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Abstract. The clectron-dense, amorphous matrix protein in 

human horny cells was cxtractcd with deoxycholate. The 
deoxycholate-soluble material was partially purified by differ­
ential centrifugation and molecular sieve chromaiography. 
Approximacely 44 % or the wtal protein was cxtracted into 
the 270 000 g supernatant fraction. Macroaggregates with 
histochemical characlcristics identical with those of in si111 

keratohyalin granules were formed upon dialysing the 270 000 
g supernatanl fraction against redistillcd water. Antibody was 
raised to the purified material of 1he initial peak from the 
Sepharose 68 column. The resulting antiserum yielded a 
singlc precipitin line when tested against the immunizing 
antigen. Electrophorcsis in the presence of sodium dodecyl­
sulfate showed lhis antigenie material to be heterogeneous. 
Il was immunologically homogencous when this antigenie 
material was examined by immuno-electrophoresis. Since 1he 
antibody was localized on the keratohyalin granules of 
human plantar skin by indirect immunofluorescence, thc 

partially purified. deoxycholate-soluble material from human 
plantar horny layers is considercd to originate from kerato­
hyalin granules. Amino acid analysis revealed a high conlent 
of glycine, glutamic acid and aspartic acid, and a low content 
of histidinc und lc:ucine. 
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In order to elucidate the nature of the abnormality 

in keratohyalin granules in disorders of keratiniza­

tion, such as ichthyosis, it would be of value to 

examine such granules biochemically. Since kerato­

hyalin granules cannot be isolated in sufficient quanti­

ties for biochemical examination from the skin of 

patients suffering from these disorders, little is 

known about them. 

As the horny layers of skin contain material of 

keratohyalin origin, the following studies were 

undertaken. This material is thought by Mercer (I 3) 

and Brody (1) to exist in two forms. Each of these 

workers has proposed a concept or keratinization. 

Mercer considers that keratohyalin is added to 
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tonofibrils and actually becomes involved in the 

morphological changes occurring in tonofibrils that 

resull in the unstained filaments observed in corni­

fied cells, whereas Brody believes that keratohyalin 

remains as the interfilamentous matrix in cornified 

cells. 

Radioautographic studies have shown that 3H­

labelled amino acids are incorporated in keratohyalin 

granules 1-6 hours after injection and are later de­

tected in the cornified layer (4-6). In addition to 

these radioautographic observations, extraction of 

keratohyalin granules with 0.1 N NaOH from glut­

araldehyde-fixed epidermis, also extracts the elec­

tron-dense background substances in the horny cells, 

revealing the fi brous st ructure clearly (7). 

When newborn rat epidermis was extracted with 

sodium deoxycholate, keratohyalin granules were 

extracted, the electron-dense material disappeared, 
and thc fibrous struclure was revealed in the lower­

most layers of stratum corneum under electron­

microscopy (16). 

These observations suggest that keratohyalin 

granules, actively synthesized in granular cells, enter 

the horny layer and both they, and the electron­

dense material in the horny cell, can be removed with 

0.1 N NaOH or sodium deoxycholate. 

EXPERIMENTAL PROCEDURES 

M(lterials. Human plantar skin was obtained from 3 patients 
who had been operated on for osteosarcoma. Male albino 
rabbits weighing 3 kg were used lo prepare antibodies against 
the Sepharose 6 B peak. Sodium deoxycholate was purchased 
from Difco Laboratories, Detroit, Mich.; Scphadex G-200 
and Sepharose 6 B from Pharmacia Fine Chemicals lnc., 
Fair Lawn, N.J.; goat antisera raised against rabbit y-globu­
lin and labelled with fluorescein isothiocyanate from Bebring­
werke AG, Marburg, Lahn, BRD; glass homogcnizers were 
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purchased from Kontes Glass Company. Vineland. .J. All 
other chemicals were of reagent grade or analytic gradc. ob­
taincd from various commercial sources. 

