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Absrract. The basal and Malpighian layers of the human 
epidermis were freeze-cleaved in a high vacuum and the 
cleavcd surfaccs were replicated with platinum and carbon. 
Examination or 1he replicas showed 1onofibrils in various 
patterns of organization and two distinctly different fractured 
surfaces of plasma membranes. The A-face at a ncxus was 
characterized by patches of aggregated small particles (100-
135 Å) and scattcred membrane-associated particles. which 
wcre never as abundant as shown in other tissue or cells. 
The B-face at a nexus showed aggregation or cobblestone­
like low particles. Pils were occasionally seen on thc B 
surface but not as commonly as described in other organs. 
Membrane-associated particles were only sparsely distributed 
on the B surface. 

Except for the studies done on the human cervical 

epithelium by McNutt & Weinstein (9) and McNutt, 

Hershberg & Weinstein (10), there are no quotable 

works in the Jiterature on the human keratinizing 
epithelia as examined by the method of freezc­

cleavage or freeze-etching. The major contribution 

so far made with this technique seems to be the 

analysis of membrane structure and cell-to-cell 

junctions at the ultrastructural Jevel. 

In this study, en face views of keratinocyte 

membrane and nexus (gap junction) were examined. 

In agreement with the observations made by McNutt 

& Weinstein (9) and McNutt et al. (10) in the normal 

cervical epithelia and with the findings of other 

investigators 011 red blood cells ( 12, 15), I iver cells 

(4), and on an experimental mode! of the cell mem­

brane (3), the cleaved surfaces of many keratino­

cytes were found to be either face A or face B (see 

below). This report deals with the surface structures 

of the freeze-cleaved cytomembranes and nexuses of 
the human epidermis and their correlation with the 

images observed in thin sections with the aid of 

lanthanum. 

11 - 742803 

METHODS AND MATERIALS 

Normal skin specimens were obtaincd from the face, arm, 
hand, leg, and foot of several adults by 2-4 mm punches 
under local anesthesia with I% procaine. In addition, thick 
epidermis from the lateral aspect of a right ring finger was 
removed when a friction blistcr was developed by a screw­
driver. Some specimens were sliced and immediately frozen 
in liquid nitrogen at - 170 C. Other specimcns were fixed 
for sevcral hours in 5% glutaraldehydc in 1/10 cacodylale 
burfer, pH 7.4, rinsed in the same buHer overnight and then 
proccsscd in the same way as non-fixcd tissue. A Denton 
DFE-2 freeze-etch apparatus attached lo å DV-502 evapora­
tor was used throughout. Apposed specimen holders were 
used lo mount the specimcns. Spccimens were fractured at 
between - I 70°C and 200"C and shadowed at a 45° angle 
with a mixture of platinum and carbon and then coated 
with carbon at between - 120'C and - I00'C. The frac­
ture surraces were either etched by sublimation in vacuum 
tio-• x 6 torr) or not, prior to shadowing. The rcplicas thus 
produc<:d were detached from lhe tissue with 30 % Clorox 
and clcancd in lhree changes of distilled water. The clcaned 

replicas were placed on 200-mesh copper grids coated with 
Formvar and examined in a Hitachi HU-12 electron micro­
scope operated at 125 kV. Apart or the epidermal roor or the 
friction blister was permeated with lanthanum after a brier 
fixation in 2 % glutaraldehyde lo which I% lanthanum nitrate 
was added. Parts of the other skin specimens were permeated 
with I% colloidal lanthanum hydroxide. The details of these 
methods have been reported previously (5, 6, 7) as a modifica­
tion of the Revcl and Karnowsky technique (13). 

