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INTRODUCTION 

In living animals, there are 3 tissues which contain the specialized 

structural proteins called keratin, namely hair, nails and the stratum· 

corneum of the epidermis. Of the three, the stratum corneum is biological-

ly the most important, since it forms a protective barrier between the 

organism and its hostile surroundings. Without this barrier the higher 

animals could not survive. 

The structure of the epidermis is shown diagramatically in figure 1 

(from Lewis and Wheeler, 1967). Cells in the basal layer have very active 

protein synthesizing machinery, which fills the cells with tonofilaments. 

The cells move upward through the·stratum malpighii and into the stratum 

granulosum where they undergo a dramatic change. They become flattened, 

form large basophilic granules called keratohyalin around which the tono-

filaments appear to coalesce, and the nucleus degenerates. As these cells 

undergo the process of keratinization, the keratohyalin disappears, fila-

ments appear (apparently from the tonofilaments and keratohyalin) and the 

cells become IDore flattened, forming the dead, anuclear cells of the 

stratum corneum. 

The main deterrant to a better understanding of epidermal keratin is 

its most outstanding property, that is its insolubility. Rudall (1952), in 

a series of classical experiments, was the first to solubilize and study 

epidermal keratin. He showed that the proteins in the epidermis from cowvs 

snout~ except those of.stratum corneum, could be dissolved in 6 M ureaQ 

After dialysis, the dissolved proteins could be separated into 2 components. 

One is fibrous, predominates in the upper cell layers and precipitates at 

pH 5.5. The other whic~ is non-fibrous, predominates in the lower cell 

layers and precipitates at pH 4.5. He also showed that the fibrous protein 

1 
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FIGURE 1. Diagram of the structure of the epidermis 

(From Lewis and Wheeler, 1967) 
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gave an a X-ray pattern which is characteristic of epidermis. Mercer and 

Olofsson (1951) found that its average molecular weight was about 60,000. 

Carruthers, et al. (1955) extending the observations of Rudall on 

urea solubilized proteins from cow snout epidermis, found a fraction that 

precipitated at pH 6.3. When redissolved in 6 M urea, this could be 

separated into 3 fractions precipitating at pH 5.5, 5.0 and 4.5. They also 

showed that mouse epidermis could be dissolved in 6 M urea, yielding the 

same fractions on precipitation. Using sodium lauryl sulphate (sodium 

dodecyl sulphate) they obtained a soluble protein-detergent complex-from 

cow's snout epidermis. The complex precipitated at pH 3.5 and had a much 

higher mobility than any of the urea solubilized fractions. The authors 

concluded that the detergent extracted proteins were not the same as the 

urea extracted proteins. Woernley et al. (1957) determined the molecular 

weight of the above urea extracted fractions by ultracentrifugation and 

obtained a value of 70,000 for the pH 5.5 fraction and 39,000 for the 

pH 4.5 fraction. 

The site and mode of action of 6 M urea on human epidenni.s was irivesti- · ·· · 

gated by Matoltsy and Herbst (1956). They found that the malpighian cells 

were affected and solubilized by the urea. They also showed that the 

material solubilized by 6 M urea was similar in quantity and electrophoretic 

mobility (on paper) to the material extracted with a phosphate buffer ~H 7~2 

I 

with or without added NaCle r. 

The solubility of human callus in 8 M urea solutions can be incre~sed 
I 

2.5 times by increasing the temperature of extraction (30 to.40°C) and! 

adding S-mercaptoethanol to the urea solution (Baden and Bonar, 1968)., They .. 
also showed that the solubility of the stratum .corneum was pH dependen~o 

. I 

. I . 
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By raising the pH' of the buffered 8 M ure~ solution from 9.5 to 10.5, 

twice as mu.ch protein was solubilized. All the material extracted had an 

a X-ray pattern, which is characteristic of epidermis and no changes in 

properties were observed when all of the cystine residues were converted 

into the S-carboxymethyl derivatives. 

Rothberg (1960), in looking for differences between normal and path-

ological epidermis, employed the dilute NaOH procedure of Matoltsy and 

( 
j 

Balsamo 1955) to solubilize the keratinized proteins. He showed that 3 

protein fractions could be precipitated at pH 5.5, 5.0 and 4.5 from the 

alkaline extracts and that peptide maps of these were similar. 

In a careful study of the solubilization of epidermal proteins in 

dilute alkali, Crounse (1963, 1964) showed that four sharply defined pre-

cipitates occurred during acidification of the extract at pH 6.3, 5.5, 5.0 

and 4.5. He concluded that the pH 6.3 fraction was probably the final 

product of keratinization since a) 40% of the weight of the stratum corneum 

consists of the pH 6.3 fraction,·b) it can be obtained under the mildest 

conditions of extraction employed (0.02 M NaOH, 4°C for 20 hours) and 

c) the pH 5.5, 5.0 and 4.5 fractions can be readily derived from it. 

The above methods for solubilizing the epidermal proteins have serious 

drawbacks in obtaining proteins in the native state. 6 M urea solutions 

are strong protein denaturants and at the pH of the alkaline solutions used 

for extractions, there is good evidence that soluble proteins are degraded 

(O'Donnell and Thompson, 1962)o 

In an attempt to overcome these.dir"ficulties Matoltsy (1964a, 1965) 

studied the solubility ~f cow's snout epidermis in various buffers. He 

found that best results were obtained with a 0.1 M citric acid-sodium 
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citrate buffer pH 2.6. This buffer attacks the malpighian cells, solubi-

lizing the tonofilaments which are the precursors of epidermal keratin. He 

further purified this extract by serial precipitation at pH 7.0, 6.0, 5.0 

and 4.5. The pH 4.5 material he called "prekeratin" and claimed it was 

pure since it gave a single band on analytical polyacrylamide gel electro- · 

phoresis (PAGE), sedimented as a single refractive-index gradient in the 

ultracentrifuge and moved as a single component in both the ascending and 

descending limbs of a free boundary electrophoresis apparatus. From the 

ultracentrifugation studies, he calculated a molecular weight of 640,000. 

Fibres made from the "prekeratin" gave an a X-ray diffraction pattern. He 

also reported amino acid analyses and solubility studies (Matoltsy, 1964b, 

1965) showing that the "prekeratin" was only soluble below pH 3.2 and above 

pH 11.5 in aqueous buffer solutions. 

Crounse (1966) pointed out that Matoltsy's "prekeratin" was probably 

an aggregate of a monomer of molecular weight about 50,000. By thin layer 

gel filtration he showed that the alkali solubilized pH 5.5 fraction from 

human epidermis, also had a molecular weight of about 50,000. Comparison 

of the number of amino acid residues of these two fractions (based on a 

molecular weight of 50,000) showed remarkable similarity, with differences 

seen only in cysteine, methionine and tyrosine. Crounse concluded that the 

similarities between the pH 5.5 fraction human callus and the pH 4.5 "pre-

keratin" from cow's snout, indicate that they probably have the same origin 

in the two different tissues and differ only in their extractability. 

Rothberg (1964) also suggested that a major protein is synthesized, which is 

alteredduring keratini~ation giving rise to the various precipitable 

fractionsg 

·, 
I 

I 
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Using a 0.1 M formate.or sodium citrate buffer, pH 2.65, Baden et al. 

(1968) showed that a characteristic fi.brous protein component could be 

dissolved from human, guinea pig and,_frog epidermis. X-ray diffract ion 

analysis revealed an a-pattern for the protein from guinea pig epidermis, 

a cross 8 pattern from frog epidermis and a mixture of a and cross 8 from 

human epidermis~ The authors suggested that the cross B pattern was an 

altered a pattern. 

The hypothesis that there is a connnon precursor of epidermal "keratin" 

has gained support and credence with the publication of four recent papers. 

Baden et al. (1971) were able to extract a protein with sodium citrate 

·buffer, pH 2.65 '· from the microsomal fraction of homogenized cow's snout 

epidermis. They showed that the properties of this protein were identical 

to those of "prekeratin" isolated from the whole tissue. Thus it appears 

that "prekeratin" is released from the ribosomal aggregates in 'a completed 

form. Additional evidence comes from Bauer (1972a) who showed that the 

analytical PAGE pattern of the following epidermal fractions was iqentical: . 

a) pH 5.5 fraction from dilute alkaline extracts of normal human, rabbit 

and rat epidermis and psoriatic lesions, b) pH 6.3, 5.0 and 4.5 fractions 

from alkali solubilized normal human epidermis and c) "prekeratin" isolated 

by acid citrate buffer from cow's snout. 

The other evidence for the hypothesis comes from studies done in two 

different laboratories. of the immunological and immuno-electrophoretic 

properties of various fractions solubilized from epidermis. Carruthers 

(1970) compared protein fractions obtained by urea, alkali and lithium 

bromide (Roe 1956a, b) from human epidermis and showed that they.were re-
' 

lated immunochemically. Carruthers and Bhattacharaya (1972) studied the 
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urea soluble pH 6.3, 5.5 and 4.5 fractions of cow's snout. They found 

that all these fractions and a pH 5.5 fraction, solubilized by dilute alka-

li from the pH 6.3 fraction, also have the same antigenic determinants. 

Bauer (1972b) isolated the pH 6.3, 5.5, 5.0 and 4.5 fractions (by dilute 

alkaline extractions) from normal human, rabbit and rat epidermis and 

"prekeratin" from cow's snout epidermis. He then showed that these fract-

ions were immunologically identical to human epidermal pH 5.5 protein. 

Thus it appears that not only do fractions isolated by different methods 

from the same tissue contain identical proteins, but also fractions from 

various sources of epidermis. 

In a paper entitled "A Search for a Simple Keratin" O'Donnell (1971) 

used 98-100% formic acid to extract the keratinized proteins from cow's 

snout epidermis. Amino acid analysis of the extract is in agreement with 
·i 

the analysis of "prekeratin" (Matoltsy, 1964b) and its elution profile from· 

DEAE cellulose is almost identical to that obtained for "prekeratin" (see 

appendix). From chromatography on DEAE cellulose and analysis of r~dio-

actively labelled peptides on peptide maps, he concluded that there is no 

major homogeneous keratin precursor in cow's snout epidermis. The evidence 

indicates that there is a family of closely related proteins present. 

Tezuka and Freedburg (1972) reported the extraction of tonofilaments 

from the epidermis of the new born rat by an improved procedure. The granu-

lar layer and stratum corneum was obtained by treatment of the epidermis 
. . . . 

with tetraphenylboron. All of the subcellular organelles, other· than the · 

tonofilaments and cell membranes (keratohyalin granules, mitochondria, 

ribosomes, membrane~coating granules and vesicles), were removed with 

deoxycholate.and the remaining tonofilaments were then solubilized in a 8 ·M 
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urea-tris buffer, pH 9.4. Amino acid analyses are in agreement with those 

from a urea extract of human epidermis. 

These two new methods for the extraction of the "keratin" from 

epidermis, yield fractions which have similar properties and composition 

to fractions isolated by urea, alkali and acid citrate buffers. These 

results lend further support to the hypothesis of a common precursor of 

"keratin" in the epidermis. 

The aim of this project was to obtain further biochemical information 

about the proteins forming the keratin in the epidermis. Unfortunately, 

human epidermis is difficult to obtain in large quantities. Since it 

appeared that "prekeratin" extracted from cow's snout with acid citrate 

buffers (Matoltsy 1965), was probably similar to human epidermal pH 6.3 or 

5.5 solubilized fractions and is.available in large quantities, cow's snouts 

were used as a source of epidermis. 

In agreement with the suggestion of Crounse (1966) that "prekeratin"· 

was an aggregate, it was decided ·to investigate and if possible, separate 

the subunits. The initial observation was that reduction of the "prekerat::I.n·' · 

with 8-mercaptoethanol gave 2 bands on analytical polyacrylamide gel electro-

phoresis (PAGE as shown in figure2). This indicated that stabilization of 

the reduced disulphide bonds by S-carboxymethylation would'yield 2 protein 
. :· .. · 

components that could probably be separated. However, this expectation 

was not realized, even though the following methods of separation were tried; 

a) preparative PAGE, b) selective solubilization and precipitation; c) molec-

ular sieve chromatography, with and without 8 M urea and 6 M guanidine 

hydrochloride on Sephadex GlOO, Gl50 and G200 and a 6% Sepharose gel, 
~ 

d) ion-exchange .celluloses (DEAE a!ld CM) in 8 M urea, using continuous and 
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a b 

FIGURE 2. Photograph of PAGE gels of 4.5 protein treated with 

(£) and without (~) 8-mercaptoethanol. 
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discontinuous buffers (see appendix),.e) ion-exchange gels (QAE,- DEAE, SP 

and ~M Sephadex) in 8 M urea using various gradients, and f) ion-exchange 

resin (Bio-Rex 70) using a continuous gradient of urea. 

Bauer (1972a) obtained a two band ·PAGE pattern on fractions isolatad 

from the epidermis of various mammals identical to that observed on 

reduction of the "prekeratin" (figure 2). He also observed that if either 

band was cut out of the gel and rerun on a new gel, an identical 2 band 

pattern was obtained. Thus, both bands must consist of protein aggregates 

such that each band can form from the other band. He also showed that 

chromatography of a pH 5.5 fraction from human epidermis, on Sephadex G200, 

gave 3 peaks. When subjected to PAGE, he found that the 3 peaks and the 

pH 5.5 fraction all had the same two band pattern. Thus, these fractions 

are also aggregates. 

These observations probably explain why no separation was obtained by 

the methods (d-f) mentioned above. However, it would be expected that 8 M 

urea or 6 M guanidine hydrochloride would disrupt the aggregation of the 

proteins, but apparently it did not. Chromatography of reduced and S

carboxymethylated "prekeratin", which I will refer to as SCM4.5,. on 6% 

agarose or Sephadex G200 in 8 M urea or 6 M guanidine (see appendix) gave 

a pattern almost identical to that observed by Bauer (1972a) without de

naturantso Each of the fractions obtained from chromatography of SCM4.5 

on DEAE cellulose in 8 M urea, using a discontinuous gradient, were shown to 

have the same SDS-PAGE pattern as the starting material·. Also when each 

fraction was rerun on the DEAE cellulose column under identical conditions, 

the same elution profile was seen (see appendix). 