Prept1rario11 and exrrt1ctio11 oj 1iss11e 

Human plantar skin was e�coriated immediately arter surgery 
and cut into thin strips (approx. 7 I cm) after rcmo\al of 
subcutaneous tissue. The strips wcrc placed on a stretching 
apparatus under moderate tcnsion and were sliccd earefully 
with a razor blade 10 obtain shcets consisting solely of horn} 
layers. Horny layers 11ere minced and homogenizcd in either 
50 mM Tris-llCI byffer, pH 8.6, containing 3"0 deoxycholate 
or rcdistilled water. and stirrcd for 48 hours at 4 C. Sub­
sequent procedures were carried out ut 4 C. The extraction 
proccdure was rcpeated thrcc times. changing the c�tracting 
solution cvery 48 hours. The homogcna1e was ccntrifuged at 
15 000 g for 10 minutes (Tominaga refrigerated au1oma1ic 
centrifuge) and the resulting deoxycholate-supernutant frac­
tion was recentrifuged at 270 000 g for 60 minutes (Beckman­
Spinco ultracentrifuge Model L-2-65). fhe lipid layer was 
discarded and the high speed supernatant fraction was dia­
Jysed against 10 mM Tris-1 !Cl (pH 8.8) for 24 hours a1 4°C, 
concentrated by 1} ophilization and stored at - 80 C until 
further use. 

Microscopic studies 

Samples of tissuc used in the fractionation procedures and 
the aggregates obtained by dial}sis of thc 270 000 g �upema­
tant fraction wcre fixed 111 buffered formalin for examination 
in thc light microscope. and in 2.5 �. buffered glutaruldehyde 
and post-fixed wi1h osmium tctroxide ror electron microscopy. 
Prior to rixation, deoxycholatc was remo\ed from spccimens 
by rinsing in 50 mM Tris-HCI buffer (pH 8.8). Tissucs for 
electron microscopy were fixcd for onc hour, dehydrated. 
embedded in Epon and cut on a Porter Blum MT-2 ultratomc 
(Ivan Sorvall lnc.). Thin sections were staincd "ith l 0

0 

uranyl acetate, counterstained with lead and examined in a 
I lituchi 11 clcctron 1nicr-u�cupc. 

Hfarochemiml s111tlies 

Onc ml o[ the 270 000 g concentratcd supernatant fraction 
was dialysed against 2 liters or redistillcd "ater at 4 C for 72 
hours, changing the redistillcd water cvcry 24 hours. Aggre­
gates were harvcsted by ccntrifugation at 700g for 10 minutes. 
and used for thc histochcmical examinations. The pellet and 
normal human plantar skin ,,.ere sectioned in a cryostat at 6 
;1m and fixed with 95 •� cthanol for 5 minutes. Thcy were 
stained with toluidine bluc (JO}, diazoti,ed sulfanilic acid 
(15), and Harris hematoxylin-eosin. Counter stains were not 
employed "ith any of the histochemical techniques. 

Gel Ji/tralion studies 

Both the 270 000 g supernatant fraction and the aggregates, 
which were collccted by ccntrifugation after dialysing the 
270 000 g supcrnatant fraction. wcrc dissolved in 50 m M 
Tris-HCI (pH 8.8), made 3 °., with respect 10 dcoxycholate, 
and were subjectcd 10 gel filtration on a column (2.5 34 cm) 
or Scphadcx G-200. The profile was monitored at 280 om 
<luring elution ,�ith 50 mM Tris-HCI (pH 8.8) containing 10 
mM 2-mercaptoethanol and, of the sevcral peaks dcscribed 
below, the first peak which eluted immediately following 
the void volumc "as further fractionated on a Sepharose 6 B 
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column (2.S 34 cm) using the same cluant or 50 mM Tri>• 
HCI (pH 8.8) conraining 0.5 "o deo>.}cholate. These studies 
"cre carricd at 4 C. 

Gel electrop/roresis 

Various fractions were subjected 10 disc gel elcctrophoresi� 
(17) in thc presencc of sodium dodecy lsulfate using the tcch­
nique of Wcbcr & Osborn (20). 