!111erpreratio11 of freeze-cleaved membrane surfuce 

The plane or the membrane cleavage by freeze-fracture 
procedures has been controversial: (i) the cleavage planc 
goes over the real cell surface; {ii) the membrane is split in 
the interior through a lipid bilayer (I, 12) and thus two new 
faces arc creat.ed (9, 10); (iii) both real membrane surface aod 
split membrane surfaces are revealed (14); and (iv) the posi­
tion is undecided. Cell surface labclling with ferritin failed to 
demonstrate the ferritin parlicles on the cleaved surface (12). 
The real cell surrall'.e or erythrocytcs as revealed by sublima-

tion of water in which they were embedded is smooth, wherc­
as the fractured surfaces are studded with small particles, 
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Fig. J. (a) Cell membranes of two apposed keratinocytes 
(i, 11) are separated by the intercellular space (les). In the 
nexus the outcr surfaccs of two membranes are fused inter­
miuen1ly by projec1ed subunits that cover the contact cyl­
inders (C1, c;, C2, C�, C3 , c;, c,, C). Broken lines indicate 
the potential cleavage planes which will split the membranes 
into Lml and Lm2 (cf. Fig. 1 b). ln mcmbranc J, contact cyl­
inders are broken at various levels within Lm2 and, when 
Lml and Lm2 are separated, project ou, as A-face panicles 
(d. Fig. J b). Allhough not shown, a more conventional 
pattern of cleavage may occur: Contact cylinders arc pullcd 
out completely from Lm2, giving rise to very high A-face 
particles. In membrane I I, contact cylinders arc fraclltred 
within Lml (C;, c;), within Lm2 (C;) or leve! with the 
cleavage plane (C;). 

i.e., the membrane-associatcd particlcs (MAP) (12, 15), The
double replica technique produccd two distincrly difrerenl 
sets of mcmbrane faces that are complementary (2), instead
of producing a set of smooth and symmetrical surfaces which 
one might have expected if the inracr cell surfaces of 1wo 
apposed cells were revealed (I I). Although rhis problem does 
not seem ro have been settled completely, the membrane­
splitting hypothesis of Branton (I) as supported by McNutt & 
Wcinstein (9), Chalcroft & Bullivant (2) and others (10. 12,
15) will be sdopted and the terminology developed by this 

group will be followed. According lo their assumption, when 
the intact membrane is split, the cytoplasmic or inner lamella 
(Lml) gives outwardly directed "face A". The true cell sur­
face, i.e., ''face D" is said not to be revealed at the nexus 
and the juxtacytoplasmic surface, i.e., ••face C". can be seen 
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(b) The cleavage of the membranes I and I f creates Face A
and Face B. Ex1racellular sur[acc is designated Face D 
and juxtacy1oplasmic surface, Face C. The split membrane 
I exposes fractured contact cylinders as A-face particles. 
all or which are projected out of Face A, and as pits all 
indented into Face B: thus, classic Face A particlcs and 
Face B pils are produced. The fracture of membrane Il 
reveals on Face B low profiles of fractured cylinders. namely 
cobblestone particlcs (C;. C�). slightly depressed pils (C;) 
and the area leve! wirh the cleavagc plane (C�). This com­
bination actually occurs in some rrac1ured membranes 
(inset of Fig. 4). Since rhe counrerpart of this 1ype of frac1ure 
sbows a similar variety of broken cylinders (Facc A of 11), 
it may be difficult to distinguish Face A from Face B. 

Fig. 2. Malpighian cells of the normal skin of thc hand. 
Bundles of t0nofibrils (T) are seen in various patterns. 
Fractured cytomembranes are revealed in cross section as 
well as in face view. An A-[ace (A) shows more MAPs than 
a B-face (B). The ncxus on 1he A-face (•) bas an aggregation 
of high particles, i.e .. contact cylinders, whereas the nexus on 
the B-face ( • •) shows a slight depression and pics or cobble-

slone pattern. The ill-derined area (D) between two nexuses 
on the B-face is studded with small particles and might 
correspond to a desmosomal area. (Arrow) direction of plati­
num cas1ing: in the following illustrations large arrows 
always indicate the same. v, cytoplasmic vesicles. x t 75 000. 
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only after intensive etching of the cyroplasmic substance 
covering this surface (9) (Fig. I b).

