maintained in the

presence of TJV(B x 10-10 moles/mL) for 36 hours were

found to sznthesize water-insoluble  proteins . whieh

corresponded closely in M. and pl.to keratins typical of

stratification and]bn\keratinization; synthesis of T"these

proteins did not occur at 36 hr when culture medium lacked o

Ty, Many of the water-insoluble proteins extfacted from.
hind 1limd epiderﬁal cell cultures are precipitabdble with
rabbit anti-human cytokeratin antibodies. The results

suggest that T, promotes .a ﬁrecacious induction of certain

water-insoluble. proteins 1in hind 1limd epidermal cell

- cultures and’ that +these proteifis have immunochem}cal

-

»

The presence of T, in the culture medium did not’

3
induce.changes in the water-insoluble proteins synthesized

, ) .
by primary tail fin‘é}idermal ceil cultures after 36 hr or

5 days. These results sugges%'that lquer exposure to,

or greater concentration of T3 -~ .either of which are

i

iv

-



required in situ by organs that reg}eés at metamorphic

climax - may be required to elicit a differenfiative (in

this ~case, degenerative) effect on the\ type " of

L. -

water-insoluble pio}eins synthesized by taiLﬁfyh epidermal
. . ¢ |

|
cells or that: T3 may not induce ,any ‘‘changes in the
: LY
water~insoluble proteins synthesized by ;tissueE destined

for degeneration, ‘ ' .

Treatment of tarval R, catésbeiana in situ with T,

(3 x 10710 noles/ gram body weight) demonstrates that the
water-insoluble proteins synthesized by  hind limb
epidermal cells from T;-treated and control larvae are the

same but different from those induced by T; in cultured

. epidermal cells, The discrepency may be due to (d) an
initial dedifferentiation nmaking cultured 'cells more
responsive to T, or (2) the effects of Ta"may be more

evident in the absence of any tissue-tissue interactions.

, ) .
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PART -1

INTRODUCTION .

1.1 General Introduction

In anurans, -metamorphosis 1is a complex postembryonic

v

-

proces§~42ring which organs required for adult 1ife become
funetional while 1larval organs regress ({reviewed by *
Friedan and Just, 1979, Doddt and ~'Dodd, -1976; see also
Metamofpha;isg A ?%oblem in Developmental Biology, Second
Edition, 1981)., The prdéess of metamorphosis is
‘nddgepous elevatiof of th&roid hormone,

. v
introduced to +the 1larvae by

initiated by

4

Exogenous thyrpid hormone

rsion or hormone—?ontaining implants will

&

cocious metamorphosis, In larvae of - the

injection, imnm
precipitate pr

American bullfrog, Rana ' catesbeiana, approximately one

yYear 1is necessary to compiete ?atﬁral metamorphosis while

only 10-14 days are required tobcomplete the process if
i .

metamorphosis|is induced.

>

The natural H&bita; of R, catesbeiana .is widespread-’

United States| During moet of the larval period the

epidermis, which exists as a relatively simple, two-cell

external environment, npt the least. of which is
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temperature., Epidermis which will eventually be deened
‘useless at metanmorphic climax. (tail) must survive stresses

L3 . .
such as temperature with the sanme effectiveness as

epidermis which will proliferateg(hind limb),
- ‘ -
Onpe this natural hurdle provided by the external

3
environment 1is conquered, larval R, catesbeiana must

respond appropriately to changes in its internal

environment caused byd elevation of endogenous thytroid

b

hormone levels, The animal's tissues respbnd in a ‘truly
remarkable anﬁ“predicé way to prégrammed cell death :énd
cell proliferation signaled by thyroid hormone. For
exarple, tissue destruction proceeds from the distal eﬂd
of the tail and ceases at its base while the neighbering
bedy epidermis responds by acquiring differentiation

sspecif‘ic epidermal . changes (strat;fication and

keratinizatioh) that equip R, catesbeiana for a

terrestrial life (reviewed by Fox, 1975),
While there are inherent drawbacks in the use %f

primary epidermal cell <cultures from Rana catesbeiana,

rare opportunities are also provided to the researcher.

C%ll cultures from amphibians are notoriously fastidious

(Rafferty, 1976). Those from R, catesbeiana are no

o

exception. Furthermore, obtaining and nmaintaining
antiseptic conditions are difficuit because of .the
propensity of parasites within these 'animals (Rafferty,
19763 Freed and Hezger-Freed,.19?Ojﬂ

Epidermal cell cultures from larvae can be expoaedlfo

g . s




the &xtremes of temperature which are a natural part of

its habitat, By examining the total proteifs.synthesized

in vitro, subsequent to %brief incubations .at sub- and

supraoptimal temperatures, one can determine if the

epidermal cells have altered their gene expression

’

relative .to cultures ﬁainfained at the ‘control’
temperature. The recent interest in the acquisition of
thermotolerance makes such questions pertinent.
Thermatolerance is particularly relevent to an organisnm
that can neither remove itsé‘ﬁ?from ifs tenvironﬁent when
it proves stressful nor regulaté its'body temperature,
Larval epidermal cultures also fer@it the

manipulation of the e#traceliular growth environment.

With the removal  of tissue-tissue interactions, ' the

response of epldermal cells specifically +to exogenous .

thyroid hormone can be deterﬁined. Also, by .culturing

[N

épiderhal cells from animels in different stages 'of

development, in the presence of thyroid hormone, the

'ability of the cells to respond to thyroid hormone can be

agssessed. The epidermal-specific keratinél are a
family of highly conserved, water—insoluble proteins which
are differentially ?xpressed during development. Their
extraction and analysis provides a method of detecting the
response and relative maturity +that thyroid hormone
induces in epldermal cells in vitro.

The introdhctory chapter will briefly review thé

current literature which discusses induction of new gene



expression by environmental stress. The regulation of
the stress-responsive genes and the acquisition ) of
thermotolerance by exposure to environmental stress will
al§o be considered, The response of larval epidermis to
natural and thyroid hormone induced metamorphosis will Dbe
discussed in the second aspect of the 1introduction.
Finally, the structural properties of keratins and theif
differential expression during development “and in

epidermal cell cultures will be reviewed.

1.2 The Expression of Novel Proteins in Response to Heat

and Other Stresses

b 1.2.1 The Induction of the Heat Shock Response

In responge to a brief -incubation at an elevat;d
temperature, cells from an Prganism respond by the neﬁ
and/or‘ enhanced syntheéis of a particular group of
proteins, the heat shock proteins (reviewed by Ashburﬁer
and Bonner, 1979). The expressioA of the comyléte

‘complement of heat shock proteins (HSPs) is not, however,

necessarily coordinate (Le%is et al.,, 197534 Mirault et
al,, 1978; Lindquist et al., 1982; Ketola-Pirie and
gAtkinsoﬁ, 1983; Atkinson and Dean,  1985; Dean  and

Atkinson, 1985), Schlesinger and colleagues (1982) " have

shown that HSPs from many organisms are not only similar

in molecular mass (M,) and isoelectric point (pI) but are
‘ [

I

| .
also immunologically related. Antidbodies directed



against HSP70 and HSP89 from heat shocked chicken -

fibroblasts displayed distinct cross-reactivity with
proteins of similar y; ‘from yeast, slime molds, corn
seedling roots, wormé, frogs, Drosophila, rodents and
humans (Schlesinger et al., 1982).

Concomitant with the enhanced synthesis ~of this
select 1r9up of proteins (HSPs) ‘is/r a generalized
depression in the synthesis of ‘control’ proteins
(Ashburner and Bonner, 1979; Atkinson, :98ia; Findly and
Pederéen, 1981; Baszczynski et al,, 1982; Ketoia-Pirie ;nd
Atkinson, 1983). Furthernore, following jtemperature
elgbation, cells fronm an~orga¥ képt in tissue culture have
been shown to respond by synthnesizing more HSPs than are
observed when the organ is maintained in situ (Hightower
and White, 1981; Landry et al., 1982; Kim et al., 1983).
It is generally agreed that this ré&poﬁse to heat is
ubiquitous throughout the plant and animal xingdoms. A
similar response to heat stress has been demonstrated in
prokaryotes (Travers and Mace, 1982; Yamamori et, al.,
1982; Neidhardt et al., 1982).

‘ Stress provided by sources other than heat can <cause
changes in protein synthesis, Research in this, and
other laboratories, has demonstrated that this responée
can be elicited in some animal .systems’ by metal ions
(Levinson et al., 1979; 1980; Kothary and Candido, 1982;
Atkinson et al., 1983; Somerville, 1984; Atkinson and

Dean, 19854 Schlesinger, 1985), sodium argenite

Ui




(Schledinger -et al., 1982; Atkinson et al.,  1983;

Somerville, 1984; Atkinsén'amd ‘Dean, 1985; Heikkila et
al., 1985b), imino:gcid anaiogs (Kelley and Schlesingef,
19783 Li and Laszlé, W85), amino ' acid deprivation
(Levinson et al., 1979), anoxia (Valezquez and VLinquistL'
1984)¢ ethanol (Li e% al., 1982; Rodenhiser et al., 1986),
mechanical injury (White, 1§80; Currie and White, 1981;
White and Currie, 1983; Hightower and White, 1981; Hammond
et al.,, 1982; Heikkila et al., 1985b) and éold (Fink and

Zeuthen, 1980  Ketola—Pirie and  Atkinson, "~ 1983).
Although some environnmental iﬁsulfs resu;t in the complete
battery of HSPs being synthesized, others fail to activate
specific’proteins or activate 'stress-specific' protelns.

-
.

1.2.2 The Regulation of the Synthesis of Heat Shock

Proteins

The regulatign of the expression ©of heat shock
proteins is believed to exist at three levéls. The firgt
involves the shifit in transcription from genes coding for
control oproteins ‘to those which specify heat shock
proteins (reviewed by Ashburngr and B;;ngr, 1979; see also
Bonner, 1982; 1985; Lindquist et al., 1982 and Lindquist
and DiDomenico, 1985). Rggulation also occurs at the
levels of RNA processing (Mayrand and Pedersen, 1983;
Lindquist.and DiDomenico, 1985) and translation of RNAs

(Storti et al., 1980; Beinz, 1982; ' 1984; Beinz and

Gurdon, 1982; Kruger and Beneke, 1981;‘1982; Ballinger and




Pardue, £985). ' ;U

Inlgzgggggilg tissue culture cells (Schneidef-line
2), transcription of the 70 -and 26 kd HSPs is
constitutive, albeit at a Low level, in non-heat shocked
cells (Findly ' and Pedersen, 1981). ?ubseqqent to
ﬁembgrature elevation} Findly and Pedersen (1981) observed
that in Drosophila tissue culture cells the induction of
transcfiption 6f genes coding for HSPs' was asserted
quiékly and the- HSP mRNAs became 'superpfevalent' within
the nﬁéleus'(Findly and Pedersen, 1981).

ﬁeat'shock gene regulation also océu;s,at' th; level
of processing transeribed RNA into functional, messages
(Lindquist and DiDomenico, 1985). Mayrand aﬁd Pedersen
(1983) have demonstrated this phenomenon in the Drosopﬂil%
KéO and Hela cell lines., Under heat ‘shock condition;,
the assenbly of ‘controll heferogenequs ~nuclear . RNA
(hnRNA) into heterdgeneous riﬁonucléopgoteiﬁ (hnRNP) is
ébbrt;ve. They suggested that heat shock favors the
prgcessing and/dr transport of mRNAs which requi;e little
or no modification to be funcetional and that heat shock
mRNAs are among this group. Indged,uit has been verifjied
that éll but one of the hegt shock proteins of Drbqophila

.do not contain intervening sequences, making splicing an

unnecessary modification of transcribed RNA {Hotmgren et

al., 1979). The HSP83 1is " the notable éxceptiqn

(Lindquist and DiDomenico, 1985)., In Droso hila, this

HSP (83kd) is constitutively synthesized, has the 1lowest

-



temperature of induction, is not‘ iﬂduced to tﬁg‘ samne
degree as ﬁhe éther HSPs at high tgmpera?ures (Lindquist‘
and DiDomenico, 1985) and is the .last to Dbe représsed.
,after return to control temperatures..(Lindquist.”et al.,

1982), - | - .- A
frghslation;l control of protein synthesis has also
beén obéerved followirg tempe;atuge elevation, 'From . the
sool of newly tran%crf%ed HSP-mRNAéA ;nd .preiexisting

’ # .
mRNAs, translgiional preference for the mRNAs*‘coding for:
heat shock éenes is displayed. The mRNAs"p%esént. prior
to temperature elevation are not degraded in mostc systens
but remain within the c¢ytoplasm in  an non—t;anslé@ablg N
form (Miraulf et al;,'i9?8; Storti et‘al., 1980;- Ballinger
' and qudue,n 1985). Upon retunn,‘to 'thé‘ 'control'
temperature, the availability of pre-existing ‘'control'
; mRNAs allows for the quick reshmption .of nor,mal~ protein
~\----) @ynthesis (Ballinger and Pardue, 1985). In- Drosophila,
e ’/’:;anslation of mRﬁA in a homologous cell-free trﬁnsldtion
g ‘ ., systenm dprivea “from - heat shocked cells disﬁlays
”translatioﬁal prefé}ehce fof heat shock mRNAs '(Krug;E and
» Beneke, 1982)3 However, translation in a heterologous
systen (i.;. ;hé bell-—frée rabbit reticulocyte 1lysate
_system) does not distihguish. between heat shock .and
conjfol mRﬁAs and translates both with equal efficiency
(étorti et al.,, 1980; Kruger and Beneke, 1982; Ballinger
4 and Pardue, 1985), '

Lindquist and her collaborators have extended the




results of the-.transcriptional shif? to heat shock ".genes,’
and their translation. usihg 'trénscriptional and
translational plocks (Lindquist et ;l., 1982; reviewed Dby
Lindquist and DiDomenico, 1985). They have sta;;d that -
HSP synthesis is autoregulated in Drosophila,requiring the
‘accunmulation of HSPs to inhibit further transcription of
Hsg genes (Lindquist et aif,-' 1982;  Lindquist  and
DiDomenico, 1985). Uponfrefurn”to a control environment,
HSP?O, at the very least, must have attained a certain
concentration within‘the cell to restore normal prbteiﬂ

synthesis, However, by repressing the synthesis of HSPs

with cyclSheximidé, they ‘found that translation of

5

pre~existing mRNAs was nonetheless, - inhibifed. By
blocking transcription of ﬁS genes with actinomycin D,
thereby repressing HSP~-mRNA accumulation " and wultimately
HSP ;ynthesis,. they stili observed‘ a translational
inhibition of 'control' mRNAs ( results are ieviewed in
Lindquist and DiDomenico, 1985). ‘
Quail red ©blood cells (RBC's) inéubated“gn the
‘preseﬁce of transcriptionally inhibiting concentrations -of
actinomycin D reveal' a “slightly different. Apicture
(Atkinsog and Dean, 15983) fhan is observed in Drosophila
(Lindqﬁist et al.,1982; Lindduist and- DiDoﬁenico, 1985).,
RBC's incubated at:a heat Shock temperature (45°C) in the
presence of 2 ug of ;ctinomycin'D/mL of medium did not
synthesize HSPs. Hoﬁever, tﬁey did synthesize pnoteins:

which were indistipguishable from RBC's ‘incubated at




control temperature (37°é) in the presence (2 ué/mL) or
absence of a¢jinomycin D (Atkinson and Dean, 1985). The
rTepression of translation of pre~-existing mENA species at
"heat shock éemperatures in the presence of Agtinomycin D
observed in Drosophila was not apparent in quail RBC's.,
The observations  from quail RBC's, wunlike Drosophilaf
clearly *demonstrate that . there 1is . a fransériptionar
requirement for detectable HSP synthesis (Atkinson and
Dean,‘1985).“ ) '

Beinz has shown that in Xenopus oocytes, .control of”
HSP sjﬁthésis is® solely at the 1level of translation
(Beinz, 1982; Beinz and Gurdon, 1982).  The HSP?OZ which
was, observed following heat treatment, represented. an
already transcribed mRNA whose translation was répressed at
the 'control' temperature. That this mnRNA is stored
wi%hin the cytoplasm in an untranslatable form is verified

-

by transcriitional inhibition. In spite of enucieation‘
and o -amanitin treatment ﬁriof to heat sﬁocking the
oocytes, the HSP?70 was synthesized after temperature
:elgvation. ' Futﬁermore, when RNA was isolatea vfrdm
cthrol and heat shocked oocytes and translated in vitro,
identical proteins were synthesized. Subsequent studies
with cDNA clones confirmed the presénce of HSP70 mRNA in
non-heat shocked oocytes (Beinz, 198&); Quantitation of
HSP70 mRNA reveals‘ no significant increase in its

transcripts after heat shock (Beinz, 1984). .

- s »
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1.2.3 Acquisition of the Heat Shock Response during

Development

R .

" As discuséed above, wocytes from Xenopus have }hE

capacity to respond to heat stress in the absence of RNA'

transcription (Beinz, 1982; Beinz and Gurdon, 1982).

However, results from embryonic Xenopus have demonstrated

!

that this ability is transient; during a specific period:

*

of embryogenesis, heat shock treatnent caused - a

generalized erression of protein synthesis and ultimately

proved lethal.to the embryos {Beinz, 1984; Heikkila et

~al.. 1985a;*1985b; Nickells and Browder; 1985). The

resumptioﬁ of‘heagﬁshock protéin synthesis (H$ 7, HSP?6[
HSP70, HSPEB, HSPS? and HSPH2 (or HSP43)) has'geen noted
in fine-cell blastulae and in all older embryos (Heikkila
et al,, 1985a; 1985%). In nmedium-cell blastulae, the
response to heat was not consistent ‘and, when observed,
fewer HSPs (87, 70 and 68 kdj were synthesized (Heikkila
et al,, 1985a; 1985b; Mickells and Browder, 1985). More
recently, Nickells and Browder (1985) have shown that the

animal and veéital poles of the embryo displayed

"differential synthesis.of HSPs. The synthesis—of a 35 kd

HSP was unique to the cells of the vegital pdle which also
synthésized greater amounts of the HSP57 and HSP43,

A feriod of heat séasitivity has also been
deﬁonstrated in embryonic sea urchins. From

i '}
fertilization through to early blastula stages, heat shock

- caused an overall depression of protein synthesis with no

1

o
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accompanying HS? synthesis :(Giudice, 1985; Hegskila et
al., L985b); The -pre—blastula:'eﬁbryos, incépable of
recovéring fromnthis stress,'died (Giu;ice, 1985; Heikkila
et al., 1985b). When 16—pe1; blastomere embryos were
dissociated they acquired the heat'éhock'response af the
same time as gggissociated coptrols. t These results
indicated that, in the seé urchin émbryo, the ability +to
respond to a heat stress is not a function of cell-cell
interaction, Rat@er, the responée to heat corresponded
to'a particular length of time following fertilization
(Giudice, 1985). The ability to respond to heat in
intact or dissociated embryos occurred at the sane time
that _the epbryo synthesizes néw mRNAs necessary for
development to proceed (Giudice, 1985),

A similar stage-dependent response to heat treatment
has been”obsérved in mo;se and rabbit embryos (Heikkila et
al;, 1985b). Embryo stages preceeding slas£ocyst
development did not synthesize detectable HSPs. In vitfo
translation of mRNAs from heat shocked rabbit Dblastogcysts
has demonstrated that there is in¢éreased iabeiing of the
HSP70 reflecting an accumulation of ﬁSP?O mRNA. The
presdree of HSP70 mRNA in heat shocked _embryos and its
absence from controls has bee? verified by. Northern
hybridization (Heikkila et al,, 1985b).. Similar response
to sodium arsenite and mechgpiéal injury have also ‘been

elicited from rabbit blastocysts (Heikkila et al., 19851b).

In Drosophila, heat induction of HSP?70 and HS P68

12
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ynthesis could not be detected prior to the blastoderm

tage of embryonic developmenf (Graziosi. et al., 1980).

owever, the HSPBL was ébserved in unfertilized eggs (as
'lan unlabeled protein) and at all stages in control anq
heat treatedAembr;os.' These results have Dbeen verified
and extended by Zimmerman, Petri ;nd Meselson (1983).
They found‘ tha't duriﬁg normal ovarian development in
Drosoghila, iq the absence of any environmental insult,
mRNAs goding for the HSP83, HSP28 and HSP26 accumulated,
THBﬁgﬂmeNAs remained abﬁndant in embryos until the
blastoderm stage of development,. Furthermore, deliberate
heat stress of ‘the embryos failed to induce heat shoek RNA
synthesis, HSP70-mRNA was not detectable 4dt any stage

~-during ovarian developfent or heat shock of pre-blastodernm

embryos,

~

1.,2.4 The Functional Significance of Heat Shock Protein
Synthesis ) |

From the results présented it appears that the
.synthesis of H3Ps 1is correlated %ith the developmént of
£hermotolerance possibly by some form of homeostatic
< regulation at the cellular level (Heikkila'et al.,-{?85b).
Following initial exéosure-to a heat streés, vertebrates
and invertebrates demonstrate an improved tolerance to
subsequent heaf exposures and to temperatures which would
otherwise prove lethal (Dean and Atkinson, 1983; 1985;

Velazquez and Lindquist, 1984; Atkinson and .Dean, 1985;




Heikkila et al.,, 1985aj 1985b;' ILi and Laszlo,- 1985;
Niekells and Browder, 1985); the acquisition Qf
thermotolerance extends to the improved tolerance of other
stresses (Velazquez and Lindquist, 1984), It is the
synthesjs of particular HSPs, notably +the HéP?O and/or
HSP68 which have been most strongly 4implicated in the
aequis{tion of thermotolerance by an orgélism. This 1is
rnferréd by the absence of their synthesis and the

subsequent lethalilty of elevated temperature incubation in

early embrjqi\\\from many  organisms (as discussed

previously)., - N

To demonstrate further-the role of the HSB¢6 in the

acquisition of thermotolerance, Velazquez and Lindquist

(1984) used monoclonal antibodies directed against the
HSP?70 of Drosophila., - They felt that by determining the
intracellular = location of the HSP70 with

immunofluorescence,- a functional correlation between ﬁSP?O

synthesis and thermotolerance might be possible. Their

results showed that in the presence of an 1induced stress

(heat or anoxia), most of the HSP?0 is concentrated within

the nucleus and continues to concentrate there for the
duration of the stress. Upon return ta a control
environment, the HéP?O is tranqurted Eo the cytoplasm at
a rate which varies with the length or severity of the
stress, Froﬁ these, and other results (reviewed by
~Lindquist and DiDomenico, 1985), they suggest that HSP70

is involved in the post-transcriptional regulation of 1its

14




oﬁn synthesis and possibly the syﬁthesis of other HSPs.
The mechanism of regulation %hey propose is by direct
interaction with the 5' leader sequences of its own mRNA.
The leader sequences of Drosophila HSP mRNAs are 1long’ by
comparison to other mRNAs and cont;in an abundance of
édenine. Coupled with the-evidence 4that HéP?O is an
BNA—binding protein and its synt#esis is autoregulated,

‘they propose a direct functional relationship between

HSP?0 synthesis and its own regulation.

The possible importance of the low Mr HSPs cannot Ybe

ignored in studies of thermotolerance. In a mutant form

of Dictyostelium; in which the low M_ HSPs are absent,
thermotolerance fails to develof (Loomis and Wheele;,
1982).

Based on the results from his laboratory, Tanguay and
colleagues are less certain of the functional significancg
of the HSPs (reviewed by Tanguay, 1985). They‘have found
that during biochemical fractionation of Drosophila cells‘
both the HSP68~HSP70 and HSPZZ-HSP28 groups are isolated

in the nuclear fraction, are highly resistant to nuclease

-treatment and are not extracted at high salt
~ concentrations, This supports their involvement as
components of the nucleoskeleton or cytoskeleton, In

subsequent immunofluofescence studies using polyclonal

antibodies directed against the HSP23 and HSP68-70, the

presence of these proteins was locallzed to the eytoplasm,

during the recovery period.
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The HSP83, which is constitutively synthesized, was

shown by cell fractionation and immunofluorescent studies

to be exclusively located in the c¢ytoplasm .at control and : ¢

heat shock tempefatures. The more peripheral location of
HSP83 during heat shock temperatures, lends support to the

propd%ition that it is, in some way, involved watg the

0

plasma membrane (Tanguay, 1985). While the results from

biochemical fractionation of Drosophila cells are

N

supported by the immunofluorescent localization of HSPs
»

within these cells, more direct evidencé of HSP synthesis

N ‘ ~

and thermotolerance remains to be elucidated. .

1.3 Spontaneous and Thyroid‘Hormone-Induced Deveigpment-(

and Regression of Anuran Epidermis

1.3.1 The Epidermis bf Anuran Larvae and Adults

The dnurdﬁ'epidermis consists og 2-3 epithelial bell

layers for approximately the first third of larval - .life

(Leeson and Threadgold, 1961; Fri n and st, 19?6;
Wright, 19733 Fox, 1975; Whitear, 1975). As . v
development proceeds and the animal approaches mefamorp ic
climax, the number of cell layers ’ increases .and
characteristics typical of epidermis become apparenf. As
cells migrate to the external surface, they and their
nuclei flatten (Fox, 1975). ° The cells of +the outer
epidermal layer ﬁhic‘ are Jjolned  laterally by‘ iigh£ '

junctions, display numerous mucous granules along their




o I
external surface (Fox, 1975). Keratinization 1is first

noted at stage XII in Rana pipiens (Wright, 1973) and by

stage XVI, developing skin glands are 'observed (Derby,
1968; XKollros and Kaltenbach, 1952), ‘ '

Within the cytoplasm of the larval epidermal cells a
granular endoplasmic reticulunm, which may be
'well—developéd, ribosomes and polysomes and an extenéivk
Golgi apparétus.with many associated round smooth-surfaced
vesicles are observed (Fox, 1975).

A v;riety of oth;r cells are scattered among the
keratinocyte population of the larval epidermis, These
include epidermally derived Flask cells (Whitear, 1975;
Fox, 1975). Flask cells are larger than the ‘'typical'

epidermal cells and extend through more than a single

epidermal cell layer (Whitear. f975); - Also present are -

-

Merkel cells (Nafstad and Baker,-‘1973). melanophores,
larval Leydig cellé, granular  cells ‘and epiderﬁal
neuromasts (Fox, 1975). i )

Keratinocytes are 4he major cell type of. the 5=9 ceil

layers of +the adult anuran epidermis ‘(Parakkal and

Alexander, 1972).° Desmosomes are piominent '.between

ad joining cells (Parakkal and.- Alexander, 1972; Whitear,

197k Fox, 1975). As epidermal keratinocytes move.

towards the -external surface they flatten, develbp a dense
thickened membrane and become keratinized as the stratum
corneunm (Parakkal and Alexander, 1972; .Lavker, 1974;

Whitear, 1974; Fox, 1975).' The surface stratum corneunm

17
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is covered by a thin layer of mucus contributed by Flask
ce{ls, Leydig cells and epiderﬁal and dermal glands
(Parakkal gnd ‘Alexander, 1972; Whitear,. 197“). This
layer of mucus eff;c¥ively binds water and ailds in
respiration through the. skin (Parakkal and Alexander,
1972). Some intraiellular organelles persist in the
‘cellg of the stratum qorneu? but prior tq sloughing are
eliminated by autolysis (Fox, 1975; 1981). Tonofilaments
réh;in apparent but evenﬁually exist as a homogeneous mass

within the keratinocytes (Fox, 1975).