Chemical mwlysis 

Protein was determined by the method of Lo\,ry et al. (11), 
and hcxosc. by the phenol-sulfuric acid mcthod or Dubois 
et al. (2). Amino acid ana lyses were obtained following hydro­
lysis al 100 C in rncuu for 18 hours in the presencc of 6.0 M 
rcdistilled HCI. Anal)ses \\ere performed on a Beckman auto­
matic amino acid analyser equipped with an automatic inte• 
grator. RNA was mensured by thc orcinol metliod (12). 

lmmunologi('{II proced11res 

The lyophili1cd eluates from the Scpharose 6 B column wcrc 
dissolved in 50 mM Tris-HCI (pH 8.8). containing 3 "• sodium 
deoxycholutc and 10 mM 2-mercaptoethanol and dialysed 
against distilled water at 4 C. The rcsulting turbid solution 
was emuls1f1ed with an cqual ,olume of Freund"s complcte 
adjuvant (3) and injccted into all foot pads or rnbbits ( I mg 
or protein in a 2.0 ml emulsion was injccted into cach animal). 
The animals \\ere bled and boosted at appropriatc intenals. 
The boost1ng "as donc b) thc intracutaneous injection of I 
mg or protein in Freund"s incomplete adjuvant into thc neck 
3 weeks arter the initial injcction. 

Sera were nssayed ror precipitating antibody contenl using 
thc Ouchterlony doublc diffusion tcchnique (14). 2 °. ion 
agar in a barbituric acid-sodium barbiturate mixturc of 0.1 
ionic strcngth (pH 8.6) was used. 

lmmunoclectropborcsis was carricd out according to a 
method based upon Graber"s tcchnique (8). The buffer \\aS 
a barbituric acid-sodium barbiturate mixture or 0.1 ionic 
s1reng1h and pH lU,. and 2 ml of 2 °,, agar at pi-I 8.6 was 
dcpositcd with a pipcuc on a thoroughly cleancd and dried 
microscope slidc. Electrophoresis was performed for 60 
minutes at 40 ,olts. The antigen-antibody reaction \\3S 
developed in a humid chamber at room temperature over­
night. To rcmove non-rcacted, diffu�ible protein, lhe slides 
were washed for 24 hours in ph)siological salinc with several 
changes of thc solution, and the washed slidcs \\Cre stained 
by a 20 minute dip in an amido black 108 solution (100 mg 
of dye lo 100 ml of a 9: I methanol-acctic acid solution). 
Aftcr immcrsion in the solution and rapid ��shing in water, 
the slides wcre air dried. 

lndirect immunofluorescent studies were performed accord· 
ing to the technique or Kawamura (9) using fresh normal 
human plantar skin, frozen and cut in a cryostat and fixed 
in 95 •• ethanol for 3 minutes. 

RESULTS AND DISCUSSlON 

Tissue source and separation 1ech11iq11es 

The plantar skin consists of very thick stratum 

corneum, three layers of stratum graoulosum, several 

layers of spinous cells, a single basal cell layer and 
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the dermis (Fig. 1 A). Fig. I B represents horny 

layers which have been separated by the stretch 

method. Fig. 1 C shows that after the procedure, 

the residual skin has a thick horny layer. This 

separation technique was chosen in order to obtain 

a specimen consisting of horny cells without con­

tamination by granular or spinous cell. Adult human 

plantar skin is a suitable material for obtaining 

horny layers as its horny layer is usually so thick 

(around 3 mm thick) that a material consisting only 

of horny cells can be obtained with ease. 

Exrraction of the deoxycho/ate-so/uble material 

From the separation of horny layer, following 

homogenization and incubation in deoxycholate as 
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Fig. J. Histologic sections of 
human plantar skin. Tissue [rom 
adulr human sole skin was fixed 
in buffered formalin, embeddcd 
in paraffin, sectioned, and stained 
with hematoxylin and eosin. (A) 
tissue prior to the rrcatmem: (B) 
horny layer scparated from the 
skin wilh a razor blade under a 
moderate lension; (C) residual 
Skin. X 50. 