RESULTS 

General description 

Membranes, cytoplasm, and various organelles were 
rcplicated (Fig. 2). Bundles of tonofibrils wcre secn 
projecting out of the cleavage plane, particularly in 
those specimens etched slightly by sublimation (Fig. 
2). An embossed fibrillar pattern of tonofibrils in 
parallel, weaving or whorl formation could be 
visualized (Pig. 2). The fracture surfaces of small as 
well as !arge vesicles showed various numbers of 
membrane-associated panicles (MAP) (Fig. 2). At 
the nexus, oval or bizarre-shaped patches or macules 
studded with small particles werc seen on the frac­
tmed membranes (Figs. 2, 3). The en face view of 
the cytomembrane showed undulation. For example, 
in Fig. 3 an extensive waving as well as mild rippling 
are clearly visualized. 

Nexus (gap j1111clio11) 

The configuration of the nexus was variable; it 
consisted of round to oval macules with great varia­
tion, ranging from 0.2 to 0.6 ,,m in long diameter 
(Figs. 3, 4). [ndividual macules could coalesce to 
form large, bizarre-shaped ones. The ncxus could 
extend to a large area and islands of non-nexus areas 
could be entirely enclosed (Fig. 3, inset). Particulate 
aggregates elevated to various heights above the 
plane of fracture (Figs. 3, 4) and less frequently, 
similarly arranged pits (Fig. 4, inset) were clcarly 
seen. In some areas particles were arranged in lattices 
of variable regularity (Fig. 3). Orderly register of 
particles was better recognized in a low magnifica­
tion (Pig. 3). The number of MAP was variable, 
depending on the specimen (Pig. 2 vs. Figs. 3, 4). 
In general, MAPs were not as many as previously 
reported (9, 10), even on the A-face of many speci­
mens. 

Face-A at nexus 

Since in many preparations MAPs were not abundant 
on the A face, and the B face did not show many 
pits but mostly a "cobblestone" pattern, the only 
criterion to distinguish the A face from the B face 
was an abundance of high particles at the nexus that 
were rather regularly elevated from the plane of 
fracture (Figs. 4, Sa). Although the B face bad a 
fair number of particles, their number was usually 
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less than 1/3 of the cobblestones and their height 

varied markedly (Figs. 4, Sa, 6a). 

The typical face-A particle at the nexus had a long 
diameter of 100-135 Å and a height of 50-70 Å. 
They were round or polygonal. ln many nexuses, 
aggregation of face-A particles was partially covered 
with face-B cobblestone particles of the apposed 
keratinocyte membrane (Figs. 4, Sa). Face-A 
particles were individually similar to scattered 
MAPs which measured about 100 A in diameter 
(Figs. 2, 4, Sa). 

Face-B at 11ex11s 

Face-B surface, particularly that of the finger skin 
obtained from the roof of a friction blister, showed 
very few MAP (Figs. 4, Sa, 6a). Nexus macules on 
the B Face were usua!ly very well demarcated and 
either slightly depressed (Fig. 2), leve! with Lm2, 
or slightly elevated (Pig. 4). The macule was studded 
with low and high particles. Low particles out­
numbered the high particles. The high particles 
appearcd very similar in size (100-135 Å), height 
(50-70 Å), and configuration to those on the A 
surface (Figs. 4, Sa). The low particles were round, 
oval or polygonal, i.e., square to hexagonal, and 
showed a great variation of size, ranging from 70 Å 
to 135 Å (Figs. 4, Sa, 6a). Their height also varied 
from almost level with the fracture surface, up to 
25 Å. Crater-like central depressions, measuring 
about 25-40 Å, were seen in some particles. Those 
low particles were compatible with the "cobblestone­
type'' B race nexus structures, as mentioned by 
McNutt & Weinstein (9). When shadowed at a high 
angle, pirs, measuring 45-50 Å, were occasionally 
observed (Fig. 4, inset). Lm2, which carries the B 
surface, often showed a serrated edge in non-nexus 
areas (Fig. 4, inset), sugges1ing that Lm2 is composed 
of globular subunits. 

