
Acta Dermatovener (Stockholm) 55: 273-281, 1975 

PRODUCTS OF EPJDERMAL PROTEIN SY THESIS 
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Ab<1ract. The products or epidermal protein S)nlhesis in 
tissuc slice and ccll-free sy�tcms have becn charactcrizcd by 
chromatographic, electrophotcric, and immunologic mcthods. 
Rad1olabeled proteins of hcterogeneous size are found in 
thc superna1an1 and particulate fraction� from both systems. 
The major labeled protein:, in the supcrnatant fraction have 
moleculur wcight, of approximately 43 000 and 65 000. 
The nati\"ely insoluble proteins of the particulate rraction 
\\Crc solubilizcd either "ith desox)cholate or alkalinc urea. 
Sub�equenl analysis of thcsc rractions yielded a labeled, 
high molecular weight, urcu-soluble protein whosc clectro­
phoretic mobility was slo\\er than that or the hca,y chain 
or myosin. The immunologic rcaction beh,een the radio­
labeled fraction and antibody raised against filamentous 
protein suggests that synthesis of proteins iden1ical to cpi­
dcrmal filamcntous pro1ein occurs in I he in vit ro �) s1cms. 

K,•_1· n·ord,: Protein S)•nthc;is; Epidermis; Slin: Proteins: 
Keratin 

The mechanism of protein synlhe�is in epidermis 

and hair root cells ha� been studied extensively in 

many laboratories during the past several ycars and 

it ha� been shown that epithelial proteins are syn-
1hc�i/ed by a proce�� which is ba�ically similar to 
that in other tissues (8. 12, 15). The unique findings 

in �ystems or epithclial origin are undoubtedly 

related 10 the specific differentiation of epidermis 

and hair root cells: tissues whose major function is 

the production of )arge, insolublc macromolecules. 

One of the major remaining questions involvcs the 

relationship between thc studies of in vitro epithelial 

protein synthe�is and the actual in vivo events \\hich 

rcsult in lhe production of the markers of cpithelial 

dirfcrcntiation: keratin and keratohyalin. One of 

SC\eral possible approaches to the answer depends 

upon the isolation and charactcrization of the ear­

licst reaction products of the protein biosynthesis 

in epidermis and hair root cells and the elucidation 

of the relationship bctween these early synthcsized 

proteins and thc final, biologically-active products. 

The validity of this approach has been demonstrated 

in studie� of other protein synthesi1ing systems, such 
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as reticulocytes (11) and muscle (14) as well as in 

cpidermal derivativcs ( 16). T n lhis communication, 

we are reporting our data on the product� of the in 

vitro protein synthcsis reaction in epidermis and on 

the relationship between the in vitro and in vivo 

synthesis rcactions. 

MATERIALS AND METHODS 

Details of thc in vitro incubation or cpidermal tissuc sliccs 
and the procedure for subsequent separation or epidermis 
from dermis using thc heat melhod have bccn describcd 
prcviously (7). The sliccs used in thc in vitro �ystem wcrc 
obtained from either J-day-old CD rats (Charles River 
Laboratories. Wilmington, \1A) or from lotex-epilated, 
mule, albino guinea pills (Elm Farm. Chclmsford. MA). 
Firty micron sliccs of guinca pig epidermis were obtaincd 
with a Staddie Riggs m1crotome. The rat epidermis "as 
clcaocd of subcutaneous fat and membranes and used "ith• 
out microtome slicini:. Tissue sliccs were incubated for 
varying periods of timc in the prcsence of cithcr 3H or '''C 
labeled L-amino acid mixtures (Nl.:T-250 or NEC-445. New 
Cngland Nuclcar Corporation. Roiuon. \<fA) in Kreh'i. 

Ringer pho,phate burrcr. pH 7.4. 
The cell-frce incorporation mcthods used in thi� paper arc 

those devcloped in our laboratory during thc pust several 
years (9, 10). Stretch-scparated guinca pig epidermis was 
homogenizcd and fracuonated by di(ferential ccntrifugation 
into ribosomal and high-speed supcrnatant fractions. The 
particulatc and soluble componcnts were incubatcd for 30 
min in thc prcsence of ATP, an ATP gcneratini; wstem. and 
labeled amino acids. 