Table I. Extraction oj the matrix protein with either 

3% deoxycho/ate or redisti/led water al 4°C 

The values given are averages from double experiments. 
Around 44.3 °0 of the protein was exlractablc into the 270 000 
g supernatant fraction with deoxycholate 

DOC-Trisa 

buffer Redistilled waler 

11g of µg of 
protein % protein % 

270 000 g Super-
natant fraction 72 580 44.3 32 800 19.4 

270 000 g Pellet 45 000 27.5 I 300 0.8 
15 000 g Pellet, 
8 M alkaline, 27 340 16.7 15 200 9.0 
urea soluble 
I N NaOH soluble 18 750 I 1.5 120 000 70.9 

described above, the protein could be extracted. As a 50 m M Tris-HCI buffer, pH 8.6, containing 3 % DOC. 
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Fig. 2. Extrac1ion of matrix protein with deo,ycholatc.(A) 

270 000 g pell:1; (B) control tissue following separation wi1h 
a razor blade; (C. Dl insoluble material "hich sediment ed at 

15 000 g folio" ing thc three fold 48 hour c�traction m deow· 

is shown in Table I, around 44.3 °
0 of the total 

protein was released in the 270 000 g supernaiant 

fraction following incubation with dcoxycholatc, but 
only I 9.41\0 of the total protein was extracted in re­
distilled watcr and 80 °0 of proteins remained un­
extractc:I. In this redistilled water-ex1rac1able frac­
tion, only a few pro1ein bands. which were of small 

molecular size, were found. as compared with the 

electrophoretic prorile of the extract with DOC in 

disc gel electrophoresis in the presem.:e of SDS (Fig. 

3A, B). 
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choh11e (C) and in rcdistilled watcr (D). Arrow indicates an 
clcctron-dense tonolibril. D: desmosome. 26 000 (A); 

2-' 000 (Bl: 23 000 (CJ: 13 000 (0). 

The electron micrographs of sections from control 

tissue and from the 15 000 g pellet following three 

successive extractions for 48 hours are si10wn in 
Fig. 2 B, C. The electron-dense background dis­
appe:ired and many electron-dcnse fibrous structures 
(arrow) were revealed and remained unextracted 
(Fig. 2C). Fig. 2A demonstrntcs that the pellet frac­

tion from such high-speed centrifugation contains 

only debris of fibrous materials and desmosome-like 

structures. o elec1ron-dense amorphous material 

could be detected. The materials forming the elec-
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Fig. 3. Acrylamide gel electrophoretic profiles of the extracts 

from human plantar horny layers. The 270 000 g supernatant 

fractions, which werc cxtracted wilh rcdistilled water (A), 
with deoxycholate (B), lhe aggregates obtaincd by dialysis 

(C), and the purified material obtained by molecular sieve 

chromatography (second pcak in Fig. 8) (D) were analyscd 
in the presencc of sodium dodecylsulfate using acrylamide gel 
of LO"Q as desc:ribed in Rcsulls and Discussion. (A) 160 µg. 
(B) 180 /tg, (C) 150 1,tg, (D) 50 ,,g of protein. 

tron-dense background of the horny cells (Fig. 2 8) 

were removed to the 270 000 g supernatant fraction. 

Fig. 2D shows that the electron-dense material still 

remains and the fibrous structures are only partially 

revealed when redistilled water is used instead of 

Tris-deoxycholate buffer. 

In addition to these biochemical, disc gel electro­

phoretic and electron-microscopic findings on the 

deoxycholate-soluble material, its histochemical 

characteristics were examined, in order to confirm 

that this extract was derived from the matrix proteins 

of the horny layer. The precipitate obtained by the 

dialysis against redistilled water for 72 hours (Fig. 

4A-a) consisted of small, round, electron-dense par­

ticles and many, lined, fine particles (arrow) in the 
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electron micrograph (Fig. 48). These fine particles 

seem to aggregate and form electron-dense particles. 