Tight j1111ctions 

No tight junctions were found in this study. If 
present, they should have been recognized as ridges 
and grooves juxtaposed to the nexus (7]. It is obvious 
that the lateral tight junction of the stratum granulo­
sum of the normal skin (7) was not fractured in 
this study. 

Desmosomes 

Specialized areas on the B face as shown by McNutt 
et al. (10) were occasionally observed in the fixed 
specimens. They consisted of a clustering of small 



Fig. 3. A [arge area of the fractured membrane surrace of the 

basal cells exhibits extensive indulation. ln one area, the 

dermal collagen is seen (C). The fracture revealed both A­

and B-faces. At nexuses, the A-face (A) shows a cluster of 

contact cylinders in well-defined macules occasionally in 

register. whereas the B-face (B) shows either cobblestone­

like low particles (c) or pils (p). In many ncxuses, Lm2 "ith 
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B-face cobblestones is partially pecled off (*) and Lm Is of 

the apposcd cell with A-face contact cylinders are revealed. 

Finger skin. x 50 000. Inser: two large nexuses, probably 

formed by confluence of smallcr ones. Non-junctional B-face 

(n-j) is enclosed within one of them. Other labels are the 

same as in the main figurc. Finger skin, x 50 000. 

Acta Dermatovener (Stockholm) 54 



166 K. Hashimoto

;v�\""•i� 
�· pt. 

r ., 
' 

•J���;M:-'• 

} Y?r,;,:!... (� 

�h�*.
:\,.�•., 

7.,.1:::,;;;-p_ .. --�'® r
�� �Jl;. 

0. 1

�· ' ... ,., � ... 

B 

-� ..-
-� � .: (, 

,: 

' ◊ .;.\ 

, · • 0 l 
:◄{.Lx� � 

Fig. 4. A highcr magnificution of face A and facc B. Facc A
(A) has somc ,cauered MAPs (small hollo" arrows) and
clus1ered con1acI C) linder panicles (CJ. "hereas. face B (8) 
is smooth with fC\\ MAPs and has cobblest0ne particles (c) 
admixcd with high particle, similar 10 face A coniact cylin­
ders. A good correspondence of configuration of nexuses
beI-.cen facc A and face B can be scen \\ herc face B is par1i­
ally 1lf1cd (•). Il must be rnen1ioncd here Iha1 between 1hc
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cobblesionc mcrnbrane. i.e., Lm2. and thc membranc on
"h1ch A-facc panides arc siIua1ed. i.e .. Lm I. Iherc is a
Iightl> apposcd inIercellular space of nexus (al •j and that 
Lm2 and Lrn I betong to diffcrcnt cells (scc Fig. I a). Lrn2 
shows globular subunits cven in non-nexus areas (thin. solid
arrow in the insel) and ohen re,eals a serratcd edge. Finger
skin. 75 000. Inser: finger skin. 112 500.



Fig. 5. (a) A still highcr magnification of thc A-face (A) 
showing concact cylinders (C), with dimensions of 100-135 Å 
in diameter and 50--70 Å in height. The 8-face (b) has mainly 
cobblestone-type particles (c), 70--135 Å in diameter and 0-25 
Å in height, bu! higher particles (•) similar lo co,Hact cylin­
ders are also admixed. Finger skin, x 150 000. 
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(h) Lanthanum-permcatcd skin of the arm shows lanlha­
num-filled intercellular spaces. Nexus (N) which follows 
desmosome (d) shows small, unstained particles measuring 
about 70 Å. T, tonofibrils. x 150 000. 
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Fig. 6. (a) A very high magnification of cobblestone particles 
revealed the round lO polygonal contour of individual partic­
les measuring 70-IJS Å in diameter. lf the correction factor 
of 2/3 were applied, (I, 14), the actual sizes of these particles 
would be 45-90 Å. It is possible that some of the low particles 
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(*) were not fully shadowed and, therefore, appcar smaller 
than actual size. Finger skin. x 375 000. 

