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The epidermis of the brook lamprey, Lampetra planers 

(Bloch), has been examined with histological and histo- 

chemical techniques and the fine structure of the fibrillar 

club cells has been studied with electron microscopy. 

In histological structure the epidermis was found to 

correspond to the observations of earlier workers. The 

stratified epidermis possesses three cell types: (1) 

ordinary epithelial cells in all layers, (2) fibrillar 

club cells in the basal layer, and (3) granular cells in 

the intermediate layer. 

The periodic acid Schiff test for polysaccharides 

was negative in the fibers of the club cells but positive 

in the ordinary epithelial cells, especially those towards 

the surface. The large granular cells are only slightly 

P.A.S. positive. Masson's trichrome stain indicated that 

the fibers of the club cells stain inconsistently, but 

usually unlike either collagen or keratin. Chevremont 

and Frederic's ferricyanide test for sulfhydryl groups 

. 
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was only slightly positive in the fibers when employed 

alone. Upon pre- treatment with thioglycollate the 

staining of the fibers notably increased compared to sur- 

rounding proteins, indicating that many disulfide 

linkages were reduced to sulfhydryl groups. 

The electron microscope revealed that the fibers seen 

in the light microscope are aggregations of small fila- 

ments with a diameter of 115 1 5 to 150 G:C R. These filaments 

fill most of the cell except for a small apical region 

and a vertical core through the center. This area of more 

typical cytoplasm contains two nuclei, many large mito- 

chondria, two sizes of vesicles and numerous small granules. 

The basal surface of the club cell lies next to an 

adepidermal "space ", a zone of low electron density, and 

an adepidermal membrane of high electron density. Below 

this lies the basement lamella composed of 10 to 15 

orthogonally arranged layers of collagen fibrils. 

Numerous large plaques occur along the basal plasma 

membrane at irregular intervals. The intracellular 

filaments appear to terminate or originate in the plaques 

as do extracellular projections extending from the adepi- 

dermal membrane. 

The club cell surface adjacent to other epithelial 

cells is very tortuous in outline and much interdigitation 

with neighboring cells occurs. Fewer and smaller 

desmosomes are present on the club cell surface than on 

the interfaces of surrounding cells. The extracellular 

- 



matrix is less abundant around club cells than around 

other epithelial cells and their matrix occasionally 

includes granules. 
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THE FINE STRUCTURE OF THE FIBRILLAR CLUB CELL 

IN THE EPIDERMIS OF LAMPETRA PLANERI (BLOCH) 

INTRODUCTION 

In the late nineteenth and early twentieth centuries 

a number of investigators described the epidermis of the 

lamprey as seen with the light microscope. A good review 

of the literature has been compiled by Hans Rabl (31, 

p. 273 -277), and in the following paragraphs the essen- 

tial histological facts are summarized. 

HISTOLOGY OF THE LAMPREY EPIDERMIS. The epidermis of the 

various species of lampreys is very similar histologically 

except for thickness. The very young anm000etes larva 

has a single layered epidermis of relatively undiffer- 

entiated cells covered on the free surface by a border. 

This border has commonly been described as striated 

although in 1913 and 1924 F. K. Studnika (38, p. 497 -522) 

and L. Rauther (32, p. 271-281), respectively, found the 

surface to be covered with a system of "alveoli" which 

Pere closed to the inside of the cell and separated by 

a system of lamellae. This border persists in the epi- 

dermis of older larvae as :ell. 

Ammocoetes larvae of about six to ten centimeters 

in length have a well developed epidermis with three 

distinct cell types present: (1) the ordinary epithelial 
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cells, making up several layers, (2) the fibrillar club 

cells, and (3) the granular cells. The basal cells rest 

upon a band of connective tissue several layers thick 

which is rather wavy in appearance because of the pre- 

sence of depressions wherever club cells occur. In the 

lower layers of the epidermis the ordinary epithelial 

cells appear to be quite typical cuboidal epithelial 

cells with a central nucleus surrounded by cytoplasm. 

Along the base of the epidermis at irregular intervals 

between these epithelial elements are located the large 

club cells which are shaped like an inverted flask when 

mature. The club cells contain t small apically 

located nuclei surrounded by a small amount of cytoplasm 

and a great mass of fibers which are spirally twisted 

from the base towards the apex. Occasionally a central 

core of cytoplasm may be seen penetrating deeply into the 

fibrous mass. 