The s%r;tum granulosun underlies the stratum corneunm.

L}

Deeper in the interior are the =strata mucosum, spinosunm

and germinitivum, respectively (Fox, 1975). The cells of

these layers progressively flatten and become more
) : -

squamous in - appearance as they aPproach the external
surface. (Parakkii -and Alexander, 1972;‘ Fox, 1975).
IMmature inner epidermal'%eils are cubolidal, spherical or
coldﬁnar \(Fox. 1975; 1981). Along the inner margin of
- the basal ceil layer, abundant hemidegmosqmes are obser%ed
(Fox, 1981),. Togethef whth associated tonofilaments, th;
hemidesmosomes form thé’figures of Eberth '(Fox,u 1981).
The. basal layer of cells is anchored to "a well-defined
basal lamina by hemidesmosomes. The adepidermal membrane
which underlies the basal lamina and dermis (Salpeter and
Singer, 1959) contains ©poorly oriented collagen fibres
(Pa;akkal and Alexander, 1972).

Scattered among the epidermal keratinocytes are Flask
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cells which constitute approximately 10% of fhe epidermal
cell population (Whitear, 1975). These cells are
believed to aid in epidermal sloughing (Whitear, 1975).
Merkel ceils also persist in the adult epidermis, " making
up approximately .3% of the cell population (Nafstad and
Baker, 1973). Dgsmosomal junctions have ﬂéen observed in
both of these cell types (Fox, 1975). - Mel;nophpres,
histiocytes and granular leukocytes are also detected Dbut

do not exhibit desmosomes (Frieden and Just, 1970; Fox,

1975).

1.3.2 Thyroid Hormone-Induced Metamorphosis

Administration of exogenous thyroid hormone (T3

TA) to responsive anuran larvae results in the precocious

or

differentihtion of adult organs required for terrestrial
life and”ﬁthe degeneration of 1larval, aquatic = organs
(Gudernatsch, 1912; Kaltenbach, 1959; 1968; Kollros, 1961;
Derby, 1968; Etkin, 1968; Frieden and Just, 1970; Atkinson
and Little, {1979} Just and Atkinson, 1972; Wright; 1973
Atkinson, 19é1b; Wright et al., 1981). It is generally

agreed that the regression of larval aquatic organs is

initiated by higher levels of T3 or TZ than are required

19

for the development of adult organs (Kaltenbach, 1959;

1968; Etkin, 1968; Frieden and Just, 1970; Fox, 1981).
The ability of amphibla to respond to thyroid hormone
(T3 or Ta) involves the acqui¥ition of tissue competence.

This response may also be dependent on ‘the 1level of

-




‘circulating thyroid hormone of require the presence of
other hormones (Kaltenﬁach, 1959; 1968; Etkin and Gona,
1967; Derbvy, 1968; Etkin, 1968; Frieden ané‘ Just, 1970;
Atkinson and Little, 1972; -Just and- Atkinson, 1972,
Atkinson aﬁg Just, 1975; . Wright et al., 1979; 1981;
Atkinson, 1981b). Some tissues ar; rendered responsive

to thyroid hormone by exposure to a sustained level while

other tissues require a gradual increase in thyroid

20

hormone (Kollres, 1961; Derby, 1968; Etkih, 1968; Frieden

and Just, 1970; Atkinson, 1981b).  Other factors which
have ©been sited as important to the induction of
precocious metamorphosis are the mainteﬁance temperature
of treated animals (Ashley.et al,, 1968; Derby, 1968), T

3
versus T4 as .the hormone of choice (Ashley et al.,, 1968;

Frieden and Just, 1970; Atkinson, 1981b), the route of

thyroid hormone administration (immersion, intraperiténeal
injection or TA-containing choiesterol implants)
(Kaltenbach, 1959; 1968; Ashley et al., 1968; Etkin; 1968;
Frieden and Just, 1970; Atkinson, 1981b) and the minimum

dose of 23 or T4 required to initiate a nétamorphic

response (Kaltenbéch, 1959; Ashley et al., 1968; Derby;

1968; Etkin, 1968; Frieden and Just, 1970; Atkinson,
1981g -

The many biochemical and anatomical (gross and
microscopic) Changes ;esqlting.from spontaneous or thyroid

hormone-induced metamorphosis have been extenslvely

-t

reviewed, Therefore, they will not Be dealt with here;

"




Interested regders are directed to thev excellent reviews
of Weber, 1969; Frieden and Just, 1970; Dodd and Dodd,
1976 and the mofz‘recent ones of Atkinson (19élb), Broyles
(1981), PFox (1981), Frieden (1981), Kollros (1981),
Smith-Gill and Carver (1981), and White and Nicholls
(1981) found in Metamorphosis: A Problem in Developmental

-

Biology, Second Edition (1981), *

1.3.2(a) Thyroid Hormone-Induced Epidermal Developmeﬁt

Attempts to determiﬁe whether the évents surrounding
normal maturation of the epidermis of anurans at climax
are duplicated during induction of metamorphosis by
administration of exogenous thyroid hormone, have ©been
examined, The morphological changes which accompany“ the
maturation of epidermis from larvae to adulthood haQe been
useful markers for assessing +the effects of thyroid
hormone. )

Kollros and Kaltenbach (1952) were able to stimulate
precoéious epidermal differentiation by %mplanting

6
thyroxine-cholesterol pellets under the dorsal skin of

stage VIII (Taylor and Kollros, 1946) R. pipiens.

Glandular development in the immedia?e area of the pellet
was initiated by the third day following .implantation,
In addition$ the epidefmis stratified, cornified: molted
and shrowed changes in pigmentftion. Thege,'chanéesf are
characteristic of epidermis at metamorphlie climax, . As

distance from the thyroiine—cholesterol pellet increased,
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the effects of thyroid hormone decreased. Implantation

of control pellets (cholesterol only) did not produce
. . ‘

‘differentlative changes.
»

Wright (1973) demonstrated that the morphological

&
hallmarks of epidermal differentiation are predociously

induced in hind liqb'fﬁidérmis of R. pipiens following
submersion in'TA. Autoradiograéhic analysis of epidermél'
tissue sections from stage X aniﬁals (Taylor and . Kollros,
194@) demonstrated a DNA synthetic pattern typical of more
mature epidermis, 1.e. restrictjop of- cell division to
the basﬁlvlayer; Thé decrease iq DNA synthesis in the
outer la&er of epidermaf cells was detected as soon as 6
hours‘after tregtmenf'with'Taﬂ Within 24 hours of T,
treatméét,"tﬁé ‘j cell’ layers 'which , constitﬂ%e: the
epidérm£§ displayed ismmiividual patterns of DNA synthesis,

Conﬂi%hs‘showed a uniform pattern of DNA labeling.

s @

é&milar results have been observed - by Dhanarajan
(Dhandrajan, 1979; Dhanarajan and  Atkinson,  1981).
Following a single -injection of T3 to stage VI-VII R

-

catesbeiana larvae, differentiation-specific changes were

apparent within 48 hr. Acommpanying an overall 1increase

f . N
in 1imbd 1length was 1increased stratification of the
epidermis which became more pronounced with time. _ Eight

aéys after 'I'3 injection, epldermal. glands are

well-developed. . { S
ﬂ% -In premetamorphic X. laevis, T3 and Tl’ have been

shown to be effective inducers of precocious

o
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differentiation of dorsal and'lateralt epidermis lin vivo
and in vitro (Vanable and Mortensen, 1966}’Reeve§, 1977).
Ofgan ~cultures of doréal skin treated with T, and

= su$sequently examined fof‘glandular development, displayed .

a limited period of positive response (Vanéble and

Mortensen, 1966). This period of T ,responsiveness was

found in mid-larval -stages, Cultures \init}atéd from
young larvae or animals in whom the forelimbs were about
to, or had just emerged; revealed that TA was inhibitory
- . to glandular development. Examination of polysomes from
larval epidermis in vivo and'epidermal cell cgltures, has
shown that premature synthesis- of &an ' adult—specigic

keratin (Reeves, 1975) is initiated following T, treatment

.. (Reeves, 1977).

1.3.2(b) Regression of the Anuran Tail

The regression of the anuran tail is an ordered
.procesé involving the sequential . appearance of specific

biochemical chpnges.. These biochemicél changes are

ultim;tely observed as the programmed death of the cells

that make up the tail (Weber, 1969; Frieden and Just,

1970; Fox, 1975; 1981; Kerr et al.;- 1974; Merrifield;
.1979; Atkinson, 1981b), ' When metamorphosis is
precociously induced by‘» exogenous thyriod hormone,

,temperature, age and species of ‘'the +tadpole, dose of
thyroid hormone and its route of administration .are all

important’ factors in assessing tissue response
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(Kaltenbach, 1959; 1968; Weber, 1962; Derby,:1968; Etkin,
1968; Frieden and Just, 1970; Asﬂley et al., 1975; Dodd
and Dodd, 1976; Atkinson, 1981b). The suseptibility of
the various tissues dhich make up the tail " to diffe&ent
levels of thyroid hormone and the resulﬁing effects of
tissue-tissue interactions‘ are also important
considerations in evaluating this organ's regression
(Kaltenbach, 1959; 1968; Salzmann and Weber, 1§63; yEtkin,
1968; Xim et al., 19?7; Atkinson, 1981b;} Niki et al.;

1982).

During metamorphic climax, the epidermal cells which

k€ratinize and are sloughed from the tail are not replaced

by the germinative cell population .in ° anurans
(w:ight,197j; Fox, 1975). The tail epidermii does not
ldifferentiate and displays no peak in mitotic 1labeling
during larval developmént (Wright, 1973). This is in
cqntrast to the observations from. hind 1imb epidernmis.
Th; morphoiogical events surrounding the regression of the
“tail are similar, however, whether metamorphoéis occurs
(spontaﬁeously or is _indyced (Fox, 1975).
Kaltenbach (1959) demonstrated that |. when
thyroxine-cholesterol implants .contained 40% +thyroxine,
well demarcated areas of localized absorptlion could be

®

induced in, dorsal and ventral tail fins of R. ‘pipiens.

When thyroxine-choiesterol implants contained” 20%
13

thyroxine general metamorphic events were accelerated.

However, the dorsal or ventral tail fins into which the
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"thyroxine resulted in  ‘pfecocious

235

T

implants were placed displayed resorption in only 10% of

the anipals. thus tredted, = Impldn¢s containing 60%
A j
/
‘..:. e \ L
resorption of the tail fin anterior and posterior to the

metamorphosis and

-

impiant. ) . &

v

Quantitative stpdies on the response of isolated 'tail.

discs from Rana Pipiens have shown that lower 1levels of

. thyroxine elicit a response +than in the intact animal

(Derby,.1968). Although regression of tail discs ' 4in

vitro was succeésfulvat low levels of TA' a longer ber}od éﬂ

of time was reguired for resorption. Exgessi¢é doses of
T4 did not expedite the res;rptive process (Derby, £968).
However, r;duction of the 'Iateni ‘?eriod precéed%ng the
resorpti:e response has ©been demonstrated..’ " Kim and™
colleagues (1977) exposed isolated tail discs from

premetamorphic Rana pipiens to thyroxine. - Tail discs,,

¥

previously unexposgq‘tq TA' which were docgg@“ betyeen
T, -treated discs displayed reéiession within 24 hours.
Untfeated discs ineubated in thy;oxine pontaiﬁiﬁg"wﬁedium
had‘a'minimum 4 day latent period before a dqtect;blp ‘
resorptive response waé apparent.

The recent work of Niki and colleagues. (1982) has

demsnstrated the importance of dermal-epidermal

interactions for the succtesful degeneration of the tail, #

They. found tha} when epidermig was stripped from blocks -of

" tail tissue taken from stage X R. catesbeiana larvae, the

'

tails did not regress in the presence of T , Tissue

.

£

1




blocks in which the epidermis was left adherent or those
to which it was applied after stripping followed by
incubation in T3-containing medium* showed typical tail
regression. ,,"'

Biochemically, there is a shift in the  enzynme
population froﬁ tﬁose concerned with’energy metabdlisgﬁ té’
those involved in bF;akdown“of the ti;:E%s of fhe\ tail
“during metamorphiec climaX'(Wéber,/1969; Friéden_and Just,
1970; Dodd and Dodd, 1976; Atkiqsén, 1981). The use of
varibus speciés' of Rana énd Xenopus laevis have

£

eqlighf%nég;reseArchers as to the quantitatiye enzymatic

changes that occur and permitted. their 1localization to

particular tissues., . Although ‘aﬁtolytic "destruction
[ '

mediated by lysosomai aékd hydrolaseé is a 1likely .m;tho&
of tissuye destruction (Eeckhout, '1969;"Friéden, 1968;
Weber, 1969; 1978; Frieden:'and Just, 1970; Dodd and D;dd,
1976; Atkinson, i981b) prior to macroﬁhage or 'phagosone'
engulfment, some felieve that it 'cannot account fof’lthe
entire process (Weber, 1969; Kaltenbach et al., 1979;:'
Merrifield, 1979; Atkinsoﬁ,'i981b). Indeed, Merrifield
(1979) has shown that the T,-induced decrease in actin and
tropomyosin was partially, at the very least, +the result
of translational inhibition. ‘ .
Kaltenbach and colleagues (1979) fouPd that +the
enzyme distridution among the Qarioﬁs tissﬁes of the 'tail

was, in éeneral, the same whether metamorphosis was
¢ . : - .

spontaneous or induced. In their histochemical"
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locéiization study, lysosomal aand non—lysdsomal enzymes

displayed corresponding increases and decreases under both
metanorphic states, They. found that the staining for

TPPase, 5'Nase, Mg}+-°and Ca2+~ activated ATPase  becomes

-

nore intense in epidermis and connective tissue. . This.
corresponds to a%_increase in lysosomal, Golgi apparatus
and phagocyte ° aétivity. The activity  of ac&d
phosphabases aﬁd cathepsin—like ;sterases has been

localized to the dermis in tail rudiments of spontaneously

AN

. metamorphosing X. laevis (Weber, 1963) Although the type
and distridution of enzymatic change 1is the same 1in
‘spontanequs and thyroid hormone-induced metamorphosis, the

quantitative changes d{l enzyme aétiyity are seldom of the"

same hagnitude when metamorphoéis is artificially
’ /
stimulated (Eeckhout, 1969; Frieden, 1968; Weber, 1969;
Dodd and Dodd, 1976; Atkinson, 1981bv).
1.4 The Expression of the Keratin Family of Proteins
o During Epidermal Development N

11;4.1 Molécular Structure of Type I -and Type II Keratins

| Intermediate . filaments (7-11 nm) along - with.
microfilaments (4-6 nm) and microtubules (23-25 nm) nake
up the cytoskeletal network of vetebrate cells (revieﬁgd
by La;arides 1980). The ‘identification of
in%ermgdiate-type fi#aments in Drosophila suggests that a

similép cytoskeletal network may be present in 1insects

”(Walter and Biessman, 1984), S&nce oénly one subclass of

intermediate filament is usually expreséed by a particular




cell type, identification of the intermediate filament
and/or its subunits is an indication of the cells' tissue
of origin, For example, keratins (and cytokeratins) are
synthesized Sy epidermis and a variety of eﬁithélia,
desmin by muscle cells, vimentin by fibroblasts and other
éells of mesenchymal origin, glial fibrillary acidic
protein (GFAP) by astrogiia and the neurofilament proteins,
(KF-L, NF-M and NF-H) by neuronal cells (reviewed by
Lazarides, 1980, Osborn et al., 1981, E;an e et al,, 1981e
and Osborn and Weber, 1982). (The " term 'cytokefatins'
was first implemented by Franke and colleagdues (Franke et

al., 1978) to diktinguish keratins extracted from living

cells fyom the ke%@tins found in terminally differentiated’
stratum-éorneum. \ his term is now in common useage.).

The ability of 'fferent‘subclasses of 1intermediate
filaments from ro@ent,‘bovine and invertebrate sources to
form copolymers, albeit of vari;ble étability (St;inert et
al., 1981), and the production of a monoclonal antibody
which cross-reacts with all .subclasses of .intermediaté

filaments in vertebrates and invertebrates (Pruss et " al,,

1981), suggested that common structural properties existed

(Roop et al., 1984), More recently, sequence analysis of

rodent and human ??%ermediate filament genes has indiéated'
that ail intermediate filaments likely arose from a common
'ancestral gene (Krieg et al., 1985).

Indeéd, intermediate f;laments froﬁ all organisms

examined to date have a central rod domain of 311-314°

.
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amino acids whieh consists of 4 distinct o~helical
| ~ subdomains, 14, 1B, 24 and 2B (Hanukoglu and Fuchs, 1982;
1983; Steinert et al., 1985b). The amino acid sequence

of the rod domain is made up of quasi-repeat heptad that

facilitates an o~helical  coiled-coil conformation:
(Hanukong_and Fuchs, 1983; Steinert et al., 1983; 19é5a; N
1985b). Along the rod domaimy acidic and basic amino
acid residues are distributed in a distinct 28 residue-
.periodicity (reviewed by Steinert eflal., 1985b7). Within-
the ohelical.regions of the rod domain, the 'sequg?ce of‘ *
~residues 8-20 of s;gment“lA and the last 30 residués{of 2B
are.higﬁf& conserved. | Tﬁése two o-helical regiqzé' are
Ythe amino and carboxy terminal segments of the rod domaig
: (Steinert et‘al:, 1985a; 1985b)~ : .
The 4 o~helical regionét 'are separated by 3
non-c~-helical linker regions. L1, L12 and L2. The linker
L12 which joins segment ! and 2 has the potential to fornm
a B-sheet. The keratin family of iqtermediaté filaments
. which‘éonstit;tes 2 of the 3 intermediate filament 'Types'
. (based'on the designation of Crewfher et al., 1978 fronm
sheep wool G-keratins) has remarkably similar rod domains
B ~ {(Steinert et al., 1985b).’ A great deal of. sequence

homology ls observed between the rod domains of' desmin,

vimentin and .GFAP (Type III " intermediate filaments)

)

(Steinert et al.,, 198%a).

L T Analysis of sequence data from mouse and humans. has

shown that distinct héteroééﬁeity between Type I and Type

,




II keratins is contributed by the 2 end domains which are
bilaterally symmetrical with respect to the rod domain
(Hanukoglu and Fuchs, 1982; 1983; Xim et al., 19é3;
Steinert et al,, 1983; 1985a), On the . amino- and
carboxy-terminal sides of +the rod domain of Type LI
keratins are two highly conserved globular subdomains, HI1
and H2‘(Steinert et al., 1985a). The mass differences in
the keratin Types I and II are duwe to 2 subdomains ef
variable size and séquence;q .The variable subdomains, Vi
and V2, which are rich iﬁ;glycihe and/of serine residues
may be.up to 130. amino acids 1long 1in 1large keraéins
(Steinert et al., 1985a; 1985b).  In keratins of 1low
molecu}ar mass the size of Vi1 and/or Vé is reducéd; and in
some, it is noén-existent (Steiqert et él.;'1985%).

_The amino- (N) and carboxy-terminai (C) subdomains of
Type I and Type II keratins are usually of basic pH and
hetgrogeneéus in size and aminﬁ acid sequence (Roop et
al., 1984), - 1In mquse,ﬂ%y compariné amino‘.acid sequence

data, Roop and colleagues (1984) have found that each

keratin bears a .unique € subdomain, Preparation of

synthetic peptides corresponding to the C subdomains of 4

mouse keratins, demonstrated that when used as antigens,
keratin specific ?ntibodies were generated.,

The keratins ape obligate heterdpolymers (Steineft et
al,, 1981; Steven et al., 1983), That 1is, .for filament

assemblf5the presence of different subunit proteins 1is

required, ¢DNA analysis has shown that subunits within




assembled filaments must represent Type I (acidic) and

Type II (neutral-basic) keratins (Fuchs et al., 1981;

&

1983; 1984; Fuchs, 1983; Sun et al,, 1983a; 1983b; 1984;

Steinert et al., 1985b). Members of each Type are

coordinately - expressed in a tissue- and
differentiation-specific mannér (revigwed by Fuchs et al.,
1984). With the possibliiexception of only 2 of the many
keratins observed in epidermis and a variety of
epithelium, different mRNAs encode each keratin (Fuchs and
Green, 1979; Puchs, 1983; Fuchs et al., 1983; 1984;
Hanukoglu and Fuchs, 1983; Kim et al., 1983).

Sauk et al,, (1984, "have demonstrated that the
assembly of keratin filaments in vitro is facilitated Dby
the presence of the non-<o-helical N- and C-terminal

domains. Removal of the end domains which are

~chymotrypsin sensitive (Steinert et él., 1983) and

subsequént renaturation of  the remaining o-helical
fragments demons£rated an increase in the lag . perlod .for
filament assemnbly. In addition, the 'fiiaments that did
form were anemalous. The 6rde;ed structure
characteristic of intermediate filaments was absent (Sauk

et ala’ 198“‘)!

1[“12.The Morphology of the Developing Mammalian Epidermis

All mammals are surrounded by an epidernmis that

withstands ravages from the internal and external

environment for the 1life of the oxganism, In developing

v
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ﬁammali;n embr;os, th4 epidermis is initially observed a%
a simple epithelium, % single. cell layer in +thickness
(Banks-Schlegel, 19824 Moll et al., 1982b; Holbrook, 1983;
Dale ;t al., 1985)., Ps development proceéds, the layers
" of epithelial cells i@crease to 2, and eventually bechnme

stratified into 5:9 layers prior to birth (Jackson et

al.,,1981; Banks-Schlegel et al., 1982; Moll et al., 1982b;

Schweizer and Winter, 1982; Holbrook, 1983; Dale et al.,
1985). Formatioﬁ ofispecialized-epidermal struc£ures is
coincident withrepidedmal development., For example, when
the epidermig of human fetuses consists of only 3 cell

3
“layers {including the |protective periderm at 13 weeks)

hair germs are histoldgically detectabfé (Moll et al,,

1982b; Dale et al., 1%85).

With the incrfdse in epidermal cell layers,

morphological properties associated with a differentiated
epidermis d;n be distﬂnguished in the superficial cells
(Banks-Schlegel, 1982;| Schweizer and Winter, 1982; Dale e{
al., 1985). For exanple, at daj 16 of fetal mouse
development, the epldermis consists of a Dbasal cell
population and an obvijous stratum spinosum (Schweizer and

Winter, 1982). . Prior| to this stage, the epidermis could

on;y be distinguished | as Dbasal 'cells, and superficial
cells of .intermedidte evelopment‘(Stheizer and Winter,
1982) « . _ -

The advent of thid morphological distinction ©between

\

the cell layers alsd heralds the restriction of




'mo;pholoéiCal criteria such-as size. In cellicclturee 5f

proliferative activity to the bdsal cell population. ~In

mouse and humans, 1t has .been shown that in vivo and’ in

' —
K

‘vitro the basal cel;s are sm&iler thart~ the suprabasal

cells which are committed “Ho terminal differentiation (Sun

and Green, 1976; Green, 1977y Watt and Green, 1981;

_Henmings et al.,.1983a; 1983b; Skerrow and Skefrow, 1983,

«

.wSchweizer et al., 1984a; Dale et al.,, 1985). By the

seventeenth dii' of fetal mouse development,  the
- s
superficial cells resemble the .flattened cells

~

characteiisfic of the .granular layer (Schweizer . ’‘and

Wintem, 1982). While still in utero, the outermost cells- el
of mammalian epidernmis keratimize, ~-die and form the
cofdified . layer. (ﬁanks-Schlegelq 1982; Schweizer  and
Winter, 1982; ﬁo1brook,‘1983; Dale et al., 1985). " This

represents the terminally differentiated state of the P
epidermal keratinocyte. :

~

- TAs stated abdve,.. once epidermei cells: can be
morphologically &1st1nguished cgil division becomes
N :‘,“ P . F

restrlcted to the basal cell population._c Watt (198&) has . " .

shown that in vitro, the commitment of' particular‘

— PO . L .0

epidermal cells to terminal dlfferentlation Ais selecfive. aw

rather than random amd cannot be asgessed by“)g&pical 5

- o
-~ [ -

PR

human keratinocytes, theJ*céils E;EIch are conmmittgd to V,}i“ ;
terminal differentiation aremhless adherent - to the”
substrate, In addition, they are 'positive.‘ (by . b,

immunofluorescencey for involucrin, the protein precursor )

e .



of the cornified envelope of differentiated kegatinocytes.

When stratification of monol;yer cultures is induced, only

" ’ thé involucrin—positive cells become upwardly mobdile nd
form desmosomes and tight junctions with their neighb6§ing

(now) suéerficial cells, If protein synthesis  is

! inhibited at the time of stratification, vthe cells afe

still involucrin-positive, indicating their commitment to

Y

differentiation~prior to stratification.

By immunoblot Qnalysis, it has been shown that
apbnpximately 10%'of the basal cells of mouse epidernis
"o : express a 'differen¥Tation specific (60 kd) keratin

(Schweizer et al., 1984a). ‘Immunofluorescent staining of

' ~

basal kerétfnocytes confirmed the small percentage of

cells positiyé'fbr the presence of the 60 kd keratin,
h . EI b . ) '
This demonstrates that as seemingly undifferentiated cells

'(' LA
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of the basal population, the deJélopmen%al fate of these

cells has, nonetheléss, been determined,
o

. "y .
I . ®

1.4.3 Expression of The Keratln Family of Proteins in

i

N Develqping and Mature EpidermIS/'

The develogment and aturation of the epidernmis
nécessitates the' developmejb\\pi“'special qualities of

durabllity which make the.whole (epidermis) greater than

l

thﬁ sum  of its parts (individual keratinocytes)

7

3

-

‘ Accompanying the’ merphological changes of epidermls during
embryonic development, are changes in the synthesis of the

. keratins, a tamily of water insoluble proteins . The

4
-



keratin sudbunits have M,.s of 40-70 kd and assemble into

the 7-11 nm tonofilament network of developing and mature
k=)

epldermis, A well-developed tonofilament network and the

o

highly insoluble cornified envelope 1impart strength and
durabilify to the epidernmis,

Nineteen mammalian cytokeratins (excluding their

isoelectric variants) identified in a variety of normél

and pathological conditions have begn catalogued (Moll et.

al,, 1982a); a more recent comﬁilation suggests ‘that the
keratin grpup of intermediate filaments consists of
upwards of 30 different proteins (Steinert et 'al., 1985b).

Aithough the keratins extracted from epidermis present a

—~

seeningly complex picture, individual “cells within the

tissue expfess only 2-5 keratins Q} a given time (Fuchs et

@

al., 1984)~

J ;
In mammals, the emergence of specific patterns of

epidermal keratin expression both in utero and af}er birth

have recently come to the fore (Fuchs and Green, 1978

Banks-Schlegel, 19823 Schweizer and Winter, 1982; Tseng et

4

al., 1982; Woodcock-Mitchell et al., ;982; Roop et al.,
1983; Skerrow and Skerrow, 1983; Sun et al., 1983a; 1983b;
Dale- et al., 1985). Dale et al. (1985) have recently

condicted a monoclonal and kefétin-specific antibody sthdy

o
o

of epidermal keratin expression during human embryonic and
- .

fetal development, From their results, they concluded

that there are no embryonic-specific keratins. ngeGer,

the expression of keratins which are aasociated with




sti;tificationl(jo and 5é kd (reviewed by Sun et al.,

198323  1983b)) and keratinization (67 and _:56.5' kd
(reviewed by Sun et al., 1983a; 1983b)) precede the .
-morpkolgical manifestation ~ of ;eese 7 properties.
'éoincident witﬂvthe detection of +the 67 and 56.5 kd
keratins is tﬂé disappearance of the 40 and 52 kd keratins
observed early in development. The loss of .1low M,
kerat{ns-when the synthesis of high Mr'keratins begins has
been oBserQed in fetal rabvit epidermis (Banks-Schiégel.
1982) but yas‘qot apparent in results fro&‘ fetal mouse
(SQhwe;zer and Winter, 1982).