(b) Lanthanum-permeated skin of the arm shows non­
stained nexus subunits which measure about 70-75 Å. 
X )75 000, 



particles within an ill-defined area between the 
nexuses (Fig. 2, inset). In the human epidermis the 

nexuses generally exist juxtaposed to desmosomes 
[7] (see below).

Nexus subu11its in thin sections 

The nexus was usual ly present very closely juxtaposed 
to desmosomes (Fig. 5b). Without lanthanum it was 
seen clcarly only in cross section as 20-30 Å slits 
with a central dense layer sandwiched between two 
cytomembranes of apposed cells. The sizes of lhe 
nexus were varied greatly, but usually ranged 
bctwecn 0.1 and 0.6 ,,m in diameter, thus agreeing 
in size with nexus macules that wcre demonstrated 
in the replica. Lanthanum permeated the inter­
cellular spaces and infiltrated 20-30 Å nexus gaps 
which in lateral view showed small subunits (Figs. 
5b, 6b). Lanthanum filled the narrow channels 
between subunits, but subunits themselves were not 
stained. The subunits were round to polygonal with 
a diameter of 70-75 Å (Figs. 5b, 6b).

DlSCUSSION 

Cell surface ultrastructure of freeze-cleaved kera­
tinocytes of the epidermis is not expected to differ 
greatly from that of the normal cervical epithelium. 
Nevertheless, our observations are at some variance 
with those of McNutt & Weinstein (9) and McNutt 
et al. (10). Regrettably, only one replica electron 
micrograph at a low magnification was included in 
their publication (10) and lhe information extrac­
table therefrom is certainly limited. Since they did 
not specifically mention in the caption whether the 
specimen was derived from a keratinizing part of the 
cervix uteri, comparison with the skin is difficult. In 
my preparation, the majority of B face structures at 
the nexus showed a cobblestone pattern instead of 
pits. Although they did not publish the cobblestone 
pictures, McNutt & Weinstein (9) gave their dimen­
sions: 90-100 Å in diameter and a height of 35 Å in 
the replica. The cobblestones of the epidermal 
keratinocytes, as shown in Figs. 5a and 6a, were 
found to be more variable in diameter (70-135 Å) 
and height (0-25 Å). Also, a variable number of 
high particles similar to face A particles at nexus 
(contact cylinder) were admixed. These high particles 
might actually represent the contact cylinders which 
happened to be tightly engaged in pits of Lm2 on 
the B surface and, when fractured, were pulled out 
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from the A surface side of Lm I where, according to 
McNutt & Weinstein (9), they are supposed lo stay 

(Figs. 1 a, 1 b): In the other tissues and cells or with 
other techniques (2, 4, 9, 10), the contact cylinders of 
nexus seem to go with Lm I and project from the A 

face. A possibility that a deep etching produced high 
particles was considered. However, in the same B 
face the majority of cobblestones remained low, 
suggesting that there was a definite difference of 
height among lhese particles at the lime of membrane 
fracture. 

It is certain that cobblestones are present on the 
same plane and in the same area as B face pits are 
situated, since the pils and cobblestones are simul­
taneously demonstrated within the same nexus (Fig. 
4, inset). As mentioned by McNutt & Weinstein (9), 
where the B face was shadowed at a high angle and 
hence platinum was deposited densely, pits were seen 
(Fig. 4, inset). 

In the same nexus where the B face was shadowed 
at a low angle and hence the deposition of p)atinum 
was light, a cobblestone pattern was revealed (Fig. 4, 
inset). There is no explanation, however, or why the 
low angle shadow-casting produces cobblestone 
patterns. A puzzling problem is that even a high 
angle-shadowed B face did not necessarily show pils, 
but showed the cobblestone pattern instead (Fig. 3). 
It may then be postulated that upon cleavage the 
contact cylinders can be (i) pulled out of the B face, 
leaving typical pits, (ii) broken at various levels 
above the B face plane up to 25 Å, or (iii) left with 
the B face as "high particles". In fact, the height 
of contact cylinders on the A face is nol uniform in 
some nexuses (Fig. 5a); the short ones could repre­
sent the complementary half of high B race particles. 
In the nexus of keratinocytes, the second and third 
possibilities mighl actually occur (Figs. 1 a, I b), or it 
is possible that this is due to the difference of tech­
nique used in the present study. This problem rnay 
be solved by making double replicas and examining 
the complementary set of fractured surfaces. 