Pracrionario11 of rissues Jol/uwi11g i11c11bario11 

The epidermis from ti;suc slice experiments was homo­
genized in TMKES burrer (JO m\1 Tris-HCI. pli 7.5; 3 mM 
magnesium acctate; 10 mM potassium chloride: 5 mM 2-
mcrcaptoc1hanol; and 250 mM ,ucrose) and this homo­
genate as wcll as thc incubation mixture from the cell-free 
incorporation experiments "·as fractionated according to 
the scheme outlined in Table I. Subscqucnt 10 incubation 
the labeled mixturcs \\Crc centrifuged at 270 000 g for I 
hour to obtain a TM K ES-solublc supernutant fraction a� 
well as a high-speed pellet. The latter was cxtracted with 
0.5 •• sodium desoxycholate (OOC; Oifco Laboratorie,. 
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Table T. Fractio11atio11 scheme 

lncubat�n Mocture or Ep,dermal Homogonate 

/ 

2'00000,», 

Particulate Fraction 0 5% OOC in TMKES Supernatant Fraction (TMKES soluble fractoon) 15000 g
l

x15 min � 
Supernatant F ract,on Particulate Fraction 8 M Uroa in Tris-HCI. pH 9 5 

15000 g <15 min 

l Residual Pellet 

IDOC soluble fraction) 

Supernatant Fract,on IUrea-soluble fractionl 

Oetroit. Michigan) and centrifuged at 15 000 g for 15 min. A DOC-soluble rraction and a residual pellet "ere obta,ncd. The pellet was washcd to remove residual DOC and was treated with puromycin or urea in order to rree the nascenc proceins from thc ribosomes. Puromycin was used at a concentracion of 10-• M in T\1 KES. The samples "ere incubatcd ror 30 min at 37 C and ccntrifuged ac 270 000 I? 10 obtain the releascd pol> pcp­tidcs. Urea was used al 8 M ovcr a rang:e of pH values. The protein content of the ,cveral rractions "as detcrmined b} the method of Lo,Hy ct al. ( 13) and RNA concent "as mcasured by the orcinol reaction (I). Radioactivicy in che cissue fraccions \\3S detcrmined m a Pad.ard Tn-Carb L,quid Scintillauon Spcctromcccr follo"ing prccipitation of the samples in 10''., trichloroacetic acid (TCA) and collection on 0.45 1,m M illlpore r,hcrs. 
Molernlar sien· chro111a/opraph.1· oj nasc1•111 pol_1·11<'JJ!ide.1 
The sc,cral soluble fractions "cre placed on 2 35 cm columns packed in che usual manner ,.,th dexcran bead� of various cxclusion limits (Sephadex G-25. G-50. G-100. and G-200: Pharmacia Fine Chem,cals, Pisc,lla\\a). N. J.). Thecolumns wcre eluccd with TM K ES concuining 6 M urea inchc indicated experiments and absorption of che eluates"as monicored al 280 nm. Radioacli\lt) in the se,cralfractions was dctermincd according to the procedurcs de­scribed above.
Acrylamide gel 1,Jeclrophort•sis 
The cechnique of Davis was used for routine disc gel electro­phoresis (5). Acrylamide conccntralion was ,aried from 4.0 % to 7.5 % wilh corrcsponding changcs in thc concencra• cion or the bis-acrylamide cross linker. Samples "cre electro­phoresed in a Buchler Polyanalyst electrophoresis apparatus (Buchler Instruments, Fort Lec, N.J.). fn addition, samples wcre analyzed by gel electrophoresis in the dodec}I sulrace­polyacrylamide system dcscribed by Weber & Osborn (18). The following commcrcially availablc proteins were \osed to standardize the gels for molecular weight determinations; rabbit muscle phosphorylase A (Worchington Biochemical Corporation; mol. wt 94 000), egg white ovalbumin (Worth-
Acta Dcrmatouner (Stockholm) 55 