\

Dale and colleagués concluded that the expression of
- . ”~
specific keratins by epidermal,cells may be what commits .
the  tigssue to stratification and keratinization. The

same cannot be said for filaggrin, the precusor protein-of

the~ amorphous ~ .matrix which is _associated with
keratohyaline granules, Detection of filaggrin is
simultaneous , with follicular and = =subsequentdy,

interfollicular keratinization (Dale et al., 1985).
The paftern of epidermal keratin asynthesig, and the
. mitotic restriction to thé basal layer established 'during
.human fetal ‘development peréis; throughout the life of the
©animal (Woodcock;Mitchell et lél.,- 1982;- Skerrow . and
ékerrow, 1983; Sun et al., 1983a; 1983b; 1984). In a
° ﬂon;patkologiéal condition, basal cells. continue to’

synfhesize b6,y50, 56 and 58 kd keratins while suprabasal =}

cells persist in the synthesis of 65-67 and 56 kd keratins.




as well as some low Mr7$eratins (Fuchs anq Green, 1980;
Woodcock-Mitchell et .al., 1982; Skerrow and Skerrow, 1983;
Sun et al., 1983a; 1983b; 1984). Deviation from the
normal state of ker;tin synthesis has been correlated with
hyperprolife;ative diseases (Skerrbw and Skerrow, 1983;
Weiss et al., 1984) and malignani}es (Moll et al,, 1982c;
reviewed by Fuchs et al., 1984), Indeed, .alterations in
the keratin-specific expression by epithelial tissues 1is
proving to be diagnostically valuable (Moll et al., 1982c;
Fuchs et al., 1984),

Mammalian epidermal cell cultures often express
.keratins that are different from what is V%bseéved in
intact epidermis (Fuchs and Green, ié?B; Banks-Schlegel,
1982; Roop et al., 1983). Fuchs and Green (T978) first
showed that keratin-enriched fractions from human foot
callus had M_s of 65, 63, 55, hg, 45 and 41 kd. However,
kératinocyte cultures from human foreskin synthesized
‘keratins with M s of 58, ‘56, 50, 48, 46 -and 40 kd (Fuchs

and Green, 1978 Sun et al,, 1984) although

morphologically, some of the cultured éells appeared to be,

terminally differentiated (Green, 1978). Although more
recent results have demonstrated the presence of the high

Mr keratins in human epidermal céll cultures, the authors

attribute the discrepenéy to different sources of medium

-’ N +
supplements (Banks-Schlegel and Harris, 1983).
L)

Comparison of the results from human epidermal cel;

cultures with epidermal  cell _cultures- fronm rabbit
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(Banks~Schlegel, 1982) and mouse (Roop et al., 1983)
verified that the absence of high ¥ keratins from human
keratinocyte cultures was not an unique finding (Fuchs and

Green, 1978).

1.4.4 Effect of Growth Environment.on the Difﬁerentiation
—F
of Cultured Cells that Synthesize Keratins
-

A.valuable advancement in tge area of epidermal
;eseafch has been the development of suctessful tissue
culture techniques, In vitro examination of +the cells
derived fronm epithelium has revealed +that many of the
- morphological pfoperties of intact epidermal or epithelial
tissue ‘are retained Dy its «cells in culture. In
appropriately supp%emente% ‘tissué | culture mediunm,
increasing cell size with lprogressive differentiation,
desmosome formation, siratifica;;on,. foéméiiog of the
cross-linked envelope and shedding of the sunf;ce cells
into the medium have been repeatedly documented (Sun and
Creen, 1976; Green, 19773 1980; Rice and Greeh, 1979;
Banks-Schlegel and Green, 1980; 1981; Green et al.,, 198la;
1981v; Watt and Green, 19813 Hennings et al., 1983a;
1983%). The maintenance of these propergies.iﬂ vitro has
permitted the researcher tﬁe cénvenience of  manipulation
afforded by £issue culture without the influence of
factors other than thosé prgvided in the culture mediunm,
As will be discﬂssed below, speclific properties of the

’
epidermis are markedly effected by medium supplements,

S
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“differentiating

_keratinocytes grown in the absence of v1tam1n A wéret

_ﬂgedium Tﬁe release “of terminally

1.4.4(a)'The Effect of Vitamin A Supplemented Medium

en Epidermal Differentiation « s

The presence of vitamin A or 'other retinof&sff

dlfferentlatlom

v

19751

,//

growth medium has been shown to alter the

oftepithelium in vitro (Reeves and Lsskey, Fuchs,

1981; et 1984) epidezmawi

rs :’:E' -
ngre

Eichner al., 'Human

adherent to ‘neighboring cells and to culture dishega 43 Id

9

addltlon, a decrease in- cell motillty was observed (Fuchs,

H

1981). In  vitamin A-free‘~5med1um,' morphological

" typical kerstlﬁizingn :

propefgies . of a-~"

nﬁclear
g;anules
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“are ap arent
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epithelium Ere oB?ervedw
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1981,' Eichner et
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(Reeves and Laskey,
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~ . '\ » . /
" promlﬂence\ of the. 67 kd protein, two lower Mf
L
SR water insoi‘ble proteins of 40 and 52 kd ' became less
A 1ntehse ( uchs. 1981. "Eichner et al., = 1984),

Immunoprecig'tation (Fuchs and Green, 1981) and immunoblot

A tﬁEiehneraet l 198#1 verified that the 67 kd protein was
- . skeratin. The presence of adult—specific keratins 1in
C e Tl ¢ )

Xenopus lawy s epidermal cell cultures has also been

——aime 1,
- Riane vty

reportéd QRe ves’ and Laskey, 19?5)

R  The. tra s ation of‘”pely(A+) MRNA  from epidermal

keratlnocytes grown 1n the\presence or absence-of vitamin

A showed that mR codlng fer«tﬁe 67 kd was’ “extracted only

. os Y
when cells wefe grown xn vi&amlﬁg A free ~med1um (Fuchs,

1981) Th

particularly interestin§ since it i% not usuplly detected

1n cultured human keratinocyteﬁ (F&kps and EGreen, 19?8)

U51pg\ mdnoclonal antdbodies, Eichner .et X al. (ﬁch)
¥k o

demonstrated ‘thit the increade in the 67 kd kératin /{Type

I H
O T " i
II, AE2 and AE3 positivé# £@¢cbordin§te ,wdth an inlcrease

i
'l'

in th 56, 5 kd keﬂé@}n {Type I,' AElg'and AEZ posiélve)

y.

ﬁ:

: tjonshlp between ﬂthe«udetectiphdkand‘ subsequent
ot ’ e ’
7 increase in the 67 and 56 5,k¢ keqatins and keratinization
. R T . ’,/, “J
/. ~--is discussed above. "v. R
N Y S . 2 ,":yt.— S , ’1‘/'//»‘- \
. R 4 e “ g R ‘
T e o R .
T Ly 4(b) The Effect of Calf Senﬁm Supplemented ‘Medium
T L R )
: 'qﬁﬁ'-_ - ﬁwggfggidermel leferentiation
- - 1‘ 4
?_ Fe ’ In mouﬁe,mammary epithelium, the ©presence: of calf
NI "t 2’

‘s serum haSugittle effect on ~the cytokeratins synthesized in

detection ~oi‘.u{the\_ 67 Kd\ keratin o is

N
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culture'(Asch and Asch, 1985). However, Ehe absence of
serum from medium inhibits the growth of fibroblasts which
often .contaminate' epithelial cell preparations. The
preparation of serum—freg medium:eliminates the detection
of the intermediate filament charabteristic of
fibroblasts, vimentin (Asch et al., 1981; Asc? and Asch,
1985). '

Keratinocyte cultures fron newbornA human foreskin

maintained in serum~-free medium develop

detergent-insoluble filaments and a cornified envelope and

are sloughed into the medium (Green, 1977). However,
digestion of cellular nuclei, which is- also a
characteristic of +terminal differentiation, is not

detected (Green, 1977). Unfortunately, Green (1977) did
: not do accompanying keratin protein analysis of the

épidermal cells maintained in serum-free medium,

-

1.4.4(c) The Effect of Medium Calcium Levels on Epidermal

s

Cells in Culture :

Theﬂdifferentiation of epidermal cell cultures fron
human .and mouse are markedly affected Dby lqw calcium

levels in the medium (<.1 mM) (Boyce and Ham, 1983;

reviewed by Hennings et al., 19832 and 1983b). " In low

"

calcium cbncentrationa'epidermal cell cultures- will grow-'

for limited perio&é as a monolayer, displaying a polygonal
morphology.typical of basal cells, Desmosome fofmation,

keratohyaline éynthesis, cornified envelope formation and

”

»
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normal keratin filament assembly are inhibited.
Tonofilament ﬁhndles that are ébserved. are poorly
developed, with most displaying a perinuclear arfangément.
Keratin synthesis remains unaffected by low calcium levels

(re;iewed by Hennings et al., 1983a).

1.4,4(a) Tge Effect of Cell Density on Keratin Gene
V Expression

In non-pathological conditions’ one intermediate
filament subclass is usually expressed by a particular
cell type. Although epithelial cells in culture may
co-express cytokeratins and vimentin (Franke et al., 1979;
storn et al., 1980; Franke et al., 1981b; ‘1981d; Masuda
et al., 1985), the most notorious exanmples of this
phenomenon“are from the long established PtK,, PtK, and
Hela cell lines (Osborn et ai., 1980;. Franke et al.,
1981d). Recent evidence from Lane et al. (1983) has
shown that in situ early mouse embryos (8.5-13.5 days old)

express both cytokeratins and vimentin in parietal

endoderm cells, She and her collaborators suggested that

the co-expression of the 2 intemediate filament subclasses

. may be due to the absence of cell contacts. Indeed, with

inéreasing cell density, a suppression of vimentin
expression is observed (Lane et al.,li983)a
: N -

' The effect of cell density on qytokgratin éynthesis
in bovine mammary gland. epithelium (BMGE) ;hltﬁréd in

medium sapplemented with only fetal «c¢alf serum or in

-

A~
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medium containing insulin, hydrocortisone and prolactin in
addition to fétal‘calf serum, has 'been elaborated Dby Ben
Ze'ev (1985). BMGE maiétaiﬂed’as a low density monolayer
culture‘{; medium supplemented with fetal calf serunm,
synthesized 1large amounts of vimentin - as well as
cytokeratins typiéal of this cell line,: In addition +to
an apparent decrease invvim;ntin synthesis, BMGE cultured

at high density also synthesized "an acidic 45 kd

.

c§tokeratin not detectable ét low densities. When the
ceil cultures were maintained in. medium which was
hormonally supplermented, vimentin synthesis ‘was " not
observed at low or high density plating. Detecti;n of

¥y
the acidic 45 kd protein was still apparent only in high

density cultures, Use of mopoclonal antibodies veriffed

-—

the novel acidic 45 kd protein as a cytokeratin (Ben

‘

Ze'ev, 1985). The synthesis of vimentin Dby cytokeratin
synthesizing .epithelial cells | is, however, not a
universally observed phénomenon in sparsely seeded

cultures (Rheinwald et al., 1984),°

.

1.4.4(d) The Effect of Common Medium Supplements and 373’

Feeder Layer on Kera%inocyte and Epithelial
i LY

Cell Growth '

It is common practice for a feeder cell layer of
lethally irradiated 3T3 mouse fibroblasts to be wused +to
adhere cultured kefﬁtinoéytes' to.'tbe surface of the

culture dish (reviwed by Green, 1980). . In its absence,

rd

-
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i
Rheinwald and colleagues (1984) have found that vimentin
is synthesized along with the keratins specific the
particular cell type. Upon return to a 3T3 feeder layer,

: ‘ the synthesis of vimentin is supressed and keratins are

/

_agai&/ the only intermediate filament type observed
(Rhéin»ald et al., 1984).

Epifiermal " growth .E‘actor' (EGF), hydrocortisone,
. {pSulin and cholera _toxin are .freéuently used as

L

supplements to promote keratinoéyte proliferation in vitro
- ‘ . \‘ .

(reviewed by Green, 1980), EGﬂ, a mufine derived growth

factor, has ©been shown to markedly ~ enhance the

proliferative capacity of - - keratinocytes (Green, 1977;

®

*

decrease in the number of terminally differentiating cells
is concomitant, Once culturegs ‘are ,confluent, the
tendepcy to cell division 1is rleversed, and a strafhm
corneum of terminally differentiated squames is formed at

~ the surface-of the epithelium (Green, 1980),
Growth. of h;maq epldermal kera£inocytes iﬁ/ th;

absénce of EGF and hydrocortisone bromotes morphological

- differentiation (E;chner et al. 1984), Immunoblot

analysis ' demonstrated that karatins specific for

keratinization (§7 and 56.5 kd) werle synthesized, albeit

at low levels, in vitro (Eichner ‘et|al., 1984), With the

exception of the studies of Fuchs {1981) and Eichner et - -

. . al. (1984), the assessment of the differentiative capacity

Y

. reviewed by Green 1980 and Rheinwald et al., 1984), £

D



I
(SN

morphologlical properties of the cells (as dispusseﬂ

above). The influence of medium supplements on keratin

synthesis has largely been ignored (Rheinwald' et al,,
T 1984),

1.5 Summary and Thesis Objectives

1.5.1 Summary

Alterations in gene expression occur naturally dufing

the developmental process, Activation of a particular
gene or 'family' of genes may be transient. The proteins
" synthesized as a result of their induction are ‘required

’ for only limited periods. Although some genes or gene
families may be expressed throughout developmﬁnt, more
‘mature' gene products may be induced as '?évelopment
proceeds. 'Inagddition, 'whi¥e _the e;p;essién of sone
genes 1s ubiquitous, other genes may be tissue-specific,
Transient and'ubiqﬁizous (heat shock) ana continuous and
tissue-specific (keratin) "gene expression were examined.
The transient and ubiquif6ﬁ81$g;pression of genes
which environmental stress or’ ébmbination' of stresses

induce is required while the ‘stress is present,- The

synthesié of the proteins for which the stress-responsive
genes code is paramount, halting normal protein éynthesis

in most systems untll the stress 1s removed. .Upoh return

—

N

-to the control environment, tpe restoration of"normai oo




protein sxnghesis is gradual, but eventually the stress

| 4
(heat shock) proteins are|l not detectable.

The synthesis of ‘“keratins unlike heat shock
proteins, continuous and tissue-specific. The "expression

of" keratin genes, as sensitive. antibody

-

\
studies, occurs ‘early in Frtebrate epidermal development

(Banks-Schlegel, 1982; SchWeizer and‘ Winter, 1982; Dale et
al., 1985). \As developme‘t proceeds, keratins continue
to’ be expressed but are replaced by

differentiation-specific kieratins which reflect the

jntreasing maturity of the \epidermal cells. Once the

'maximum' maturity in kerat\n expression 1is attained YDy

epidermal cells, they are t%rﬁinally» differentiated . and

die.,

'Primary epidermal cell\‘cultures from larval Rana

catesbeiana provide an excellknt system for examining the

b
|

transient, ubiquitous andl
differention-specific expression of heat shock and keratin

genes, respectively. The forlher can be elicited by brief

incubations of epidermal cell\ cultures at supraopﬁimal

|
"temperatures. The latter can |be induced in situ or in
organ culture by exggenous thyrpid hormone (Kollros and

Kaltenbach, 1&é2; Vanable hnd -Mortensen, 1966).,

to the growth medium, .

continuous, tissue and

FAN
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1.5.2 Thesis Objectives o ‘

The research described herein addressed the following

o

questions:

1) Does the 1long-established Xenopus laevis kidne&

epithelial cell line respond to brief incubations at sub-

o

or supraoptimal temperatures by synthesizing new and/or
enhanced proteins? If so, are these proteins'the result
'of newly transcribed mRNAs’ or are they present in a
non-translatable form at the ‘'control’' temperature (22°C)?

2) In Rana catesbeiana, do primary epidermal cell cultures

from organs whiph are wholly larval (tail fin) or adult
(hind 1imb) respond to brief incubations at elevated or
depressed temperatures by synthesizing new ;nd/or'enhanéed
proteins? . If se, are the same proteins synthesized Dby

+
each tisshe?

3) During the first 36 hours of cell culture, are priw;ry

epidermal cell cultures from different staées* of larpyal

-

Rana catesbeiana responsive to

demonstrated by the selective 'syntﬁesis of particular

+
)

watqpfihsolublg.profeina? If the cells are responsive to

thyroid hormone, do cell cultures .from different stages of

larvae respond by synthesizing the same water-inéoluble
s
proteins?

4) When epidermal cell cultures from larval R. catesbeiana

are maintained for 5 days, are the, water-insoluble-

proteins synthesized in the presence or absence of thyroid

thyroid hormone , as -



e

. v .
hormone different than those observed durimg the first 36

hours of cell culture? Do epidermal cell cultures from

different larval stages synthesize ~ the ":same
water-insoluble proteins during the final 3% hours of the
5 day culture periodé e

5( Are the water—}péé&uble proteins synthesized by R.

catesbeiana epidermal cells in culture keratins? If so,
are the same keratins .expressed by epidermal dell cultures

when the source of the epidermis is fronm larvae of

?

different stages of morphological differerentiation?

H

6) Does the epidermis of thyroid horﬁgne—treated larvae

synthesize the samne water-insoluble proteins Iin situ as
epidermal cell cultures during the, firsf 36 hou{s
following exposﬁfe to exogenous thyroid hormone?

7) Do animals at different stages of. metanorphic climax

synthesize the sane proteins? Are these.‘'proteins the

same as those observed in epidermal cell cultures?
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PART 2

MATERIALS AND METHODS

2.1 Materials
2.1.1 Animals

Tadpoles of the American ©bullfrog Rana catesbeiana

[}

were obtained from either Howe Brothers Minnow - Farms, = Box
111, Atlanta, Texas or Sea-Mac Marketing, - a division of
Haltech Scientific Supply,  Mqun@ Alﬁert, Ontario. They
were maintained at room temperature in previously aged and

aerated water on a diet of <canned spinach and a 12 hr

light/dark cycie. A
L N wP{
.. e
2.1.2 Chemicals
Unless otherwise stated, all ~"reagents required for
. . *
electrophoresis were purchased from Fisher Scientific

L] 3

Company, Toronto, Ontario, Bio-Rad Laboratories, Richmond,

California or J. T. Baker Chemical Co,, Phillipsburg N.J.

Low molecular weight calibration kits were a prodyby of

».

- - - ]
Pharmacia Fine Chemicglsh a division of Pharmacila Inec.,

Piscataway, N.J. - : ' J)f’

Sodium deoxycholate, dithio@hreitol, ~‘phenylmethyl
sulfonylfluoride, ethylenediamine tetraacetic acid,

2-mercaptoethanol, N,N'-methylene-bis-acrylamide,

3,3",5-triiodothyronine sodium salt and gentamycin sulfate

49 ,



were purchased from Sigma Chemical Company, St. Louils,

Missouri.
Cell” culture supplies, unless specikfied to the

/

confraryh were products of Grand Island Biological Company

_(G1BCO), Grand Island, New York. Fetal calf serum' was
obtained from either GIBCQ® or Animal Health Laboratories,
Markham, Ontario, Culture dishes were from GIBGO,

Falcon Lab Ware, a division of Becton Dickinson Canada,

Mississauga, Ontdrio or Corntng Glass Works, =~ Science

Products fi;&§ion, Corning, New York,

2,2 ﬁethods

2.2,.1 Culturlng Methods A ' |

L4

\ .
The cell culture methods for the perpetuatlon of the

estaﬁ ished kldney epithelial cell line from Xenopus laevis

A:‘and thé primary‘.epidermal cell cultures from Rana

ffcatesbeiana 'tail fin and hind 1limb 4involve different
- o
) procedures. For this reason, eath method of cell culture
" “will be described in detail,
"\” - .‘

2.2.1(a) Culturing an Established Line of Kidney Epithelial

.Cells from Xenopus laevis

' Eetabliehed'adult kidney epitﬁelial cell cultures of

.‘,- ® '
.

+

the African ¢lawed- toe frog Xenopus laevis . (obtained fron

. J Gall, Yale University) were maintained according to

s \ t,

the method of Rafferty (1976). Xenopus laevis kidney

qpithelialfcells (XKEC) were cultured in modified mammalian

.




medium (Mediqm 199) in Corning T-75 plastic_tissue culture
flasks, The mammalian medium was diluted by 6% (v/v) with

sterlle double distilled water and supplemented with 1.5%

w

w/v lactoalbumln hydrolysate, 15% fetal calf serum, 75

ug/mL gentamycin sulfate and 1.5 ug/mL fungizone, The
cells/;ere kept actively growing bVYy using an incubation
temperature of 22°C in a darkened tissue culture‘chamber.
Growth of cell cultures was assessed visually by phase
contrast microscopy. When epithelial cell sheets
app;oached confluence, exhausted medium was replaced with
fresh medium twelve hours prior to the establishing of
daughter cultures, Cells were displaced from the culture
flask, transferred to a 15"mL conical bottom, sterile
centifuge tube and pelleted for 10 m}nuies on a table top
centrifuge., Cell pellets were suspended in 5 mL of fresh
medium and 10% of- this suspension was distributed to T-75

culture flasks containing 20 nL of fresh medium and

~maintained at 22°C in a darkened tissue culture chamber.

2.2, i(b) Prima;x Cultures of Rana catesbeiana Hind Limd

and Tail Fin Epidermal Tissue

The method used for culturing amphibian'hina limb and
tail fin ep;derhal cells, and lung tissue was according to
that described previously by Ketola-Pirle and Atkinson
-(1983) Tadpoles of the American bullfrog Rana
catesbeliana were 1mmobilized on - ice and staged according to

the method of Taylor and Kollros (1946) Those tadpoles

._w\\ |

~




{

-

whigch were found to be within larval stages XII-XV, Dbased
on previously defined surface anatomical features (Taylor
and Kollros, 1946) had their notocords segggsgi\ The tail

. —
fine and hind limpsxﬂE;;/excised from- these animals and-the
/ ’

7/

) epider issues of these organs stripped from ﬂundérlxiﬁé
’ r K

nuscle., The 1solated epidermal tissues were - passed

tHrough four or five consécutivg éhanges of Hank's balanced
salt solution (without phenol red indicator) diluted 33%
‘with sterile double-distilled water contaiging 75 ug/mL
gentamycin and 1.5 ug/mL fungizone. JThe ,tissﬁe _ Were
minced .into 2,0 mm? ©pieces and 12i15 were plé ed per

gelatinized (Bacteriological gelatin, BBL Microbiblogical

Media, a division of Becton Dickinson, Cockeysville, MD) 15

mm petri dish (Hauschka, 1972). The - tissues Wwere
- ‘ { - .

-

maintained at 22°C with a mammalian medium (Medium 199)

which was diluted 66% with sterile double-distilled water.

The medium was supplemented with 75 pg/mL  gentamycin, 1.5
ug/mL fungizone and 5% fetal calf sérum (final
concentration). On the first day of cell cuiture, each

explant was sustained with a single drop of the nodified

medium administe;ed with a Pasteur pipet. A few additional

“drops of medjum were.added to the periphery of*the culture
dishes to maintain the humidity. Every day thereafter, for
four consecutive days, the old medium was replaced with 1

mL of fresh medium.
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2.2.1(c) Determination of Protein Synthetic Activity in

\Amphibian Cultures Exposed to and Recovering

<

from Temperature Shifts

+

¥ The procedures used for the incubation of amphibian
"\ocell cultures at various temperatures for grief periods was
similar to that uséd by Atkinson k1981§). Prior to a
theémal shift, the modified médium was removed from XKEC
and from primary epidermal cell cultures grown at 22°C and
replaced with Minimal Essential Medium (MEM) _ lacking
leucine (GIBCO) or methionine (Flow Labs). All cell

cultures from Rana catesbeiana were exposed to temperatures

below the optimum growing temperature - for 2 hours, above
22°C for 1 hour or aat the optimal tenmperature (22 ¢)- for 1
hour, XKEC cultures were 1incubated similarly at all

temperatures for .two hours.’ At designated times after the

switch to " leucine-free mediun, he cultures from Rana
catesbeiana were laba;éd' with 3.3 uCi/mL of

L-[U-14 ¢]leucine (New England Nuclear (NEN), Boston, MK}’
e

1

and allowed to incorporate the [léc]leugine-for 2 hours 'at

'

22°¢c, Similarly treated cultures from Xenopus laevis were

switched to methionine-free medium and labeled with 60
pGi/mL of [35 S]methionine (1196.3 Ci/mMoliL-[:35 S]methionine
(NEN) or to leucine-free medium and labeléd with:3.3 uCi/mL
.of L-[U-14C]leucine (NEN) for 2 hours at 22°C. At the end

of the labeling period, the cells were lysed in a soliition

r

. \\‘/

N

Ay o
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containing 9 M urea, 1 mM PMSF and 5% 2-mercaptoethanol

(Atkinson 198ta) by a shearing force provided by a
tight-fitting teflon‘pestle attached t; a _Soryall tissue
homogenizer (set at &4). Inso}ublg material was pelleted’
and the supernatants used immediately 6r stored at -20°C,

Following a 1 hour heat stress in leucine-free medium

¢

at 34°¢, 5—d;y cell cultures from.Rang catesbeiana tail fin
epidermis were allowéd to recover at 22°é for 0, .5, 1, 2,
3 and 4 hours., At“the end of these specified timef, 3.3
uCi/mL of L-[U-14CJleucine was added to each culture dish
and“incorporation of the isotope allowed to proceed at 22°C
for 2 hours,- Cell lysates were prepared by the method

described above.