This precipitate was stained orange-yellow with 

Pauly' s reagent, blue with toluidine blue, and baso­

philic with hematoxylin-eosin staining (Fig. 5B, D, 

F). The aggregates of deoxycholate-soluble material 

demonstrate the same tinctorial properties as those 

of both the horny layers and keratohyalin granules 

in vivo (Fig. 5 A, C, E). These histochemical observa­

tions showed that these aggregates were a substance 

of keratohyalin granule origin and were contained 

in the horny layers, since the granular cell was not 

contained in the original material from which the 

deoxycholate-soluble material was extracted. Taking 

into consideration that the fibrous structures were 

not extractable with deoxycholate (see the electron 

micrograph (Fig. 2C)) and tonofilaments could not 

be extracted with DOC, when keratohyalin granules 

of oewborn rat were extracted with DOC (J 6), the 

deoxycholate-soluble material was the non-fibrous, 

matrix protein of the horny cells. 

Mo/ecu/ar sieve chromatographical studies 

Both the 270 000 g supernatant and the aggregate 

fraction were subjected to column chromatography 

on Sephadex G-200 in order to purify the deoxy­

cholate-soluble material from the horny layer. The 

eluate was 50 mM Tris-HCI buffer (pH 8.6), con­

taining 10 mM 2-mercaptoethanol without deoxy­

cholate. These materials yielded an initial )arge peak 

of 280 nm absorbing material at the void volume, 

followed by a plateau, a small second peak, and a 

final peak which has been identified as deoxycholate 
(Fig. 6). The !arge initial peak was dialysed, lyo­

philized and rechromatographed on Sepharose 6B 

either with or without sodium deoxycholate. With­

out DOC, the initial !arge peak at the void volume 

was followed by a smaller peak and a )arge final 

peak which again represents deoxycholate (Fig. 7). 

When the deoxycholate-soluble material was chro­

matographed on a column not saturated with deoxy­

cholate, the material formed aggregates which were 

eluted at the void volume. 

This procedure separates the material from soluble 

protein of smaller molecular weight. The substances 

of very !arge molecular weight had already been re­

moved by the ultracentrifugation. To ensure that the 

deoxycholate-soluble material was aggregated and 

formed !arge molecules in the absence cf sodium 

deoxycholate, the initial peak from the Sephadex G-

200 column was subjected to Sepharose 6B column 
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chromatography in the prcsence of 0.5 ''o deoxy­

cholate, and three pcaks were obtained (Fig. 8). 

Elecrrophoreric swdies 

Wben 50 ,,g of the initial peak from the Sepharose 

6 B column (Fig. 7) was subjected 10 electrophoresis 

using a 5 °a acrylamide gel, two faster migrating 

bands were observed ( Fig. 9 A). When the material 

of the second peak from the Sepharose 6B column 

in tbe prcsence of 0.5 ° 0 sodium deoxycholate was 

run at the same lime, two bands were also seen 

migrating in both 5 and I0 °
a gels (Figs. 98 and 

3D). 
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Fig. 4. (A) Aggrega1e, "ere obtained b) dia­

lysing the 270 000 g supernatanl frnction against 

redistilled water ror 24 hours (c). 48 hours (I>) 

and 72 hours (a). (BJ Aggregatcs consist of 

round, electron-dense particles ( p) and I i ned, 

fine particles. 

lmm11110/ogica/ studies

The material of 1he initial peak from the Sepharose 

6B column was antigenie in rabbits, eliciting a prc­

cipitating antibody which formcd a singlc, sharp 

line of recipitation in agar when assayed against thc 

materials or the initial peak from the Sepharose 6 B 

column and of the initial peak and the first half of 

the platcau region from the Sephadex G-200 column, 

which proved to be immunologically identical (Fig. 