When it was observed that SCM4 .. 5 could be separated into a number of 

·;-
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bands on analytical SDS-PAGE, it was concluded that the SDS diHrupted the 

aggregation of th~ protein subunits of SCM4.5. Not only is SCM4.5 (''pre

keratin") shown to be an aggregate of several proteins·of different 

molecular weight, but a separation of the individual components by prepara

tive SDS-PAGE was achieved. Some properties (molecular weight, amino acid 

analyses and C-terminal residue) of the isolated proteins are described. 



MATERIALS AND METHODS 

A. Preparation of SCM4.5. 

(i) Reagents. 

CASC buffer pH 2.6 was a 0.1 M citric acid-sodium citrate buffer·, 

made by adding 7 ml of 0.1 M sodium citrate to 93 ml of 0.1 M citric acid. 

It was found necessary to add 0.02% sodium azide to prevent bacterial growth. 

All urea solutions were passed through a Bio-Rad AG 501-X8 (D) 

mixed bed resin, prior to use, to remove traces of cyanate (Hirs, 1967). 

When buffered urea solutions were used, the urea solution was deionized, 

the.buffer salt added and the pH adjusted if necessary. 

TRIZMA BASE grade tris, tris (hydroxymethyl)-aminomethane from 

Sigma Chemical Co. and purissimum grade FLUKA iodoacetic acid were used. 

A filter paper, which was dippeq in a 2% solution of sodium 

ferricyanide (sodium nitroprusside) and then dried, was used for the nitro-· 

prusside test. 

(ii) Solubilization of epidermal "prekeratin" proteins. 

The preparation of the protein extract from cow's snout was 

based on the method for preparation of "prekeratin" (Matoltsy, 1964a and 

1965). 

Cows' snouts were obtained from the abbatoirs. Immediately 

after being removed from the cows, they were placed on ice until used (0.5 -

1 hour). After thorough washing in cold water, the epidermis was removed 

in sheets 0.5 mm thick using a Stortz keratome and weighed.· After the 

sheets of epidermis were cut·into small pieces with scissors, they were 

suspended in CASC buffer pH 2.6 (5 ml buffer per gram of tissue) and 

homogenized in a VIR-TIS apparatus or a Waring blendor for 4 minutes. 

12' 
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After passing the homogenate through gauze, the filtrate was centrifuged 

at 3,500 r.p.m. for 10 minutes at S°C to remove tissue and cell fragments. 

The resultant supernatant was further clarified by centrifugation at 20,000 

r.p.m. for 30 minutes. 

The proteinssolubilized by the above procedure, were then 

purified by selective precipitation at successively lower pH's. After 

dilution of the extract with an equal volume of CASC buffer, 1 M NaOH was 

added dropwise to pH 7.0, with constant stirring by a magnetic bar. The 

protein began to precipitate at pH 3.2 and by about pH 4.5 a heavy precipi

tate was seen. The precipitated protein was allowed to stand for 1-2 

minutes to coalesce, and then the supernatant fluid was dec~nted. Fresh 

CASC buffer was added to the original volume, the pH adjusted to 2.6 with·a 

few drops of 1 M HCl, and the solution stirred by a magnetic bar. 

After the precipitate had.dissolved (12- 24 hours or longer), 

it was reprecipitated at pH 6.0 by again adding 1 M NaOH dropwise with 

stirring. This and subsequent precipitates, are not ascohesive as the pH 

7.0 precipitate and brief centrifugation at 1,000 r.p.m. for 5 minutes was 

necessary to separate the precipitate from the supernatant. Centrifugation. 

of the precipitates at higher speeds was avoided since the resulting pellet 

could only be solubilized with difficulty, if at all. The process of 

solubilization and precipitation was repeated at successively lower pH's of·.· 

5.0, 4.5 and finally at pH 4.5 again. The final pH 4.5 pr~cipitate was 

washed extensively with water and freeze-driede This will be referred to ·as 

the 4.5 protein. 

(iii) Reduction and alkylation of the 4a5 protein. 

Reduction of the disulphide bonds with B-mercaptoethanol and 
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protection of the free ~SH groups produced by iodoacetic acid, were based 

on the methods of Gillespie and Inglis (1965), and Hirs (1967).. The protein 

was dissolved in a buffer 8 M in urea, 0.1 M in tris and 0.2 M in 8-mercap

toethanol at pH 8.5 (100 mg)protein per 25 ml buffer). The flask was 

flushed with nitrogen, sealed, and the,contents stirred overnight. Alky

lation of the free -SH groups was performed by adding 12.0 g of tris and 6.0 

g iodoacetic acid per 100 ml of the solution. This was stirred for 15 

minutes maintaining the pH between 8.0 and 8.3, by additi.on of 10% NaOH. 

At the end of ·15 minutes the excess iodoacetic acid was destroyed

by addition of 8-mercaptoethanol, until a positive nitroprusside test was 

obtained. The solution was then immediately transferred to dialysis 

tubing and exhaustively dialysed against distilled water in a cold room at 

S°C. After dialysis, the solution was freeze-dried to obtain the S-carboxy

methylated protein, which will be referred to as SCM4.5. 

B. Determin·a tion of Free -SH Groups. 

(i) Reagents. 

p-chloromercuribenzoate (PCMB) was obtained from Sigma Chemical 

Co. and reduced glutathione (GSH) from Schwarz-Mann. 

The phosphate-urea buffer consisted of a 0.1 M phosphate buffer, 

pH 7.0, made 8 Min urea. 

The stock solution of PCMB was made by dissolving 8-9 mg _PCMB 

in 1 ml of 0.05 M NaOH in 8 M urea and diluting to 25 ml with the phosphate

urea buffer. 

A standard solution of GSH was made by dissolving 2.18 mg GSH ~~ 

10.0 ml of the phosphate'-urea buffer. 0.5 ml of the standard solution was 

diluted to 5.0 ml with the phosphate-urea buffero 
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(ii) Method. 

The method of Boyer (1954), as outlined in Benesch and Benesch 

(1962), was used. A Beckman DB-GT spectrophotometer was used for measuring 

the absorbance of the solutions. 

To standardize the PCMB solution, 3.0 ml of the dilute GSH 

standard solution was added to the sample cell and 3.0 ml of the phosphate-

urea buffer to the reference cell of the spectrophotometer. After.the ab-

sorbance was read at 250 nm, equal aliquots (0.01 ml) of PCMB solution were 

added to both the sample and reference cells by a Gilmont micrometer·burette,· 

mixed by inversion and the absorbance reread. Further aliquots of PCMB were 

added until no increase in absorbance was observed after 3 repeated additions. 

The observed absorbances were corrected for dilution and plot-

ted against the volume of PCMB. added. The concentration of PCMB was then 

calculated from 
M 

PCMB= 
MGSH . 3.0 

VpcMB 

where VPCMB was the volume of PCMB at the end point of titration (where the 

two straight lines.intersect; see figure 3). 

The determination of the free -SH groups in the protein was 

carried out essentially as for the standardization of the PCMB. About_lO mg 

of the protein was dried under vacuo at 110°c for 1 hour, cooled, accurately 

weighed and dissolved in 10 ml of phosphate-urea buffer under nitrogen. · 

3.0 ml of the protein solution was placed in the sample cell and 3.0 m1 of. 

the phosphate-urea buffer in the reference. Aloquots of PCMB were added to 

both cells, reading the absorbance between each addition. A plot of absorb-

ance against volume of ~CMB added, was drawn and the end point obtained (see 

figure 4). 
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c. Analytical SDS-Polyacrylamide Gel Electrophoresis (PAGE). 

(i) Reagents. 

Electrophoresis grade acrylamide, N, N'-methylenebisacrylamide 

(BIS) and N, N, N', N'-tetramethylethylenediamine (TEMED), obtained from 
. i 

I 

Eastman Organic Chemicals, and sodium dodecyl sulphate (sequanal grade) 

from Pierce Chemical Co., were used without further purification. Coomassie 

Blue R-250 was obtained from Bio-Rad Laboratories. 

The following proteins were used for calibrating the gels for 

determining molecular weight: bovine serum albumin and myoglobin (Sigma), 

human gamma globulin, carboxypeptidase A, phosphorylase and aldolase 

(Worthington) and fumarase (Boehringer). 

The following solutions were required (Maizel, 1971). The 

numbers for the solutions are the same as Maizel uses. 

1) Acrylamide-- bis (30:0.8). 

Acrylamide 30 g 

Bisacrylamide 0.8 g 

Water to 100 ml 

Any insoluble material was removed by filtering through a Whatman No. 50 

filter~ 

4) Sodium dodecyl sulphate, 10% 

6) Ammonium persulphate, 10% 

lla) Separating gel buffer, pH 8o9 

1 M HCl 48.0 ml 

Tris 36.3 g 

~ater to 100 ml 



llb). Stacking gel buffer, pH 6.7 

Tris 

Water 

Adjust pH to 6.7 with HCl. 

llc) Electrode buffer 

Tris 

Glycine 

Water 

5.98 g 

to 100 ml 

6.0 g 

'28. 8 g 

to 1000 ml 

Before use, 10 ml 10% SDS (soiution 4} was added to 990 m1 of electrode 

buffer. 

13) Coomassie blue stain 

17 

0.2 gm Coomassie Brilliant Blue R250 was dissolved in 100 

m1 of methanol :water (50 :50, v/v). Just prior to use 7 ml glacial 

acetic acid was added per 100 ml solution. 

14) Destaining solvent 
) 

Methanol 50 ml 

Acetic acid (glacial) 70 m1 

Water to 1000 ml 

18) Bromophenol blue, 0.1% 

19a) Analytical gel sample buffer. 

The samples to be electrophoresed were dissolved in the following buffer 

{pH 7-8) ~ 
·. i 
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a-mercaptoethanol 

:Water 

(ii) Analytical SDS-PAGE. 

The following formulas were used 

· (Maizel, 1971) 

1) Stacking gel 

Acrylamide-bis (solution 1) 

Buffer (solution llb) 

SDS (solution 4) 

T-EMED 

Water 

Ammonium persulphate (solution 6) 

2) Separating gel 

Acrylamide-bis (solution 1) 

Buffer (solution lla) 

SDS (solution 4) 

TEMED 

t\Tater 

. Ammonium persulphate (solution 6) 

18 

0.01 ml 

to 10.00 ml 

to prepare ·the gel solutions 

1.00 ml 

1~ 25 ml. 

0.10 ml 

0.005 ml 

7.54 llll 

0.10 

X ml (see table 1) 

1.25 ml 

0.10 ml 

0.005 ml" 

to make 9.95 ml 

0.05 ml 

To make gels, the solutions were added in order, mixing after·. 

each addition. After the gel solution was poured into the electrophoresis 

tubes, water was immediately lay·ered on the acrylamide solution, so as to 

obtain a fl~t gel surfaceo 

For routine separations, and monitoring peaks from the prepara-

tive PAGE experiments, 70 nun X 7 nun diameter separating gels_were run in a 

, . .', ·:· 

' [ 
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TABLE 1. Amount of acrylamide-bis. (solution 1) to· give gels of the indicated concentration. 
- - - ----- -------- --------

Gel concentration (%) 2.5 5 7.5 10. 13 15 20 .· 

Solution 1 (X ml) 0.83 1.67 2.50 3.33 4.33 5.00 6.67 

--------.,-------------·---'--------------~- -·--- _______ ... _____________ --------- -

~ 
\0 



Canalco (Canal Industrial Corp., Bethesda, Maryland) disc gel electro-

. phoresis apparatus at 3 rna/gel. The sample was dissolved in the analytical 

sample buffer (solution 19a) and then heated at 100°C for 1-2 minutes in 

a boiling water bath to disaggregate the protein. A volume containing 

about 10 ~g of protein in 0.01 to 0.1 ml was layered under the electrode 

buffer onto the top of the gel, prior to starting the run. \~1en the track-

ing dye had migrated to 3 mrn from the bottom of the tube, electrophoresis. 

was stopped. The gels were then removed from the tubes, stained for 2 hours 

at room temperature in fresh Coomassie Blue·R-250 (sol~tion 13) and electto-

phoretically destained (in solution 14). 

The gel~·were photographed by the method of Oliver and Chalkley 

(1971). 

(iii) Molecular weight determination by SDS-PAGE. 

To determine molecular weights, gels consisting of a stacking 

and separating gel (see ((ii)) above for formulas) were cast in 100 mm X 

7 mrn diameter tubes. Proteins of known molecular weight and samples were 

run on different gels, stained and destained as outlined above. 

The method of Weber and Osborn (1969) was used to calculate 

the mobility of the proteins in the gels. Since the gels swell about 5% 

during staining, the length of the gel before ann after staining has to 

be taken into account in the calculation of mobility. 

Mobility = distance of protein migration X __ l_e_n_g~t_h __ b_e_f_o_r_e __ s_t_a_i_n_in __ g ____ _ 
length after destaining distance of dye migration 

At the end of electrophoresis, the gels were removed from the 

tubes and the distance the tracking dye had moved and length of the gelp 

were recorded. After the gels were stained and destained, the distance the 

protein bands had migrated, and the length of the gel, were measuredo Using 
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the above formula, the mobilities were then calculated. 

D. Preparative SDS-polyacrylamide Gel Electrophoresis (PAGE). 

(i) Reagents~ 

Reagents for the preparative SDS-PAGE are the same as described.· 

for the analytical SDS-PAGE in Section C (i). 

Solution (19b) preparative gel sample buffer 

Buffer (solution llb) 

Glycerol 

SDS 

Water 

(ii) Method. 