2.2.1(a) Pﬁotographing of Primary Epidermal Cell Cultures

To assess morphologically the effect of temperature on

hindlimb, tail fin and lung - epithelial cell cultures ,

A

representative groups of cells were photographed after

.

various periods in culture. . A Nikon 1inverted phase
contrast microscope (model MD, Nippon Kogaku Inc., Garden
‘City, NY) with attached Yashika 35 mm SLR camera containing
2415 technical film (Kodak C;nada Inc., Toronto, Canada)
was used to photograph the cells. A green filter was used

"to obtain suitable contrast.
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2.,2,2 Isolation of RNA from Xenopus laevis Kidney

Epithelial Cells and its Translation in vitro

The extraction bf total <cellular RNA follo;éd the
sodium perchlora@e extrgction of‘ %azardi.;and Englebérg
¢1979) and wiicockson (1975), as modified by éaché et al.
(1980). In- an effort to eliminate RNase activity
introduced by handling, disposable gloves. were worn, all
glassware for RNA extraction was autoclaved and prgviously
unopened chemicals used, ‘ )

To obtain suitable amounts of RNA, 16-20 T-75 tissue °
cultuge Elasks (containing 1 X 105 cells/flask) were used
‘for each temperature studied, The flasks were placgd at
22, 35 or 41.5°C for-2 hours. At the endsof ithe 2 hour
period, the médium was decanted from cultures incubated at
22 or 35°C and the cells adhering tov the fldsks ﬁere-washed
with a cold—saline solution and harvested ( by scrdping with ~—
a rubber policeman) in' cold saline, The' method was
slightly altered for cultures incubated at ~ 41.5°C, since

visual assessment revealed that a significant ,proportion of

these cells had lifted fﬁgm the culture flasks., In >this
. case} the medium was decanted but ,not discarded and. the
célls which remained adherent were scraped frém the culture N
flasks and kept separ;te from ‘the cel} population suspended
in the mediunm, » .«

In all~instances, the' cells which were pelleted fqr 10
Eiminutes*at 2500 x g were suspended in 3 mL of the first

'RNA isolation buffer containing 50 mM TRIS-HC1 (pH 7.5), 5%




SDS, 200 mM NaCl, 15 mM EDTA and 0.05% proteinase KX
(Boehringer Mannheim) in & 15 mlL Kimax or Corex centrifuge
tube and incubated at 35°C for 15 minutes followed by a 5
ninute incubation at 55°C. Since | non-nucleic acid
material is contained within the peliets, they were
.
discarded, To the supernatants, 2 nlL of 3.5 M NaClO, was
added and mixed by vortexing. The | suspension Was
incubated a} 55;c until it ch;me clear. A total of 20 nlL
of NaCl0,-saturated 80% ethanol solution was then added,
nixed by vortexing and incubated at 4°C for .1 hour, The
nucleic acids were pelleted at &% by centrifuging at 3,000
X g forIIO minutes and the pellets briefly air-dried. The
pellets were suspended in 5 mLs of a 25 mM TRIS-HCl1 (pH
7.5), 5% SDS, 7.5 mM EDTA solution followed by the addition
of a 20 mL volume of +the NaClOQ-sa£urated 80% ethanol
solufion. This mixture was incubated at L°C for 1 hour
and the nucléic acids pelleted by centrifuging: for 20
minutes at 4°C, To air-firied pellets ?\5.mL of a 25 mM
TRIS-HC1 (pH 7.5), 0.2% SDS, 1 mM EDTA solution was added.
Pfecipitation of nucleic acids was accomplished by adding
12.5 mL of 3 M NaCH,CO0 (pH 6.0) and 4.5 nL of isopropanol

to this solution and incubating overnight at -20°C. The

-

nucleic acids were pelieted by centifuging at 3000 x g for

20 minutes at -10°C, » The pellets were suspended in a 10%

solution of 3 M NaCH,CO0 stock solution diluted 1in- 95%
. >

ethanol., Precipitation of nucleic acids was allowed to

-

proceed overnight at -20°C. Nucleic acids ’'were pelléted

)
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by centrifuging at -10°C for 20 minutes and the pellet
dried overnight by lyoRQiliza!!on. -

RNA-containing pellets were sdlubilized in 50_. uL of

N sterile double—&istifle& ;ater and stored at -70°C, RNA

content was determined and volunmes equivélént to 2.5 ug of

RNA translated in_vitro for 60 minutes at 36.,5°C in a

rabbit reticulocyte 1lysate system (PeIhamw and Jackson,

1976) using [-°S)methionine .as the labeled amino acid -

(NEN), Translatlion was terminated by placing the reaction

Y

" tubes on ice, Samples of the +translation products were

used immediately or stored at -70°C.

2.2.3 Use of Thyroid Hormone to Examine its Effects on

the Synthesis of Water-Inscluble Proteins in Rana

catesheiana Epidermal Cell Cultures #

Thyroid hormone in the form of 3,3'5-triiodothyronine’
sodium salt (Ty) (stock solution of 1 x 10710 moles/mL) was
used to supplement the growth environments of primary

epidermal cell cultures of R, catesbeiana. Explants and

cells in culture were supplied with T3 by its addition to
.growth medium pr 1its direct application to epidermal

expiants.

o

2.2.3(a) Extraction of Water-Insoluble Proteins (Keratins)

4 from Rana catesbelana Epidermal Cell Cultures

: . Extraction of water-insoiublq proteins from. Rana

catesbeiana culturéd epidermal explants and cells followed -

[4




spun at 2500 X g for 10 minutes in a table to

the methods described <for epidermal tissues from other
animal systems (Sun and Green, 1978b; Fuchs|, 198i; Wu and
Rheinwald, 1981). Cells and explants were|scraped from 60
X 15 mm petri dishes and transferred 1o {15 mlL conical
bottom cehtrifuge tubes and each dish rinsed|with 1-1.5 L
of 40 mM TRIS-HC1 (pH 7.4),. The cells and l|explants were
centrifuge,
the superna?ants discarded and the pellets  re uspenaed in
1-1.5 mL of cold (4°C) 40 mM TRIS-HC1 (pH |7.4). The
suspended explants and cells from tail fins were

homogenized with a tight fitting teflon pestle

a Sorvall tissue homogenizer at ;\ setting of for 2-4
minutes and cells and explants from hind 1limb\| epidermis
were hom;genized by 100 strokes ‘of a col Dounce
homogenizer., +“These homogenates were then sonica.ed with a

Kontes micro-ultrasonic cell disruptor (Kontes Sq‘entiflc,
Vineland, NJ) for 4 X 15 seconds,

. The final, sonicated homogenates were ceng;ifdged for
20 minutes at 8000 x g in an SS-=34 rotor in an Rcz-ﬁ high
speed centrifuge set at 4°C, The supernatants‘froh the 8000

x g centrifugates were diséar&ed and the pellets | were
b

ffer

resuspended in 2 mL of a 20 mM TRIS-HC1 (pH 7.4)
containing 1% Triton X-100. The éuspended'~pellets &axé
sonicated (4 x 15 seconds) and incubated  at rgom
temperature for 10  minutes, -"After incudvation, ghe

suspensions were centifuged for 10 minutes at 8000.x g aﬂd

the supernatants discarded. The 8000 x g pellets were

.

ttached to_
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suspended in a  keratin solubilizing  buffer (KsBA)

containing 20 mM TRIS-HC1 (pH 7.4), 2% SDS, 1| mM EDTA, 10

mM dithiothreitol .and 1 mM PMSF, sonicated for 4 x 15
seconds, and Yoiled for 3 minutes. The solugilized
sahpies of the water-insoluble proteins were <clarified Dby
cénfrifuging for 5-7 minutes at 8000 x g and either used

immediately or stored at -20°C,

2.2.3(b) 36 Hour Epidermal Cell Cultures for the

Extraction of Water-Insoluble Proteins

gKeratinsz

R.catesbeiana tadpoles (stages IX-XI)-were immobilized

on iece, their no@ocords severed and their hiﬂ& limbs and
taill fins excised. The epidermal tissues rwere stripped
fronm undgrlyihg muscle and prépared for cell culture as
described in section 2.2.1(b). Cell cultures of hind limb

epidermis (stéges IX-XI) were divided among four different

‘preparations of media (1) MEM-methionine (11)

MEM-methionine + 5% fetal calf serum (iii) MEM + 3 L
T3/mL medium (3 X 10-10 nmoles T,/mls mediun) and . (iv)

MEM-methionin%e + 5 uL TB'applied directly to each explant

(T, concentration = 5 X 10710 moles/explant) and maintained

in a darkened tissue culture chamber for 36 ' hours.
Primary cell duitures froﬁ tall fin (stages IX-XI) and
hindlimb (stages XII-XV and XVI—&IX) epidermis  were
maintaimed using medium preéarations- (11) and (111)

described above. All of the MEM-methionine used in +their
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preparation was diluted 66% with steril double-distilled

,
water and supplemented with 2 mM glutamin& (1 mL of 200 nM

glutamine stock solution/100 mL medium), 75 y,g/nL

gentamycin sulfate and 1.5 ug/mL fungizone, At the time
of plating 60 ,Ci/mL of [3°S]methionine was\added to each

culture dish. The following day, 1| nmlL f appropriate

medium and 60 uCi/mL of [35S]methionine were added to each

lysed and

atsh. After 36 hr in culture, the cells wene

water-insoluble fractions were prepared as escribed' in

v

. section 2,2.3 (a).

2.2.3(c) Five Day Epidermal Cell Cultures for the

Extraction of Water-Insolube Proteins

(Keratins)

Tadpoles of the Aﬁerican bullfrog Rana catesbeiana

were' immobilized on 1ice, staged and their notocords
severed. The tail fins and ;ind iimbs were excised. from
animals of stages IX-XI and only hindlinmbs 4 vere rémoved
from animals- of stages-XII-XV and XVI-XIX. The epidermal
tissues wezxe prépared for cell culture as described .in
gection 2.,2.1(a). Separate epidermal cell cultures ffom
hind 1limb of animals in stages IX-XI were maintained in
"darkened tissue'culturé chamber at 22°C for 3.5 days 1§\
each of the following medium preparations: (i) modified
manmalian Medium 199 (ii) Medium 199 + 5% F.C.S, (iii)

Me@iuﬁ 199 + 3 uL T3/mL mediunm (T3 concentration = 3 X

10'H) méges/mL medium or (iv) Medium 199 + 5 pylL T;7explant.




L2 N
.

Cell-cultures fronm hindliﬁb of animals in gtages_XIi:XV‘éhd
in stages XVI-XIX, and tail fin epi@frm?é' were maintained
in medium preparations (ii) and Ciii) described abowél
All medium ‘preparations Wwere suéplemaﬁ%ed with 2 mM
glﬁtamini/mL medium, 75 pg/mL gentamycin suljété and 1:5

neg/mL fungiéone. On the first day' of céll culture ‘g)

single drop of one of the four above medium prep;ratiéns'.
N ‘ was applied to directly io eachﬂgxglant. To maintain the.

humidi£y within each culture dish a féﬁlwd£ops of the
‘ appropriate medium was added«pe;ipherafay. Subsequently,.
one miililifer of fresh medium was gi?en each day for 2

days. After 3 da¥s 'of incubation diluted 7megiuh was

removed om, all culturg dishes and replaced with
» MEM-nethionine (Flow Laboratories)-which did not have added

‘serun.op/Ty or contained 5% ch, Jub T /akor 5yl T
applied\directly to e§§h'explant. At the fiﬁe ofa platiﬁéﬂ
60 1iCi/mL of [3>S]methionine was added to each ‘culture
dish, The following day, 1 mlL of fresh medium and 60 yuCi
of {35 s]methionine wag added to each 1cgltu;e . dish,
Eighteen. hours Tater ,thé .cells ﬁefg l}sed and
water-indoluble fractions pfepared"as outlined iﬁ section

-

2.2.3(a), . : ,

* cnggv
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'2.2.3(d) Immunofluorescence of 36 Hour Epidermal Cell -
. ¥ S . .

‘at 5°C inPBS. ., - PRER

c Y

»

Cultures from Hindlimbd (Stages IX-XI)

Primary epidermal cell cultures from tadpoles' hind

linb (stages .IX—X;) Wwere maintained for <36 hours on

collagen coated 22 x- 40 nmn gkase .coverslips in 60 mm .

plastic petri dishes, Each culture was covered with
diluted modified mammalian medium (Mediup 199) supplemented

with either fetal calf serum or thyroid hormone (3 x 10-10

moles/nL) as detailed in section 2.2.3(b). At the end of’
. & v

)

36 hours, coverslips were removed andg washed by dlpﬁing

“them ten times in phosphate buffered sallne (PBS) (pH 7.¢6) .

The cells adhering to the coverslips: were fixed by

immersing tge‘boverslips¢1nto a 3% fermaldehyde"solution
- : ? . > N

for 20 minites at room temperature. .+.;The, fixed cells,

*

adhering to the coverslips, were;rinsqd;iﬁ' PBS ,(pH 7.6),

immersed in acetone cooléd to -20°C and maintaiﬁed at -20°C,

-

for 20 minutes. The cells adherlng to the coverslips were

washed in PBS (pH 7.6) and either used dlrectly ot stored

. PR
N

Two 50 ul drops of cqmmerclally purchaeed rabbit

antieerum to purified human cytokeratins (DAKO Corporetion.

. Santa. Barbara, CA) diluted “1;400 in PBS (pH 7. 6) were

placed at the bottom of each pe%rl dish an&fthe ‘coversllps

placed cell side down. The petri dishes*w@re coVered and
]

. incubated at 37°C for one hour. PBS (pH 7.6) was‘ used to

o : ‘ o . ‘
float the coverslips off the petri dishes.and to .wash Su't

v

AV}




excess primary antfbody. The secondary antibody, FITC
conjugated goat anti-rabbit IgG (GIBCO), was. diluted 1:10
with PBS and two 50 uL drops of it were placed 1in plastic

tissue culture dishes., The.cdvérslips were placed cell

side &dwn and again incubated at j?bc. Petri dishes were

flooded with PBS 'to 1ift coverslips from the surface.
Excess secondary antibody was removed b; repeated washings
in.PBS. The cells were wéshéa sequentially in Dulbecco's
fBS (pH 7. b) and Sorenson's buffer. . The coverslips wer;
mounted on slides with glycerol-PBS (pH 9. O) and sealed to
the slldee -with melted dental wax.

To QQEermine if the epidermal ‘cells exhibited pgsitive

immunofluorescence with ,the rabbit antiserum to human

cytokefé{ins a Leitz epifMworescent attachment on a Leitz
photomicroscope II was used. Tri-X film ‘(Ko&ak Canada,
Toronto, Ontario) was used: to photograph repreéentgfive
cells. | |

2.2, 3( ) Immunoprecipitation of Keratins from Flve Day

Hlndlimb Epidermal Cell Cultures

Premetamorphic Rana catesbeiana Wwere divided into

three stage groups (i) IX-XI (ii) XII-XV and (iii) - XVI-XIX
_(Taylor and Kollros, 1946) and the hind limbs excised from
im;obilized~animéls. The *epidermia was stripped _ from
underlying muscle and primary cultures "~ were prépared and

maintained in 5% F.C.S. supplementéd medium as outlined in

section 2.2,.3(c). On the fifth day, samples wWere prepared

’




bj eﬁmjchiﬂg“fér the k;ratin brotein ffaction as deécribed
in /section 2.2.3(a) but solubilized - in 200 uL of
‘radioimmune pre§%£i£ation buffer, RIPA (.05 M TRIS-HC1 (pH
 ?.2)J 1% triton X-100, 1% sodium deoxycholate, .1% SDS, .15

M‘Ngci and '1 mM PMSF (Atkinson et al., 1983)).% Samples

. L A s . N 2 L 3 2
“:JEJ were then sonicated with a Kontes micro-ultrasonic tissue

dlsruptor (4 x i5 seconds), boiled for 3 minutes ' and.
] >
clarlflfed by centrifugation for 5 minutes in a Beckman

-,

sSupernatants contalning the RIPA- soluble.
C

\: x§f¢tpins were removed and ‘stored at -20°C, The 1insoluble

e :perletsJWere Suspended in 200 pL of SBA, sonﬁ%ated (4 x- 15

: ' E‘T;;Becoﬁd&) and boiled fog 3 minutes. Clarification was

:Jperfarmed %y ,ceﬁtrifuglgé .samples for 5§ minutes . in a
Beckman mlcrcfuga (Figure 1).. . . -

. ] | N Al{:g%atively, %é‘ determing whether all of the

.water-insoluble prote#ﬁs *hich could potential{y be

: . . precipitated by rabbit. anti-humén cyﬁpkerakﬁp antibodies

- . ¢ . v &

KR . were being solubil{éed*in RIPA and 'SBA, companion éamfles

! : wére solubilized in a.ffnal.solution of 9 M u?ea and 1 mM

PMS% and §on£cated G4 x 15_seconds) (Figure 12{

- o Volumes equivalent to 5 x “105 cpm of incorporated
A [35&]ﬁethionine wefe aliquoted and thosgle ‘ samples
‘ T ' ;elubilized in 8BA or 9 M urea diluted four-foid with RIPA,
‘ All samples were mixed with qommérciaily purchased ra%£it°
antiserum vto purified human cytokerat1n5~(DAKp Gorpora%ioh,‘
Santa Barbar;,,.CA) fn amouﬂtg gquivalent‘ to 8.4 ug

. . (dilution of 1:100) or 50 yg of antibdody.  The mixtures

wWee=s
)
t
-
s
/
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Figuré 1

A Fractions enriched for water-insoluble
proteins were solubilized in 9 M wurea (fraction
1) or radioimmune precipitation buffer, RIPA,
containing 14 Tritom  X-100, 19 ‘gqdium
deoxycholate, .1% SDS, 0.15 M NaCl, 0,05 M
TRIS-HC1 (pH 7.2) and 1 mM PMSF (fraction 2)

B Since a large amount of the water-insoluble
fraction was insoluble in RIPA, +the _supernatant
containing those water-insoluble proteins which
were soluble in RIPA was removed and stored at
-ZGC (fraction 2), . E

C To the large RIPA insoluble pelllet 200 yL of
buffer containing 2% SDS, 60 mM TRIS-HC1 (pH
6.8), 10% glycerol, 1 mM PNSF was added. The
mixture was vortexed, sonicated, boiled and
insolublg material which remained insoluble
pelleted by microfuging (fraction 3). :

D Supernatant volumes equivalent to 5 x 10° cpnm
from each fraction 1, 2 ,and- 3) Were
imnunoprecipitated with rabbit anti-human
cytokeratin antibodies. ’

-E  The individuyal immunoprecipitates from

fractions 1, 2 and 3 -were washed and solubilized
in a 50 yL final- volume of buffer containing 2%
SDS, 60 mM TRIS-HC1 (pH 6.8), 10% glycerol, 1 nmM
PMSH\ and 5% 2-mexcaptoethanol,
Acid- precipitable cpm were determined from each

fraction and the water-insoluble proteins in ‘each
.fraction 'were separated by SDS-PAGE, ’

0,







were incubated for 20, minutes at room temperature and

LY

followed by the addition of 100 uL of formalin-fixed

Staphylococcus aureus Cowan I strain-(Calbiochem~Behring, a

o

division of American Hoescht Corp., La Jolla,’ CA;

standardized to bind 2+/-1 mg IgG/mL) (Atkinson et al.,
1983).  Samples were microfuged ‘and . the . pellets washed
thoroughly 3 times with RIPA, The precipitates were
solubilized in 50 pL of 60 mM TRIS-HCl (pH 6.8), 2% SDS, 1

mM PMSF, 5% 2—mercaptoethanol.buffer‘ (SBA) Dboiled for 3

&7

minutes and then microfuged for 5 minutes ‘(Atkinson “ety ’

al.,1983). S;ﬁgles were either used ‘immediately or stored-

at -20°C. : ’

-

2.2.4 Methods for Studying the Synthesis of Protein;

in Epidermal Cells from Hind Limb in situ

Spontaheously' metamorphosing' and preﬁetamorphic R.

.édtesbeiaqa were labeled with a radioactiveAamino acid in

situ. The 1length of +time ‘maintained subsequent to

labeling differed. In addition, different methods- were .

used to extract :proteins from hind limdb epidermis.
Therefore, the procedures involved in both instances‘ will
be considered in detail, o ) s

)

2.2.4(a) Extraction of Water-Insoluble Proteins (Keratins)

N

'from Premetamorphic Rana catesbeiana Labeled

L]

in sitw, ‘' . - .

‘Premetamorphic Rana catesbeiana tadpoles were

-

:
Aoy . . L .
‘
,

&,
Y
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immobilized on ice and divided into three groups based on

“

their developmental stage: (i) IX-XI (ii) XII-XV and (iii) .

XVI-XIX (Taylor and Kollros, 1946). During this stud} all

aninals were starved and maintained at 22°C, .In order to

.

minimize the effects of fluctuating endogenous 1levels of

T3, thege experiments were conducted in the late autumn and

early winter,

Precocious me%amorphosis was* induced by a single

injection of. 3 x *10 10 moieéYgfam body . weight- .éf

triiodothyronine (T3). " Tadpoles desiénatéd #as controls

were‘injecied with an equal volume of .01 N;NaOH (i.ee 3 pL )
of NaOH/gram body JZight). Animals  were injected
concurrently with 60 ,Ci/mL of [355]ééthionine and TB. oT
NaOH. A sécona.injection of 60 -uCi/mL of [35S]methionine
was administered 18 ﬁours aff5;~the first injection. At

~ the fime of ;acrifice, aniﬁals were immobilized on ice,
staged anﬁftheir notochords .sevéred. " Hind 1limbs- were
exéise@ %nd the epideqpig strifped f;om,underlyiﬁg muscle. -~
The water;insolublg protfeins were gx%ractéd from epidermal
]%issues ;; described in section 2.2,3(a) and these samplas

-

used immedidtely or stored'at -20°C.

v
- . [

>

K " 2.2.4(b) Extraction of Total Proteins from Hind Limb

. _/// - Epidermis of Spontaneously Metamorphosing

Rana catesbeaiana

4

' Spontanéously metamorphosing Rana catesbelana were

o

-

briefly immobilized on ice, staged (Taylor and. KolL?os,

: -, [
. ‘ . /
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' ‘ ‘ .
194&) and injecte& through the proximal %tail musculature
with 3.3 uCi/mL of' L-[U-'*c]leucine or 60 uCi/mL of

[358]hethionine. Consciousness was restored by placing
ekt )

animafs in a small volume of previously aged 'and aerated'

tap water, .-The animals were nmaintained .at 20°C for &

hours after which time they were sacrificed by cervical

dislocation or severing the notochord. Hindlimbs were

removed and the epidermis stripped from underlying muscle.

. Any muscle tissue which remained adherent was scraped from

the epidermis with a scalpel. Epidermal +tissues were

ninced into 2 mm? pleces and "solubilized with a Sorvall

tissue solubilizer at a setting of 4 in 9 M urea and 1 nM
PMSF and’ 15% 2-mercaptoethanol, Extractions were
clatiFfied by ccentrifuging at 5000-7000 x. g —in —a —Seryall

RC2-B high spéed centrifuge at 4°C. Samples were used

imnediately or stored at —20°Q.

v
y
+ 1

2.2.5 SDS Polyacrylamide Gel Electrophoresis and %

Fludyrography
. Al
To analyzeopélypeptides, electrophoretic separation on
P 1 : - .' '
polyacrqu@ide gels was used. One dimensional separation

of proteins on the badis of molecular mass (M.) was

éffected in the presénce of SDS using a .slightly modified.

\ : Tt
method of Laemmli (1970). Prior /to electrophoresis, -

N - ‘. . | '/ L s A3
samples solubilized in 9 M urea were adjusted to contain 2%
- ' ¢ ; A
SDS, 60 mM TRIS-HCl (pH 6.8), 10% glycerol, 1 mM PMSF and
54 2-mercaptoethanol, Wheﬁ buffer containing 2% SDS was

. r
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used to solubiiiie proteins, samples were boiled for 3
minutes before electrophore£;c separation. - Heat sho;k
experiments on primary cultured cells from.the epidermis of
premetamorphic American bullfrogs and the estadlished 14
iaévis kidney epithelial cell line utilized 3-15% gradient
polyacrylamide separating gels containing 0.1% SDS.
- Water-insoluble proteins were separated on 7,5-20% 1linear

gradient gels containing 0:1% SDS. In -all 4instances,

separating gels were overlaid with a 3% stacking gel and a

25 mM TRIS-HC1l (pH 8.3) running buffer added to upper and
lower baths of elebtrophoregic tanks. Electroﬁhoresis was
conducted at 5 mA/gel until bromﬁhenol blue, the -tracking
dye added to the upper running ©buffer ,path, reached the
staékiqg gel/separating gel interfacg at which time the
milliaﬁpe;age waé:increaeed to 13 nA/gel, Electrophoresis
was consi@ergd‘cpmplete when the trackiné‘dye ‘}eached the
bottom of .the separﬁting éél when - 3-15% gradients were

s

¥

polyacrylamide werg electrophoresed for an additional 2

used. Separating = gels which cont?! 7.5-20%

hours subsequent to the_trackiqg dye reaching the bottom of
the slab gel. ‘ .

Twd-dimensional analysis involving thq separation . of

R

— proteins on the basis of thelr isoelectric pbint in the
“first dimension and their ‘Mr_ in the ‘second dimension,
followed the method of O'Farrell (1975): Isoelectric

qsgcdsiﬁg was performed on 10 em x .0.3 cm tube gels

- ’

containing 8 M urea, 4% acrylamide, 1% Nonidet P-40 (NP-40) -

P
-
L]

.
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(BDH,qqgmicals Ltd.,, Poole, England) and 2% ampholines.
To establish the pH range, ampholines in’ the pH’ range of
3.5-10 (fkﬁ Instruments Inc., Rockville, Maryland) were
used to separate total proteins from primary epidermél cell

‘cultures from R. catesbeiana and X.- laevis kidney.

epithelial cell cultures synthesized during heat-stress.
. The in vitro translation products of total 'cellular RNA
. . ‘ ‘from heat-stressed X. laevis kidhey epithelial bellq (XKEC)
were separated in‘ the first dimension using pH 5-8
ambholines' (Pharmacia Fine Chemicals, a * division of
Pharmac!gllnc., Piscataway, N Je)s This amfholine’ rahge \,c
was also used to separate thg proteins from XXKEC incubated
at 22 and 36.5°C for 1| hour and 34°C for 2 ﬁours priora to
the addition of [358]metﬁionine. For all two-diménglonal

’

' separations., of water-insoluble proteins synthesized Dby

primary -ébiderma; cé@l' éultures from R.catesbaipap. a

- nixture of .3 mL of pH 5-7 (LKB) and .2 nlL of pH 3:5-10
- ambholines was used, Bgfore the addition of lysates, the
tube gels were prefocused\at 200 V for 15 minutes, 300 V
for 30 minutes and 400 V ;Kr { héur. in an uppér_ catbode
o buffer of .05 N NaOH and lokir anode baih of .05 N. H4PO 4.