The intermediate layer is composed of stratified 

epithelial cells and varies in thickness depending upon 

the species. In the epidermis of the brook lamprey, 

Lampetra pl _neri (Bloch), the layer is about 3 to 4 cells 

in thickness. The same layer in the river lamprey, 

Lampetra fluviatilis (Linnaeus), is 6 to 10 cell layers 

in thickness, and in the sea lamprey, Petromyzon marinus 

(Linnaeus), 10 or more. Within this stratified layer are 
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found the granular cells. These are quite round in out- 

line and are packed ith acidophilic granules surrounding 

a central nucleus. 

The cells of the surface layer, as preserved by the 

usual histological techniques, appear to be rather empty, 

.ith a pyknotic appearing nucleus lying at the basal 

border. Covering the surface of these cells is a system 

of "alveoli" or vacuoles whose septa may give the impres- 

sion of striations. 

FATE OF THE CLUB CELL. There have been a variety of 

opinions concerning the fate of the club cell. In 1864 

H. Müller (20, p. 43 -52) compared the various species of 

lampreys and found that the club cells in L. planers move 

away from the base quite early after differentiation from 

the typical basal cells. In L. fluviatilis and P. marinus 

they remain attached to the basal lamella for a longer 

time. A fe., orkers in the late 1800's described pro- 

cess of the migration and expulsion of the club cells from 

the epidermis onto the surface. However, Studnika 

(38, p. 497 -522) and other early 20th century investigators 

were not able to observe this expulsion in ? great many 

observations. 

FUNCTION OF THE CLUB CELL. Perhaps more interesting than 

the question concerning the fate of the club cells is the 

a 

F. K. 
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puzzle concerning their function. They seem to be similar 

or even homologous to the large slime -producing cells of 

the hagfish epidermis. This cyclostome has, scattered 

over the body surface, glands composed of invaginations 

of the epidermis. Certain cells within these glands dif- 

ferentiate further than those of the general epidermis 

and produce a fibrous slime (33, p. 340 -346). It is 

rather tempting to assume that they are homologous with 

the club cells of lampreys and to equate their functions. 

F.E. Schulze (35, p. 477 -499) assumed that the 

fibrous cells had some glandular function but he dis- 

agreed >ith others as to that constituent of the cell as 

the secretion. L. Pogojeff (28, p. 106 -122) and 

Kapelkin (12, p. 481 -514), in 1389 and 1897 respec- 

tively, suggested that they must be sensory organs, but 

connections between them and nerve fibers have not been 

demonstrated. The suggestion has been made that the 

fibrous mass might be under tension, judging from its 

twisted, clock -spring appearance. M. Oxner (23, p.589- 

646) hypothesized that the club cells function like the 

analogous structures in the epidermis of teleosts, which 

are thought to afford support and protection as well as 

produce some secretion. 

From the foregoing survey it is evident that the 

structure and function of the club cell are still 

w, 
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problems ..hich need to be examined with modern techniques. 

,ith this in mind it as thought worth while to subject 

these cells to the superior resolving 'power of the elec- 

tron microscope in order to elucidate their fine structure 

and possibly thereby to gain a further clue regarding 

their function. 
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MATERIALS AND METHODS 

Larval brook lampreys, Lampetra planer' (Bloch), 

of various ages were collected from .good's creek near 

Philomath, Oregon in January of 1962. Thereafter they 

were kept alive in the laboratory in a tank provided with 

aeration, de- chlorinated water and a layer of detritus 

for food. The larva of the brook lamprey is very similar 

to that of the Pacific lamprey, Entosphenus tridentatus 

(Gairdner), but may be differentiated by somite number 

and distribution of pigmentation at the base of the caudal 

fin. Therefore the somites of all animals used were 

counted and the animals preserved whole in Bouin's solu- 

tion with 50% alcohol for later identification.* 
* 

;pith a new razor blade strips of skin were removed 

from the sides of larvae of 6 to 12 centimeters in length. 

Care was exercised to prevent bleeding or mechanical 

injury to the tissue. These strips were immediately 

immersed in an ice cold 1.0 aqueous solution of osmium 

tetroxide, buffered with veronal acetate to pH 7.4. The 

fixative also contained a trace of cadmium chloride 

(about 0.01 %) and 2.55 sucrose. Fixation was continued 

I am indebted to Dr. Carl Bond, Fisheries Dept., G.S.U., 
for his kind assistance in keying the animals. 
* 
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for one half hour or one hour and followed by rapid dehy- 

dration with a series of ethyl alcohol solutions with no 

intermediate rinse in :eater. During dehydration the 

strips of skin ;ere cut with t o razor blades into shorter 

pieces .ith care to avoid crushing. After final dehydra- 

tion in absolute alcohol some strips were stained with a 

saturated solution of uranium acetate in methyl alcohol. 