1.25 ml 

1.00 ml 

1.00 g 

to 10.00 ml 

A Canalco (Canal Industrial Corp., Bethesda, Md.) preparative 

PAGE apparatus was used according to the manufacturer's directions. The 

eluting buffer was monitored at 230 nm on a Beckman DB-GT spectrophotometer 

equipped with flow cells and attached to a recorder. 

30 ml of 10% separating gel was prepared.using the formula 

listed under section B above. After covering the end of the PD 2/320 

column (annulus area ·320 nnn2) with Saran Wrap, the gel solution was added: 

and overlayed with water. When the separating gel had pol:Ymerized (30 

minutes), '10 m1 of stacking gel (see section B for formula) was prepared. 

After removal of the water layer on top of the separating gel, 1 ml of 

stacking gel solution was used to rinse the top of the gel prior to adding 

the remaining 9 ml of stacking gel. After the stacking gel was polymerized, 

the water layer was re~oved, electrode buffer (solution llc) was added and 

the apparatus assembledo 

l,. 

' ' 
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25 mg of SCM4.5 was dissolved in 1 ml of the preparative gel 

sample buffer (solution 19b) and heated at 100°C for 1-2 minutes in a water 

bath. This was layered under the electrode buffer onto the top of the gel. 

The electrodes were connected and electrophoresis was performed at 20 rna 

until the last peak was eluted from the gel (about 16-18 hours). The elut

ing buffer (solution llc) flow rate was 90 ml per hour and about 7 ml 

fractions were collected on a LKB fraction collector in the drop counting 

mode (200 drops). The temperature was maintained at 20°C throughout each 

experiment by means of a circulating, refrigerated, constant temperature 

bath. 

Tubes containing individual components were pooled. 0.4 ml 

aliquots were mixed with 0.1 ml glycerol and 100 ~1 was applied to 7.5% 

analytical SDS-gels to check purity of the pooled fractions. 

E. Chromatography of SCM4.5 on Bio-gel ASM. 

(i) Reagents. 

Bio-gel ASM, a 6% cross-linked agarose gel, was obtained from 

Bio-Rad Laboratories. The SDS-tris buffer for elution of the column was a 

0.1 M tris hydrochloride buffer pH 8.50 containing 0.1% SDS. The buffer for 

dissolving the ·sample was the same except that the SDS concentration was 1~ •. · 

(ii) Method. 

50 mg SCM4.5 was dissolved in 5.0 ml SDS-tris buffer and heated 

at 100°C (in a boiling water bath) for 1-2 minutes. ·The protein solution 

was added to the top of a 2.5 X 80 em column of Bio-gel ASM equilibrated 

with the SDS-tris buffer. The proteins were eluted with the same buffer 

and 5 ml fractions were collected on a LKB fraction collector in the drop 

counting modeu Absorbance of the·column effluent was monitored at 230 nm 
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by a Beckman DB-GT spectrophotometer equipped with flow cells and a 

recorder. 

F. Removal of SDS Bound to Proteins. 

(i) Reagents. 

Dowex AG l-X2 (200-400 mesh) in the chloride form was purchased 

from Bio-Rad Laboratories. The tris-urea buffer was 0.05 M tris acetate 

pH 7.8, 6 Min urea. The urea was deionized prior to use, as described in 

section A (i). 

(ii) Method. 

The method of Weber and Kuter (1971) was used. The Dowex l-X2 

resin was exhaustively washed o~ a Buchler funnel with 2 N NaOH, followed 

by distilled water, 4 N. acetic acid, distilled water and finally 0.05 M 

tris-acetate buffer pH 7.8. Prior to use, the resin ~as equilibrated with 

the tris-urea buffer. The protein-SDS complex was dissolved in the tria-

urea buffer (25 mgm/ml) and passed through a small column (1 x 15 em) of 

Dowex l-X2 resin equilibrated with the tris-urea buffer. The column was 

eluted with the same buffer and 10 ml fractions collected. Fractions con-

taining protein were pooled, dialysed exhaustively against distilled water, 

and freeze dried .. 

G.. C-Terminal Amino Acid Analyses. 

Two methods for determing the C-terminal amino acid residue were used; 

the hydrazinolysis method of Akabori et al. (1952) and the tritiation 

method of Matsuo et al. (1966)o 
•· 

(1) Reagentso 
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Anhydrous hydrazine was purchased from Pierce Chemical Co. and 

used without further purification. Isovaleraldehyde was obtained from 

Eastman Organic Chemical Co. 

(ii) Method. 

a. Hydrazinolysis. 

The procedure as outlined by Garver and Hilschmann (1972) 

was used, which is based on the method of Akabori et al. (1952) as modified 

by Braunitzer (1955). 0.1 to 0.5 ~mole of protein was weighed and placed 

into a 16 X 150 mm test tube, whose neck was constricted in a flame. The 

protein was then extensively dried in an evacuated dessicator over P2o5.1.0 

ml anhydrous hydrazine was then carefully layered over the protein, the tube i 

frozen in acetone-dry ice and sealed. After the samples were heated at 

100°C for 8 hours in an enclosed glass water bath, with refluxing, they were 

dried on a rotary evaporator. 0.5 ml deionized water, a few small glass 

beads and 4 drops of isovaleraldehyde were added to the residue and were 

mixed thoroughly on a Vortex mixer. The solution was then extracted 5 times 

with 2 ml portions of ethyl ether, to remove the hydrazides. The aqueous 

phase was dried on a rotary evaporator and the residue dissolved in 2.5 ml 

of pH 2.2 citrate buffer, so that the released amino acid could be determined 

on the amino acid analyser. 

Samples of myoglobin and lysozyme were dissolved in 0.1 ml 

of 10% SDS, heated at 100°C for 1 - 2 minutes and then dried on a rotary 

evaporator. The resulting SDS-protein complex was then subjected to hydra

zinolysis by the procedure outlined above. 

bg Tritiation procedure. 
. . 

(i) Reagents. 
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Tritiated water (specific activity 100 mCi per ml) and Aquasol 

were obtained from New England Nuclear. 

Pierce Chemical Co. sequanol grade pyridine was used. 

(ii) Method. 

The procedure described bv Narita (1970) was us~d, which is 

based on the method developed by Matsuo et al. (1966). 0.05 to 0.5 ~mole 

sample was weighed and placed in a 18 X 150 mm test tube. 0.4 ml dry pyri-

dine and 0.1 ml tritiated water (specific activity 100 mCi/ml) were added 

and mixed. After cooling the solution in ice, 100 ~1 of acetic anhydride 

was carefully added without mixing. The test tube was stoppered and 

allowed to stand overnight (16 hours) at 2°C in an ice bath. 

The contents were then frozen in acetone-dry ice and the test 

tube was attached to a specially-designed distillation device (see.figure 

3-18 in Narita, 1970). After evacuation on a rotary vacuum pump, the.-vent 

was closed, the test tube was removed from the acetone-dry ice and the dis-

tillation side arm inserted in it. At the end of the distillation, the 

vent was opened and the radioactive distillate discarded. To remove ex-

changeable tritium, 0.5 ml of deionized water was added to the residue and 

incubated at 40°C for 5 minutes. This was then distilled off by the above 

procedure. To make sure all exchangeable tritium was removed, the above 

incubation with water and its removal~ was repeated 5 times. 

The dried sample was then hydrolysed with 6 N hydrochloric acid i · 
• i 

and prepared for amino acid analysis as described in section H. Aliquots 

were run on the analyser and 2 ml fractions of the effluent from the colo-

rimeter were collected on a LKB fraction collector. 1 ml aliquots from the 

tubes containing the center of each amino acid peak, were added to 15 ml 
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aliquots of Aquasol. It was found necessary to add 1 ml deionized water 

also, to obtain clear solutions. After thorough mixing of the contents, 

the scintillation vials were counted for 20 minutes on a Becknmn iiquid 

scintillation counter, ~fodel LS230, equipped with a full tritium window. 

Results were converted from c.p.m. to d.p.m. by the external standard ratio 

method. 

H. Amino Acid Analysis. 

(i) Reagents. 

Constant boiling 6 N hydrochloric acid (sequanal grade) and p

toluenesulphonic acid (sequanal grade) were purchased from Pierce Chemical 

Co. 

3-(2-Aminoethyl)indole was prepared from its hydrochloride salt 

(obtained from Pierce Chemical Co.) by the method outlined by Liu and Chang 

(1971). 

(ii) Method. 

The sample (2-3 mg) was dried in vacuo for 1 hour at lOOOc, 

cooled and then weighed accurately. After transfer to a 16 X 150 mm test 

tube, 1 ml of constant boiling hydrochloric acid and 1 crystal of phenol 

(Sanger and Thompson, 1963) were added. The tube was then constricted in a 

flame and evacuated with a rotary oil pump, sealed and hydrolysed for 24 

hours, unless otherwise statedo Longer and shorter times of hydrolysis of 

.some samples were performed, so as to take into account destruction or 

slow release of some residues. 

After hydrolysis, the tubes were broken open, the contents and 

3 washi.ngs (with deionized water) were quantitatively transferred to a 50 mi 
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round bottomed flask. The flask \v:lS attached to a rotary flash evaporator 

and the contents taken to dr~~ess, maintaining the water bath temperature 

at 40nC. The residue in the flask was dissolved in pH 2.2 citrate buffer 

and together with 3-4 washings, was quantitatively transferred to a 5 ml 

standard flask, which was accurately made up to volume. Amino acid analyses. 

of the hydrolysate were performed in duplicate on a modified Beckman amino 

acid analyser, Model 120B, using the 2 column system of Spackman, Stein and 

Moore (1958). 

Some samples were hydrolysed with p-toluenesulphonic acid, ac-

cording to the method of Liu and Chang (1971), which unlike 6 N HCl acid 

hydrolysis does not destroy tryptophan. The sample (2-3 mg) was dried and 

accurately weighed as described above and placed in 16 X 150 rnm test tube. 

1 ml of 3 M p-toluenesulphonic acid, containing 0.2% 3-(2-aminoethyl)indole 

was added, the tube was evacuated on a rotary oil pump and sealed in a flame. 

After ·hydrolysis at 105°C for 24 hours, the tube was opened and 2.0 ml of. 1 

M NaOH added. The solution was quantitatively transferred to a 5 ml standard 

flask, made up to 5 ml with aqueous washings of the hydrolysis tube and 

filtered through a 0.22 ~ Millipore filter. Aliquots of this solution were 

analysed directly on the amino acid analyser. 

I. N-Terminal Amino Acid Analysis. 

(i) Reagents. 

The following reagents were obtained from Pierce Chemical Coo 

(sequanal grade) and used without further purification; phenylisothio-

cyanate, pyridine, dimethylallylaminei benzene, heptane, ethyl acetate and 

· trifluoroacetic acidu Authentic PTH amino acids were also obtained from 

Pierce Chemical Cou 

i 
I 

i 
i 

. I 

I 
! 
I 
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Nitrogen, 99.997% pure, was obtained from Natheson Co. (pre-

purified grade). 

Silica gel (GF254) containing an ultraviolet indicator, was 

purchased from Brinkmann Instruments Inc. 

Propionic acid was purified as follows (Edman, 1970): 750 ml 

propionic acid was refluxed with 10 g of Cro
3

, then distilled on a Widmer 

column and the fraction boiling at 140 - 141°C, collected. 

Solution A is a 1:1 mixture of pyridine and water, made 0.4 M 

with dimethylallylamine. 

Solvent 4 

Heptane 58 ml 

Propionic acid 17 ml 

Ethylene chloride 25 m1 

Solvent 5 (mu~t be made just prior to use). 

Heptane 

Propionic acid 17 ml 

Formic acid (75%) 9 ml 

(ii) Method. 

N-terminal amino acid analyses were performed by the phenyliso~ 

thiocyanate method as outlined by Edman (1970). 

0.1 to 0.5 ~ mole of protein was weighed and placed into a 10 ml 

centrifuge tube. The protein was dissolved in 1 ml of solution A. The pH 

was adjusted to 9.0 with dilute trifluoroacetic acid and 50 ~1 of phenyliso-. 

thiocyanate was added •. ; :.A;ft~r ·th~ tube \vas: flushed with nitrogen, it was 

stoppered and placecl :~ i~~ ·.~. ·~O~C \i.a ter bath for 1 hour. . ... : .. . . ·.· . ~;".~ . . . ·. ' 



29 

The solution.was then extrabted with benzene (5 X 2 ml) and the 

aqueous phase freeze ·~ri:ed Q The sticky, residue was extracted with ethyl 
. · .. 

'• . . 
acetate (3 X 0.5 m1) and.any remaining ethyl acetate dried under a stream 

of nitrogen. 

To cleave the phenylthiocarbamyl peptide, the dry sample was 

heated with 100 ~1 trifluoroacetic acid in a water bath at 40°C for 15 

minutes. The peptide was precipitated with 3 ml ethylene chloride, centri-

fuged, and then washed twice with 1 ml aliquots of the ethylene chlorideo 

The ethylene chloride supernatants were combined and evaporated under a 

stream of nitrogen. 0.2 ml of 1 N hydrochloric acid was added and the 

solution heated at 80°C for 10 minutes. The acid solution was extracted 3 

times with 1 ml of ethyl acetate, which was dried under a stream of nitrogen 

and the PTH amino acid was dissolved in 100 ~1 ethylene chloride. The aqueas 

solution which contains PTH-arginine and PTH-histidine was either freeze dried 

and the PTH amino acids dissolved in ethylene chloride or spot tests were 

applied for the identification of the two amino acids (Sakaguchi reaction for 

arginine and reaction with Pauly reagent for histidine). The PTH amino acids 

were identified by thin layer chromatography, using the method of Jepsson and 

Sjoquist (1967). 

Glass·plates· (20 X 20 em) coated with 0.3 mm thick layer of 

silica gel (containing an ultraviolet indicator) and scribed into 1 em lanesp · 

were spotted with 2 ~l.~f:unknowns and standards. The plate was equilib

rated for 30 minutes in ~the chromatography tank with solvent 5, before being 

developed. After development, the plate was removed, dried and the migration 

of the spots observed under ultraviolet lightQ The plate was then developed ... 