%
Cathode and anode buffers were replaced with fresh ones at

the end of the prefocusing period.
Ampholines, equiValent‘to\Z%, were added to gamples .y
d\: H : ~“ . i . , . ) .
solubilized in" 9 ¥ urea.  Prior t& .tHe ‘Mddition of’ ",

‘ : ampholines (2%) and NP-40 (1%),\ samples solubilized in

buffer containing 2%. SDS ‘were ‘'saturated” with'- urea, -~
\\ _I;
¢ r A P 1 : - y
2 . Aer
g )Q f\ - " %
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Isoelectric focusing was performed for 12-18 hqurs at bOO\

V. One hour before the end of electrofocusing the voltage
was increased to 800. Tube Zels were eq%ilibrated in 2
- ¢ ; |

changes of buffer containing 2% 8DS, 60 mM TRIS-HCl (pH

6.8), -10% glycerol, 1 nM EMS? and 5% 2-mercaptoethanol over

.a 20 minute period’ prior to overlaying slab gels for

electrophoresis in the gecond dimension. The 1isoelectric
focusing gels were secured to slab gels with 1% Noble agar
dissolved in 1% 8sDS, - Elec%rophoi?sis in the second
dimension was carried out in acc;rd with the conditions

described above for one-dimensional separation;

To characterize the isoelectic point of electrofocused

proteins, the pH gradients ,of the electrlcally; focused -

-

standard gels were determined by diregtly meaéuring“thg'.pH

in intact gels with a Rﬁ proBe- (Bib-ﬁad Gel Pro-pHiler;

- e .o - o -
Bio-Rad laboratdries, Richmond CA) or by slicing companion
gels and determining the pH of ‘the water exdract *(Saleem

"
and’ Atkinson, 1976) « !
. - . TN
At the end oﬁ the separation of proteins on siab gels,
: . % ‘
protgins were stained -with' Coomassie G-250 or--_R-25O

(Bio-Rad Laboratories, Richmond, California),destained and

photographed. ‘Gels were then prepared fgf fiuorogrd@hy
- : : : : -7 )

acco}ding to thermethbd,of Bonner.. and Laskey '(19?4) ~and

Laskey and Mills\(197ﬁ)4f/iﬁfig}ly, gels were taken th&ough

'3 consecutive changes of dimethyl sulfoxide (DMSO) of 'l/é
hour ' each and then placed . in e solution of

*2,5- diphenyloxazole (PPO)/DMSQ (22% w/v} for 3 hours. At

"

©

o ‘ P
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the end of this period, gels were rinsed overnight- in<%cold. -

rnnning water and subsequently dried. under vacuunm onto-

Whatman. 3MM flillter paper on a Hented gel dryer (Bio-Rad

Model 120). X-ray film (RP Xfémat, Xodak Canada, Toronto,

Ontario), pre-flaghed to an optical density of 0.15, was

placed flashed gide §down on dried gels'  containing
dncqrporated radiocoactive amino acid and exposure of the
film carried out at -70°C in the dark. Exposed X-ray
films were developed as outlindd by Kodqé .Canada for ‘the

development of X-rays.

2.2.6 Quantitation of Protein, RNA and Incorporated .

Radioactive Amino Acid Content,in Cell Lysates

and Water- Insoluble Fractions

8

2.2, 6(a) Quantitation of Protein R , téi'

r

. method of Lowry et al, (1951) and the turbidometric assay

method. of ng gs  and Tack (I97é)- using bovine serum

albumin (BSA)?as the standard. ‘ Standards .ahd samples were
'read on a Gilfo d spectrophotometer and from the/,optical

density curVe

‘standard, the p ‘t in content of lysatés was determined Dby

’-,interpolation. o Tt - b e e

-

. I
2.2.6(b) Determination of RNA Content for in vitro

.
8 ‘

Translation - ; .
T L1 B

To determine the amount of RNA to be added to the

-
i -

,Protein determinations qere performedraccording'io the .

Wn  from known quantities of - the BSA~

N oo

i
B

".

t
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N

abbit reticulocyte in vitro translation systém it was
r rééchecessary to calculatg,the amount of total cellular
RNA extracteé}from X, laevis?ﬁidne} epithélia& cells. To .
this\end, 2.5 and 5 pi aliquots of BRNA in solution, were‘
dilut with 1 mL of doubleAdistilled water and optiecal
density readings-were performed at A, q, .and A280' From -
these values, BRNA content was calculated using the

following formula : optical density “(Ay,) * "dilution

factor x 50 \ug RNA/mL/optical density unit (Kidder, 1972).

w : -

2.2.6(c) Preparation of Samples for the Determination of'
TN

Incorgoisted [léql;eucine or [§SS]methionine
The amount of radioactivity inéorporated into proteins
. \
from total cell lysgtes and-gater-insoluble fraci}ons wads
determinéd by‘acid-precipitagion ;f prote?ns;r fo a 10 ulL '.
aliquot of sample, 1 mL of 10% trichloro acetic acid (Tca)
wag a ded'ana precipif;tion allowed to proéeed Bn ﬁice.

The acid-precipitabdle protelns werd relleted by

centrifugation at 5000g for 20 'minutes, the 'supernatants

discarded and the pellets washed with ether. Samples weré
B " /'\- .

vacuum-drfedonern;ght‘and—thg.pellets ;olubilized in 100°

°

"yl of buffer containing 60 mM TRIS-HCl (pH 6.8), 2%'SDS and

‘,«c -~

- 5%‘2-mercaptoethanol. A 50 pL aliquot .e®®Ttiris” suspension b

was added to 10' mL of Triton X-100/toluene/Omnifluor (NEN)
" cocktail (Turner, 1968), ‘

The amount of [3S]methionine  incorporated into’

"proteins synthesized from total cellular RNA extracted from

—

arew
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X. laevis kidney eplthelial cells- in the rabbit

reticulocyte © in vitro translation. systenm and the
water-insoluble proteins precipitated‘ with “rabﬁit
anti-human cytokeratin ;;tigédi;s w;s determined in a
slightly different manner; A one microliter volume of the

sample was spotted onto 1 square <centimeter pieces of

Whatman 3MM filter paper and boiled for 20 minutes in a 10%

' TCA solution containing 'cold' methionine.: Boiling was

stopped and the filter papers precipitated in the TCA

N

solution by the addition of ice.’ Thé filter papers were

taken through 2 changes each of distilled water, 95%

- .
ethanol and acetone, respectively and allowed to air-dry.

3
.

\Once . dried the filter,ipapers were placed in liquid

sadintillation vials (NEN) to which 1.5 mL of NCS tissue
sol bilizer (Amersham Corp., Arlington Heights, .Illinois)
was a @ed.' The vials were incubated for 30 minutes at

55°C apd allowed to cool before adding. 10 nlL of

tolene/Ompifluor (NEN) cocktail and 17 ulL of glacial acetic

*
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' PART 3
RESULTS
) . . X
- 3.1 Established Xenopus laevis Kidney Epithelial Cell
. Cgltureé

Although Rafferty (1976) had shown that  the
established X. laevis kidney epishelial cell 1line (XKEC)
could both éurﬁi{e ana reproduce across a wide temperature
range, littie ﬁad béen done to elucidate- quantitative

. , N )
(Rafferty, 1976) or qualitative changes in the proteins

synthesized at_various temperatures. Based on earlier
refults (Rafferty, 1976) for X. laevis kidney epithelial

.cells, 22°C was considered and used as the optimum growihg
Sy -

temperature in this study. To ésaeSé any changes in gene

expression-(as reflected by the proteins synthesized)

4 L]

T which may result from incudbation at these -temperatures,

the protelns from these cells were separated by gel

-

electrophoresis and the newly synthesizéd brot;ins

3.1.1 Heat. Shock Induction of the Established Adult
- N

observed by fluoroggq;hy. ~

7 .

Xenopus laevis Kidney .Cell Line

’

The incubation of Xenopus laevis kidney -epithelial

cells for 2 hr at elevated temperatures results in the new

76




and/or enhanced synthesis of a number of polypeptides.

.. These polypeptides are not easily resolyed“' by

one-~- diménsional fluorography (Figure 2). Hofiever, . the

~

detection of these proteins is;facilhtated b& separation
in two dimensionsl Proteins with Mis,;of 95.5 Kd (pI

6.6), 80 ka (pI 6. 6). 75 kd (‘pI 7.0, 68 kd (pI 6/2). 59

v ’

kd (pI 5. 7), 43 kd (a polypeptide which ,resolves, into‘l3 I

<

separate isoelectric variants-with pIs of 5,6, 6. Oc>and
6 7) ‘and 38 kd (pI 6. 6) are readily observed (Figurew‘j)

‘The 75, kd protein_%e first noted following incubatlon at

,32 C and continues to be syntheaized fat 34 gnd‘ 36.5%

At 34 C, the 80, 68 and 59 kd afé enhaneed “end'rthe 3

-

isoelectric variqﬁts of the ‘43 kd" protein and 38 ~%kd

protein are first detected., The synthesis of the 43 kd

L J

o,

and 38 -kd , proteins 18  increased at ‘36.5°C_"tﬁ

Interestingly, a protein‘with an M_ of 57 kd-(pI of 5.6),

.

3

Undetected at lower temperatures, 1is a major protein‘"

product at 34 C and is apparently synthesized to a-. ;esser

degree .at; 36,5°C, The 95 5 kd protein (pI 6v6) appears

-

to represent an -thanced' synthetic product; S it. s

detectable at the lower temperqtures examined,’ butg i’

,

particularly prevalent at 34 andi36.5°C*(Figure 3, manels

D and E). Although the depressed synthesis of sone’

proteins is apparent at higher temperatures, it' is not
remarkable (Figure 3, aTea within the circles) o,

A one hour 1ncubation at 36.5°C is sufficient to
N L

!

. pgat, s
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Figure 2, é ,
Fluorogran of one dinensional SDS-PAGE (3-15%
gradient gel) separation of ' the proteins.
synthesized by XKEC following a 2 hr incubation
at control (22°C), depressed (<22°C) and elevated
- ' . (>22°¢C) tem%eratu es, Unless specified to -the
. contrary, S]meiﬂionine was the labeling robe.
Cell cultures were gncubated at 5 glane 1§
(1ane 2), 15 (lane 3), 22 (lane &, 1Z‘C?leucine),
. 30 (lane 6;, 32 (lane 7), 3& lane 8,
. ‘ © [14¢J1eucine), 34 (lane-9) and 36.5°C (lane T 10),
The positions of the molecular mass mnarkers arTe

indicated on the left and the new and/or eﬂhancéd_‘f'ﬁ

proteins determined by two-dimensional separation
~ on" the »right. . Approximately 20,000 <¢pm of

ag;d precipitable proteins were applied to each
! . lape.
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Figure 3.

Fluorographic ‘énalysis of two-dinensional
polyacrylanide (3.5-10 ampholines in the first

‘dimension and 3-15% gradient in the second)..gel

electrophoretic separation (IEF-SDS-PAGE) of the
81y eptides synthesized 1in the presence of
i Sﬁmethionine. by XKEC following a 2 hr
incubation at 22 (control, A), 30 (B), 32 (C), 34
() and 36.5°C (R). New and/or enhanced
synthesis of proteins with M s.-of 95.5, 80, 75,
68, 59, 57,743 and 38 kd are indicated by
arrowneais. The 75 kd protein is first noted at
32C (arrowhead .in panel C) while the remainder of
the new and/or enhanced polypeptidés are observed
at 34 and 36.5 Mo (arrowheads in panels D and &,
respectively). #he synthesis of some proteins
is dgpressed when XXKEC are incubated at higher
tenperatures (see area within the circles in all
panels). Molecular masses of the standards ahd
the new awd/or enhanced proteins are indicated‘bn
the left and right, respectively. The pH range
is indicated along the Dbottom of each 'gel.
Approximately 100,000 cpm of acid-precipitable
lysate was applied to each electrofocusing gel.c
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Fluorographic analysis of two-dimensional’ (3—15%
gradient) pqlyacrylanide gel electrophoretic
(IEF-SDS-PAGE2 séparation of XKEC dincubated at
control # [22°¢C) and heat  shock (36.5°¢C)

" temperatures (Part A, panels a and . b,

respectively) - for 1 hr and at 34°C for 2 hr (Part
A, panel c). - The apparent new synthesis of the
3 distinct- isoelectric variants of the 43 kd and
the 38 kd proteins are infHicated by arrowheads in

panels b and ¢ (A). The, enclosed areas in Part
A are repeated after 1lohger -exposure- of “the
fluorogran in Part B. The panels shown in B

demonstrate more profoundly the absence of +these

polypeptides at 22°¢C éa'% and their presence at

36,5 C (b') and 34°C (c Approximately 50,000
cpm of acid-precipitable lysate was applied; to
each electrofocusing gel. An expanded 5—8’ pH
range was used to separate proteins in the first
dimension. Molecular masses ' are indicated
between panels b and ¢ in Part’' A and the pH range
along the lower panels a', b' and ¢' in Part B.

‘Q

"
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.induce the synihesis of the 43 and 38 kd polypeprides

(Figure 4, part A, ﬁanels a and Y),. These proteins
cdrrespond io the 3 isoelectric variants ' 6f thé 43 kd
proteiﬁ and the 38 kd protein noted following a 2 hr
incubatiqﬁ at 34°C (Figure 4, Part A,’panels b and ¢ and

Part 3B, ﬁanels b' and ¢'). With the exceptions of these

low Hr proteins, thg new and/or enhanced synthesié .of

other proteins {as discussed above) are not detected
subsequent to.a 1 hour incubation,

pxposure of X, laevis kidney epithelial cells (XKEC)

to sub optimal tenperatures (10 and 15°C) does not resul} .

in, the new and/or enhanceu synthesis of . any particuylar
polypeptides, indluding any of fhose which are nobted. at
heat shock temperafures. When cells are inc&bated at 10
or 15°C ‘no deviation fronm thel normal (22°C) ;attern of
protein synthegis is apparéﬁt by fluorography (Figure 5).
IA_addition; the- .depressed synthesisnof sone polypeptides,
synthesized .~by cells incubated at the control
te?pereraturé (22°¢C) isidetectable but ﬁot;fremarkable at

deﬁresséd tempera%ures in this system (see area within the

rectangles in Figure 5).

3.1{2 In gémro Translation of Total Cellular mRNA Isolated

from Control and Heat Shocked Xenopus laevis Kidney .

s ~

., s V)
* Epithelial Cells

The isolation and in vitro translation of +total’



ox :

Figure 5. /

" Fluorographic analysis of the  polypeptides ~
separated by IEF-SDS-PAGE (3-10 ampholines in the
first dimension and 7-17.5% gradient gel in the
second dimension) of the polypeptides synthesized
by XKEC incubated at 10 (panel A), 15 (panel B)
and 22°C (panel C),  Panel D is. a 2  hr
incubation at 34°C included to denmonstrate that
the new and/or enhanced synthesis of the ,43 and
38 kd proteins (arrowheads) are detectable -with
these particular conditions of separation. The
areas within the rectangles represent . the
depressed synthesis of 'some roteins observed
following incubation at 10°C (4),  15°C (B) and
34_C (D) relative to the control témperature of
22 ¢ (¢). The position of coaelectrophoresed
molecular mass standards. are indicated to the
right.

4
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cellular RNA from Xenopus laevis xidney epithelial cells

(XKEC) incubated at 22 and 34°C reveals that heat shock '

markedly alters the mRNA population available for

translation. Prom the results shown in Figure 6, it is,

noted that whiie nany of the same nRNA species are
translated in control and heat-shocked cells, the
translation of the control 2RNAs 1is depressed in cells
incul;ated at 34°C, Proteins with ¥ _s of 76 kd (pI 5.9),
72 kd (pI 5.9), 68 kd (pI 5.7), 59 kd (pl 5.9), 52 kd (pI
5.35, 47 kd (pI 5.7) and bs (pI 5.9) ,are novel and/or
',énhanced translational producté of cells incubated=at 34°C
(rigure 6, panel 3B). . |

A 2 hr incubatien at 41,5°C caused a significant

proportion of the Xenopus laevis cells to 1ift from the
flask., The cells which 1ifted were kxept separate from

those which remained adherent., Total <c¢ellular RNA waé

extracted from both groups\(hereaftpr referred to as LXKEC

and AXKEC for lif?ed and adherent cells, respectively) and
Jranslated iﬂ vitro. ) | *-

The proteins synthesized in vitro from the AXXEC RNA
population closely paralleled the products obsér%ed when
RNA fron eells incubated at 34°C for 2 hr 4is translated.
With the exception of a relatively ninor 55 kd protein
which resolves into .2 isocelectric variants with plIs of 5.9

and 6,0 (Figure 6, panel C, arrowheads), the differences

. whieéh exist between cells incubated at 34°C and '41.5°C

,/




Figure 5. . :
Two-i%;énsional separation (IEF-SDS-PAGE) of the

in vidro translation products from total cellular
RNA "isolated from <control (2200, panel A),
heat-shocked at 34°C (panel 3), adherent XKEC
following incubation at 41.5°C ({panel <) and
lifted XXEC following incubation at 41.5°C (panel
D). The nolecular masses of. the new and/or
enhanced proteins subseguent to heat-shock are
indicated on the right and the particular
proteins by arrowheads within the panels, An
open square in panels A, B, C and 2 is wused to
the mark the position of- a 43 kd referance

protein, = Panel E represents the protein(s)
synthesized from the RNA which 1is endogenous to
the translation kit. \Ampholines expanded

through the 5-8 pH range were used in the first
dimension and a 7-17.5% polyacrylamide gel in the
second. Approximately 150,000 cpm of
acid-precipitable protein were applied <+to each
electrofocusing gel. '
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(AXKEC) are in . the intensity of some proteins. .,

Particularly apparent is,the i{nténsity of the 76 and 72 kd

protéins (both with pIs of 5.9)-in AXKEC,

The translation products from LXKEC RNA exhibdit a
number of variations. In.addition to the 76 kd "(PI 5.9)
which is less intense in the LXKEC, a 73 xd oprotein (p1
5.75) is clearly resolved, Although tﬁe 73 kd . protein
may be present in the AXKEC cells, fhe synthesis of the 76

kd polypepetide 1is 8o intense as to inhiﬁﬁi': clear

A,
R ¥ )

-detection of the 7?3 kd protein. Also, 2 isoelectric
variants of a 49 kd (pls 5:u5"and 5.3), a 38.5 kd (pI 5.7)
and an acidiFlQB kd (pI 4.853) prot;i; are translated at
obvioﬁsly discernable levels (Figure 6, panel D). The

nolecular masses of the tfanglation prodﬁcts.with M s of
76, 68, 59, 43 and 38 kd correspond.to proteins observed
. '

in heat-shocked XKEC in vivo.

o
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3,2 Primary Eﬁidermal Cell Cultures from Rana catesbeiana

s , ', Tadpole Hind Limb and Tail Fin
Movement of epidermal cells out from tail fin or hind

7 . limb expiaqts“is observed within 6 hour; after- plating.
N o > Within 24 hou;s of plating, the epidbrmal “cells form 3

.\ ‘ . P - ,

o -?ithér a contingous nigrating layer,‘-or completely seal

' 1th"e uou%ded epideimal'explantj, This is in agreement with

. e ‘reepithélialization studies of isolated B&Eﬂ tail fin
N ) discs‘(Dérby; 1968; 1§78) and egaryonic rabbit epidermal-.
explants (Bankerchlegei, 1982), After 5 days of cell
*.culture the epidermal cells begin to 1ift from the plate, -
. undergo cell dea@h, or aré overgrown by fiﬁroblwsts.
v ' The éffects of increasiﬁg or décregsing, temperature
< have an obvious morphological impact én the epidermal cell

¢ultured from hind 1imb or tail fin (Figures 7 and 8,

-

;pépectively). As the increment from the optimum growing
. ¥ )
. temperature of 22°C is increased in either positive or
& . ' -

negative direction, the area around +the <cells becomes
, bl : h
.- . refractile, the previously continuous epidermal cell

sheqﬁs are- interrupted by numerous discontinuities and the

.cells themselves have an altered atteﬁuated morphology.
o= The greater the temperature shfft,:the more profound is
; the morphological impact. \

'3.2.1 Thermal Shift Induction of New Polypeptide Synthesis

in PrimazxYEpidermal Cell Cultures fron -

R.catesbeliana Tadpoles




Figure 7.

’

The effect of tenperature elevation and
depression on 5 day epidermal cell cultures fron
hind 1imbd of R, ‘catesbeiana (stages XII-XV),

Subsequent to a 2 hr incubation at 5 or 15°C and ..
a 1 hr incubation at 22, 30 or 36.5°C,
representative areas of epidermal cell sheets
were §hotographed by phase contrast microscopy,

(x 85






%

; \
. . >
The effect of temperature elevation on 5 day
epidermal cell cultures "from tail - fin of R.
catesbeiana (stages XII-XV following a 1  hr
incubation at control *(22 C) and 32 and 36,5 C.

Representative areas the epidermal cell sheets
were photographed by phuse contrast microscopy (x

85).
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Incubation of tail fin or hind 1limbd epidermal‘ cell
cultures at temperatures dbeiween 10°C and 30°C did not.

result in detectable gqualitative changes in- the 'proteins

synthesized. However, cells incubated at 5°C for 2'hours

or at 32°C, 34°C or 36.5°Cﬁ$or 1 hour results in the new

and/or enhanced synthesis of a protein with an M of 65 kd

-

(Figure 9). The synthesis of this ﬁolypeptide becomes

nore pronounced as the temperature 1is 1increased (Figure
Y f

9); at 36.5°C it is the major polypeptide synthesizeds
)

The shift of thesé cultures to 36.5°C also resulted in the

~depressed syntHesis of the proteins normally nmade at 22° ¢

4

and the induction of a protein with M: of 25 kd which 1#
not detectable at other experimental temperatures (}igure

9).  Although the 65 kd polypeptide is detectable at 5°C,
neither the 25 kd protein nor the generalized depreésion“
of the proteins synthesized at the-dpntrol tenperature s

apparentf

Two-dimensional analyseis of hind limb and tail. fin

cultures indicates that the apparently novel 65 kd protein

)
O

g

has a pI of 6.7-6.8 (Figures 10 and 11, respectively).
However, as the temperature is increased, 1its synthesis

becomes so pronounced that the pl extends across a range

“of 6,5-7.0. The pI of the 25 kd protein was determined

to be 6.5, This nethod of protein separation also
demonstrated the absence of the 25 kd protein Lt a11

temperatures but 36.5°C (Figures 10 and 11).

s




’

Figure 9,

Fluorogram of one-dimensional .SDS-polyacrylamide

* " (3-15% gradient) gel electrophoretic separation
N of the polypeptides synthesized by 5-day primary
. epidermal «c¢ell cultures from R, catesbeiana

(stages XII-XV). Lanes 1 and 9 illustrate the

‘proteins synthesized by hind limb epidermal cells

‘following incubation at the temperature extremes

of 5 and 36.5°C, respectively. The pattern of e
polypepgides synthesized by tail fin epidernal
qellz/&s demonstrated following incubation at 5
(1an€ 2), 10 (lane 3), 15 (larne 4), 22 (lane 5),
30 (lane 6), 32 (lane 7), 36.5°C (lane 8). The
nolecular masses of, new and/or enhanced
polypeptides are "indicated By arrowheads on the !
left and right. Approximately 10,000 cpm of
acid-precipitable lysate were applied to each -
lane, :
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Fluorographic analysis ©of two-dimensional
polyacrylgmide gel electrophoretic (IEF-SDS-PAGE)
separati of the proteins synthesized by 5-day
primary cultures from hind 1imd of R, catesbeiana
(stages XII-XV) following incubation at (fronm .
left to right) 5, 10, 15, 22,,632, 34 and 36.5°C.
Arrowheads indicate the temperature dependent
appearance of -a 65 kd protein with pI 6.7-6.9 at

Figure 10.

5, 32, 34 and 36.5°C. A 25 kd protein with »pI
6.7-6.9 at 36.5°C is also indicated Dby an
arrowhead, Ampholines in the pH range of
3.5-10 were used in the first dimension and a Vs
3-15% gradient gel to. separate proteins in the )
second dimension. To each first dimensional '
electrofocusing gel approximately 50,000 cpm of
acid-precipitable 1lysate was applied. . The

positions of <coelectrophoresed My markers are
indicated to the left,







Figure 11,

Fluorographic analysis of IEF~-SDS-PAGE separation
of the proteins synthesized by 5-day cell
cultures from the tall fin epldermis of R.
catesbeiana (stages XII-XV) subsequent to

incubation at 5, 10 and 15°C,for 2 hr and 22, 32
and 36.5 C for 1 hr. The prgsence of the 65 kd
protein at 5, 32 and 36,5 C is indicated by

arrowheads. An arrowhead also indicates the 25
kd protein detected only at 36.5°C. Ampholines
in +the pH range of 3.5-10 were used to
electrofocus gels in the first dimension. A
3-15% grddient gel was used in the second
dimension, "Approximately 50,000 cpm of
acid-precipitable protein was applied to each
electrofocusing gel, . The positions of’
coelectrophoresed Mr marker proteins ©are

indicated to the left.
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3.2.2 Recovery of Tail Fin Epidermal Céll Cultures fron

Heat Shock (34°C) =

" Since epidernal cell culturés from hind limb and tail
fin respong to temperatﬁre stres§ by sfhtheéiziﬁg_the same
novel proteins (Figures 10 and 11), only tail fin cultures
were used to determine if a control pattern of pr&té;n
synthesis is restored in cells returned to 22°C following
a heat shock. The cells, incubated gﬁ73b°c for one hour;
still synthesize detectable quantities of - the T65 kd
protein aft;r a*.5, 1, 2 or 3 hr recovery period before a
2 hr labeling tiﬁe with tlAC]leucine. - After a 4 hr
recovery, the proteins-synthesized résemble those -of the

control (Figure 12),- "

- ' -

3.3 Water-Insoluble Proteins Synthesized by Egiderﬁal

Cell Cultures from R,catesbeiana Tadpoles

Since epidermal cell cultures from tail fin an& hind
1imb respond to sub- or supra-optimal ‘iemperatures by
synthesizing new/and or enhanced proteins was demonstr#ted,
I was éﬁrious to‘determine if eiidermal belis in culture
would respond to differe;%es in their nutrient environment
by synthesizing new and/or _enhanced proteins. Thyroid
hormone (3,3'.5—triiodothyronige; TB), a well-documente&
inducing'agen£ of precoclous differentiation in anuran

larval tissues, provides an excellent supplement to examine

this phenomenoﬁ in vitro. -Because the keratins (a family

of water-insoluble proteiﬁs) change 1in response to the

1203




Figure 12,

Fluorogram of One-dimensional SDS-PAGE (3-15%.
gradient gel) separation of the proteins
synthesized by 5-day ‘primary epidermal cell
cultures from R, catesbeiana tail fin during

"recovery from a 1 hr heat shock at 34°C, - Cell

cultures were allowed to recover for 0 (lane 2),
0.5 (lane 3), 1 (lane 4), 2 (lane 5), 3 (lane 6)
and 4 hr (lane 7). Proteins syntheslized™ by
cultures maintained at the <control temperature
were coelectrophoresed with the samples prepared
for the recovery series and are shown in lanes 1
and 8, Molecular mass marker proteins are shown
on the right. Approximately 10,000 cpnm of
acid-precipitable cpm were applied to each 1lane,
The position of the 65 kd HSP is indicated to the
left.

o
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different&ative stéfé“of'epidermal tissue, they provide an
ideal marker for assessing -whether -epidermal. cells in
c@lture from larval ahurahs could ,mount a Tesponse to
thyroid hormone. The water-insoluble proteins synthesized
in medium supplemented with fetal. calf serum would _be
considered as those synthesized in a control environneqt.

] "Variable solubility has bgen demonstrated among séme
of the proteins extracted ih water~-insoluble fractions,
In addition, a particular denaturing agent"is sometimes
foqu to give superior results by 1- and 2-D SDS-PAGE.
For these reasons, hind limdb epidermal cell cultures from
stages IX-XI, XII—XV‘and.XVIFXIX maintained in the presence
of 5% fetal caldf serum Q(F.C.S.)‘ ‘and labeled with
[ >°S]methionine for the last 36 -hours of éell culture were
e%tracted in KsBA (a keratin protein extraction ‘Ybuffer
containing 2% SDS) or 9 M urea (Figure 13). Since tﬁere

was no significant difference in the soiubility properties

of the water-insoluble proteins En either = solution, the
. i -

176

SDS-containing KSBA was used for final preparation 6f these

fractions (Figure 13) in subsequent studies,

3.3.1(a) Water-insoluble’'Proteins Synthesized by Thirty-Six

Hour Epidermal Cell Cultures froﬁ'Tadpofe Tail Fin

(Stages IX-XI)
The maintenance of epidermal cell cultures from stages

TX-XI tail fih for 36 hr -in medium containing either 5%

F.C.S. or 3 uL1T3/mL medium results in the synthesis of 2:



Figure 13.