I0A). A broad precipitin line also occurred, which 

was identical ro the precipitin line occurring be­

tween the antigen-antibody described as above, when 

the material of the second peak on Sepharose 6B 



Fig. 5. Aggregates were stained with Pauly"s reagent (B), 

toluidine-blue (D), and hematoxylin-cosin (F), showing the 
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same tinctorial charac1eristics as keratohyalin granulcs in vivo 

(A, C, and E). 
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Fig. 6. Molecular sievc chroma10-
graphy(Sephadex G-200) or the deoxy­
cholate-soluble supcrnatant fraction. 
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Fig. JO. (A) Analysis by double diffusion in agar of antibody 
produced to the human matrix protein extract. The center 
well contains rabbit antiserum raised 10 the protein of the 
initial peak from thc Sepharose 6 B column. The peripheral 
wells contain thc fraction which was used for producing anti­
body (!), the initial peak from the Sephadex G-200 column 
(2), the rirst half (3) and second half (4) or the pla1eau region. 
the second peak from this same column (5), and human serum 
(6). (B) Analysis by double diffusion in agar of the protein 
of three peaks obtained from the column chromatography on 

Fig. 7. Molecular sieve chromatography (Sepharose 6 B) of 
the deoxycholate-soluble supernatant fraction. The dialysed, 
lyophilized, initial peak fraction from the Scphadex G-200 
c-0lumn was resolubilized with 3 % deoxycholate and re­
chromatographed on Sepharosc 6 B as described in Results
and Discussion. The eluale was the same as in Fig. 6. --,
Absorbance al 280 nm. 

Fig. 8. Molecular sieve chromatography (Sepharose 6 B) of 
the daoxycholate-soluble supernatant fraction. The dialysed, 
lyophilized and resolubilized initial peak fraction from the 

Sephadex G-200 column was rechromatographed on Se-

0 
) 

3 
'---✓ 

1 

Sepharose 6B in the presence of sodium deoxycholate. The 
center well contains rabbit antiserum raised to the protein of 
the initial peak from the Sepharose 6B column. The periph­
eral wells contain the material of the initial (/), second (2). 
and third (J) peaks from the Sepharose 6 B column in tbe 
presence of 0.5 % DOC. An identical precipitin line occurred 
betwee,, no. 2 wcll and thc c-cnter wcll. (C) lmmunoelectro­

phoresis was performed as described in Experimental Proce­
dures. Material of the initial peak from the Sepharose 6 B 
column in well (a) and human serum in well (b). 

pharose 6 B in the presence of 0.5 % sodium deoxycholate. 
Optical density at 280 nm <•-•), at 630 nm (dextran blue) 
(■-■), and al 555 nm (phenol red) (•-•>·

Fig. 9. Acrylamide gel electrophoretic panerns of the deoxy­
cholate-soluble material. The material of the initial peak 
fraction from the Sepharose 6 B column chromatography in 
the absence of DOC (A), and that of the second peak in 
the prescnce of 0.5% DOC (B) were analysed in the presence 
of sodium dodecylsulfate using acrylamide gels of 5 %, as 
describcd in Results and Discussion. 
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Table IL Amino acid analysis 

The initial peak from 1he Sephtirose 6 B column wus subjecL�d 
to amino acid analysis using lhc techniques described in 1he 
1ex1. Results are exprcssed as residues 100 residues. H}dro­
lysis \\as performed for 18 hours 
A, human plantar in1crfilamen1ous malrix; B. ml kera10-
hyalin granules 

A 8 A B 

Ly� 5.5 5.5 Ala 6.7 10.1 
His J.2 J.3 Val 3.2 4.6 
Arg 5.9 8.2 Mel 1.8 J.0 
Asp 10.1 7.5 lie 3.3 3.8 
Thr 4.4 5.4 Leu 7.6 7.5 
Ser 9.2 9.3 Tyr 4.1 2.4 
Glu 15.2 14.5 Phe 2.7 2.9 
Pro (a) 3.8 �s 1.6 
Gly 19.1 10.6 

a Vcry small amount. 

column chromatography in the presence of deoxy­

cholate was used (Fig. l0B). The material, dissolved 

in 8 M alkaline urea, which was antigenie in rabbits, 

was considered to be immunologically homogeneous 

since a single precipitin line was seen when the 

immunoelectrophoresis was done (Fig. IOC), though 

hetcrogencous on disc gel electrophoresis in the 

presence of sodium dodecylsulfate ( Fig. 9 A ). 