30 

in solvent 4, again after a 30 minute equilibration. It W3s then removed, 

drie~ and again observed under ultraviolet light. 

J. Carbohydrate Analyses. 

(i) Reagents. 

The orcinol solution was made by dissolving 1.6 g orcinol (re

crystallized from benzene) in 100 ml water. 

The galactose-mannose standard was made by dis~olving 10 mg of· 

each hexose in 100 ml water. 

The sulphuric-orcinol reagent was made just before use by 

mixing 1 part of the orcinol solution with 7.5 parts of 60% aqueous 

~u1phur~c acid. 

(ii) Method. 

The method of Winzler (1955) was used. The protein (about 10 

mg) was dissolved in 1.0 ml of 0.1 N NaOH. A blank and standards were pre~ 

pared and adjusted to 1.0 ml. 8.5 ml of the sulphuric-orcinol reagent was 

added to each tube and mixed well by inversion. After capping the tubes 

with marbles, they were heated at 80°C for exactly 15 minutes. The tubes 

were immediately cooled in running tap water and read. on a Beckman DB-GT 

spectrophotometer at 540 nm. 

. i 



RESULTS 

A. Solubilization of the F.pidermal Proteins. 

\ 

25.2 g (wet weight) of epidermis was obtain~d from 30 cows' snouts •. 

The yield of freeze d~ied, 4.5 protein solubilized from this epidermis was 

1.255g. 

To determine the water content of the epidermis, 0.857 g (wet weight) 

of epidermis was freeze dried. The resulting weight was 0.292 g. Thus the 

weight loss was 0.565 g or 65% of the epidermis. 
35 

Dry weight of 25.2 g enidermis = 25.2 X 100 

= 8.82 g 
1.255 

% protein dissolved 8.82 X 100 

14.2 

B. Determination of Free -SH Groups. 

The mo .. larity of·~-~ (~CMB) is given· by 

·. ~-~B:::=: ·MGSH. X 3.0 
:-._.:: .... VPcMB 

where MGSH is molarity of GSH solution (6.95 X 10-5) and 

VPCMB is the volume (ml) of PCMB required to titrate 3.0 ml of GSH 

solution. It is obtained from the intersection of the two straight lines 

that result when the data from the titration is plotted as shown in figure 3. 

The volume of PCMB required to titrate the GSH to the end point £"rom 

the experiment shown in figure 3 was 0.138 ml. In a duplicate titration the 

volume was 0.140 mlo Thus 

M 
PCMB 

= 

-5 
6.96 X 10 X 3.0 

0.139 

lv50 X 10-3 

31 
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The titration of the 4·.s protein is shown in figure 4. 10.72 mg dry 

protein was dissolved in the buffer and w;ts used immediately for the titra-

tions. 

The volume of PCMB used to titrate 3 m1 of the protein solution to the 

end point, in duplicate experiments, was 0.079 and 0.077 ml. 

where M-SH is moles of free -SH groups in 3 ml of SCM4.5 solution, 

MPCMB is the molarity of PCMB solution, and 

VPCMB is the volume of PCMB required to titrate 3 rnl of 

SQ14.5 solution to the end point (in litres). 

M-SH = 1.50 X 10-3 X 0.078 X 10-3 

l.l70 X 10-7 

Amount of free -SH groups ( [ -SH]) in the prote"i11: 

M-SH X 10 moles/g 
[-SH] = ----

3
-

W 

where W = weight of protein (g) dissolved in 10 ml buffer 

-7 10 
[-SH] 1.170 X 10 X~ moles/g 

10.72 X 10-3 

36.4 X 10-6 moles/g 

= 36.411 moles/g 

A further 3.0 ml of the SCM4.5 solution was titrated with PCMB after 

being allowed to stand o~ernight. Only ·OaO~O ml was required to reach the 

end point which is equ~valent to.the protein containing only 9.3 ~ moles/g 

of free -SH groups. 
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C. Carhohvdrate analvses. 

The absorbance of various concentrations of the galactose-mannose 

standard is shown plot'ted in figure 5. The absorbance of 8.88 mg SCM4.5 

reacted with orcinol was 0.080 and of 9.44 mg, 0.088. From the gra?h 

(figure 5) these absorbances are equivalent to 0.037 and 0.040 mg of hexose~ 

which in both cases indicates that SCM4.5 contains 0.42% carbohydrate. 

D. Separation of the SCM4.5 Proteins 

The ~CM4.5 protein was dissolved in the sample buffer and run on 13% 

SDS gels. It was found that very little of the sample entered the gel; most 

of the protein had precipitated at the gel surface. This was probably due-··:· 

to incomplete disaggregation of the protein by the SDS. 

Maizel (1971) indicated that other investigators working with.polio-

virions, adenovirions and some proteases had experienced similar problems 

when running their samples on SDS-PAGE. They had overcome the problem of 

incomplete disaggregation by heating the protein solutions at elevated 

temperatures prior to e1ectrophoresis. Thus, Maizel (1971) suggests that 

0 
all samples should be heated at 100 C (in a boiling water bath) for 1-2 

minutes prior to electrophoresis, to avoid any possible difficulties and 

artefacts. 

0 
After heating the SCM4.5 protein solution at 100 C for 2 minutes, it 

was found that the protein did not precipitate on the surface of the gel 

and that separation into several components was obtained, as shown in 

figure 6. 0 Thus all further samples were heated at 100 C for 2 minutes 

prior to running on SDS-PA.GE. 

The separation of 4.5 protein on 13% gels is shown in figure 6a and 

I 

c: 
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FIGURE 6 . Phot ogr aph .£!.. SDS-PAGE gels.£!_ 4 . 5 and SCM4 . 5, at various ~ concentrati ons. 

a. 4. 5 , 65 ~g protein, 13% gel . b . SCM4.5, 70 ~g protein, 131. gel. 

c . SCM4. 5 , 15 ~g protein, 13% gel. d. SCM4 .5, 15 ~g prot ein , 10% gel. 

e. SCM4.5, 15 ~g protein, 7.5% gel. f. SCM4.5, 15 ~g protein , 5% gel . 

g. SCM4 . 5, 15 ~g protein, 7.5% gel. Designation of components. 
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that of SCH4. 5 ·on 13, .10, 7. 5 and 5% gels in figures 6b through 6f. 

On the basis of the above separation of SCM4.5 by SDS-PAt.E, an attempt 

was made to separate the protein bands using a Bio-gel A5~1 col;umn eluted 

with a SDS-tris buffer. The elution profile is shm.,rn in figure 7 .. Fract

ions (as indicated in figure 7) were pooled and an aliquot of each taken 

and ran on analytical SDS-PAGE giving the results shown in figure 8. 

As separation of the SCM4.5 proteins on the Bio-gel ASH column was not 

adequate, preparative SDS-PAGE was tried. Apart from the requiremeut of 

high purity chemicals (Rtghetti and Secchi, 1972; Chrombach and Rodbard, 

1971); there are a number of variables which must be optimized before 

adequate separation of proteins can be accomplished by means of preparative 

PAGE. These are; a) choice- of separating gel, or separa t·ing gel plus 

stacking gel; b) gel concentration; c) length of gel(s); d) current; 

e) eluting buffer flow rate, and f) the maximum amount of protein which 

can be applied to the gel and still maintain adequate separation (Maurer, 

1971). 

One of the main functions of the stacking gel is to increase resolution. 

by concentrating the proteins into a narrow band prior to their migrating 

into the separating gel (Davis, 1964). Therefore, since the sample volume 

was relatively large (1 ml), a stacking gel was indicated. 

The migration pattern of the proteins in the different gel concentra

tions (see figure 6) indicated that a 10% gel (6d) or 13% gel (6c) would be 

required for adequate separation of the components. In the 7.5% gel (6e)~ 

Some of the COID?Onents moved With the electrophoresis front and thus could 

not be resolved~ whiie only one component was retarded on the 5% gel (6f)o 

The rate of migration of the proteins in the 13% gel was about one third the 
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FIGURE 8. Photograph of SDS-PAGE gels of frac t ions (shown i n 
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rate of migration in the 10% gel. Consequently each band was diluted 

~onsiderably more than the bands from the 10% gel. Also, it took about 48 

hours to elute_all the proteins from the 13% gel, which was prohibitively 

long. Thus a 10% separating gel was·used. 

Several experiments were performed varying the amount of stacking 

and separating gels. The optimum a~ounts found for the gels were_20 ml of 

sepa-rating gel (6. 2 em long _in the PD2/320 column) and 9 ml of stacking-

gel (2.8 em). 

To obtain undis tor ted migi)ation of the bands through the gels, ohmic 

heating has to be kept to a minimmn~ ··· (Jovin ·et al., 1964). this is ac;... 

complished by cooling the gel with a refrigerated, constant temperature 

bath. However, the cooling capacity can be exceeded by too high a current .. 

Thus, the current is-kept as low as possible, while obtaining separation in 

a reasonable time. It was found that a current of 20 rna gave good separa-

tion in 16 - 18 hours, wi_thout any obvious artefacts. 

The instruction manual for_the preparative-PAGE indicated that the 

optimum buffer flow·rate was between 1 and 6 ml/minute. A flow rate of 

1.5 ml/minute was found to give good results with minimum dilution of the 

eluted fractions. 

For well resolved proteins, optimum resolution can be obtained with 

up to 10 mg per cm2 of each protein species (Righetti and Secchi, .1972). 

For closely spaced bands, the upper limit has to be ·lowered significantly. 

Higher loads than 30 mgm SCM4.5 were found to impair the resolution signif-

icantly, and thus about 25 mgm samples were use. 

A typical separation is ohown-in figure 9. Tubes· containing each of 

the fractions shown·w~re pooled. A sample of each fraction was checked for 
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FIGURE 10. Photograph of SDS-PAGE gels of fractions (shown in figure ~) from 
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purity on analytical SDS-PAGE using 7.5% gels, and the results are shown·in 

figure 10·. Fractions 1, 2 and 3, which ran in the electrophoresis front on. 

7.5% gels, were run on 10% gels. Only fraction 3,gave.a barely preceptible: 

stained band. Fraction 2 corresponds to the position of elution of the 

tracking dye (bromophenol blue) and fraction 1 to a refractible band that 

was observed to move just in front of the tracking dye and is probably due 

to unpolymerized acrylamide (Chrambach and Rodbard, 1971). 

The amount of protein, freed o.f SDS, which was recovered in the 

pooled fractions from 10 preparative PAGE runs, is shpwn in table 2. It 

can be seen that a total of 50.4 mg of.protein in 7 fractions was obtained 

from the 250 mg .SCM4.5 applied. The analytical SDS-PAGE pattern of each 

'fraction (SDS free) is sho"tom in figu~e 11. 

E. Molecular Weights of the SCM4.5 Proteins. 

The molecular weights of the main components of SCM4.5 were determined 

by analytical SDS-PAGE and typical gels are shown in figure·l2. The follow

ing proteins were used to calibrate the gels (molecular weights are taken .. 

from Weber and Osborn, 1969); phosphorylase A (94,000), bovine serum albumin· 

(68,000), fumarase (49,000), aldolase (40,000), carboxypeptidase A (34,600),. 

and the light chain from human gamma-globulin (23,500). The mobilities of 

the calibrating proteins (0) are shown piotted against their molecular 

weight in figure 13. 

The mobilities of the various ·SCM4.5 protein components (+) are also 

shown in figure 13, where they intersect the straight line. The molecular 

weight·of the components derived from the graph are shown in table 3. 



'•':' ;· 

TABLE 2. Amount of protein (SDS free) recovered from ·10 preparative . 

SDS-PAGE experiments. 

Preparative Protein Weight freeze 

fraction component dried protein 

number (mg) 

10 SCM4.5A 20.1 

9 SCM4.5B 6.3 

8 SCM4.5C 10.2 

7' SCM4.5D 11.8 

6 SCM4.5E 0 

5 SCM4.5F 1.4' 

4 SCM4.5G 0.6 

45. 
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SCM4.5 SCM4.SA SCM4.5B SCM4.5C SCM4.5D SCM4.5F SCM4.5G 

FIGURE 11. Photograph of SDS-PAGE gels of pooled components of SCM4.5 

(after removal of SDS) from 1Q preparative SDS-PAGE experiments. 

7.5% gels. 
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FIGURE 12. Photograph of typical SDS-PAGE gels used for 

molecular weight determinations. 10% gels. 
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TABLE 3. Molecular weights of SCM4.5 components determined £I. SDS-PAGE. 

SCM4.5 component Molecular weight 

SCM4.5A 79,000 

SCM4.5B 67,000 

SCM4.5C 63,000 

SCM4.5D 60,000 

SCM4.5E 56,500 

SCM4.5F 44,000 

SCM4.5G 38,000 

' 
I : . 
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F. End Group Analyses. 

Both N- and C-terminal amino acid analyses were attempted on the 

proteins. 

1. N-terminal amino acid analyses. 

The phenylisocyanate method of Edman, when applied to SCM4.5, 

·indicated that all of the end g~oups were probably blocked, since no PTH 

amino acid was obtained. 

To check that the method was being used correctly, a sample of 

ribonuclease and lysozyme was run in parallel to another sample of SCM4.5. 

TheN-terminal amino acid of ribonuclease and lysozyme, lysine (Dayhoff, 

I 

1969), was clearly identified on the TLC plates, but again no PTH amino 

acid was obtained from the SCM4.5. 

· 2 •. C-terminal amino acid analyses. 

To see if SDS interfered with the determination of the C-terminal 

amino acid of proteins (by hydrazinolysis), myoglobin and lysozyme, with 

and without SDS, were studied. The results, shown in table 4, ·indicate 
I 

that the C-terminal amino acid of a protein complexed with SDS can be. 

determined by hydrazinolysis. Also the small amounts of glycine and serine· 

obtained from lysozyme and small amounts of serine and alanine.from myo- · 

globin are eliminated when the protein-SDS complexes are :subjected to· 

hydrazinolysis. 