‘used to separate proteins in the first dimension

»

Two-dimensional IEF-SDS-PAGE separation of the
keratin~enriched fractions from 5 day hind 1linmb
epidermal cell cultures solubilized in KSBA or §
M urea to determine whether certain
water-insoluble ©proteins were preferentially
solubilized in ene of the two commonly eémployed
denaturing ©buffers, Volumes equivalent to
75,000 cpm of acld-precipitable lysate were added
to each elecrofocusing gel., Ampholines 1in the
pH range of 5-7 (.3 mL) and 3.5-10 (.2 nmL) were
and a 7.5-20% polyacrylamide gradient gel in the
second dimension,

-~
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4 .
major proteins with M.s of #1.5  and 45 kd (Figure 14,

panels a and c¢). Although the 41,5 kd polypeptide 1is

expressed as at }eaéf 3 isoeléctric yariants in qélls grown
in either medium, its synthesis '-is markedly enhanced in
-cells mé{ntained in a T, ;upplemented environment. The 45
kd protein is expressed as 2 isoelectric variants in the

ﬁresence of 5% F.C.S. and 3 in T3 containing medium.

3.3.1(b) Water-Insoluble Proteins Synthesized by Five Day

"Epidermal Cell Cultures from Tadpole Tail Fin

(Stages IX-XI)

- Two-dimensional analysis of 5 day cell cultures fronm

R. catesbeiana tail fin epidermis (stages IX-XI)

demonstrates that numerous proteiné are present within the
40-70 kd range in the water-insoluble fractions, Multiple
isocelectric variants of the 41.5 kd protein are present in
both medium preparations, ) Significant synthesis of
proteins with Mys of 49_and 55 kd also occurs during the
labelfng period. A 56 kd protein is présent as at least®?2
isoelectric variants in Ty supplemented medium. A more
acidic protein of 56 kd is noted in the presence of F.C,S,.
(Figure 14, panels b and 4d). Also detected in both medium
conditions, but appapently’enﬁancéd in medium containing
F.C.S., are proteins with M,s of 49 and 54 kd.. Although
basic proteins with M_s of 63-69 kd are synthesized by
cells main@ained in medium .containing éither F.C.,S. or T3;

-

their presence is enhanced consigerably when T4 is the



Figure 14,

-t

-

Two-dimensional polacrylamide (7.5-20% gradient)
gel IEF-SDS-PAGE - separation of the
water-insoluble proteins synthesized by 36 hr and
5-day epidermal cell cultures from tail fin
(stages IX-XI). : :

Panel a:s 36 hr cell culdures maintained in MEM
supplemented with 5% F.C.S.

Panel h: 5-day cell cultures maintained in MEM
supplemented with 5% F.C.S." ’

Panel c¢: 36 hr cell cultures maintained in MEM
supplemented with 3 uL T3/mL medium.

Panel d: 5-day cell cultures maintained in MEM.

supplemented with 3 uL T3/mL medium.

Areas within the large squares in panels b and d
define the Dbasio, .high My water-insoluble
proteins whoq%\ synthesis 1is enhanced in the
presence of T3, The small square outlines the
position of an acidiec 56 kd water-insoluble
protein synthesized by epidermal cells from tail
fin maintained in the presence of 54 F.C.S. for 5

days. A pH gradient expanded through the 5-7
range (.3 mL plus .2 mL 3.5-10 ampholines) was
used in the first dimension, Approximately

100,000 cpm of |, acid-precipitable 1lysate was
applied to each electrofocusing gel.r M,s of the
water-insoluble proteins within 40-70 kd are
indicated.on the left for 36-hour cell .cultures
and on the right for epidermal ‘cells. maintained
for 5 days. '

s







supplement,

3.3.1(c) Water-Insoluble Proteins Synthesized by Thirty-six

‘ Hour Cell Cultures from Tadpole Hind Limb

Epidermis (Stages IX-XI) .

Epidermal cells from tadpble hind 1imb (staées IX-XI)
were maintained in culture for 36 hours in one of & médium
conditions (unsupplemented, + 5% F.C.S., 3 uL T;3/mL medium
or 5 uL T3 applied directly "to each explant) to which
[ 35SImethionine was addea. When the water-insoluble
proteins are separated on the TDbasis of their molecular
mass, méjor‘proteins with M.s of 42, 43, 45, 51 and 53 kd
are detected (Figure 15, lanes 1-4), In the presence of

T,, the synthesgis of QS, 53, 58 and 63 kd water-insoluble

[

proteins are‘pa;ticularly enhanced (Figure 15, lanes 3 and

4, positions indicatedby solid triangles). Although not

in the molecular mass range assigned to the keratins, the
. [

'3 kd protein is enhanced in the presence of

P

synthesis of a

both T3 concentrations (Figure 15, lanes 3 and 4, position

indicated by a solid triangle).

Two-dimensional analysis of the wa}er-insoluble
proteins synthesized in the variously supplemented mediuﬁ
during the first 36 hours of cell culture emphasizes the

variation among |the 40-70 kd proteins, In addition to the

major proteins dited above, a minor protein with &n M, of

49 kd is synthesized by cellsvmaintained in any of the

four medium conditions (Figure 16, panels a, ¢, e and g).



Figure 15,

One-dimensional fluorographic analysis of the
water-~insoluble proteins synthesized by hind limd
epidermal cells. (IX-XI) cultured for 36 hr at
22°C and labeled with [ 35S]methionine ' for the
culture period. =~ Lane 1 reprasents  the
water-insoluble proteins synthesized by cells
maintained in MEM-serum, lane 2 MEM supplemented
with 5% F.C.S., lane 3 MEM containing '3 uL ~ Ty/mL
medium and lane 4 MEM-serum-and 5 uL T3 applied
directly to .each explant. The water-insoluble
proteins with M s of 51, 53, 58, 63 and 73 kd
synthesized during the first 36 hr of cell
culture are indicatd by solid +triangles Dbetween
lanes 3 and 4, Their synthesis is particularly
enhanced in the presence of T3,

Laned 5-8 are the water-insoluble proteins
synthesized by 5-day cell cultures from-hind limb
labeled with t’35s:|methionine for the last 36 hr
of the culture period. Lane 5 is the
water-insoluble proteins. - synthéég;ed in

"unsupplemented MEM, lane 6 in the presence of 5%

F.C.85., lane 7 in MEM supplementeds with 3 uL
T3/mL medium and lane 8 when 5 yulL T3 is applied
directly.to each explant but the MEM is otherwise
unsupplemented. The molecular masses of these
proteins are indicated ‘on the right and

‘co-electrophoresed M, standdrds on the 1left.

The proteins are separated on a 7.5~20% gradient
gel, Approximately 20,000 epm of acid
precipitable lysate was applied to each lane,

) . .
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Figure 16,

o/

Fluorographic analysis of the two-dimensional

. separation of the water-insolube proteins

synthesized by 36 hr and 5 day gpidermal cell
cultures from hind limb (stages IX-XI) maintained
at 22 C,

Panel a: 36 hr cell cultures maintained in
unsupplemented MEM
Panel bt 5-day cell cultures maintained in

unsupplemented MEM

Panel ct ;6 hr cell cultures maintained in MEM +
5% F.C.8, ;

Panel d: 5-day cell cultures maintained in MEM +
5% F.C.S,

Panel e: 36 hr cell cultures maintained in MEM +
3 ul T3/mL mediunm .

Panel f: 5-day cell cultures maintained in MEM +
3 ub T3/mlL medium

Panel g: 36 hr cell cultures maintained in
unsupplemented MEM but 5 UL T3 applied directly

- to each epidermal explant

Panel h: 5-day cell cultures maintained in
unsupplemented MEM but 5 WL Ty applied directly
to each epidermal explant,

Open squares are used to mark the position of the
water-insoluble proteins wikh Mys of 48 and 59 kd
resolved when 36 hr epidermal cell cultures are

-maintained in MEM supplemented with 3 L T3/mL

medium (panel e). In panels ¥, d, f and h, the
open squares mark the water-insoluble proteins
believed to correspond to the '48 and 59 kd
proteins *indicated in panel e. The open circle
in panel b surrounds an acidic, water-insoluble
63 kd protein observed only when cells are
maintained in unsupplemented MEM, In panel h,
the open circle ocutlines a basic, water—insoluble
protein’with an M, of 69 kd whose synthesis is
enhanced when 5 ulL of T3 is applied directly to
each explant. The square bracket” outlines the
51/53 kd dumbell-shaped doublet in panels b and
h. The solid circle indicates the position of the
73 kd water-insoluble protein in panel b, d, f
and h. The electrofocusing gels contained a
mixture of ,3 mL of pH 5-7 and .2 mL of pH 3-10
ampholines, A 7.5-20% gradient gel - was used to
separate the proteins in the second dimension.
Molecular masses of the proteins of interest are
indicated on the left for cell cultures
maintained for 36 hours and on the right for
5-day cell cultures. Approximately 150,000 cpm
of acid-precipitable lysate was applied to each
electrofocusing gel.

*




-
¢-—~54£1 o
C
[ ]
. -
D -’
e
0 a— e
- o=
;J‘ o“
a—— e
’-‘~
.. 3
g
, @ - =
. @’
‘ - - ]
e - -

116

<48

358-60"
253 -51

«4

,:73

358-60




1

A water-insoluble protein with M, of 48 kd is. synthesize&
by cells grown in all media excepﬂxthe medium to which 5 ulL
Ty was applied directly to each explént (Figure 16, panels
& ¢, e and g); The p:esenée of' f3 at either
concentration markedly enhancéd the éynthesis of a 59 kd
protein which also 1is detected at 1low levels in the
presence of serum or unéupplemented medium. The greatest
similarities in the water-insoluble proteins synthesized
are observed among cells maintained in wunsupplemented, 5%
F.C,S. and45 pL T3 applied directly to each explant mediun
preparations (Figure 16, panels a, c and g).

While either T, .concentration is effective in
stimulating the synthesis of the 59 kd, the acidic 51 and
53 kd protéins observed in the other medium freparations
are not detected in medium supplemented with 3 L T3/mL
medium (Figure 16, panel e). The water-insoluble proteins
synthesized by cells maintained in medium supplemenfed with
3uL T,/mL medium appear quite different from those observed
in the other growth conditions during the first 36 hr of

-

cell culture, They are however, very similar to the

water-insoluble proteins synthesized by 5 day cell cultures

from hind limb (stages IX-XI) (Figure 16, compare panels e
to b, 4, f and h, Reference proteins are indicated by open

squares ). ¢

3.3,1(4) Water-Insoluble Proteins Synthesized by Five Day

Cell Cﬁltures from Tadpole Hind Limb Epidermis

+ »

Py el



(Stages IX-XI)

The water-insoluble proteins synthesized by 5 day hind
lims epidermal keratinocyte cultu;es‘(stgges IX-XI) during
the last 3§ ’hours of cell culture~ were visualized Dby
flu;rogréphy. One—dimensional separation revealed that
the major water-~insoluble proteins had Mré of 69, 67, 58,
56, 53, 49 and 43 kd are opserved * within the 40-70 kd
range. A 45 kd protein is faintly detected in all medium
conditions with 'the exception of 5% F.C.S. When 5 uL T
is applied directly to each explant a 63 kd water-insoluble
protein is enhanced.

From two-dimensional fluorograms the differences- that
exist between the proteins synthesi%ed by ; day éell
cultures in the four medium conditions do not seem so
drgmatic as that observed in cultires maintained for only
36 hr. This may, in part, be due to the greater variety
of water-insoluble proteins synthesized within the.40-70 kd
range in 5 day cultures (Figure 16, panels b, d, f.and h).

The 63 kd protein which was detectable in

one-dimensional fluorograms 1is most 1intense when cells

grown 1in theg\iiifnce of serum are separéted in two

dimensions (Figure'léj panel b, protein within the circle).
When 5 plL T; is applied directly to each ekpian#, the 69 ka'
protein is more prominent than in other growﬁh fconditiyns
- (Pigure 16, panel H, protein within the circle). ‘Although
present in all growth conditions, the 51 andujj'kd doublet

separates into two distinct isoelectric variants when 5 b

-

»

4




~

X

-

T, is applied {0 individual explants (Figure 16, panel h).

Y

It is likely ‘that the 53/51 kd doudlet is p(gfent as the 2
isoelectric variants in MEM-serum -since these” proteins
o

extend across a’' pI range which corresponds to that observed

R T o
with 5 plL T, (Figure 16, panel b). In the presence of 1.5%-

F.C.S. or 3 uL T3/mlL mediunm the doublet clearly resolves

into the single most acidic isoelectric variant,

8

-

Cells maintained in MEM-serum or in MEM and 5 ulL
T3/exp1ant also épparently synthesize greater amounts of 50

and 48 kd-\prqteins.‘ They can, in these growth

»

" conditions, be resolved into 2 isocelectric variants. - The

v

enhanced synthesis of the 73 kd protein in 36 hour cell
. :

cultures-(ﬁ}gure.&5, lanes 3 and 4) maintained in a T3

supplemented environment but no£ detected on

two-dimensional fluorograns, resolved in all fbur growth

conditions fron 5 day fultures bEigure 16, panels b, d{ f

and h). o \

.5 day celf culture pefiods are not the same for tail fin

It is interesting to -note that the pattern of
water-insoluble proteins synthesized during the 36 hour and

L

and hind limb epidermis from animals of the same stage
. S -

.

(Ix-Xx1). In these two sources of “epidernmis fpr cell "
culture, the differences obser;ed in the water-insolublg

proteins synthesized display a reverse depende;ce on the’
ength of time "in cell culture, Unlike the similarit

een calf serum and T3 supplemented medium noted in J36

hour tail fin cell cultures, epiaermal celt cultures from

[~

N

( /
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<

hind 1limb exhidbit clearly deteétéble differences in the

proteins synthesized within the first 36 hours of cell

culture. However, after 5 days in cell culture the most
ﬁotable differences are -noted' in the water-insoluble
proteins extracted from tail ﬂ}n.' The " water-insoluble

ﬁroteins synthesized b% 5 day cell cultures from hind limb
maintained in either calf serum or 3 uL T,;/nlL mediun
(Figure 16, panels d and-‘ f) appear identical by

IEF-SDS-PAGE separation, '

3.3.2(a) Water-Insoluble Proteins Synthesized by Thirty-six

{Houf.Cell Cultures from Tadpole Hind bhimbd

Epidermis (Stages XII-XV)

Hind limb -epidermal cells from stages XII-XV
naintained in culturel for 36 hours synthesize
water~insoluble pro£eins'with Mrs of 41.5, 43 and 55 kd in
the presence' of 5% F.é.S. or 3 plL T3/mL medium (Figures 17,
pa;e}s a'énd e). .

When medium is supplemented with 3 uL T3/mL neditm,
the syn{hesis of a w;tér—insoluble protein with M_ of 69 .kd
is observed (Figure 17 ﬁanéls ¢, area within the circle)
and fhe relafiyé §ynthe§is of a 45 kd protein is increased
(Figure 17, panel ¢, ‘snall arfoﬁhead).v The 53 Kd . protein

which 1is ~a -major ' synthetic product’ in calf serum

bsUPplemented medium, 18 surrounded by a square in panel ¢

(T3 subplehented medium) as its presence is not 80 easily

detected. . In thé presence of  F.C.S., a 48 ° kd
\ .

V]
C




Figure 17.

£

Fluorograms of IEF-SDS-PAGE separation: of the
water-in%oluble proteins extracted from 36 hr and
5-day cell cultures from hind 1imd epidernis
(stages XII-XV) maintained at 22°C, :
Panel a:t 36 hr cell cultures maintained in MEM +
5% F.C.S. .

Panel b: 5-day cell cultures maintained in MEM +
5% F.C.S.

Panel c: 36 hr cell cultures maintained in MEM
supplemented with 3 upL T3/mL medium.

Panel d: 5-day cell cultures maintained in MEM
supplemented with 3 uL T./mL medium, B
The presence of a water-insoluble protein with My
of 48 kd, detected”“in 36 hour cell cultures
maintained in the presence of F.C.S,, is outlined

by a diamond in panel a. In the presence of T3
a 69 and 45 kd water-insoluble proteins are
synthesized (panel ¢, circle” and arrowhead,
respectively). The position of +the 53 kd
protein is outlined by a square in panel c. The
rectangles in panels b and 4 outline the
water-insoluble proteins of M, 48-50 (whose

synthesis is enhanced in the presence of F.C.S.
(panel b)) and 51-53 kd (which are more intensely
synthesized in the ' presence of T3 and.  whose
position is marked by open triangles in panel

a)). A circle outlines the 69 kd
water-insoluble protein in panels b and d. The
molecular . masses of co-electrophoresed o'

standards are indicated on the left and to the
right are the M, s of the water-insoluble proteins
synthesized by 36 hr and 5 day cell cultures.
Approximately 200,000 cpm of acid-precipitadle
lysate were applied to each electrofocusing gel.
The pH gradient and separating gel were as
outlined for the previous figures of water
insoluble protein separation,
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water-insoluble protein is observed (Figure..17. panel a,
region within diamond).”

W,

3.3.2(b) Water-Insoluble Proteins Synthesized by Five Day

‘Cell Cultures from Tadpole Hind Limb Epidermis

+

) :
R (Stages XII-XV) \ ~ ‘

s The maintenance of epidermal cell cultures from hind -
6 o

linb (stages XII-XV) for 5 days results in the ' synthesis,
ﬁufﬁng the 1last 36 hours, of “a greater nunber of

. ‘S fwater-insoluble proteins and of ones which ‘hélf greater

k8

molecular masses. " ‘Also, as was apparent in epidermal

r

»- cultures fron stages IX-XI, the reéolution of the pfoteins

synthesized is markedly improved. . : Co

\

L When water-insoluble proteins are sepérated by 24b gel

electrophoresis the differences detected in the proteins

-

Y

synthesized in the presence or absence of T3 are,~lafgely O
quantitative rather than qualitative. " In generél, when
'cells\a;e mqintained in'Tj-supplemented medium, there is a
decrease in the synthesis of the 1lower: moleculgr weight
proteins. For example, the relative synthesis of 48 and
50 kd proteins is de&ressed relative to cells maintained in
F.C.S.»(Figureii’?., panels b and 4, ‘areas within thé
rectangles) and ﬁgre, isoelectrig variants of higher M_
bgsic proteins are resolved within the 40-70 kd range.
. : In the presénce of Ty, the synthesis of %§e \bésicé
isoelectric varianté of the 69 and 60 kd proteingr and an

acidfc 45 kd protein are stimulated. When nedium 1is




supplemented with 5% F.C.S., the synthesis of 50 kd, 57
kd, present as 2 basic isoelectric variants, and an acidic
49 k4 protein are enhanced. The Dbasic and acidic

components of the 51/53 kd dumbell shaped doublet are

clearly resolved in T3 containing medium (Figure 17, area

s .

within the rectangle, positions .indicated by open
>

triangles) . The synthesis of the basic variants of this

doublet is depressed in the presence of F,C.S.

3.3.,3(a) Water-InsJiuble Proteins Synthesized by Thirty-six

Hour Cell Cultures from Tadpole Hind Limb

Epidermis (Stages XVI-XIX) .

Cultures of 36 hour hind 1limb epidermal cells fron

animals in stag;s XVI-XIX synthesized water-inéoluble
proteins with M s of 49, 51, 53, 55 and 63-69, In the
p;eseﬂce of T,, proteins with an M_ of 53-55 and 73 kd are
enhanced (Figure 18, ©panel ¢c). In addition to the

water-insoluble proteins cited, cells maintained in F.C.S.
D

supplemented medium also synthesized 46 and 43 kd proteins,

Low lev;is of a 60 kd protein are also noiéd (Figure 18,
panel a). )

As was’ previously appareﬁt, the water-insoluble
proteins from cells maintained in T3 supplemented .medium
are similér to those obtained in 5 day cell cultures. In
this instance, the similq;ify is most remarkable when
compared to célf serum suppiemented cell cultures (Figure

. 18, panels b and c, The position of proteins in common

124
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Figure 18,

Two-dimensional IEF-SDS-PAGE separation of the
water~-insoluble proteins extracted from 36 hr and
5-day ~ hind - limb epidermal cell cultures
maintained at 22°C (stages XVI-XIX).

Panel a: 36 hr cell cultures maintained in MEM ~ +
5 % F.C.S. : :

Panel b: 5-day cell cultures maintained in MEM +
5% F.C.S. :

Panel c: 36 hr,cell cultures maintained in MEM +
3 ul T3/nL medium,

Panel d: 5-day cell cultures maintained in 3 uL
T;/nL mediunm,

\@he positions of +the 73, 53-55, and 49-51 kd

Mroteins detected in 36 hr cell cultures
n%%;talned in T, (panel ¢) which correspond to
water-insoluble proteins synthesized by 5 day
cultures in the presence of F.C.S. (panel b) are
indicated by solid triangles, Within the region
outlined by " the diamond is  a basic,

-water-insoluble protein with an My of 73 noted

only when hind 1imd epidermal cells (stages
XVI~-XIX) are maintained for 5 days in the
presence of 3 ylL T3/mL medium (panels b and 4d),
The enhanced synthesis of the basic 73 kd protein
in the presence of T, is marked by an open square
(panels b and d). Only in 5 day cell cultures
maintained in the presence of T3 i% the 94 _kd
water-insoluble protein resolved (panels b and d,
position indicated by open triangles).

Anpholines in the pH ranges of 5~-7 (.3 mlL) and
3.5-10 (.2 mL) were used in isoelectric focusing

’ gels. A 7.5-20% polyacrylamide gradient was

used to separate water-insoluble proteins in the
second dimension, Approximately 200,000 cpm of
acid-precipitable lysate were applied to each
electrofocusing gel.
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are Indicated by enclosed triangles). .

'

3.3.3(b) Water-Insoluble Proteins Synthesized by Five Day

+

Cell Cultures from Tadpole Hind Limb Epidermis
el

(Stages XVI-XIX)

During ﬂFE last 36 hr of cell culture, cells
maintained in the presence or absence of T3 synthesize
water-insoluble proteins with M_s of 63-69, 53-55, 49-51,

46 and ﬁ} kd. The presence of T3 stimulates the synthesis

of 63-69‘ kd proteins (Figure 18, panels b
arrowheads). The synthesis of an acidic 73 kd ﬁrotein
also enhanced ((Figure 19, panels b and d, position
indicated by opéﬂ squares). Although a basic 73 ~kd
protein (Figure 19, panels b and 4, protein iS°outlined‘:;g
a diamond) is not detected in thelpresence of F.C.S.; this

growth environment stimulates the éynthesis of acidic 60 kd

proteins,” .

°

3.4 Immunological Studies on Thirty-six Hour and Five-

Day Epidermal Cell Cultures from Hind Limd

Although water-insoluble proteins within the 40570 kd

-range are noted in 36 hour and 5 day cell cultures, the

mere presence of these préteins and the changes . noted in

the proteins synthesized in various media conditions does

not verify that these proteins are, in fﬁct, keratins,

. .
Since keratinization as reflected by Dbirefringence in
hindlimb epidermis from stages XII-XV has been demonstrated

-

N

[



(Wright, 1973), it was felt that if  positive
immunofluorgscence for antibodies against .hﬁman
cytokeratins could be deméﬁstratéd in 36 hour eell cultures
from hind 1limb from stage IX-XI +tadpoles, their presence
was assumed in epidermal cell cultures from more mathre
larvae. Since the water-insoluble proteins within 40-70
kd are few in 36 hour cell cultures, immunofluorescence was

chosen to demonstrate the presence of keratin-like

proteins, Since the number of water-insoluble proteins is

markedly increased 1in c¢ell cultures from hind limdb

epidermis maintained for 5 days, _immunoprecipitation . Was

used as a method for a nore precise identificq&ion of which -

epidermal proteins were keratin-likqbproteins.

3.4.1 Immunofluorescence of Thirty-six Hour Epidermal Cell
<

Cultures from Tadpole Hind Limb (Stages IX-XI)

The ability of epidermal explants to elaborate sheets
of epidermal keratinocytes 1is not facilitated on glass
coverslips, a necessity for immunofluoreséence. The
. tendeﬁby of the exﬁlants is to seal the wounded area. The
coating of glass <coverslips with 2% collagén does not
significantly alter this condition,. The explants are
easily maintained on plastic co?erslips but the scattering
6T 1light which these cause make thenm unsuitadle for
immunfluorescence, 'Although growth was not 'prolific,
representative‘cells noted on collagen coated glass were

observed and photograpﬁed.




Figure 19.

Indirect immunfluorescence of 36 hr cell cultures
from hind 1imb epidermis maintained in 5% F.C.S.
(panel A) or 3 uL T,/mL medium (panel B). Note
the felt-like appearance of the tonofilament
network and the intense staining of the
perinuclear regions. The 1intensely staining
small cells typical of the basal cell population
(Schweizer et al.v 1984a) are indicated ° by
arrowheads in panell B.

%
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Epidermal cells sustained in the presence of F.C,S. or
f3 for 36 hr exhibited positive immunofluorescence (Figure
19, A and B). The tonofilament’ etwork is not
well-developed but shows a rather felt—likezappeArance when
cells are maintained in F,.C,5. or T3 suppleménted medium.
This staining pattern has been observed in epideimal cells
from middle layers of epidermis in ., mammalgf*{Schweizer\ et

ﬂall, 1984a)., Although nuclear regions are negativelf
fluorescent in cells from Yboth gr&hps, the perinuclear
region‘stsfhs intensely. Among the groﬁp of epidermal
cglls grown in the presence of Ty, some cells show iﬂtense
immunofluorescence (Figure 19, panel B, arrowheads) and
appear to be smaller than the surrounding cells, This
pattern of immunpfiuorescence has been identified as the
characteristic staining pattern ‘of the basal cell
population of epidermls in newdborn mouse (Schweizer et al.,
1984a). The marked appearanc; of these intensely staining
'basal-like’ fells in the presence of T3 suggests that T,
does indeed stimulate the growth of these cells, While
this method demonstrates.that~kera£in—1ike proteins are, in
fact, present in 3% h cell cultures from stages IX-kI

hind 1imb epidermis, the cells from a particulars growth

environment cannot be distinguished on this basis,

H

3.4.2 Immunoprecipitation of the Keratins from Hind Limb

Epidermal Cells Cultured for Five Days

Primary cultures from hindlimb were maintained in the



*

presence of 5% F.C.S, for five days. Although éll

o

molecular weight classes of water-insoluble proteins within
40-70 kd are synthesized in tﬂis growth condition, not all
isoelectric variants are represented. )

Six or seven keratin proteins within the 40-70 kd M,
range were precipitated from each stage group, with those
solublized in 9 M urea (fracton 1) con51stently giving the

clearest results (F}gure 20). From fractlons 2 and 3

togethfr, all of the keratins immunoprecipitated from urea

solubilized samples are resolved. However, in neither of
these buffers alone are all  of the  keratins
immunoprecipitated. Samples .solublized in RIPA (fraction

2) apparently preferentially exclude the highest \ My
components which are easily resolved in. fractions
solubilized {ﬁ buffer containing 2% SD§ (fraction 3).