Chemical al/G/ysis 

The purified material contained a small amount of 

hexose ( 14 11g per I 00 I,g of protein). The orcinol 
rcaction was negative when an aliquo1 of elua1e con­

taining about 500 11g or protein was analysed for 

RNA. 

In Table Il are displayed the resulls of amino acid 

analyses performed on the material or the initial 

peak from the Sepharose 68 column without DOC, 

and or the keratohyalin fraction of newborn rat epi­

dermis, for contrast. The most common amino acid 

residues in the material extracted with dcoxycholate 

from human plantar horny layers are glycine and 

glutarnic and aspartic acid. The leucine and hisiidine 

residues are very sparse and amino acid analysis or 

the material of the second peak from ihe Sepharose 

6 B column chromatography in the presence of DOC 

is under investigation in order to establish whether 

the further purified fraction might contain a larger 

histidine residue. Cys1ine content in this material is 

also under investigation. The reason why its histidine 

content was low, is that histidine-rich peptide was 

dissociated during the molecular sieve chromato-
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graphy, since the material of the second peak from 

Sepharose 6 B column in presencc of DOC was nega­

tive with Pauly' stain, though the original macro­

aggregates stained positive ( 19). Du ring the fractiona­

tion of the keratohyalin fraction obtained from the 

ncwborn rat epidermis, the histidine-rich fraction 

was dissociated and recovcred in the slowly eluting 

fraction ( 18). A similar slowly eluting protein frac­

tion was also found in ihe dcoxycholate-soluble frac­

tion from human plantar horny layers and its disc 

gel electrophoretic profile is similar 10 that of 

histidine-rich proteins or rat (19). 

Immu11ofl11oresce11t studies 

The in vivo origin or thc material extracted with 

deoxycholate from human plantar horny layers was 

established definitively by thc imrnunofluorescent 

studies using the indirect technique detailed in Fig. 

l I. Specific Jluorcscence was apparent over kerato­

hyalin granules. but no specific fluoresccnce was 

observed in control specimens. While a light area 

was observed on the horny layers (Fig. 11 C), it docs 

not represent fluorcscence. As antigenie substance

was extracied from the horny cells, it might bc expect­

ed that diffuse fluorescence would occur on the 

horny laycrs, but no such observation was madc.

The reason why no fluorescence was observed on the

horny layers is still unknown. However, since anti­

body was raised against the matrix protein of the

horny layer�, though not against keratohyalin gra­

nules, and as there was no contamination by granular

cells in the material from which the antigenie sub­

stance had been extractcd, it may well be that lhe

inclusion or the material or keratohyalin origin into

keratin fibers might cause the change of its tertiary

structures, thus leading to a loss of the antigenecity

or the keratohyalin material. The antigenicity could

be rcgained by thc isolation from keratin fibers with

deoxycholate extraction. It is known that the rnatrix

substance coats keratin fibers 10 yield the so-called

"keratin pattern" in the electron micrographs. The

material which was used to produce antibody, was

trcated at 4°C and never mixed with SDS. Thus, thc

possibility that this fluorescence could be a function

of the ract that the isolated protein has been arti­

factually altered, can be excluded.

lt can be concluded that the material which was 

extracted with deoxycholate and partially purified 

by the molecular sicve chromatography, is of kera­

tohyalin granule origin. 



Fig. 11. Analyses by indirecl immunofluorescence of anti­
body produced ro the matrix protein extract. (A) Histologic 
section of human plantar skin stained with Harris hematoxy­
lin-eosin. (B) The same tissue fixed in 95 °o ethanol and in­

cubaied with anti-matrix protein serum following the incuba-
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tion with goar-anti-rabbit y-globulin which was conjugated 

with fluorescein isothiocyanate. (C) with saline, and (D) with 
control rabbit serum. G: gramtlar cell layer; H: horny cell 
layer. (A) x 300; (B) , 400; (C and 0) ' 300. 
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