The hydrazinolysis of· 4.5, SCM4.5 and its components are shown 

in table 5. The yield of free amino acids.from all of the components 

(ex'cept) SCM4. SC was higher than the theoretical yield calculated from the· 

I 

! 
. :· 

. I 

. i 

I 

! I. 

mol'ecular weights of the proteins. Threonine, serine, glycine, alanine and. 
! 

leucine were. found in all samples· (except SCM4. 5C) with :serine and· ·glycfne 



TABLE 4e C-terminal ~acid analyses .2f lysozyme and myoglobin .QI. hvdrazinolysis. 

Protein Experiment Weight of Amount of free amino acids found Yield of C-
nuniber sample (U moles/g)a terminal awino 

(mg) acid (%) 
Ser Gly Ala Leu 

Lysozyme 54 2.99 6.3 1>3.6 0 38.8 55 

Lysozyme 62 2.40 0.2 0.3 0 43.7 63 

Lysozyme+SDS 55 2.53 0 0 0 43.0 61 

Myoglobin 58 3.83 4.3 31.0 4.2 0 53 

Myoglobin 65 2.46 3.1 29.7 1.4 0 51 

Myoglobin+SDS 59 2.35 0 28.8 0 0 50 

-~ 

l.____:.___ __ ~ ___ :______ ______ ._- - ------ __:_____ ------ ---~ 

L__ ____ - -. -----

a . . A zero value indicates below level of detection of analyser, which 1s approximately 0.01 ~ moles/g 
for a 5 mg sample. 

bCalculated from known molecular weight. For lysozyme (14,300) C-terminal amino acid is leucine and 
for myoglobin (17,200) it is glycine (Dayhoff, 1969). 

Us .... 



TABLE 5. C-terminal amino acid analyses of 4.5, SCM4.5 and SCM4.5 components ~ hydrazinolysis. 

Weight of Theoretical Yield of . Amount of fr_ee amino scids 

Protein sample C-terminal amino acid found (~ mole/g) 
(mg) . {lJ moles/ g) a 

Thr Ser Gly Ala Leu 

4.5 8.60 - 0 1.7 3.9 0.6 . 1.9 

SCM4.5 ·2.46 - 0 3.6 4.7 0 1.8 

SCM4c5A-SDS 9.10 13.7· 1.2 5.7 34.1 0.8 1.0 

SCM4.5A 2.82 13.7 o.7 45.7 ' 29.4 9.2 5.6 

SCM4.5C-SDS 2.75 15.9 8.2 40.9 89.2 12.7 10.5 
.. 

SCM4.5C 1.83 15.9 0 2.8 9.1 0 0 

SCM4 .. 5D-SDS 10.00 16.7 1.2 5.4 25.9 0.5 1.0 
.. 

SCM4.5D 2.50 16.7 - 13.1 58.7 41.5 16.1 8.9 

aCalculated from molecular weight in table 3. 

bA zero value indicates below level of detection of the analyser, which is approximately 0.01 lJ moles/g· 

for a 5 mg sample. 

.r, :· ,. 
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TABLE 6. C-terminal amino acid analyses of lysozYme and 8~4. SA h the · 

a tritiation procedure. 

Protein Sample Amount of Tritium Incoporated· (D.P~M~) 
Weight (mg) 

Asp Ser Gly Leu Lys·· 

'• 

Lysozyme 7.04 23.5 0 0· 139 0 

'. ·SCM4.5A 5.0 494 676 2224 0 436 .. 

a 
Only amino acids .showing greater than 5% of D.P.M. of 111ost highly labelled 

amino acid are reported. 

I. 
I 
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being the major free amino acids. Hydrazinolysis of the SCM4 .SC and the SDS 

complexes of SCM4 • .5A, C and D indicated that glycine was the major C-

terminal amino acid. However,after hydrazinolysis of SCM4.5A and D it was. 

found that serine was slightly higher than glycine. 

A small peak, eluting at the same time as lysine, was observed 

on analysis of SCM4. 5 and its components after hydrazinolysis. Since hydra- ··: . 

·zides are eluted with the basic amino -acids on the short column of the 

amino acid analyser (Narita, 1970), the small peak was not positively identi-

fied as/lysine. Quantitati~n of the peak, assuming it was lysine, indicated·· 
I 

in all cases it was less than 10% of the value of the major amino acid. 

The results from the C-terminal amino acid analyses of lysozyme 

and Sr.M4.5A by the tritiation procedure are shown in table 6. For lysozyme, 

it was found that leucine contained most of the tritium label and aspartic 

acid a lesser amount (about 12%). After tritiation of SCM4.5 A counts were 

found in aspartic acid (13% of total) ,· serine (18%), , glycine (58%) and 

lysine (11%). 

G. Amino Acid Analyses. 

The results of timed hydrolyses of SCM4. 5 are shown in t-able 7. Cor-

rections for decomposition and incomplete liberation of amino acids during 

the first 24 hours of hydrolysis were obtained by linear extrapolation to 

zero time (Tristram and Smith, 1963). · The corrections for serine, threonine· 

.and tyrosine, which are partially destroyed, were 10 ~ 3, 4. 0 and 4 ~ 8% respe_c t- . 

ively. For isoluecine, due to incomplete liberation, the correction was 5.0%~ 

Corrections for the other amino acids were less than 2%o Since one cannot 

be sure that the corrections for all samples will be the same, all of the 

I 

I' 

1. 
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l 
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TABLE 7. Amino acid analyse·s of SCM4.5 hydrolysed with 6N HCl for various 

times. (umoles/g) 

Amino acid 12 hours 24 hours 48 hours 96 hours 

Aspartic acid 879 862 883 858 

Threonine 379 376 350 307 

Serine 839 823 722 535 
,, 

Glutamic acid 1410 1432 1422 1409 

Proline 119 124 117 122 

Glycine 1260 1258 1263 1263 

Alanine 632 635 632 633 

SCM-cysteine 54 52 54 53 

Vali.ne 421 460 448 431 

Methionine. 157 152 1.57 155 

Isoleucine 340 379 393 387 

Leucine 852 880 870 862 

Tyrosine 275 293 267 238 

Phenylalanine . 279 294 287 276 

Lysine 424 460 446 443 

Histidine 78 78 75 . 71 

Arginine . 554 '576 523. 501 
! 

·' i 
i . 
. I . 

.,· 
I 
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TABLE 8. Amino acid analyses of 4.5 and SCM4.5 hydrolysed with 6N HCl and .. 

SCM4.5 hydrolysed with p-toluenesulphonic acid. (Moles/100 moles) 

Amino acid 4.5 (6N HCl) SCM4.5 (6N HCl) SCM4.5 (p-TSA)' 

Aspartic acid 9'.13 9.58 9.70 

Threonine 4.25 4.04 4.19 

Serine . 9.59 10.03 10.66 

.Glutamic· acid 14.36 14.23 14.01 
.. 

·.·· 
Proline 1.36 1.23 1.16 

Glycine 14.47 15.06 15.10 

Alanine 6.55 6.55 6.69 

~ Cystine 0.42 0.82a 1.01a 

Valine 5.79 4.61 4.23 

Methionine 1.83 1 ~49 . 1.43 

Isoleucine 4.31 . 4.00 3.75 
i 

Leucine 9.25 9~44 9.44 

Tyrosine 3.13 3.04 3.14' 

Phenylalanine 3.26 3.46 3.50 

Tryptophan . N.D. N.D. 0.32· 

Lysine 4.67 5.24 4.93 

Histidine 0.98 Oo93 0.79 
.. 

Arginine 6o55 6.23 5 .. 91 
I 

a 
Determined as SCM-cysteineo 

N.D .. = not determined .. 
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TABLE 9. Amino acid analyses of SCM4 · 5 and comp_onents~~ (Moles/lOOmoles) • 

. . 
. Amino acid SCM4.5 SCM4.5A SCM4;,5B SCM4.5C SCM4.5D · 

Aspartic acid 9.58 7.47 8.95 9~23 9.. 03 . 

Threonine 4.04 3.61 ·3.92 4.03 4.05 .. 
: 

.. 
Serine 10.03 13.52 11.72 11.86 12.76 

Glutamic acid 14.23· 13.03 13.85 f4.05 14.99 ,. \ . 

.. 

Proline 1.23' 1.85 1.15 1.08 1.48 

Glycine 15.06 20.96 17.57 16.61 14.28 

Alanine 6.55 7.37 6.62 6.53 6.94 
.. 

SCM-Cysteine 0.82 0.57 0.50 0~67:. 0.72 

Valine 4·.61 4.45 4.40 . ·4.35 5.04. 

Methionine 1.49 0.91 1.36 1.38 1.32 

Isoleucine 4.00 . 3.31 3.92 3.89 3.52 
.. 

Leucine 9.44 6.99 8.95 9.09 8.81 
'·. 

Tyrosine 3.04 2.05 3.09 ; 3.21 3~.·10 

Phenylalanine 3.46 3.96 3.39 3.29 2.59" 

Lysine 5.24 5.13 4.43 4.61 5·.34 

Histidine 0.93 0.69 0.59 0.43 0.80 ! 

.. 
Arginine 6.23 4.22 5.42 5.10" 5.23 ' 
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values reported are uncorrected for hydrolytic losses. 

Shown in table 8 are the amino acid analyses of 4.5 and SCM4.5 hydro-· 

lysed by 6 Nhydrochloric acid and of SCM4.5 hydrolysed by p-toluenesulphonic 

acid to obtain a value for tryptophan (0.32 moles/100 moles) which is de

stroyed during 6 N HCl hydrolysis. The values for each am{no acid from 

the 3 analyses are within experimental error, except for 1/2 cystine. The 

1/2 cystine value of SCM4.5 is double the value obtained from 4.5. 

Amino acid analyses of SCM4.5 and its components are shown in table 9. 

Although there are minor variations in the values for each amino acid, there· 

are no significant differences between the analyses of the components when 

compared with one another or with SCM4.5. 

Recovery of anhydroamino acids in all samples analysed was greater 

than 94%, which indicates the samples contain little or no non-protein 

material. 

! . 

. \ 



DISCUSSION 

Matoltsy (1965) showed by electron microscopy that the tonofilaments 

in the stratum malpighii is essentially the only material dissolved by 

citric acid sodium citrate buffer, pH 2.6. It is unfortunate that he chose 

to call the solubilized proteins ''prekeratin", presumably from a contraction 

of "keratin precursor"e It can be seen by electron microscopy that the 

"keratin" of stratum corneum contains filaments which are believed to be 

derived from the tonofilaments. However, it is unknown whether the tone

filaments are modified or altered during formation and dispersal of the 

keratohyalin granules in the stratum granulosum or during the keratinization 

process. Lipid~ are also involved in forming "keratin", since in some cases 

of altered lipid metabolism abnormal keratin is produced (Yardley, 1969). 

Thus lipid is equally a "keratin precursor". For these reasons I have used 

the terms 4.5 protein (instead of "prekeratin") and SCM4.5 for its reduced 

and s~carboxymethylated derivative. 

The method devised by Matoltsy (1964a, 1965) for isolating the 4.5 

protein, avoids the possibility of denaturing-or degrading the proteins as 

-·· 

do the urea or dilute alkali solubilization procedures. However, the long .. 

time needed to isolate the 4.5 material (7-10 days) allows for artifacts due 

to bacterial or fungal digestion. For this reason it was found necessary to 

incorporate 0.02% sodium azide into the CASC buffer. O'Donnell's technique 

(O'Donnell~ 1971)~ using 98-100% formic acid, to solubilize the epidermal 

proteins~ has the advantage of rapidityo It requires only 2-3 hours, but· 

probably leads to unfolding of the protein chainsu Thus, the acid-citrate 

buffer of Matoltsy yields material closer to its native state than any other 

solubilization method yet devised .. 

Matoltsy (1965) reported that about 1 g of vvprekeratinvv can be 

59 
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obtained from the epidermis of 20 cows' snouts. In these studies it was 
I 

i 

found that 30 snouts yielded 1.25 g of 4.5 (or "prekeratin") which is 14.2% I 

of the epidermal sheets removed from the epidermis (based on dry weight). 

Amino acid analyses of 4.5, SCM4.5 and its components indicated that 

the material was probably 100% protein. Carbohydrate analyses by the orci-

nol method indicated a maximum of 0.4% carbohydrate in SCM4.5. Matoltsy 

(1965) obtained a value of 0.1% for "prekeratin". 

O'Donnell {1971) obtained circumstantial evidence that there are only 

sulphydryl groups and no disulphide bonds in the material solubilized by 

formic acid. To see if the 4.5 protein contained only sulphydryl groups, it 

was titrated with p~chloromercuribenzoate. The titration of the 4.5 protein 

indicated that there was 36.4 ~ moles/g of free -SH. From amino acid 

analyses, a value of 53 ~ moles/g was obtained for SCM-cysteine. This indi-

cates that 68.7% of the cystine was in the reduced form· in the 4.5 protein 

material. 