Slight variations from the previously published 
data (9, 10) were noted in calculated dimensions of 
some structures such as the diameter of contact 
cylinders (Table T). Several technical factors involved 
in this method may distort the true dimensions: the 
angle of shadowing, thickness of the replica, deforma­
tion of the fractured surface prior to replication 
(fluctuation of ambient temperature, etc.), etching by 
sublimation, and contamination of vacuum. The 
noted variations are very likely due to these uncon-
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Table I. Measure111e111 o.f nexus s11bu11it in replica and i11 tftin seclio11 

A-face particle 
(contact c,linder) 

Diameter Height 
(Å) (Å) 

McNutt & Weinstein (9) 50-75 
Re,el & Karnowsky (13) 

Goodcnough & Revcl (4) 90 I 00 
Hashimoto (present study) I 00-135 

4 Center-to-cen1er measurement. 

50 

50-70

B-face pil

Diameter 
(Å) 

30-50 

90-l00a 

45-50 

trollable factors in cach investigator·s mcthod, and 
probably not due 10 a spccific difference of the 
tissuc cxamined. 

rr an approximate correction factor of 2/3 (8) 
can be applied to replica dimensions 10 rcduce the 
actual sizcs of struclurcs that are copied on replica, 
contact cylinders should measurc between 65-90 Å 
and cobblestoncs bctween 45-90 Å. The lanthanum­
delineatcd nexus subunits pictured in the same 
rnicroscopc at thc same accelcrating voltage mea­
sured 70-75 Å in diameter. lf the reduction of size. 
due to fixation, dehydration, and lipid extraction by 
alcohol and propylene oxide is considered. the actual 
sizes of these subunits could be greater than 70-75 
Å. Jf 20 °

0 reduction is a reasonable figure, they 
should measurc approximately 85-90 Å in vivo. 
Thus. both contact cylinders and cobblestonc par­
ticles sccm to be smaller than these subunits. Accord­
ing to Mc utt & Weinstein (9), thc ncxus subunits 
may rcpresent the caps covering the contact cylinders 
011 thc D face of Lm2 (Figs. 1 a, I b). 

In this study, not many specific structurcs were 
noted which might correspond to desmosomes. 
Mc utt et al. (10) described an accumulation of 
small particles as an imprinl of a desmosome on the 
B facc in cervical cpithelium. In many replicas, care­
ful e,amination was made in the areas bctween 
nexuses where desmosomes are cxpected to occur in 
the epidermis (7). Such areas were found to be 
more orten than not smooth on both A and B 
surfaces. Since MAPs were still demonstrated in 
these areas (Fig. 4), the possibility that a heavy 
casting of meta! buricd desmosomal particlcs could 

be ruled out. It may be tentatively stated that, with 
the present mcthod, desmosomal marks on frac­
tured membranes can be detected only occasionally 
in thc human epidermis. 
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Hcight 

8-face cobblestone

Diameter Hcighl 
(Å) (Å) 

90 100 35 

70-135 0 25 

exus subunits 
(" ith La stain) 

Diameter 
(Å) 

70 75 
90--IOOa 

70-75 

Hcight 
(Å) 

50 
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ADDENDUM 

After completion of this manuscript, Breathnach et al. (Mic­

ron J: 287, 1972; J Anat 114: 65, 1973) described aggrega­
tions of small particles found on freeze-fractured human 

cpidermal cell membranes as desmosomal particles. These 

clustered particles were seen on clevated areas of fractured 

membrane which is directed toward the cytoplasrn. No 

complementary struclures were found at lower levcls, bu! in 

stratum corneum simi!ar aggregations were secn on slightly 

depressed areas of outwardly directed fracture surface. 
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