From keratin-enriched fraction 1 (as elaborated in Figure
1) (stages IX-XI) proteins with M_s of 60, 52, 49, %6 and
40 kd were 1mmunopre01p1tated (Flgure 20, lane A~ and Figure

} .
21, Part A, lanes 1, 2 and 3). The 65 and 60 kd proteins

are barely detectable. = )
Proteins with M_s of .67, 64, 57, 52, 49 and 46 kd were

immunoprecipitated from hind 1limd epidermal cells fronm

stages XII-XV (Figure 20, lane B and Figure 21,.-.Fart B,

~lanes 1, 2 ané:j).‘ Immunoprecipitation of the 67, 56 and’

46 kd proteins was most prominent in keratin-enriched
fractions 1 and 3 (Figure 21, Part B, lanes 1- and 3,

respectively).




’

Figure 20, .
. One~dimensional separation of the keratins
: ~ immunoprecipitated from 5 day epidermal cells
cultured at 22°C in .MEM + 5% F.C,S,
) Keratin-enriched fractions were solibilized in
3 9 M urea and volumes equivalent to 5 x 103 cpm
~ immunoprecipitated with rabbit anti-human
: : cytokeratin* antibodies. *  The keratins
immunoprecipitated from stages IX-XI are shown
in lane A, from stages XII-XV in lane B and
from stages XVI-XIX in ‘lane C, Molecular
c masses ©of immunoprecipitated protéins Aare .
indicated to the left and right,. . . T
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Figure 21

One~dimensional separation of the water-insoluble
proteins immunoprecipitated from 5 day hind 1limd
epidermal cell cultures maintained at 22°C in the
presence of 5% F.C.S. with rabbit anti-human

cytokeratin antibodies, - ")
A: Stages IX-XI ' : .
Lane 13 proteins @ immunoprecipitated from

keratin-enriched fractions solubilized in 9 M
urea. - i

Lane 21 proteins immunoprecipitated from
keratin-enriched fractionsr solubilized in RIPA
buffer.

Lane 3: proteins immunoprecipitated from fraction
3 which was solubilized in SBA.

The presence of the 48 kd protein is restricted
to immunoprecipitates from fractions solubilizéd
in 9 M urea,. -
B: Stages XII-XV

Lane 1: proteins immunoprecipitated from
water-insoluble fractions solubilized -in 9 M
urea, ° :

Lane 2 proteins immunoprecipitated from
water-~-insoluble fractions solubilized in RIPA
buffer. . ‘ .

Lane 3: proteins immunoprecipit®dted from fraction
3 which was solubilized in SBA. <«

Note the prominence of the 57 and %6 kd protelns
in lane 2 (RIPA buffer solubilized fractions) and
of the 67 kd protein in lane 1 (samples
solubilized in 9 M urea). . :

C: Stages XVI-XIX

Lane 1; proteins immunoprecipitated fron
keratin-enriched fractions solubilized in 9 M
urea., ,

Lane 2 proteins immunoprecipitated from

keratin-enriched fractions solubilized in RIPA
buffer.
Lane 3: proteins immunoprecipitated from’ fraction

‘3 which was solubilized in SBA,

Note the prominence of the 20-30 kd proteins
immunopfecipitated from RIPA buffer solubilized
samples of%all stages. Molecular masses of the
immunoprecipitated proteins within 40-70 kd are
indicated to the 1right and to the left.
Approximately 50,000 cpm of.- acid- -precipitable
lysate was used for immunoprecipitation.

/S
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Proteins with M,s of 67, 56, 54, 51, 49 and 46 ka were

precipitated from hind limd epidermal cells, stages XVI-XIX

(Figure 20, lane C and Figure 21, Part C, lanes 1, 2 and

3). A 58 kd protein is noted only in precipitates fron

-

samples solubilized in RIPA (fraction 2) (Figure 21, Part o

-

¢, lane 2).
Additional contaminating proteins with M, s in the
20-40 ‘p@ range were immunoprecipitated from all stage

groups. These immunoprecipitated 'proteins were most .

-
3

evident in fractions exfiacted in RIPA buffer '(Figure 21,
Parts A, B and C, lane 2 in all Parts,) Thése proteins

were not subtle contaminants bdbut among the major proteins

=
Dy

observed.,

3.5. Water-Insoluble Proteins Synthesized in situ by Hind

Limb Epidermis in T, or  NaOH Injectéd Animals

Water-insoluble proteins wefg extracted from hind limb

epidermis from whole animals. The purpose was ' two-fold,
First, curjousity ar&se as to whether tﬁé froieins
extracted from tissue culture cells would be synfhesized
when tijsue/tissue interactions are mainiafned ‘in whole
animals Also, are the effects of Ty in. epidefmal
keratin-like proteins from whole animals vmanifeéte& as
early as 36 hr fo;lpw;ng injection'or s a 1§tent period

required before differences are detected 'betwepn control

(NaOH) and T, injected animals? | , C ’j

L 4

‘.

A single injection of‘T3 or NaOH was given 36 hr

before sacrificing. This was foilowed‘immedfately By an

injection of 60 uCi/mL of [ 3°S]methionine; a subsequent
’ A
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injection of [358]methionine was given 18 hr 1later.: All
induced metamorphosis experiments were performed during ‘the

winter months to minimize ¢he effects of endogenous thyroid

3

hormone fluctuations which would occur during spontaneous

metamorphosis. ' -

-

3+5.1. Protein Synthesis in Hind Limb Epidermis During the

First Thirty-six Hours Following Injection

At the +time of sacrifice, tadpoles were staged
(Taylor and Kollros, 1946) to determine if any effects of
Ty had been manifested. Unlike hind limbs from controls,
those from T3-injécted la;imals showed 4 increased
vascularization as has been noted previously (Dhaharajan,
1979; Dhanarajan and Atkinson, 1981).

B Water-insoluble proteins common to Ty or NaOH injected
animals within 5}1 séage groups had M/s of 64, 60,,53, 4y,
48 and 43 kd {Figure 22). In animals ‘from the 3 stage
groups injected wit£ Tys 2 56.5 kd prbtein is resolved that
is not ‘observed in any of the stage groups from the control
animals (Figure 22, lanes 1, 2 and 3, open arrowheads). A

protein with M. of 67-69 kd is’ ‘enhanced, in hind 1limbd

epidermis from'Té—injected animals ‘and in sham injected

stages XVI-XIX (Figure 22, lanes 1, 2, 3 and- 6, ipdicated

by small squares). With the exception of +the 56,5 kd
grotein, T4 and sham-injected hind iimb epidermis from
stages. IX-XI and XVI-XIX appear to be the. same (Figurg 22,
lanes 1 and 4, and 3 and 6), Amgfgw,the . two groupﬁ of

water-insoluble proteins extracted from stages XII-XV,

- -
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N
those with M, s of 67-69 and 56.5 kd are synthesized
subsequent to T3 injection only (Figure 22, lanes 2 and 5);
The specific activity (cpm/ug protein)' of " the

water-insoluble proteins was not sufficiently high to
(3 . .

allow separation by two dimensional electrophoresis.,

3.6 Protein Synthesis in Hind Limb Epidermis from

Spontaneously Metamorphosing Tadpoles

In an effort to determine whether the profeins
synthesized by hind 1imbd epidermis from animals ig which
metamorphosis is induced and epidermal cell cultures
maintained in a variously\supplemented medium bears any
similarity to those extracted fromh epidermis of

spontaneously metamorphosing animals, R. catesbeiana at

var%ous stages of metamorphic climax were - injected with
[14c]leucine or [35S]Imethionine. Both isotopes were
used to determine 1if preferential 'synfhésis of sone
proteins *as exhibited with a particular isotbfe. Four
hours subsequent to their injection with the radioactive
probe, the animals were sacrificed. Since the efidefmis
is rapidly maturing at this time, actually reaching 3its
synthetic peak at stage XXI (Wright, .19734 'Atkinson,~ -
_ 198LP), total proteins weré extracted. " In addition,
preliminary studiés sho;ed th§t tﬁe pfoteins synthesized
during the labeling period were, f5£ thE. mogt part, in
the M, rf%ge of thenkeratins. Since previous studies

demonstrated no preferpntial solubllity, 9 M wurea was



Figure 22,

N

¢

Fluorographic analysis of the water-insoluble
proteins synthesized in s8itu by . hind limdb
epidermis during a 36 ‘hr period follgwing

injection with T3 or NaOH, » Animals ¢ were
injected with 60 pCi/mL of[3°S]methionine 36 and
18 hr prior +to sacrifice. Lanes 1-3 are

water-insoluble proteins synthesized following T

injection from stages® IX-XI (lane 1), XII-X

(lane 2) and XVI-XIX (lane 3). Lanes 4-6 are
the water-insoluble ‘prodeins synthesized
subsequen® to NaOH injection om stages IX-XI
(lane 4), XII-XV (lane 5) and XVI-XIX (lane 6).
The apparently novel synthesis of the 56.5 kd and
the enkanced synthesis of 67-69 kd
water-insoluble proteins detected subsequent to
T3 injection (lanes 1-3) are indicated by open
arrowheads and filled squares, respectively,
The positions of co-electrophoresed Mr standards
are indicated on the 1left and +the proteins
synthesized within 40-70 kd on the right. A
7.5-20% polyacrylamide gel was-used to separate
the proteins,
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used.

3.6.1 Pluorographic Analysis of the Proteins Synthesized

by Epidermis from Animals in Metamorphic Climax

The major proteins synthesized in sittlby hind 1limb
epidermis from tadpoles in metamorphic climéx had.Mrs of
65, 62, 57-58, 54, 50, 45-47 and 43 kd. Among the
various staggs of metamorphic climax, no marked
differences can be detected in actual protein products by
one-dimensional separation (Figure 23). IEF-SDS-PAGE
separation of the proteins' synthesiz;d,.during a 4 hr
labeling period with [ !4CJ]leucine revealed that during
stage XXI the 1intensity of( the ©basic proteins is
apparently,markedly iﬂcreased with the highest Mﬂ; basic
proteins of 62 and 58 kd extending'across a'w}ﬁ; basi¢ pH
range (Figure 24, panels a, ¢ and e) as is the more
acidic 47 kd protein. In addition, the 43 kd protein
which was so prominent in keratin-enriched fractions from

tissue cplture cells (stages IX-XI and XII-XV) and

premetamorphic in situ studies is barely resolved due to

the density of the +the H#5-47 kd proteins in all

instances.,

Wheg [353]methiénine is used as the labeled ami;o
acid, the number.. of isocelectric variants between the
basic 57-58 kd proteins inereases‘from 2 at étage XXI to
~a minimunm of 3 at stages XXIT- and X%XIII (Figure 24,

~

panels b, d and f). With [3°SImethionine as ‘with

-

12N



Fiéﬁre 23,

One-dimensfonal fluorographic analysis of +total
proteins within 40-70 kd synthesized R.
catesbeiana in various stages of spontaneous
metamorphic climax. The proteins were
synthesized during a 4 hr 1labeling period with
E “¢cJleucine. Stage XX (lane 1), stage XXI
lane 2), stage XXII (lane 3), stage XXIIL (lane
4), stage XXIV (lane 5) and stage XXV (lane 6)
are represented. The M s of <coelectrophoresed
standards are indicated on the left and of 40-70
kd proteins synthesized on the right. A 3-15%
polacrylamide gradient gel was used to separate
the proteins, Approximately 10,000 cpnm of
acid-precipitable proteing were applied to each

lane., -
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Figure 24,

Two-dimensional IEF-SDS-PAGE  separation of the
total proteins synthesized by hind 1limb epidermis.
from selected stages of spontaneously
metamorphosing R. catesbeiana in a 4 hr labeling

eriod during which they were injected with
Flac}leucine (panels a, ¢ and e) or
s nethionine (panels b, d and f). Although
the basic high molecular mass proteins are more
intense when animals are labeled with

[ 14¢]1leucine, they are more clearly Feselved into
their isocelectric variants when [3 ﬁ]methionfne
is the labeled amino acid, The increase in the
synthesis of the 50 kd protein(s) bZ animals
staged as XXI and labeled with [!%C]leucine
(panels a arrowhead) relative to animals fron
stages XXII (panels c) and stages XXIII (panels
e) are readily apparent . when the proteins are
separated in two-dimensions. Molecular masses
of the proteins within 40-70 kd are indicated on
the left and co-electrophoresed standards on the
right. The pH gradient used for electrofocusing
gels was a mixture of pH 5-7 (.3 mnlL) and pH
3.5-10 (.2 nmL). A 7.5-20%Z polyacrylanmide
gradient gel was used to separate proteins in the
second dimension, Approximately 30,000 cpm of
acid-precipitable lysate were applied to each
electrofocusing gel. - '

A
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[14 ¢Jieucine, the najor discrepencies during

these

stages of metamorphic climax are largely in intensity’

specific proteins and the apparent decreased-synthés}s

© -

high'¥,, basic proteins as climax proceeds.
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PART 4 .

DISCUSSION

-

-

4,1 Qualitative Assessment of the. Proteins Synthesized by

’ Xenopus laevis Kidney Epithelial Cells }ncubated at

. Different Temperatures

The nutrient and temperatﬁre parameters for sustained

cell growth of the Xenopus laevis kidney epithelial cell

line (XKEC) have bgfn described (Rafferty, 1976).
However, little quantitative or qualitative d&ta
'accompanieq these descriptibns (Béffer%yq 1976). In- this
study, the amount of [14C]ileucine or [35S]methionine
incorporated into proteins synthésized by XKEC subsequent
t? a 2 hr incubation at temperatures between 5 and 36.5°C
was ‘quantitated. Fhe result; demonstrated that +the
maximum incorporation of either radioactive amino acid
occurred at 34°C. . This températu%é is slightly less than
the prolonéed incubation of XKEC a£ 37°C from which
Ra%fprty K1976) obtained in;onéistént results oﬁ) their
su;vival. - The ability of Xenopus <cells to tolerate
'elevated temperatures was usualiy accoppanied py
chromosomal transformation (Rafferty, 1976).

To determine whether XKEC respond qualitatively to

changes in tehperature, the total proteins synthes%ged

148




were examined. Since 26°C is regarded as the temperature
above which diploid cell cultures from amphibians undergo
a declining growth, -22°C .was used as the 'cogtrol‘
temperature. IEF-SDS-PAGE sepafation' of the protéins
synthesized by XKEC foilowing a brief incubation at
temperatures bexwpen‘j and 36,5°C demonstrated thd? the
ingrease in radioactive amino acid incorporation at 34°C

is accompanied by marked ghangés in the new and/or

enhanced proteins synthesized, Although the 1initial

change in protein synthesis (detection_of a 75 kd protein).

is first noted at 32°C, new and/or énhanced protein
synthesis at 34°C is 'striking. The HSPs detected at 34°C
and also at 36.5°C which have M s of 95.5 kd ‘(pl' 6.6), 80
kd (ApI 6,6), 75 kd ((pI 7.,0), 68 kd (pI 6.2)‘, 59 kd (pI
5.7), 43 kd (pI 5.6, 6.0 and 6.7) and 38 kd (pI 6.8) are
very similar to tpose observed by Heikkila et al, (1985&;
1985b) and Nickells and Browder (1985) for' embryonic

Xenopus.

Results from Xenopus oocytes, and more recently('

XKEC, showed that major HSPs with approximate. Mys of 70

. and 30 kd were synthesized sultsequent to incubation at

elevated temperatures (Beinz, 1982; 1984; Beinz and

Gurdon, 1982). A protein of 38,5 kd was the only prdduct,

approaching 30 kd observed 1in this  study. =~ This

-

discrepancy may be due to elther the extended perlod of

» " a

incubation used (4 hr) or the 'genetic differences which

have likely arisen among 4he XKEC 1line maintainqg in

d .
/
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‘various plaées (Beinz, i982; 1984; Beinz and Gurdon,
1982),

Since the XXEC line provides an availéble sourcg of
RNA, large numbers of cell.cultures were incubated at the
contr&l and uppermost 'ﬁeat , shock' temperature wused to
examine in vivo protein synthesis, The major cell-free
translational products from the RNA ‘obtained from cells
incubated at 34°C had M_s of 76, 72, 68, 59, 52, 47 and 45 .
kd. These M, s are similar to those observed in vivo,
Although the mRNA extracted from cells incubated at the
control temperature (22°C)A results in translationél
products with‘Mrs of 45 and 47 kd, the synthesis 6f these -
proteins is markedly enhanced at 34°ﬁ. These results .
indioate that the mRNA extracted from heat-shocked XKEC is
either newly tranécribed or is present in a form which is
né& 'translatablé prior to- incubation Lat ;n elevated
RS

temperature, Y

Ve

i
o

. oy - N

In addition, cells were incubated at %1;5?6  féfﬁft#;
gours. At this temperature, many cells lif£ fro£' the
surface of the‘culiure flask, The cells which £emained_
adherent (AXKEC) were kept separate: from those which
lifted (LXKEC). and the total cellular RNA extracted emd
translated in vitro. The ' cells which .lifteé did not
synthesize a 76 k& protein to the sanme 'degree noted , in
AXKEC; not resé&ved in AXKEC are a 73 kd, an acidic 49 kd,
2 isoelectric varliants of a 43 kd and ‘38.5 kd proteins,

The differences in RNA/protein product observed in the two

‘W
o



cell populations created by incubating XKEC at 41.5°C may

“be the result of their nmeans of propogation. Since
thése cultures were not clpnally derived pgior to heat
shock, there is no way of knowing that genetic integrity
existed among the celi. population.  Further, the
maintenance of these gells for two d;cades confers upon
them the qualities of a transformed cell line, thus making
the occurrence of spontaneous nutations Jlikely.

In recent years,la great‘ deal of iﬁterift in th;
relationship between | HSP synthesis and subsequent
thermotolerance has | béen generated' (McAlister and
Finkelstein, 1980; Burdon, 1982;.Li and Werb, 1982; Dean
and Atkinsoq, 1983; Velazquez and Lindquist, 1984; Dean
and Atkinson, 1985; Giudice, 1985; Heikilla et al}, 1985a;
1985b; Li and, Lazlo, 1985; Nickells and Browder, - 1985).
In particular, the presence of the HSP70 has been the
-focal, polnt of discussions on thermotolerance; its
synthesis has been repeatedly associated with the ability
of an organisﬁ to withstahd environmental  insults
(reviewed by Heikkila et al,, 1985b and Li and Laszlo,
1985).  The results obtained by others leads to the
speculation that among thé differences in vthe RNA
population of AXKEC there is an RNA §pecigs which conveys
upon this adherent cell population some prote}n which

better allows it to cdpe. with this stress. Unlike the

selective translation of HSP mRNAs observed in ° the.

homologous protein synthetic machinery fron heat-shodked

-~




Drosophila cells (Kruger and Beneke, 1981; 1982),

heterologous‘ﬁs&stems do‘\ not 'displqy translational
preférenee o% particﬁlar mRNAs (Storti et al., 1986;
Lindquist, 1981; Liddquist and DiDomenico, 1985; Ballinger
and'fardue, 1985). Therefore, -the presence ‘'of an mnRNA
isolated from heat-shocked XKEC should be translated ~if,

4

in fact, it has-been transcribed.

In a recent study Velazquez and Lirdquist (1984)

demonstrated tﬂat tolerance to physiological stresses such
as heat shock and anoxia -was related to the presence of

the HSP70 in Drosophila 1larvae. In 1light of this

-

dévelbpment. the HSP76 in AXKEC Gould be considered highly
suspect in conveyiqg thermotoleranée to AXKEC whose
-ability to remain aéﬁached t; the culture flask ‘is, at
"least, less ‘' affected by, inpybation at ’;;. elevated
temperature, The synthesisl of this protein ig 8o
‘enhanced in AXKEC that if th; HSP73 observed in LXKEC is

synthesiszed, it cannot be resolved. .

These data clearly show that XKEC respond to brief
elevations in their . temperature environment’ by
qualitatively changing +the ©proteins synﬁhesized.‘ The
response lé moét‘apparent at 34 and 36.5°C as.demonstrated
by the -many new and/or enhanced proteins detected. ’These

. \

qualitativguchanges are ng£ observed following incubation
at depressed (5, 10 and 15°C) temperatures. Cell-free
translation of RNA from XKEC reveals that the RNA from

*

heat-shocked XKEC is either newly transcribed or in an

-

(1]
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.untranslatable form prior to incubation at 34°C,

4,2 Qualitative Assessmenf of the Proteins Synthesized by

Primary Epidermal Cell Cultures of Rana catesbeiana

Incubated at Different Temperatures

. } ’ '
The parameters established for the successful cell

culture of Xenopus, and a variety of mammalian epidermal

and epithelial cell cultures proved invaluable for the

cell culture of larval epidermis- from R, catesbeiana. In

particulgr, cell cultures[from epidermis have, in the past
decade, become £he focus of much attentign since epidernmis
piovides the researcher with a wonderfully 1labile sys£em
(Reeves, 1975) by virtue of the various stages of maturity
present ambng its cell layers (Rheinwald and Green, 19%5b;.
Sun and Green, 1976} 1978b; Gre;n, 41277; Tseng et al.,
1982; Woodcook-Mitchell et al., 1982; Skerrow and Skerrow;
1983; Breitkreutz et al.; 1984; Schwelzer et al., 19844;
Dale et al.,, 1985). The constant turnsxer of +the
epidermai cell poéulation and the effective protective
barrier ifA provides agéinst temperatﬁre, chemical and
physical assaults (Green et al., 1981&) which‘-arg a
natura} part of the environment, make this ag excellent
systeﬁ for in vivo and in vitro study.

. The definiﬁion of partiéular requirements for thﬁ‘
propogatién‘of culturedARe}atinocytes and' epithellia has

been elaborated, 'chcessfui perpetuation of human

keratinocytes and a -varlety of rat epithelial cells has



been accomplish:s using a substrate of lethally irradiated
3T3 mouse fibroblasts (Rheinwald and Green, 1975a; 1975b;
Sun and Gréen, 1976; Green 1977; Green et .al;, 1981a;
Phillips and Rice, 1983). Others have shown that
éollagen coated cunlture dishes provide an equally suitable
;ubstrate (Karasek and Charlton, 1971; Mancianti and
Karaéekd 1983). Although dermal substratgg would provide
én adherent.for epidermal tissue pieces, some heteéotypic
dermal/epidermal interactions have been shown to alter the
pattern of keratin synthesis in mouse (Schweizer et al.,
1984b), Also, homotypically recombining tail fin
epidermis with the wunderlying tail dermis in R,

catesbelana has a profound effect wupon the response of

this tissue to thyroid hormone (Niki eE al., 1982),
Since the focus of this study was to determine alterations
in gene expression in &eveloping epidermis, purity of
epidermal explants without enzyme intervention to achieve
this end and minimal stimulation By'the,binding substrate
were desired. For these reasons, a 2% collagen coating
commonly used in tissue culture (Hauschka, 1972) was
choéén to adhere epidermal explants to culture dishes.'

Attempts to clonally perpetnate kerafiﬂdcyte coloﬂier

from larval R. catesbeiana epidermis by dispersing the

cells with a trypsin solution were not successful. The
use of epldermal explants was, therefore, requ;red to
obtain keratinocyte cultures. By this method, epidetrnmal

cells could be observed moving from tail fin or hind 1limdb .
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epidermal explants within 6 hours after plat%ng
(Ketola-Pirie and Atkinson, 1983). These phenomena have
been noted in other systems. In rabbit embryos,
Banks-Schlegel (1982) noted that prior to stratificatioﬁ
of the épidermis, trypsin dispersion for clonal
perpetuation of kerafinocyte colonies was 1ineffective,
When explants of.epiaermis were used, she too, observed
the relative quickne;s of mov;mgnt of keratinocytes fpomt
®“the tissue pieces.

Once successful at maintaining the primary epidermal \ : '

) L] 2

cells from this am&?ibian (larval R, catesbeiana), I was

curious to determine‘ if these <cells would respond t?

temperatures in the same way as XKEC, an established cell

line. Also, the age-dependent ability of animals t

elicit ; response to a temperature stress has recently

been the focus of much attention (Heikkila et al., . 1985a;

1985b; Nickells and Browder, 1985). Since the brimar&
-

epidermal cells from R, catesbeiana were ~obtained fron

larval animals, the question of ability to -respond to
temperature seemed particularly relevant. With minimal
manipulation, larval anuran epidermis can be subjected to
the temperature stresses which.are a natural pgrt ‘of its “
habitat. ]

When cell cul?ures from larval tai} fin and hind limb

epidermis were incubated at elevated temperatures, the

cells responded by dramatically altering their gene

'Y

expression, A 'one hour incubation at a temperature of
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32°C or greater is sufficient to elicit a depression of

the synthesis of the proteins normally made at’the control

temperature (22°C). A 65 kd protein, pI 6.7-6.8, ‘*
viously not detected by fluorography is\ obse;ved at

32°C, With incréasing temperature, both the synthesis of

the 65 kd protein and depression of the usual pattern of

protein syrthesis becone more“pronounced.‘ Only at 36.5°C

is a 25 kd protein with pI 6.7-6.8 observed. As has been

noted in other systems (Lewis et al., 1975; - Mirauit et

al., 1978; Atkinson, 1981a; Lindquist et al., 1982), éhe

synthesis of these HSPs is both. temperature dependent and

.

non-coordinate.

) The incubation of primary epidermal cells from tail
fin and hind lypb at suboptimal growing temperatures for ?. _
hours resulted in no detectable alteration of the cprotefn
. synthetic pattern except’ at 5°C. The 65 kd protein, »pI
6.7-6.8, was observed at this temperature. The dépfessga
sydthesisrof other proteins was not apparent in ‘'eold
shock' conditions. \
Since cells from the primar& cultu;es examined have
‘different deyelopmenfal fates and ’represent‘ constituents
from tissues which are wholly larval (tail fin) or adult
(hind 1imb) (re&iewed by Atkinson, 1981b), it is concluded
th;t the ability of cells from this organism to respond to
cold or heat shock by rapid changes in gene expression is

neither tissue specific nor dependent orf the

differentiative state of these cells. o



Observations made by phase contrast micrgscopy show
. ;

that morphologically, the primary epidermal cells
responded in a similar manner to supra- or suboptimal
temperatures, ~ Unlike the resistance +to morphological

perturbations noted in XKEC, the morphology of the

epidermal cells from larval Rana were highly susceptible

to temperature changes. The typical polygonal shape of.

epidermal cells was.markedly altefed. Many cells Tbecane
increasingly refractile'and elongated in appearance at 3,
30 and 36.5°C.

These morphological features were similar to those
observed when epidefmal cells are maintainped in 1low or
calcium free mediun (Hennings et al., 1983a; 19831
Steinert and Cantieri, 1983). Although the epidermal
cells would grow and divide for limited periods at low
‘calcium concentrations, desmosonme formation, keratin
synthesis, stratification and ultimateiy,' terminal
differentiati&n were sevérely aff:cteq (Watt and Green,
1982 Hennings et al., 1983a; Steinert and Cantieri, 1983;
Brei;kreutz et al., 1984). The cells are 'also
characterized by distinct 1intercellular =spaces which
increase the reéfractility of the epidermal cell sheet and

a perinuclear arrangement of +tonofilament ‘bundles which

could account for an altered cellular morphology (Hennings

et al., 1983a). ~ The observations of epidermal cells from

other organisms ‘maintained in mediun containing' low

calcium. are particularly interesting since +the cell

L




‘cultures in this study were switched to a calcium free
environment during tegperature stress and the 2 hr
1;beling period. |

Incubation of p;imary epidermal cell égltures from R,

catesbeiana clearly demonstrated that these <cells, 1like

XKEC, respond to temperature elevations by synthesizing
new and/or enhanced proteins. Althouéh the actual number
of new and/ér enhanced proteins synthesized in respo;se to
temperture elevation by primary epidermal <cell cultures
from ngé was notié%ably fewer than in XKEC, the response
was more profound, First, with indreasing teﬁperature
the synthesis of new and/or enhanced’ proteins Tbecanme
increasingly intense. Also, the reduction in 'control®
protein synthesis was more apparent in primary cultures
from Rana. Completely undetected in XKEC, Dbut readily
apparent ‘ip pri;ary epidermal celi cultures fronm 3%

catesbeiana, 4s the synthesis of a novel protein(s) of 65

kd in response to incubation at 5°C.