It is well known that oxidation of -SH groups occurs readily in solu-

tion, unless oxygen is rigorously excluded. For example, it was found that 

the amount of titratable -SH groups in a solution of 4.5 protein in 8 M urea 5 

decreased from 36.4 ~ moles/g to 9.3 in a period of about 16 hours (over-

night). Since it takes about 7 days to prepare the 4.5 protein and it is in 

' . l 

. I 

. I 

solution for most of this time, it would be expected that oxidation of some :· 

of the sulphydryl groups would have occured. Thus it appears possible ·that 

there are no disulphide bonds in the 4.5 proteirt"in· ·vivo. The 31% -s-s-

seen in the extracted 4.5 material is probably an artefact, being formed·· 

during the isolation procedureQ Since the 4.5 material appears to be agg

regated in 8 M urea (se~ appendix), another explanation could be that 69% of 

: 
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the -SH groups are exposed and titratable while 31% are buried and not 

accessibl~ to the reagent~ 

Histochemical observations rising rtitroprusside and prussian blue (see · 

Rudall, 1952) had revealed. that 'the malpighian layer was rich in -SH ·groups,. . · · · 
.... 

whereas the stratum corneum contained few or none. However, nitroprusside~ 

although highly· specific for -SH groups, does not define detail adequately. 

and prussian blue is not· specific for -SH groups. ·.Barnett and Seligman 

(1952) showed that 2,2'-dihydroxy-6,6'dinaphthyl disulphide was a specific 

histochemical stain for ..;.SH groups. In 1954 they extended the method t() 

the demonstration of -SH and --s-s- .in sections of various tissues. By.this ·.· 

··method they showed that ~he malpighian layer consisted of -SH groups with · 

few or no -s-s-, whereas the stratum corneum contained -s-s-, as well as a 

smaller amount of -SH groups. 

Matoltsy (1965) showed that "prekeratin" (4~5 protein) came from the·· 

malpighian layer of the cow's .snout .epidermis. From the evidence of the·. 

histochemical studies, the finding of O'Donnell (1971) and this work, that 

protein solubilized from th.e .malpighian · iaye~ is essentially all in the 

sulphydryl form, is not surprising. Thus reduction and blocking of the 

sulphydryl groups by S-carboxymethyla~ion maintains the 4.5 protein in.its 

probable native state. 

Although two bands were observed when the 4.5 protein reduced with 6-

·mercaptoethanol was run on PAGE» using the system of Davis (1964) » n·o bands 

J,. 

. ·.·,. 

were seen when SCM4. 5 was run on tris-urea gels (Jovin 11 Chrambach and Naugh- '. 

ton, 1964) or SDS-urea gels (Hinman and. Phillips, 1970)u In each of ·these 

systems a broad smear of stain· in the gels and a heaVy stain: at the top of 

the gels was observedo. This indicated that the SCM4o5 was precipitating at 
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at the gel surface. 

Heating of the SDS-SCM4. 5 solution to 100°C for 2 minutes is apparent~·.·' 

ly necessary to compl~;tely disaggregate this protein by SDS, since, on 

electrophoresis the SCM4.5 does not precipitate on the surface of ~he gel 

.and separates into several components (see figure 6). Maizel (1971) -~ndi~· 

cates that heating has also been found necessary to disaggre~ate other 
. 0 

proteins and suggests all proteins should be heated to 100 C for 1-2 minutes 

prior to SDS-PAGE. 

S-Carboxymethylation of the 4.5 protein does not alter the SDS-PAGE 

pattern as expected _(see figure 6). It can be seen that SCM4.5 (and 4.5 or 

"prekeratin") consists of a number of polypeptides. Three components (A, C11_ 

and D, see figure 6) make up the bulk of the material with B, E, F and G 

being present in lower concentrations.· In gels ruri with a ·high protei,n load, 

(figure 6, a and b) it can be seen that there are other polypeptides present· 

but in much lower concentration. Thus for the _first time it is shown that 

,nprekeratin" is an aggregate and not a single moleculee. 

Tezuka and Freedburg (1972) reported a SDS-PAGE pattern that they ob- .·. _: 

tained from their tonofilament fraction extracted from newborn rat eptderm~s. 

The photograph of the series ·of bands labelled l-in their figure 7A appears· 

to be similar to the pat~ern obtained for SCM4.5. The.bands labelled 2 and 

3 in their figure 7A were not seen in SCM4o5 preparations. 
1'\J . 

Shapiro, Vinuela and Maizel (1967) were the first to show that the 

mobility ·of proteins in SDS-gels was dependent on their molecular weight and 

independent of their chargeQ Thus,. by suitable_ calibration of SDS-gels, with 

proteins of known molecular weight, the molecular weight of proteins of 

unknown size can be determinedo In a study to determine the reliability of 

·l 

-! 
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molecular weight determinations by SDS~PAGE, Weber and Osborn (1969) con-

eluded that the method can be used with great confidence for a· wide variety 

of proteins, to obtain results with an accuracy of at least ± 10%. The 

.. only limitation to the method is that the relation between mobility and· 

molecular weight breaks down for proteins with molecular weights of less 

than about 15,000 (Williams and Gratzer, 1971). Thus the molecu1ar weight ... · 

of proteins of less than 15,000 cannot be accurately determined by. SDS-PAGE •. _ .. 

The ·two main components of SCM4.5 have molecular weights of 60,000 

(SCM4.5D) and· 63,000 (SCM4.5C) as determined by SDS-PAGE (see table 3). The 

values reported in the literature for the various protein fractions isolated · 

from epidermis are shown in table 10.. In all of the investigations reported, 

except that of Matoltsy (1965), ·the observed molecular weight has been be-

pattern that appears similar to that obtained 'for SCM4.5. They report that 

the molecular weight range for the bands (labelled 1, figure 7A, Tezuka and· · · 

Freedburg, 1972} to be 43,000 to 71,000, with the major band being 60,000. ·· 

This agrees well with the results for SCM4.5 of 38,000 to 79,000 with the 

major bands being 60,000 and 63;000. However, they. also report bands.· of · 

molecular weight 120,000 and >500,000 which were not .seen in the SCM4.5 

materialu 

No separation of the components of SCM4.5 was obtained by chromate-

graphy on a 6% agarose '(Bio-gel ASM} column with a SDS-tris buffer (see 

figure 7 and 8). The size of the SDS-protein complexes (s-~e table 3) is 

too close for separation by this method~ unless an extraordinary long column · 

(or several in series) was usedo 

. ! .. 

. ~ 



Source of 

epidermis 

Cow snout 

Cow snout 

Cow snout 

Cow snout 

Cow snout 

·Human 

New born rat 

TABLE .!.Q.. Molecular weights of proteins extracted from-- epidermis. 

Extraction·procedure 

6M urea 

6M ~rea, 5.5 fraction 

Acid citrate, pH2.6 

98-100% formic acid. 

6M urea, 5.5 fraction· 

0.02M NaOH; 5.5 fraction 

BM urea following tetra
phenylboron and deoxy:... 
cholate extracti6n 

... 
4',. 

Method of molecular 

weight determination 

Ultracentrifugation 

·Ultracentrifugation 

Ultracentrifugation 

Ultrarientrifugation and 
molecular sieve chromat
ography in 8M urea 

Molecular sieve chromat
ography (non-dissociating) 

Thin layer gel filtration 

SDS-PAGE and molecular sieve 
chromatography in 6M 
guanidine hydrochloride 

. . -· --. -. -:-- -.-4 

Molecular 

weight 

60,000 

70,000 

640,000 

63,000 

50,000 

50,000 

. 60,000 
(120,000) 

Reference 

Mercer an(! 
· Olofsson .(1951) 

Woernley et al. 
(1957) 

Matoltsy (1965.) 

O'Donnell (1971) 

Carruthers-and 
Bhattacharaya 

(1972) 

Crounse (1966) 

Tezuka and 
Freedb':lrg (1972) 

.0\ 
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After optimizing the variables associated with the preparative SDS-

PAGE, an adequate but not ideal separation of the SCM4.5 components was 

achieved. Pure fractions were obtained as evidenced by analytical SDS-PAGE 

and of the fractions from each run (see figure 10) and also of the pooled 

fractions after removal of SDS (see figure 11), However; only about 20% of 

the material applied to the column was recovered as pure fractions (see table 

2). This is due to the size of the components being so close together. 

Weber and Kuter (1971) have shown that SDS can be quantitatively re-

moved from a SDS-protein complex by ion-exchange chromatography in 6 M urea. 

Their method was used to remove the SDS from the fractions obtained from the 

preparative SDS-PAGE in this study and it is assumed that the removal was 

quantitative. No experiments were performed to prove this. 

To try to .determine if the proteins isolated by preparative SDS-PAGE · 

were homogenous, end group analyses were performed. It was found that no N-

terminal amino acid(s) could be detected in SCM4.5 by the phenylisothio-

cyanate method of Edman. Therefore the method was not applied to any of the 

separated fractions. Apparently, the N-terminus is blocked either ·by N-

acylation (acety~ation or formylation) or by pyroglutamic acid. Fraser, 

MacRae and Rogers (1972) report th~t in wool, human hair, callus, nails and· 

feather only traces of N-terminal amino acids can be found. They indicate 

that the N-terminal amino acids in mammalian and avian keratins are almost 

certainly acylated~ Thus it appears probable that the N-terminal amino 

acids of the proteins in SCM4o5 are also acylated. 

Since N-terminal amino acid analyses could not be used to check the 

homogeneity of the isolated fractions, C-terminal amino acid analyses were 

used. The results for 4.5 and SCM4o5 (see table 5) indicated that there 

. . i . 

I 
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were probably 4 C-terminal amino acids (serine, glycine, alanine ancl 

leucine). 

T}Je variability of the results for hydrazinolysis of lysozyme (see· 

table 4), in the ~bsence of stis, is exactly mirrored by results obtained by 

Bradbury (1958) •. The results from_'experiment 54 and 62 (table 4) are identi-

cal to those from experiment 194a and 195, respectively, in· table 1 of·. 

Bradbury (1958). The non-e-terminal amino acids are thougtit to arise by 

hydrolysis of the amino acid hydrazides to the corresponding amino acid .. ·.:. 

(Locker, 1954; Akabori et al, 1956). In.particular, the· hydrazides of 

glycine, serine and alanine are particularly labile and yield the c.orrespond- · · 

.ing amino acid by hydrolytic cleavage at room temperature (Narita, 197.0). 

. t 
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However, Bradbury (i958) concluded that some non-C.;.terminal amino ~cids are: .. ·· . , .. 

-produced during hydrazinolysis by some reaction other thari hydrolysis • 

. To see if the C-terminal end groups o.f the fractions could be deter-

mined before removal of SDS from the proteins, hydrazinolysis of myoglobin: 

and' lysozyme were pe~formed, with and without· prior. complexlng with. sns·. 

The results (see table 4) i~dicate that the end groups can be determined bY,·.:-~. 

hydrazinolysis in the presence of SDS. In both cases a reduction in non-

C-terminal amino acids was 9bserved, although no increase in the recovery 

of C-terminal amino acid was obtained. Apparently the SDS prevents hydrol- _,· 

ysis of the amino acid hydrazides, but does not prevent the ·partial 

destruction, or more probably loss (by formation of the hydrazide; Phillipsp 

' 
1968), of the terminal amino acid~ The results indicates that comple~ing a 

protein with SDS. prior ·to hydrazinolysis may give a more positive indication 

·of the C-terminal amino acid, in proteins whose end group is unknown. 

Hydrazinolysis of· the fractions should yield only about 14-17 -~ 



moles/g of free amino acid calculated from the molecular weights of the 

fractions. The destruction (or loss) of the terminal amino acid during 

hydrazinolysis, usually_further reduces the amount found to 40-60% of the· 

theoretical value. Ho~ever, considerably more than the theoretical yield 

of· free amino acids was obtained in all cases (except for.SCM4.5C) including 

the SDS-protein complexes (see table 5). After hydrazinolys~s of the compon~ · 

ents of SCM4.5, with the exception of SCM4.~C, threonine,'.se.rine, glycine, 

alanine and leucine were found. For all of the SDS-protein complexes, 

glycine was the highest, but for SCM4. SA and SCM4 .'SD (SDS ft_ee) serine was 

higher than glycine. In all fractions, the 3 amino acids with the highest· 

values are also the 3 amino acids whose hydrazides are the mo'st' labile. 
. . . 

A possible explanation for the high glycine values, is that it is ab-

sorbed onto the proteins, either during electrophoresis or as they are 

eluted from the gel, since the electrophoresis buffer .contains glycine. 

This seems unlikely, since the proteins are exhaustively dialysed, then. 

passed through a Dowex AG 1 X 2 column in 6 M·urea to remove SDS and again 
I 

dialysed exhaustively. However, removal of s~e bound glycipe by the ion-

exchange column could explain the glycine value being higher than serine on 

hydrazinolysis· of the SDS-complex of SCM4.5A and SCM4.5D but not in the SDS · 

free proteins. 

To try to_ resolve the above problems, the tritiation·procedure for 

determining C.;..terminal amino acids was applied to SCM4 .. 5A.. Glycine was 

found to incorporate the highest amount of tritium and about· 4 'times more 

than serine.. This indicates that glycine is not simply absorbed 'tb ·the 

' protein, but must be in a peptide link'j ~ince only acylated amino acids can 

incorporate tritium under the reaction conditions (Narita P _19,70) .... The · 

'1,. 
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incorporation of tritium into aspartic ac1d does not necessarily indicate 

that it is C-tetmin~l, since tritium can be incorporated into aapartic acid 

in a polypeptide chain through the forma~ion·of a mixed anhydride (Holcomb, 

et al., 1968). As aspartic acid was· labelled in 'lysozyme, whose C-terminal 

amino acid is leucine; it probably indicates that the.lab~liillg of asparti~ 

acid seen in SCM4.5A is also by this means and therefore not C-terminal •. 

Holcomb et al. (1968) also indicated that the basic amino acids always in-

. · ... 

corporate a limited amount of tritium,_ which could explain the labelling of·· 

lysine found 'in the SCM4.5A sample. They also found that .increasing the 

reaction time increases the inc6rporafion of tritium into the c-·terminal 

.amino acid but at the expense of more random incorporation into non-e-

t'erminal amino acids. 

The conclusion from the C-terminal analysis of SCM4.5A, by the tritia-

tion procedure,. is that glycine is the C-terminal amino acid of the protein.· 

: 
.. ~-- \ ~ 
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However, there is probably up to 20% of another. polypeptide chain with a C- ... 
.... 

terminal serine. Aspartic acid and lysine are probably not C-terminal amino· ·. 

acids since no aspartic acid and only a small peak in the position of .lysine_ .. 