ington Biochemical Corporation: mol. wt 43 000), bovine pancreatic �-chymotryp,inogen A (Sigma Chemical Com­pany; mol. wt 36 000). and bovinc serum albumin (Schwarz/ Mann; mol. wt 68 000). Cardiac myosin or molecular wcight 200 000 was supplied by Dr Eugcne Morkin. The acrylamide conccntration was lowered to 4.0",. 10 p�rmit cntry inco che gel of high molccular weight proteins labeled in the in vitro system. lsoelectric focusing in acryl­amide gels \\3S performed according 10 the procedure of Drysdalc (6) in a Me1alloglass isofocusing apparatus (Me­caloglass. lnc .. Boston, MAJ. Amphol)les \\Cre obcained from LKB (LK B-Produkter AB, Stockholm, Swedcn) and wcre used al o concentration of 4.0 °., in order to insure stability and rcproducibilit) or 1he pH gradients. lmmunoelectro­phoresis was pcrformcd rollowing polyacrylamide elcctro­phoretic separation of the samples by placing 1he gels on a 9.5 cm Pctri d1sh to which I•• agar in 0.025 M Tris-llCI. pH 8.0, was added and allowed 10 solidify. Longitudinal wclls for antihody were cut parallcl to thc gels and immuno­difusion proceedcd in a manncr essentially similar to the Ouchterlony cechnique (3). The conte,11s of thc Petri dish were subsequcntly washcd to remove non-precipitated pro­tein and were staoned for 30 min in 0.5°., Amido Black in 5 °n acetic acid and destained by repeatcd washing with 7 °0 acctic acid (4). Antibod,cs to thc fibrous epidermal proccins -.ere prepared as pre, iously described ( 17). In order to localize radioaccivity following elec1rophorcsis thc gels \\erc remo,ed from 1hc glass tubes. rrozen. and ,lrced on a Mick cl gel slicer (Buchler Instruments. Fort Lce, '.J.). The gel slices wcre eithcr dricd on Whatman no. I riher papcr. pellcted ,n a Parr press. and combusted rn a Packard Tri-Carb Sample Ox1di1er--0r soluhili1ed in a toluene-based scintillation fluiu comaining J " .. Protosol ( e\\ England uclear Corp.). 

RESUL TS AND DISCUSSIONS 
Release of 11asce111 polypeptides 

fn the cell-free system currently in use in our labo­
ratory. ribosomes isolated from guinea pig epider­
mis or hair root cells are incubated in the prescncc 
or a supcrnatant fraction and appropriate co-factors. 
In this system, labeled amino acids are incorporated 
into TCA-precipitablc peptides. To characterize the peptides which were labeled in this system we ini­
tially localizcd thcm in the several fractions of the cell-frec incubation mixture. 

The post-incubation mi>.ture was separated by ccntrifugation (Table I) into particulate and supcr­
natant fractions. Analysis of the fractions indicated 
that 88 °{, of thc incorporated activity in the epidcr­mal system \\,as present in the particulate fraction while 12 % was found in the TMKES-supcrnatant 
fraction. Data from the hair root system were similar. 
There are two explanations for thescresults. The cell­free system as used in our laboratory may be dcfi-
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cient in release factors or that portion of the 

messenger RNA which codes for release may be 

destroyed by the endogenous ribonucleases in the 

tissues. J n the studies o( Steinert & Rogers ( 15) in 

which hair roots from newborn animals wer!.' studied, 

release was much more active. 

Since our major aim was to characterize the nas­

cent proteins in the incorporation system the results 

forced us to seek ways to release the incorporated 

radioactivity from the particulate fraction. The re­

sults of such experiments are reproduced in Table II. 
Purornycin, serving as a t-RNA analogue, led lo 

the expected increase in solubilizcd radioaclivity but 

still failed to release 40% of the incorporated radio­

activity. Concentrated urea was used at several pH's 

from 7.0 lo 10.0. 8.0 M urea at pH 9.5 was found 

to be most effective and enabled us to release 88 % 

Table IL Release oj incorporated radioactivity 

Medium in which 
experiment was 
pcrformed 

TMK.ES (pH 7.5) 
Pyron,ycin 

Urea (8 M in Tris-HCI, 
pH 9.5) 

% lncorporated radio­
activity localized to 
fraction 

Super-
natant Pellet 

18 81 

60 40 

88 12 
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Fig. I. Sephadex G-100 chromato­
graphy of the high-speed super­
natant fraction obtained from the 
cell-frce incubation mixlure. The 
column was e!Uled with TMKES, 
pH 7.5. 