4,3 Qualitative Assessment of the Water-Insoluble Proteins

Synthesized by Primary Epidermal Cell Cultures fronm

Larval R.catesbeliana Tail Fin and ﬁind Limb

Keratins are the water-insoluble proteins synthesized

by epidermal cells in situ and 4in vitro,. The keratin

famlly -of proteins provide an . ideal marker for the

158



/

/stessment of epidermal differentiation.

Sihce:'primgry‘

cultures from tail fin and hind linmbd incubated at elevated

4

or depressed temperatures could not be distinguished from

each other on the basis of the proteins synthesized or

morphdlogical features of the epidermal sheets arising

from their explants, the question as to

whether they

would respond differently to T3 medium supplements arose.

In situ, the gross and microscopic morphological response

of the epidermis to endogenous or indugced T3 ekevatlion 1is

. 4
quite different in these organs. However, when removed

from the animal, the influences of the surrounding tissue

are eliminated. In this instance, would the epidermal

.cells from hind limb and tail fin synthesize the same

water-insoluble proteins? This seeméd particularly
relevant since, in a recent study, Niki et al. (1982)
demonstrated the ~necessity of - th epidermis for
degeneration of the tail in T3-t;eated R, catesbeiana

larvae..
It has been shown that the presence of
medium supplements affect the progression

synthesis or morphological differentiation in

r

many growth
of keratin

cultures of

human keratinecytes (Green, 1978;. Fuchs and Green, 1978;
& N

1980; Rheinwald et al., 1984), a variety of rat epithelia

(Masuda et al,,1985; Phillips and Rice, 1983)

and bovine mammary epithelium (Asch and Asch,

and mouse

19853 Ben

“Ze'ev, 1985). In this study, four different growth

conditions were used to maintain hind limb epidermal cell

'
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cultures from premetamorphic animals (stages - IX-XI).
This was hécessary to‘deterﬁine whether éhanges observed,
in water-insoluble ©protein. synthesis .were4 due to the
presence of T3 in medtum or were contributed by some other
facﬁOr(s). Since .the epidermal tissges in this study
were no£ enzymatically cleared of.c&ntaminating underlying
tissue, it was necessary to determinexif fibroblasts were
Eontributing to the p;ofiie of water-insoluble proteiﬁs
extracted, The growth of fibroblasts (which, synthesize
the intermediate filament protein vimenfin) proliferates’
in the presence of F.C.,S. and is suppressed in its abse;ce
(Asch et al., 1981; Rheinwald et al., 1984; Asch ahd Asch,
1985). By F-SDS-PAGE vimentin can easlily bde detected
by a characteristic 'step' separation pattern ‘(Franke— et’
al., 1980b; 1980d; Ochs et al., 1983; Asch and Asch,
1985). When epidermal cells from hind 1limb {stages
IX-XI)* were maintained in cuiture for 36 hours’or 5 days
in uns;pplemented MEM or MEM + 5% F.C.S. evidence of.

active fibroblast contamination ©based on the criteria

t
.

described above could not be détecfed. .

When epidermal cells from hind 1l4imb (stages IX-XI)
were maintained in MEM + 3 ulL TB/mLAmedium for 36 . hours,
the water-iﬂsoluble proteins synthesized resembled " those
extracted fron 5qday hind 1imb epidermal cell cultures
(stages IX:XI). Although fewer water-insoluble proteins”
within 40-70 kd are noted after only 36 hr, the pattern of

synthesis was similar to that observed after 5 days,

~ " - -~
.
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: yarticularfy in the presence of F.C.S. Interestingly,

—— MY

the water- 1nsol;gle‘proteins synthesized by 36 hr cell

cultures when 5 pL T3 was applied directly to, the explants

more closely paralleled the protein products obserwd from
*cells grown in MEM-serum and MEM + 5% F.C,S. The direct.'

:application of‘Jb to explants may reflect a less efficient

LR . neans of exposiné epidermal explants to thyroid hormone as

" _opposed to its addition directly'to the growth mediunm,

7

In the presence of 3 plL T3/mL of medium and’ 5 ul

' a
Ts/explant, the synthegis of a 59 kd water insoluble

‘s

yprqteln was detected. A 59 kd protein (cytokeratin 4 in -

tha,hunan catalog bf cytokeratins, Moll et al., 1982a) haa

LY

* %

';jbeen oﬁssrved in stratified non-kerat1n121ng ‘epithelium'
3 P from mammals (Moll et al., 1982a; Tseng et al., 1982;

Waodcock-Mitchell et al.,, 1982; Sun et al., '1983a; 1983b;
Bichner et al., 1984; Dale e¥ al., 1985). . Also, the -

]

’absence of low Mr water-insoluble proteins (51 and 53 kd)
1n extractions from hind limb- epidermal cells maintained

din MEM + 3L T /mL medium in(i\htes fthe stratification of
(

Lo 1 ’ epidernis (Dale et al., 1985) Indeed, it’ has recently
been ghown that the synthesis of keratins typical of a
se\atification and the depressed synthesis of keratins-

* associated with a simple epithelium precede morphological
stratification of the epidermis (Dale et al., 1985)

. ’

A'" positive "immunefluorescence test for epidermal

keratihe was-gbserved in 36 hr epidermal cell cultures

from hind”limh;CBtages IX-XI) maintained in  the 'presenee

£ o ' R



or absence of T Although the well-developed

3'
tonofilament network characteristic of epidermnis and a

variety of epithelia from mammalian sources (Sun and

Green, 1978a; Sun et al,,.1979; 1983a; 1983b; Franke et

al,, 1979; 1981a; 1981b; 1981c; 1981d; 1981e; Breikreuts

et al., 1981} 1984; Debus et al,, 1982; Osbora, 1983) was
- ‘ -
not observed, the .pattern is typical of basal and

intermediate layers of epidermis from newborn nouse

(Schweizer ‘et al., 1984a). The more diffuse staining and

beginings *of tonofilament formation are typical of

intermediate epidermal layers (Schweizer et al.,, 1984a),
The lack of a well-defined tonofilﬁment network likely
reflects the.inadequate’quantities of Type II keratins
required for tonofilament formation (Fuchs, 1983; Fuchs et
al,, 1983; 1984, Steinert et al.,, 1985b). The intensely
fluorescent cells noted in epidermal cells cultured in 3
UL Tj/mL medium, are.;harakteristic of tﬁe‘small ceils of
the basal layers (Schw;izer et ;1., 1984a). - . .This
demonstrates = that T? is effective in sustaining the
) Y

gérminative cells reqﬁired for maintenance of the

epldermal cell popuiation. These findings are in accord

N

with the epidermal, development of R. catesbeiana from

stages IX-XI.,4 Morphologically, the epidermis is simple

and ‘2 cell layers thick.‘ Birefringence, characteristic

of keratinization, is not observbd (Matoltay, 1964; -

Wright, 19733 Fox, 1975y 1981; Atkinson, 1981b)

. When hind 1limd epidermal cells frpm stages xII-xv'and

,
.

A



XVI-XIX were cultured for 36. hours, the water-insoluble
proteins synthesized bear a greater fsimilgrfty to those
observed from 5 day cell cultures maintalned in F.C.S.
than to their 36 hour counterparts, The presence of a 69
kd water~-insoluble ﬁrotein extracted from stages XIi-XV
epidermal cells culturgd in Ty supplemented medium is
observed in ke*atinizing epidermis (Fuchs and Green, 1980;
Moll et al.,1§82a; Sun ¢t af., 1983a; 1983b; 1984; Dale et -
al., 1985). This is in agreement with the developméntal
progression of the epidermis observed in Egggl from this
stage group. At stage XII, keratinigation of the
epidermis.~coyeri§é the hind limg ig first detected

(Wright, 1973).

Synthesis of water-insoluble proteins (Mn=63 kd)

whicﬁwborrespond to keratinization of the épiderm;s were
notedxin 36-hr hind 1limb epidermal cells (stagg; XVI-XIX)
maintained iq th; presence‘éf F,C.S, Ini T3-supp1emented
medium, &n additi;nal water-insoluble protein of 73 kd was

detected. While a protein with this M,  was observed by

one-dimensional separation of extractions from 36 hr hind

1imbd epidermal Eell cultures (stages IX-XI), it could not

bé detected by IEF-SDS-PAGE. Although the M, .does not

correspond t6 previously defined epldermal keratins
(Lazarides, 1980; Steinert et ali, 1985b), it is in

agreement with “the results. of Franke - and colleagues

]

(r9§1dJ for gesmoglékin, a maJjor profein of desmosones,

)

In addition, the synthesis of desmoplakin 1is coordinated

L
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with the increased number of cellular contacts that ‘occur
as epidermis stratifies (Dale et al.: 1985).,

Epidermal cells from stages IX-XI and XII-XV hind
1imd maintained in. culture for. 5 days synthesiéed'
water-insoluble préteins during the final 36 hr that are
characteristic of a maturing eplidermis as defined by their
inereasing M, (59-69 kd) and basic pI (Fuchs and Green,
1980, 1981; Banks-Schlegel, 1982; MHoll et .al., 1982a;

Teeng et al.,. 1982; Woodcock-Mitchell et al,, 1982
\ .

Skerrow and Skerrow, 1983; Sun et al., 1983a; 1983b; 1984

Eichner et al., 1984;‘Da1e et al.,1985; Steinert et al.,

1985b)., The epidermal cells from these two groups

‘synthesize water-insoluble proteins which are, for all -

iﬁtents and purposes, identical; . the most striking
variation between the'pfoteins;o} these two stage~ grouﬁs;
is quanti@a%ive'raiher than é;alitgtiQe} . '

Hind 1iidd epidef@al célls (stages,XJI-kIX} maintained
in T3 supp%emented medium synthesize enﬂancgd levels of -

63-69 kd proteins associated with terminal differentiation

of the epidermis (as discussed above), The synthesis of

‘ waterhinso}ubie~proteiné of lower‘Mr appear quantitativédly -

and qualitatively similar iq the presence or abgénce"of
?3.' Thyroid hormone did sfimulat% the synthesis’ of a
wgte;~insoluﬂge prqtéin of 94 kd in 5 day. epidermal cell
cultures froﬁ this stag§ group. ﬁowever, the

significance of this protein is not apparent. In this

(stage XVI-XIX), agd all 5 day hind limbs epldgrmal cell
. . : i ‘ﬁ,\b

»




165

cultures (stages IX-XI and XII-XV), ‘the 73 kd

< N ~

water-insoluble ‘protein (discussed above) was among the

major proteins observed, The detection of this protein

s

corgesponds to the morphological maturation of .epidermal

cell cultures observed by otheré after 5 days (Reeves' and

Laskey, 1975; Green, 1977).

T%e water-insoluble proteins extracted from tail fin

- ’ M

"epidermal cell cultdires do not ‘display’ d{ffereﬁces in . -
requnse'té their sustainiﬁg medium during the first 36

hours of cell culture. After five days in cell culturé,-\

quantitative differences in the 'waper-insbluble proteins

syﬁﬁhesized in the presence or absence of T3.are evident.
' . . .
In the presence of T3,' epidermal cells from tail fin

synthésized enhggced quantities of ‘basic, higher . M.

.
L

water-insoluble proteins. ‘The epidermal’ cell cultures

from tail fin respbnd“to T3 in a manner ’'similar .to that

observed jn the intact animal. 'Organs required for

r

larval 1life' have a higher threshold to T, and a relatively

-

protracted period prier to eliciting a ~response to T,

oy

" (reviewed by Freiden and Just, 1970 and Atkinson, 1981b)

\fcompared to organs required. for adult life,
. »

During the first 36 hours of cell culture, hind 1limb

epidefmal‘ucells respond to T3. médiﬁm . supplements by

*

syntheéizing water-insoluble proteins characteristic of
A ) . \

differentiation,. After 5‘ days in cell culture, the

response of hind 1imdb epidermal cells' is bdth‘tgmporai and’

-,
environmental, These cell cultures synthesized higher Mr



[~

.

proteins of bvasic pIﬁin response” to the time in :éulture.
ﬁowever.~the)synthgsis of these .water-insoluble..proteins
is somewhat enhanced in T3-suppleﬁented medium; .ﬁyamary
ep}dermal cell chltu?es from tail‘fin did not respond to
Ty after 36 hr in cell culture. Ty -induced differe‘ces
in epidermal cell cultures from tail fin were ’subtle
quantitative differences detected after 5 days.

bo4 Immunoprecipitation of Keratiné-from Five Day Hind’

Limb Epidermal Cell Cultures

-

It was necessary to -determine whether the

water-insoluble proteins synthesized by primary. hind 1inmd

‘épidermal cell cultures from the 3 larval staées Wwere,

indeed, keratins. If, 4in fact, they proved ‘to be

keratins, were éhey differentially expressed based on +the

166

naturity of the larvae from which the epidermal cell -

cultures were derived? 4

The kef%tins immunoprecipitated from 5 day cell

ctures revealed that the high,Mr proteins characteristic

of a maturing stratified squamous epidermis are most*

-

prominent in 9 M urea sblubilizeq fractions fronm stages'

XII-XV and XVI-XIX.  The - detectlon of 67 and 51 kg

a
keratins as major proté&ns in ‘immunpprecipitates froam

.

“ . S e - ] .
stages XVI-XIX agreeg with previous* observations fro
. ‘ - .

keratinizing mammgilan epidermié (Ro&b et al., 1983;

Steinert et al., 1985b). The keratins immunoprecipitated

from hind dinb épidermal cell cultures (stages IX-XI) were.
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"
Tt ) of the tyié néted ‘ in immature epithelium or
- non~keratinlzing stratified squamous epithelium. ?he 60
kd protein (cytokeratin ﬁ from Moll et 'af., 1982a) was
detected £ﬁ£ the 65 kd p;otein was barely resolved in
gtages IX-XI. Interestingly, a 60 kd water-ingbluble
protein which was a major synthetic product among the high
ﬁr proteins on IEF-SDS~-PAGE separation of stages XII-XV
and XVI-XIX was not detepted in their ‘immunoprecipitates.
Also, the numb;n of proteins precipitated within the 40-70
kd range 1is 1less . than obser;ed on two~dimensional
fluorograns., Td date, a single ponclonal‘ antisefum br
monoclonal antibody whi;h has the capacity to recognize
.all keratin subunité has not yet been made (Franke et al.,
1981a; Tseng et al., 1982; Asch and Asch, 1985). It may
.’be_that the 60 kd proteln alt£ough presént, is in a

configuration which 1is 'pf¥ff ularly 3%table or " nasks

antigenlc determinants, '

-”

Furthermore, Frarke et al. (1983) have demonstrated

thdt keratins vary in their solubility p;jéerties in

. different wurea coqcenntratiohs. © In this study, the

;W ' concentratibn of urea was hecreased to allow reaction with
. ™ .

antibodies, ~ The 60 kd protein, as well as other

water-insoluble proteins which correspond in M and pI to

‘:: " previously catalogued keratins (Moil et al., 1982a), nmay

- ' . be particularly suseptible to spontaneous refdrmation in
. ’ vitro'as'haé been obserfed for some menmbers of the kerafin

family of protéins,(Steinert et al., 1978; Franke et al{,. :

2

-

- ’ . ‘ - - /




1983; Steinert and Cantieri, 1983).

¢

The Variable solubility of different keratin subunits

'was also demonstrated in this study. The almost complete

exclusion of high M keratins in immunoprecipitates from
r

RIPA solubilized fractions illusirates this buffer's
inability to (1) ~alter the configuration of highﬂ M£
- keratins to alldw reaction of épitqpeé with affinity
. purifiea polyclonal antipodies.br (2) maintain high M

keratins ‘in solution thereby resulting in their excluéion

prior td the addition of the antibody. - ‘

Proteins  within  20-40 kd were detected in

'immuqoprecipitates from'5 day hind 1limb epidermal cell

cultures (ail stages). Since the a-héliéal subunits of

{

mamnalian keratin filaments have béen shown to have an M;

of 24-26 kd.this would account fpr.the proteins which ware

168

detected within this Mr range (Steinert and Idler,' 19?5;.
. ] N

Fuchs and Greén, 1978; Steinert,ei al., 1980; VWeber and

Ceisler 1982; Steinert and Cantieri, 1983). Unidentified:

proteins of M 20 kd'in mouse mamﬁary epithelium (Asch
B r <, .

and Asch, 1985), 20 kd (+/-'6 kd) in X, laevis . epidermis
, - ’ X .
(Reeves, 1975) and 37 kd in human esophageal. epitheliun

(Banks;Schlegel and Harris, 983) have also been

. ~

identified by immunoprecipitation or. immunoblots. .Otdhers

~
have suggested that co- precipitation of proteins with &an

approximate Mr of 37 kd respresents- filaggrin,' a nmajor
.
protein of the amorphous matrix in epidermal-cells,

-

Although some cohtaminating +  proteins’’
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s R Y . .
immunobrecipitate with rabbit  anti-human cytokeratin -
antibodies, the results clearly show that in hind 1limb -

- epidermal cell cultured fron stdges assoclated with

keratinization of the epidermis'in situ (Matoltsy, 19543

Wright, 1973), high My, differentiation specific keratins
are immunoprecipitated. This is part;cularlyrappafent in
immunoprecipifateé from stages XVI-XIX in which the

presence of the 67 kd is enhanced, Since an equal number

-~

ofrcpm were used in all fractions reacted with anti-human

cytokeratin antibodies, this finding is relevant, :

N ' | ’

4,5 Protelns Syhthesized by Hind Limb Epidermis in situ blu‘

f

K Spgntaneously Metamopphosing and Precllmactic Rana

catesbeiana S o ?‘r
. . The effect of endogenous and 1nduced T3 elevatbn on
. epidermal ceil protein synthesis in situ was exemined , T

- .From anima!s in the process of- Fpontaneous metamorphOsis,
v e ‘ total hind 1inb. epidermal cell\ proteins were exam}ned. o,

Water insoluble proteina were 'Ixtiaeted' from hind .iiﬁb

_epidermis of larval animals inj cted with T3 or NaOH

LA

'When separated by 1-D or (2-D gel electrophoresis,

o hind.” 1imb epidermis from ‘3po taneousiy metamorphosing - y

. ,' Kl , - . . i . .
animals synthesized the same proteins” with _ séme
guantitativev‘aed- elight gqualitative variations.lv "The -

- resolution of -all high 'Mr proteins detected By 1-D

analysis was net observed when the 'p}oteins are separated
. in 2 dimensions. Although certain 1socelectric. vaﬁ"nts . R

[ , B 4

-~ ’ £
. - :
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6f some: basic, high Mr broteins were not resoi;ed in all
conditions, thé proteins synthesiz%d Wwere, ‘ﬁevertheléss,
chargcterimjc \ oi.ferminaliyA differentiating eg}dermié.\

In addition, the separation of the total prqteins from the

hind dmb epidérmis of spontaneously _metamorphosing
animals are similar to those noted in keratin-pnriched
fractions from 5 day hind limb epi¢erﬁal‘ cell }éultures
(stages XVI-XIX) solubilized in 9 M  urea. | This
demonstrates that: (1) the pattern of synthesis of oy
keratins in cell cultures from stages XVI-XIX ar} aimilar

1

to that observed during spontaneous ﬁetamorphosis and (2)

';he na jor proteins synthesized by hina limb epidermis
during spontaneous -metamorphosis appear to be_Aéf the
keratin~type.’ l: i
With the exception of a 56, 5 ’id protein, Tthe

water- 1nsolub1e proteins synthesized in gitu during the 36

3

iddntical on the dasis .of. their Mf régardleés of .the ’

br'following injection with NaOH of. T, appeared to be

eaiment or.the stage of-.the lariéé: | A 5645 kd protein

) has been associated with hyperproliferation Ain mammalian

e id rmis (Weiss et al,, 1964). It is‘poesifle' thét T

gtimulation'of hinq linmd épiderﬁis io differantiéte could
also prpvoéé hygerprélifer;tion;”" Howevaer, without 2-D
separatioﬁl the 36’5. kd .protein cannot be’ clearly .

:distinguished from the acidic 56 kd protein observed in
epidermal cell cultures from ‘tail fin. )

~ Fron water-}nsoluble protein extracts from larval



Rana catesbeiana labeled in situ the synthesis of 63-69 kd

.iAS detected. 'qﬁis is particularly intereﬁting. since
these proteins Wege not observed to any great extent in 36
hour cell cultur;s from the same staged” animals, A
dedifferentigtién of the epidermal tissue dccompanying
wounding and cell cultu;e may ‘Se _ocqurring in. vitro.
Such occurrances have Peen'noted in mammalian epidermis
and epidermal cell cultures (Fuchs and Green,'19?8; 1950).
k IEF-SDS-PAGE separafion of the ' water-insoluble
. proteins synthesized by larval epidermal -;ells from R.

catebbelana provides a useful method for examination of

changes in protein éynthesis. However, in addition to

keratin-like proteins,. contaminating\,proteiﬁs were also,

»
extracted.. The coextraction of water-insolubler proteins

which maggor may not correspond to ﬁhe ;40-70 kd ranée
aséigned to the keratin family o% proteins has been noted
in other systems ' (Reeves, 1975; Banks-Schlegel, 1982;
Lane, 1982; Asch: and Asch, 1585). For example, a
water-insoluble prétein withqan M; of 43 kd>fgs' ggtractedt
"from in éiﬁufand;in vitro dabeling of all 36'Hr énd'j day
hind 1imb stage groups., ' This{lp?pte}n which 1likely
represents actin, has;bééﬁ”?f%gfaga 4£y othersh{(%gn and
Géeen, 19?774 Fuchs and Green, i9?8; Green, 1980;4rc}ay,
1981} c{een et al,, 1981b; Banks-Schlegel, 1982; Lane,
1982; Ochs et al., 1983; Breitkreutz et al., 1984 A;chx

and Asch, 1985; Ben Zé'ev, 1985) as a contaminant 1ii the

preparation of keratin-enriched fractions. The presenge
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of such contaminants exemplifies the need for
immunological asgéssment ., of water-insoluble protein
s F
synthesis.
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3 . ' PART 5 '

CONCLUSIONS

The following conclusions can be ‘ made based on the
N .
results presented:

(1) Incubation of the established Xenopus laevis kidney

-

epithelial cell line at 34 and 36:5i0 results in the

synthesis of many new and/or enhanced proteins. These
~ [

‘pioteins represent RNAs which are either newly transcribed

or transcribed at markqdly»‘increased levels following

temperature elevation, When RNA from cells incubatd at

-
Y

41.5°C 1s translated in vitro, the synthesis of-a 76 kd

- protein ;s‘ma:kedly enhanced in‘phg cell population’ which

remains adhenent to the culture flask. This protein may

confer thermotolerance to the &adherent ce}l population,

'

S

(2) In Rana catesbeiana, the resp\\he of primary epidermal

ell cultures from organs which are wholly ‘larval (tail .
fin) or adult (hind 1imb) to a temperaturé .stress is

identical. A novel 65 kd protein is observed, at 5°C and

.32-36,5°C, . Only at 36.5°C is a.25 kd”'profe;n detected,

Therefore, in this system the synthesis of stress~induced

proteins is'n?gcoordinate in epidermal cell cultures from

173 -
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either source, .
(3) During the first 36 hours of cell culture, T, induces®
the precocious synthesism of water-insoluble proteins -

associated with epidermal differentiaton in primary

epidermal cell cultures fronm hind/ lint (stages IX-XI,.
XII-XV and XVI-XIX)., T, ddks 'not fnduce the sanme
water~-insoluble pfoteins in cell cultures from all staggi.

In hind limd epidermal cell cultures f¥m stages JIX-XI,

the "§yater-insoluble proteins induced by T3 have a -similar

Vs L4
Mo and e pI té those associated” with’ ‘eﬁidérmal )
stratification. T3-suppleMented medium induces the

‘synthesis of water-imsoluble proteins which correspond to

L]
.

keratinization of the epidermal fells in cultures fsoﬁ
. A ;
‘stages XII-XV’and XVI-XIX,

(4) The water-ihsoluble pro{eins synthesiged by oprimary

hind 1imb epidermal cells after 5 da¥s in culture are

indicative of epidermal differentjation. However, these .
are ndot T3-igduced. Rather, the cells seem to, reflect

epidermal maturation which results from the length of time

n

the cells are maintained in culture, f

(5) Primary epidermal cell cultures from tail fin are not

responsive to T, after 36 hr or 5 days. . Althoﬁgh “the

enhanced synthesis Q{ some water-insoluble proteins was

observed in the presence of T3, the inductidm of spécifiﬂ
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; f; proteins associated withr epiglermal naturation only 1in
@ - : ] .
-3 . e
T3—supplemehted medium is not apparent. The ‘absense of a

T | Lo {' T3-induced response can be atiributed to }nsuffucient T3

levels or possibly inadequate exposu}e time.

L

Alterna%ively{ T may not ‘induce distinct changes

3

| x ; 4 associated with epidefmal maturation - ¥n tissues whose
. ) .

. ' ultimate fate (at-metamorphic,climax) is regression,

\ v . , [

D \ . .

‘ . ' . -
‘ ¢ (6) Many of the water-insoluble proteins synthesized by

. primary epidermal cell cultures from R. catesbeiana are
. keratins, . The keratins oprecipitated from. hind limbd '
epidernal cell cultures (s@ages xvI-~ indicate a nore

e . .
mature state of epidermal differentiation than is observed

. ; -+ in the keratins immunoprecipitated from stages IX-XI- and

1

CLXTI-XV. ) : . B

- . Ve - ' )

-(?) In situ, the wate?—insoluble proteins synthesized' by -
hind limbp epidefmal cells ‘from larvae [stages IX-XT,
- XIT-XV #nd XVI-XIX) during the 36 nr followirnz treatment
‘with‘T3 or_HiOH are sinilar to each other',but different

fron those observed in cell culture, Water~-insoluble

*proteins with Mrs indicaﬁ?ng epidermal k;ratinizgtionﬂ are

' observéd in situ. The.con?licting results between the

water-insoluble proteins synthesized in situ and in cell

s+ culture may dbe due to an ini%al dedifferéntiation of the
. [ 4

G hind 1limb, epidermal cells maintained in culture.
Alternatively, in the absence 0" tissue-tiss e
L] * - '
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interactions, cultured hind limbd epidermal cells nay Dbe

~

nore 'susceptible to the effects of Ty ' \

~

.

N
(8) The proteins extracted from the epidermis of Rana
-

n

catesbeiana in various stages of netanorphic climax are
. . 7 X
similar to each other. The M s and pIs arze similar. to

the water-insoluble proteins bbserved from 5 day hind 1imbd

epidermal cell cultures,
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