(<5% of main .peak). was seen on analysis of the hydrazinolysis produ~ts of 

SCM4.5A. The results of hydrazinolysis of SCM4.5A-SDS are in agreement wi·th 

this conclusion. If this is' correct, ~hen it is seen that in the.absence of 

SDS, hydrazinolysis -of the protein gives a misleading result. · 

The result;s obtained for SCM4. SC by hydrazinolysis 11 also· indicate gly•. ·. 

cine is C-terminal and that there is possibly a 20% contamination of the 

protein with a ·polypeptide whose C-terminal amino. acid is. serine. However, 

the results from hydrazinolysis of SCM4.5C-SDS indicate ·a p~ssibly larger 

amount Qf the "serine.polypeptideu in the fractionu 

' ':• 
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For SCM4.5D, the hydrazinolysis results resemble those for SC}14.5A. 

Thus it again appears that this fraction has a major protein ending in gly- . · 

cine and about 20% of a serine polypeptide contaminant. 

C-terminal amino acid analyses probably indicate that each of the a-

hove 3 main components of SCM4.5 have a protein whose C-terminus is glycine; 

If a "serine polypeptide" is a·contaminant in each case as 'indicated, its 

molecular weight must be the same as each SCM4.5 component,1 since the iso-

lated components all give a single sharp band on SDS-PAGE (see figure 11) · •. 

Amino acid analyses of SCM4. 5 hydrolysed for varying times (see table:· 

7) indicated that the amount of destruction of threonine, serine and ·tyro-

sine during a 24 hour hydrolysis was 10.3, 4.0 and 4.8%. Carruthers and 

Bhattacharaya (1972) report values of 10% for the destruction of threonine 

and 5% for serine during 24 hour hydrolysis of urea extracted fractions of 

cow's snout epidermis. Unlike Crounse (1963), who found that isoleucine, 

leucine and valine were not completely liberate4 during a 24 hour hydrolysis .. 

of fractions from adilute alkali- extract of human epidermis, the onlyamino 

acid not completely liberated in a 24 hour hydrolysis of SCM4.5 was isoleu- .. 

cine. 

Comparison of amino acid analyses of 4.5 and SCM4.5 from hydrolyses 
I 

with 6 N HCl and of SCM4.5 from hydrolysis with p-toluenesulphonic acid. 

show few significant differences (see table 8). Apart from tryptophan, 

which is completely destroyed during hydrolysis with 6 N HCl~ the only dif-

ference between SCM4.5 hydrolysed in the two media, is the ·SCM-cysteine value. 

The value for 1/2 cystine in.the 4.5 protein will be low, since an accurate 

value for cystine can only be obtained after performic oxidation of the 

protein and estimation of the cysteic·acido The only other differences· 

• I 

I 
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between 4.5 and SCM4.5 is the higher valine and methionine values in the 4.5 

protein. The value for tryptophan (0. 32 moles per. 100 moles)' agrees weli 

with the value reported by Matoltsy (1965) of 0.43 (see table il)~ 

The amino acid analyses of SCM4. 5 and of other. ·fractions extracted 

from epidermis, are shown in table 11. Comparison of the analyses of SCM4.5 

with those· reported for "prekeratin" (column 2, 3 and 4) indicated good 

agreement. However, Matoltsy's value. for methionine is· about 1/7 of the 

other values and his values for cystine and lysine are higher.·· ·Good agree-

ment is also noted with the analyses for the formic extracted material from 
. j . . ' 

·cow's snout epidermis and tonofilaments: from rtew born rat epidermis. The 

value for proline ·is much lower and for glycine is higher.in the tonofila

ments than found in other extracts. The high value for proline in the ·formic· 

extract ·is probably an artefact (O'Donnell, 1971). Once again, the fact that 

~11 of the proteins extracted from epidermis (no matter what the source)'are. 

similar,· is emphasized. 

Amino acid analyses of the components of SCM4.5 are· similar to one a-

nother and to SCM4.5 with only small differences. All of the components 

have slightly higher serine and glycine (except SCM4.5D) and slightty lower. 

SCM-cysteine, methionine, leucine, histidine and arginine than SCM4.5. 

Comparison of the analyses of the components shows that SCM4.5B, C and D are 

: .• .·~ 

very similar, with SCM4. SA showing several small differences from them. . It ' · ·~ · .. ~· . 

is interesting to note that with decreasing size (SCM4.5A to SCM4.5D) .the 

glutamic acid values increase and 'the phenylalanine and glycine values de~ 

crease markedly, with a similar but smaller trend obs.ervable -with some of 

the other amino acids (aspartic acid, threonine, tyrosine and arginine)g 

The keratinizing' tissues of animals i.eo hair, nails;. (including hoofs 

. ; 

t" 

_J . 



TABLE U. Amino acid analyses of SCM4.5, "prekeratin", formic acid extract of. cow's smut and torofiJaments. (Moles/ 100 nnles)· 

Amino Acid SCM4.5a ''Prekeratin''d "Prekeratin"e "Prekeratin"f Formic Extractg Tonofilamentsh 

Aspartic acid 9.58 8.26 9.1· 9.1 9.07 10.1 .. . 
Threonine 4.04 3.62 4.0 4.1 4.64 3.6 

Serine 10.03 10.98 11.1 10.8 9.45 11.1 

Glutamic acid 14.23 15.38 14.1 13.4 13.22 14.2 

Proline 1.23 1.49 1.4 1.9 3.50 0.7 

Glycine 15.06 15.50 16.4 15.9· 13.49' 20.2 

Alanine 6e55 6.20 6.7 7.0 6.97 5.9 

·~ Cystine 0.82b 1.51 0.6. 0.6 N.R. 0.5 

Valine 4.61 4.75 4.0 3.8 5.32 4.1 

Methionine 1.49 0.22 1.3 2.1· . 1.62 0.8 

Isoleucine. 4.00 3.83 3.5 3.1 4.00 3.3 

Leucine 9.44 8.28 9.2 9.1. 9.40 .. 7.8 

Tyrosine 3.04 2~04 2.8 2.9 3.15 3.4 

Phenylalanine 3.46 3.53 3.6 3.8 3.31 2.7 

Tryptophan 0. 32C. 0.43 N.R. N.R •. N.R. N.R 

Lysine 5.24 6.08 . 5.1 5.1 .5.60 5.5 
-

Histidine 0.93 1.11 1.0 1.2 1~10 1.4 

Arginine 6.23 6.79 6.1 6.1 6.13 5.5 
~~--

aFrom table 8, column 2. bAs SCM-cysteine. cFrom table 8 co1umri 3 •. <~~toltsy (1965). eBa.den et al (1971) 
£Microsomal fraction, Baden et al · (1971). gO' Donnell (1971). ~ezuka ·and Freedburg (1972). N.R. =rot reported 
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and horn) and epidermis all arise from a common embryological source, the 

ectoderm. Hair and nail formation represent specialized differentiation of 

epidermal cells. Of the 3 tissues, only hair, especially wool, has been the. 

subject of intensive research. This is due to its major economic importance 

in the wool producing countries of the world. 

The problems, encountered in this study of epidermal proteins, of in

solubility and aggregation (even in the usual protein disaggregating sol-

vents), have also perplexed wool chemists. However, they have found that in 

wool there is a group of high-sulphur amorphous proteins as well as a group 

of low-sulphur fibrous protein. Both of these groups have been shown to 

consist of several proteins by electrophoresis. (For reviews see Crewther 

et al., 1965; Fraser et al., 1972). No analagous high sulphur protein has 

been found in epidermal 91keratin", although O'Donnell (1971) obtained evi~ 

dence suggesting that it may contain. 6-8%. 

Recently, the·sequence of two groups of proteins, each containing 4 

polypeptides, from the high-sulphur fraction of wool have been reported 

(SCMKB2 group - see Swart and Haylett, 1971 and SCMKB3 group ~ see Lindley 

and Elleman, 1972). In both cases, the proteins making up each group, have 

shown only minor differences in their sequences. Thus the SCMKB2 and 

SCMKB3 fractions of the high-fulphur proteins of wool are not homogeneous 

and contain microheterogeneitiesu Lindley and Elleman (1972) conclude that 

there is no criterion of homogeneity for high-sulphur proteins, other than 

complete determination of the sequenceu It appears that this will also 

probably apply to epidermal proteins. 

O'Donnell (1971) studying the formic acid extracted proteins of cow 

snout epidermis~ found ·that tryptic-chymotryptic peptide map radioautographs 

'' 
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of fractions separated by molecular sieve chromatography, 'vere ~ery similar. 
' . . 

He also found that the peptide maps of the· proteia extract"of. the malpi-ghian 
. . - . 

layer and the st~atum corneum ~ere. identical. He concluded lrcim the studi~a,~· 

tpat the material extracted from the malpighian layer is indeed a precursor 

of the "keratin" in the stratum corneum. Also, his results .ind~cated that 

th~ "keratin" precursor protein in cow 9 s snout epidermis is not homogeneous 

but consists of a family of closely related proteins similar to that seeri in . 

wool. This is supported in these studies. 
- - . . 

In this study it has been shown that each of the 3 main components of 

SCM4. 5 have single sharp bands on SDS-PAGE, but contain 2 or more c...; terminal :. 

groups. By analogy to the results from sequence studies on wool high-sulphur· 

proteins, it would appear possible that each of. the-components of SCM4.5 ~y< 

have two (or more) ·polypeptides with almost identical sequence. The simi;_ 

larity of the amino acid analyses of the components could further indi_cate. 

that the different components may also have similar sequences, but with addi- ·.··. · 

tiona (or deletions) to account for the differences in size. However, these 

intriguing possibilities cannot be answered until the sequence of the poly-·." . 

peptides in the components have been completed. 
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·SUMMARY· 

Protein-dissolved by acid citrate buffer pH 2.6 from cow's snout epi~ 

dermis and partially purified by precipitation at successive,ly lower pH's 

(called "prekeratin") was thought to.be a single molecule of molecular 

weight 640,000 (Matoltsy, 1965). The 4.5 protein ("prekeratin'') is ne~rly_.- .. 

devoid of di.sulphide bonds and thus it was reduced and s~carboxymethylated 

to maintain the protein in its most probable na~ive. state. 

For the first time "prekeratin" was shown to be an aggregate of sev-

eral proteins by 80S-polyacrylamide gel electrophoresis (SDS-PAGE). Molecu:-- · 

lar weight of the _components, as determined by SDS~PAGE, ·ranged from 38,000 . · 

to 79,000, with the main components being 60,000 and 63,000. By means of 

preparative SDS-PAGE, the main component:s of SCM4.5 were isolated·. Arter 

removal of SDS, amino acid analyses. and end group analyses were performed. 

No N-terminal amino acids were found, apparently being blocked~ In all 

components examined; the C-terminal amino acid appears to be glycine with 

possibly 20% serine, indicating that the· components are probabiy not homo-

geneous. Amino acid analyses of the components were. very. similar to·one. 

another and to SCM4.5, with_ only .a few small differences. 

. ·~. 
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APPENDIX 

A. Chromatography of SCM4 .5 on DEAE-cellulose in 8 M urea with.·a 

linear· salt gradient. 

SCM4.5, dissolved in 0.1 M tris buffer pH 8.5 in 8 M urea, was ap.plied 

to a DEAE cellulose (Whatman, DE32) column (2.3 X 20 em) which had been 

equilibrated with the ·same buffer.' It was then eluted with a linear gradient 

of KCL from 0 to 0.7 M KCL in the above tris-urea buffer ~at. a constant :flow 

rate of 2 ml per minute. After the absorbance of the effluent was measured · 

in a Canalco dual beam spectrophotometer at 280 nm,. 7 ml fractions were 

collected. The material in the cuts show in figure 14, was pooled, dialysed 

and freeze dried •. 

The separation obtained by O'Donnell (1971) of formic acid extracted 

proteins from cow's snout epidermis on DEAE-cellulose using a linear grad-· 

.ient of 0 to 0.4 M KCL in 8 M urea 51 0.01 M tria pH 7.4, is similar to that 

shown in figure 14, except that he did not observe a peak equivalent to 6. · 

He found that amino acid analyses .and peptide maps of his fractions. to be·. 

almost identical. 

B. Chromatography on Bio-gel A5M. 

The sample dissolved in 8 M urea, 0.1 M tris-buffer pH 8.5 was. applied · 

to a Bio-gel ASM (100 - 200 mesh) column (2.5 X 90 em) and eluted with the 

same buffer dispensed from a Marriott bottle. The effluent was monitored 

at 230 nm with a Beckman DB-GT spectrophotometer fitted with flow cells 

and S ml fractions were collected. 

The elution profile obtained for SCM4.5 is shown in figur~ 15. It. 
! J ,·d 

was found that the protein from· each of the peaks in figure 14 , ex_cept 
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6, gave an a.lmost identical elution profile to that obtained for SCM4.5. 

The pattern shown by O'Donnell (1971) for the formic ·acid extra.cted :. : 

protein bf cow snout on Sephadex G200 in 8 M urea, 0.05 M tria pH 7.4 is 

very different. to that observed here. The pattern obtained hi Baue~ 

(197_2) for human 5.5 protein on ·sephade~ G-200 in 0.1 M carbonate· bu.ff~r 

pH 10.3 and the pattern obtained by Carruthers and Bhattacharaya (1972) 

for the urea 6. 3 proteins from cow's snout epidermis on Sepharos_e. 4B eluted 

with a 6.M urea, 0.05 M barbital buffer pH 8.6, have similar features to 

that shown in figure 15. The.elution profile of reduced and s-

carboxymethylated tonofilaments on Sepharose 6B in 6 M guanidine hydro-

·chloride (Teztika and Freedburg, 19?2) -appears to be identical (apart from 

the small initial peak) to that shown in figure 15. 

C. Chromatography of SCM4.5 on DEAE-cellulose in 8 M urea with a 

discontinuous salt gradient. 