50 

of the incorporated radioactivity into the super­

natant fraction in the epidermal system. Tn the hair 

root system alkaline urea released 50% of the 

labeled polypeptides. Since our aim was to charac­

terize as Jarge as possible a percenlage of tbe Jabeled 

material, we chose to do further studies on the alka­

line urea fraction. The fact that it contained !arge 

amounts of ribonucleoproteins as well as nascent 

polypeptides was not relevant to our studies since 

we are only concemed with the newly synthesized 

labeled material. 

Analysis by mo/ecu/ar sieve chromatography 

of nascent polypeptides 

Fig. I represents the elution profile following chro­

matography on a Sephadex G-100 column of the 

high-speed supernatant fraction of lhe cell-free in­

cubation system. The peaks were collected, pooled, 

and analysed for radioactivity. We found that the 

initial peak and shoulder, migrating at the void 

volume, contained 23 % of the radioactivity re­

covered from the colurnn. Seventy-seven percent of 

the recovered radioactivity was associated with a 

second peak of material which appeared to be of 

smaller molecular size and which remained un­

resolved. 

The radioactivity initially localized to the parti­

culate fraction was solubilized in alkaline urea and 

subjected to chromatography on Sephadex gels of 

Acta Dermalovener (Stockholm 55) 
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Fil(. 2. Sepha<lex G-200 chromatogrnphy of 1he par1iculate 
fraclion from thc cell-frce incubation mii,.ture solubili,ed in 

various exclusion limits. Fig. 2 represeots the results 

of chromatography of this fraction on Sephudcx-200 

and b representative or all other runs. All thc radio­

activity and optical density eluted immediately fol­

lowing the void volume and appcarcd to be of high 

molccular weight. It is, thercfore, apparent that the 

Jabeled proteins released from the ribosomes <luring 

incubation in the cell-free system are differei,t from 
thosc which remain attached to lhc ribosomal par­

ticles, the lattcr being of higher molecular weight. 

The data in Table lll indicatc that v.e did not re­

cover all of the labeled polypeptidcs from any of 

Table TJI. Recoi-ery from Sephadex columns (urea­

soluble fraction) 

Optical 
l:::xperi- density, Radio-

Scphadex ment 280 nm ac1ivity 
gel 110. (��) ( "u) 

G 25 1()0 77 

2 99 77 

G SO 95 100 

2 86 86 

J 95 71 
G 100 I 65 46 

2 61 52 
G 200 I 60 52 

2 67 56 
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8 M urea in Tris-1-JCI, pi-I 9.5. The column wa� clu1ed with 
6 M urca in Tris-HCI. r,H 9.5. 

lhe chromatographic columns when urea-solubili7ed 

material was studied. Although 100% of thc optical 

density wa� recovered from thc G-25 columns. in 

all other cases a portion of the radioactivity was 

cilher irrcversibly bound to the column or no longer 

TCA precipitable following chromatography. 100°., 

of the incorporated radioactivity was recovered from 
1he buffcr• soluble fraction. Thh phcnomcnon rnay 
be due to prccipilation of the sample on thc column. 

Acry/amide gel elecrrophoresis 

Disc gel elcctrophoretic analysis of the buffer-soluble 

fraction obtained from the incubation mixture re­

vealed multiple protein bands, three of which corre­

�ponded lo peaks of radioactivity which migrate 

through thc gel (Fig. 3 A). The parliculatc fraction 

�olubilized with alkaline urea migrated in a different 

manner, as is shown in Fig. 3 B. The major portion 

of the radioactivity did not entcr a 7.5 °11 acrylamide 

gel but rcmained clo�c lo or at the origin. The peak 

\\hich migrated rapidly toward the anode probably 

rcpresenb �mall polypeptide�. When thc gel concen­

tration was lowered to 4 °� the sccond pattcrn shown 
in this rigure resuhcd. Onc major pcak of radio­

activity can be scen v,itb both an ascending and 

descending shoulder and minor peaks toward the 

anode. The electrophoretic analysis confirms the 

chromatographic data, again indicating that thc 
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Fig. 3. Disc gel elcctrophoresis of (A) the supernnlant and 
(B) the urea-soluble fraction from thc cpidcrmal ccll-free
incubation mixturc. The supcrnatant fraction (A) was
electrophoresed for 3.5 hours on a 7.5 •�;, acrylamide running

soluble material and that solubilized with urca are 
different and that thc lattcr is either or higher molec­
ular weighl or more negatively charged. 

Tn order to distinguish between these possibilities 
a series of electrophoretic runs were performed in 
the presence of either sodium dodecyl sulfate (SOS) 

or ampholyte, the former leading to differentiation 
on the basis of size, the latter on the basis of charge. 
In addition, the pellet was fractionated into urea 
and DOC-soluble fractions. 

Duriog SDS electrophoresis, clear differences were 
apparent among the three fractions. The buffc.r and 
DOC-soluble fractions both yielded mulliple species. 
The urea-soluble radioactive fraction was larger, 
moving extremely slowly in the gel with a migration 
velocity slower than that of myosin heavy chain. 

By the criteria of Weber & Osborn, therefore, the 
molecular weights of these three fractions from the 
epidermal cell-free system are different. The fractions 
are of various degrees of purity but a major radio-

7.5°/, 
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gel. The urea-soluble fraclion (B) was clcctrophoresed for 

8.5 hours on 7.5 °,, acrylamide running gel madc 6 M with 
respect 10 urea and for an equal time on 4.0 % acrylamide 
made 6 M with rcspect to urea. 

activity labeled band exists in each. The differences 
in apparent molecular size could account for tbe 
differences in migration in polyacrylamide gel elec­
trophoresis noted above. 

In addition, Fig. 4 indicates that there are also 
charge differences among these several fractions. The 
results of isoelectric focusing runs on the three frac­
tions are displayed. The buffer-soluble fraction (4A) 
is a complex of 3 major protein species having iso­
electric points of 9.5, 8.1 and 5.8. The DOC-soluble 
fraction (4B) consists of at least two major species 
with isoclectric points of approximately 6.8 and 4.5. 
We are uoable to statc conclusively that other bands 
which have apparent isoelectric points of 6.1, 4.5 
and 4.0 are diffcrent species. The urea-soluble frac­
tion (4C) was more homogeneous, consisting of a 
labeled band whose isoe.lcctric point was approxi­
mately 5.0, as well as a shoulder between 5.2 and 6.0. 

Although these studies indicate that the cell-free 
protein synthesizing system which has been devel-

Ac1a Der111a1ove11er (Stockho/111) 55 
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Fig. 4. lsoelectric focusing pallern of lhe 
TM K ES (AJ, desoxycholate (B), and urca 

(C) soluble fractions of the epidermal cell­
free incubation mixture. Gels con1ained 4.0 % 
ampholine and 6 M urea. 



oped using epidermis as starting material does, in 

fact, synthesize proteins of heterogeneous size and 

charge, the possibility exists that the material labeled 

in this cell-free system is not basically related 

to the proteins, such as keratin and keratohyalin, 

which are of greatest biologic importance in epider­

mis. Tn order to document a clearer relationship be­

tween the products of the cell-free system and native 

epidermal proteins we turned to a tissue slice system 

which has been more completely characterized. 

Tissue s/ice system 

Since the urea-soluble fraction has been shown to 

consist of the filamentous, helical protein precursors 

of keratin (2), we chose to examine this fraction 

from the slice system in detail. The urea-soluble 

fraction was subjected to polyacrylamide gel electro­

phoresis and the results are reproduced in Fig. 5. 

At a gel concentration of 7 .5 % tbe labeled material 

did not enter the running gel but remained at the 

origin. Jf the gel concentration was lowered to 2.5 %, 

essentially no resolution occurred and the radio­

activity migrated rapidly toward the anode. At a 

4% gel concentration, the labeled material entered 

the gel and three distinct peaks of radioactivity could 

be resolved. 