The conditions for running the DEAE-c·ellulose column were the same as 

described for A aboye, except that the ·proteins were eluted with stepwise· 

increases in KCl concentration. 

The separation of SC_M4. 5 is shown in figure 16. Fractions 1, 2 and 
..) ' .. 

4 were concentrated and dialysed by ultrafiltration. When each fraction 

was then loaded on the DEAE-cellulose column and run under identical. con-· 

di tions as before, a· pattern almost identical to figure 16 was obtain_ed. 
. .. . .. 

It was also found that amino :acid analyses of the fractions were almost 

identicalQ 

Fractions 2, 4, 6 and 7 were then analysed bySDS-PAGE and the results 

are shown· in figure 17 •· It can: be seen that each fraction has· an almost 
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FIGURE 17. Photograph of SDS-PAGE gels of fractions~,~,~ and l 

(shown in figure ~) from SCM4.5 separated on DEAE-cellulose 

with ~discontinuous salt gradient. 13% gels. 

80 
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identical pattern to SCM4.5. Therefore, each of the peaks seen in figure 

·" 

16 consists of an aggregate of all the proteins present in SCM4.5. This 

was an unexpected result, since it is well known that 8 M urea is a strong 

protein disaggregating solvent. 

The observation that SCM4.5 can still be highly aggregated in 8 M 

urea explains the results from the 3 chromatographic separation methods 

outlined above. 

.i 



82 

REFERENCES 

Akabori, S., Ohno, K., Ikenaka, T., Okada, Y., Hanafusa, Il., llaruna, 

I., Tsugita, A., Sugae, K. and Matushima, T. (1956): llydra-

zinolysis of peptides and proteins II. Fundamental Studies on 

the determination of the carboxyl ends of proteins. Bull. Chern. 

Soc. Japan 29:507. 

Akabori, S., Ohno, K. and Narita, K. (1952): Hydrazinolysis of proteins 

and peptides: method for the characterization of carboxyl terminal 

amino acids in proteins. Bull. Chern. Soc. Japan ~:214. 

Baden, H. P. and Bonar, L. (1968): The a-fibrous proteins of epidermis. 

J. Invest. Dermat. 51:478. 
I 

Baden, H. P., Bonar, L. and Katz, E. (1968): Fibrous proteins of 

epidermis. J. Invest. Dermat. 50:301. 

Baden, H. P., Gifford, A.M. and Goldsmith, L.A. (1971): The 

precursor of the orfibrous protein of epidermis. J. Investe 

Dermat. 56:446. 

Barrnett, R. J. and Seligman, A. M. (1952): Histochemical demonst·ration 

of protein-bound sulphydryl groups. Science 116:323. 

Barrnett, R. J. and Seligman, A. M. (1954): Histochemical demonstration 

of sulphydryl and disulphide groups of protein. J. Natl. Cancer 

Inst. 14:769~ 

Bauer, F. W. (1972a): Studies on isolated keratin fractions from 

mammalian epidermis Iu Physiochemical properties of the fractionsu 

Dermatologica 144:217u 

Bauer, Few.· (1972b): Studies on isolated keratin fractions from 

mammalian epidermis lie Immunologic and immuno-electrophoretic 

comparison of the fractionso Dermatologica 144:301Q 



83 
Benesch, R. and Benesch, R. E., (1962): Determination of -SH groups 

i_n proteins. In "Methods of Biochemical Analysis Vol. 10", Ed. 

by D. Glick, p43 {Interscience, New York). 

Boyer, P. D., {1954): Spectrophotometric study of the reaction of protein 

sulphydryl groups with organic rnercurials. J. Amer. Chern. 

Soc. 76:4331. 

Bradbury, J. H., (1958): The hydrazinolysis of insulin, lysozyme, 

wool proteins and wool. Biochem. J. 68:482. 

Braunitzer, G., ·(1955): Bes_tinnnung der reihenfolge der arninosauren 

am carboxylende des tabakmosaikvirus durch hydrazinspaltung. 

Chern. Ber. 88:2025. 

Carruthers, C. · (1970): Comparison of several procedures for the 

extraction of proteins from human epidermis. J. Soc. co·srnet. 

Chern. 21:169. 

Carruthers, C. and Bhattacharaya, M. (1972): Correlation between 

various proteins of bovine snout epidermis. Brit. J. Dermat. 

86:495. 

Carruthers·, C., Woernley, D. L., Baumler, A.· and Kress, B., (1955): 

Proteins of mammalian epidermis. Jo Invest. Dermatology 25:89<~_ 

Chrambach, A. and Rodbard, D. (1971): Polyacrylamide gel electrophoresis. 
. !. 

Science 172:440. 

··i 
I 

j' 
! ' 

'.j 
'1 

i 
i. 

,. 
'' 

Crewther~ W. G •. , Fraser, R. D. B., Lennox, F. G. and Lindley·, H. (1965): ·;_ · 

The chemistry of keratinsu Advan. Proto Chern. 20:191. 

Crounse, ~D Go, (1963): Epidermal keratin: a re-evaluationo Nature 

2QQ:539o 

Crounse, R. G. (1964): Alkali-soluble human epidermal proteins. In 

"The Epidermis'' P edo by W. Montagna and w. C. Lobitz, p365 

(Academic Press, ~ew York)o ··:' 



84 

Crounse, R. G. (1966): ~pidermal keratin and epidermal prekeratin. 

Nature 211:1301. 

Davis, B. J., (1964): Disc e~ectrophoresis II. Method and application 

to human serum proteins. Ann. N.Y. Acad. Sci. 121:404. 

Dayhoff, M. 0. (1969): "Atlas of Protein Sequence and Structure, Volume 

4'', pD64, Dl33 (National Biomedical Research Foundation, Silver 

Spring, Maryland). 

Edman, P. (1970): Sequence determination. In "Protein Sequence 

Determination" Ed. by S. B. Needleman, p211 (SpringC'r-Verlag, 

New York). 

Fraser, R. D. B., MacRae, T. P. and Rogers, G. E. (1972): "Keratins· 

Their Composition, Structure and Biosynthesis", p48 (Charles C. 

Thomas, Springfield, Illinois). 

Garver, F. A. and Hilschmann, N. (1972): The primary structure 

of a monoclonal human A-type immunoglobulin 1-chain of subgroup 

II (Bence-Janes protein NEI). Eur. J. Biochem 26:10. 
I 

'i 

Gillespie, J. M. and Inglis , A. S., (1965): A comparative study of 

high-sulphur proteins from a-keratins. Camp. Biochem. Physiol. 

15:175. 

Hinman, N.· D. and Phillips, A. H. (1970): Similarity and limited 

multiplicity of membrane proteins from rough and smooth endoplasmic 

reticulumo Science 170:1222 .. i 
I 

Hirs, Co H. Wo 11 (1967)~ Reduction and S-carboxymethylation of proteinso ! 

In "Methods in Enzymology, Vol .. XI~'~~ Ed. by C.H.W. Hirs 11 p199 

(Academic Press, New York) .. 

Holcomb, G .. N., James~ S .. A. and Ward, D. N. (1968): A critical evaluation 

of the selective tritiation method bf determining C-terminal amino 

acids and its application to leutinizing hormone.. Biochem. 7:1291 .. 



Jeppsson, J. and Sjoquist, J. (1967): Thin-layer chromatography 

of PTH amino acids. Anal. Biochem. 18:264. 

Jovin, T., Chrambach, A.and Naughton, M.A. (1964): An apparatus for 

temperature-regulated polyacrylamide gel electrophoresis. 

Anal. Biochem. 9:351. 

Lewis, G. M. and Wheeler_, C. E. (1967): "Practical Dennatology", 

p 3 (W. B. Saunders and Co., Philadelphia). 

85 

Lindley, H. and Elleman, T. c. (1972): The preparation and properties 

of a group of proteins from the high-sulphur fraction of wool. 

Biochem. J. 128:859. 

Liu, T .. -Y. and Cha~g., Y. H., (1971): Hydrolysis of proteins with 

p-toluenesulphonic acid. J. Biol. Chern. 246:2842. 

Locker, R. H. (1954): C-terminal groups in myosin, tropomyosin 

and actin. Biochim. Biophys. Acta. 14:533. 

Maize!, J. V., (1971): Polyacrylamide gel electrophoresis of viral 

proteins. In "Methods in Virology, Vol. V", Ed. by K. Maramorsch 

and H. Koprowski, pl79 (Academic Press, New York). 

Matoltsy, Ae G. (1964a)~ Prekeratin. Nature 201:1130. 

Matoltsy, A. G. (1964b): Amino acid composition of prekeratin. 

Nature 204:4956. 

Matoltsy, Ac G., (1965): Soluble prekeratino In "Biology of the 

Skin anp Hair Growth11
11 Ed. by A .. Go Lyne and Bo F .. Short 11 p291 

(Angus and Robertson» Sydney) .. 

MatoltsySl A. G .. and Balsamo 11 C .. A .. (1955): A study of the components 

of the cornified epithelium of human skine J. Biophys. Biochem. 

Cytol. 1:339,, 

~ . 



86 

Matoltsy, A. G. and Herbst, F. S. M. (1956): Observations on urea-

extractable substance of the human abdominal epidermis. J. Invest. 

Dermat. 27:263. 

Matsuo, H. , Fujimoto, Y and Tats uno, T. , ·(1966): A novel method for 

the determination of C-terminal amino acid in polypeptides by 

selective tritium labelling. Biochem. Biophys. Res. Commun. 22:69. 

Maurer, H. R. (1971): "Disc Electrophoresis and Related Techniques of 

Polyacrylamide Gel Electrophoresis", 2nd Edition, pll7 (Walter 

de Gruyted, Berlin). 

Mercer, E. H. and Olofsson, B., (1951): Sedimentation analysis of 

an extract of the prekeratinous layers of skin. J. Polymer 

Sci. 6:261. 

Narita, K., (1970): End group determination. In "Protein Sequence 

Determination", Ed. by S. B. Needleman, p25 (Springer-Verlag, New York). 

O'Donnell, I. J. (1971): A search for a simple keratin- precursor kera

tin proteins from cow's lip epidermis.· Aust. J. Biol. Sci. 

24:1219. 

·O'Donnell, I. J. and Thompson, E. 0. P. (1962): Studies on oxidized 

wool VI. Interactions between high and low-sulphur proteins and 

their significance in the purification of extracted wool proteins. 

Aust. J. Biol. Sci. 15:740. 

Oliver, Do and Chalkley, R. (1971): An improved photographic system 

for polyacrylamide gels. Anal. Biochem. 44:540. 

Phillips, D. M. P. (1968): Loss of C-terminal amino acids by hydra-

zination during hydrazinolysisQ J. Chromatogr,37:132. 

Righetti, P. and Secchi, c. (1972): Preparative _polyacrylamide gel 

electrophoresis. J. Chromatogr. 72:165e 

. . I 

· .... 



87 

Roe, D. A. (1956a): A fibrous keratin precursor from the human 

epidermis I. The extraction and physical properties of a 

fibrous protein found in the human epidermis. J. Invest. Dermat. 

27:1. 

Roe, D. A. (1956b): Further studies of a fibrous precursor from 

the human epidermis. J. Invest. Dermat. 27:319. 

Rothberg, S. (1960): The evaluation of keratin fractions in normal 

and abnormal epidermis. J. Invest. Dermat. 34:197. 

Rothberg, S. (1964): Biosynthesis of epidermal proteins. In "The 

Epidermis", Ed. by W. Montagna and W. C. Lobitz, p351 (Academic 

Press, New York). 

Rudall, K. M., (1952): The protein of the mammalian epidermis. 

Adv. Protein Chern. 7:253. 

Sanger, F. and Thompson, E. 0. P., (1963): Halogenation of tyrosine 

during acid hydrolysis. Biochim. Biophys. Acta. 71:471. 

Shapiro, A. 1., Vinuela, E. and Maizel, J. V. (1967): Molecular 

weight estimation of polypeptide chains by electrophoresis in 

SDS-polyacrylamide gels. Biochem. Biophys. Res. C,ommun. 

28:815. 

Spackman, H. , Stein, W·. H. and Moore, S. , (1958) : Automatic 

recording apparatus for use in the chromatography of amino acidse 

Anal. Chem~ 30:1190. 

Swart, L. So and Haylett, T~ (1971): Studies on the high-sulphur 

proteins of reduced merino woolo Biochem.Jo 123:201. 

Tezuka, T. and Freedburg, I. M. (1972): Epidermal structural proteins 

IIo Isolation and purification of tonofilaments of the newborn 

rato Biochimo Biophys. Acta. 263:382w 

. : 

. ! 

I. 

. i 
. 1 

. I 

I 

i , ..• 



Tristram, G. R. and Smith, R. H. (1963): The amino acid composition 

of some purified proteins. Adv. Protein Chern. 18:227. 

Weber, K. and Kuter, D. (1971): Reversible denaturation of enzymes 

by sodium dodecyl sulphate. J. Biol. Chern. 246:4504. 

Weber, K. and Osborn, M., (1969): The reliability of molecular 

weight determinations by dodecyl sulphate-polyacrylamide gel 

electrophoresis. J. Biol. Chern. 244:4406. 

Williams, J. G. and Gratzer, We B. (1971): Limitat:f..ons of the deter

gent-polyacrylamide gel electrophoresis method for molecular 

weight determination of proteins. J. Chromatogr. ~:121. 

Winzler, R. J. (1955): Determination of serum glycoproteins, in 

"Methods of Biochemical Anaylsis" Ed. by D. Glick, p290 

(Interscience, New York). 

Woernley, D. L., Carruthers, C., Regent, L. and Baumler, A. (1957): 

The effect of extraction procedures on sedimentation properties· 

of epidermal proteins. Arch. Biochem. Biophys. 66:167e 

Yardley, H •. J., (1969): Sterols and keratinization. Br. J. Derm.81 

Supplement 2:29. 

88 