SDS-acrylamide gel electrophoretograms of the 

extracts are reproduced in Fig. 6. The results are 

w 
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Fig. 6. Sodium dodccyl sulfatc-acrylamide gel eleclrophoresis 

of the TM K ES and desoxycholate-soluble fraclions of the 

epidermal homogenate of the tissue slice system. The gels 
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7, 51/, 

2.51/, 

Fig. 5. Disc gel electrophoresis of lhe urea-soluble fractions 

obtained from the epidermal homogenate of the tissue slice 

system. The urea-soluble fraction was electrophorescd on 

7.5%, 4.0% and 2.5% acrylamide running gels made 6 M 

with respect to urea. Electrode buffers contain 6 M urea. 

similar to those for the cell-free system described 

above. The buffer-soluble fraction contains labeled 

proteins with molecular weights between 35 000 

and 94 000. The DOC-soluble fraction contains 

material of predominantly higher molecular weight 

with a major band at 94 000. Again, the urea­

soluble fraction had to be run at least twice as long 

w 

0 

0 

mm 

were 4.0 % acrylarnjde, contained 6 M urea, and were run 

for 6.5 hours. •-•, DOC-soluble fraction. 0-0, 

TMKES-soluble fraction. 
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and the clectrophoretogram indicated a molecular 

weight greater than that of the heavy chain of 

myosin (200 000). 

lt appears, thcrefore, that the urea-soluble frac­

tion from the cell-free system is similar in rnolecular 
size to that of a filamentous fraction which can be 

isolated from epidermal tissucs slices. To determine 

whether thesc two proteins were identical we per­
formed the experiment dctailed in Fig. 7. Labeled 

material was prepared in both the cell-free and tissue 

slice systems. A tritiated amino acid micture was 

used as a source of radioactivity in the former and 

a 14C-labeled mixture in the latter. The urea-soluble 

fractions from each system were isolated, mixed, 

and co-electrophoresed 011 acrylamide gel. Except 
for the large, labeled pcak in the cell-frcc system 

which migrates rapidly toward the anode and prob­

ably consists of small, incornpleted peptides, the 

major bands in thesc two systems have identical 

R/s. 

lmm11110/ogica/ characterizatio11 oj 11asce111 protein 

The ultimate goal of the work reported from this 

laboratory over the past several years is the elucida­

tion of the biochemical pathways of fibrous protein 

synthesis in the epidermis. lo this paper we have 

shown that although the products of cpidermal 
protein synthesis are heterogeneous in the control-

+ 

10 cm 

Fig. 8. lmmunodiffusion study of 
urea-soluble fraction from new­

born rat tissuc slice system. The 

urea fraction was clectrophoresed 
for 6.5 hours on sodium dodecyl 

sulfate (4 °0 ) acrylamide gels and 
thcn subjectcd to immunodiffusion 

as described in Mcthods. Through 
A comained antibody ro ncwborn 

rat filamcntous protein. Trough B 
contained non-imnnmc rabbit 

serum. Following immunodiffu­

sion the plate was stained and 

subscqucntly the gel and thc sur­
rounding agar were sliced and thc 
radioactivity determined. 



lable cell-free system, a protein is labeled which 

corresponds in many respects to a precursor or 

component oC the fibrous protein. The ullimate 
proof that the cell-free system directs the synthesis 
of a keratin precursor will only be available when 
the keratin molecule is completely characterized. 

Jndirect evidence for such a process is displayed in 

Fig. 8. 

The newborn rat tissuc slice system was used, 

since we have prepared antibocly to lhe filamcntous 

protein from this species (17). Following incubation 

the urea-soluble proteins were extracted from the 

tissue and were electrophoresed in the presence of 
sodium dodecyl sulfate. Following eleelrophoresis 
the gel cylinders were placed in agar and used as an 

antigen source in an immunodiffusion study in 

which antibody to newborn rat filamentous protein 
was employed. The figure indicates that the labeled 

protein, the major protein species evident by stain­

ing, and the immunoreactive protein, are found in 

the same area of thc gel. Since the rat antibody does 
not cross react with guinea pig filamentous protein 

we are unable to repeat these studies with guinea 
pig tissue at the present lime. The most reasonable 

interpretation of the results, however, is that the mate­

rial labeled in the rat slice system is, in fact, the fila­

mentous protein and, by extrapolation, we belicve 
that thc material of high molecular weight which 
was labeled in the guinea pig tissue slice and cell­
free systems is of similar origin. 

This investigation was supportcd by Grants AM-06183 and 

16262. National lnstitute of Arlhritis. Mctabolic and Diges­
tive Diseases, National lnstiLutes of Health, Bethesda. 

Maryland. 
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