All strips were then immersed in propylene oxide which 

acts as a dehydrant and resin carrier. After impregnation 

with a 50% mixture of Epon resin and propylene oxide the 

strips were transferred to gelatin capsules in which the 

polymerization as completed. Impregnation and imbedding 

was carried out after the technique of Luft (17, p. 409- 

414) in which the resin mixed with hardener and acceler- 

ator is allowed to infiltrate the tissue for about 24 

hours at temperatures too loan to induce very rapid poly- 

merization. The temperature is then increased to 600 C. 

for about 12 hours to polymerize the resin into a solid 

state suitable for sectioning. After the capsules were 

removed by soaking in .rater the blocks were trimmed until 

the face measured less than 0.5 millimeter. Thin sections 

ere cut on a Porter -Blum Servall microtome with glass 

knives and picked up on copper grids, either bare or 

coated with parlodion films. Some sections :ere given 

additional staining by immersing the section -bearing grids 
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in a saturated solution of uranium acetate in absolute 

methyl alcohol for about five minutes. The sections were 

examined with an RCA EMU 2D electron microscope and obser- 

vations recorded photographically. 

For light microscopy, 2 to 3 millimeter sections of 

the :.hole body of larvae .ere fixed in Bouin's or Zenker's 

solution. Ten -micron sections ere cut from paraffin 

imbedded blocks and attached to slides ith Mayer's albu- 

min. For general surrey observations hematoxylin and 

eosin and iron hematoxylin stains ere employed. In addi- 

tion several histochemical tests were used: periodic 

acid- Schiff and mucicarmine for mucopolysaccharides (18, 

p. 126, 138), modified Masson's trichrome (18, p. 235 -236) 

and Bonny's triple (9, p. 121) for keratin, and Chevremont 

and Frederic's ferricyanide for sulfhydryl groups (10, 

p. 36 -37). Some one- micron sections cut from the same 

Epon blocks used for electron microscopy ere mounted on 

glass slides and stained for light microscopy ithout 

removing the imbedding medium. 
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RESULTS AND DI; C I TS J I ON 

SURVEY OF THE EPIDERMIS. Sections of material prepared 

in the usual ay for light microscopy reveal a general 

morphology similar to that described by previous .orkers 

(figs. 1,2,3,4). The epidermis of 6 to 10 centimeter 

long larvae is about 60 microns thick and rests upon the 

basement lamella, or stratum compactum. This is a mat 

of connective tissue .ith 10 to 15 layers of fibers. 

Successive layers of the fibers have their longitudinal 

axes oriented about 900 to each other so that the fibers 

in alternate layers run approximately parallel (figs. 14, 

16). 

,hen the epidermis is out perpendicular to its sur- 

face, the club cells are always seen resting upon the 

basement lamella and reaching one half to three fourths 

the distance to the surface. No evidence has been met 

in these observations to suggest that the club cells 

migrate away from the basement lamella or, much less, 

that they are cast out upon the epidermal surface. It 

is possible that in larvae of the age described here the 

epidermis is not sufficiently mature for migration of the 

club cells to occur; or perhaps previous investigators 

gained their impressions from tangential sections. This 

question can only be settled by serially sectioning areas 
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from the epidermis of variously aged animals. 

Perhaps the most striking characteristic of the fibers 

of the club cell is their resistance to and inconsistency 

in staining. .'ith hematoxylin and eosin the fibers may 

become stained red to pale lavender, or remain unstained. 

Zenker fixation usually enhances acidophilic staining of 

the fibers, but with either Bouin or Zenker fixation the 

results are somewhat inconsistent. The nuclei of the 

club cells are partly filled with dense, clumped chromatin. 

The cytoplasmic matrix appears to be mostly clear except 

for some granules which occur basal to the nuclei. 

The ordinary epithelial cells appear to be progres- 

sively more vacuolated and clear -looking towards the sur- 

face of the epidermis, suggesting the accumulation of a 

secretion. The surface border appears striated in optical 

preparations (figs. 2,4) but vesicular in electron micro- 

graphs (fig. 5). Other epidermal elements ere observed 

very much as described in the introduction. 

HISTOCHEMISTRY. Masson's trichrome was used to determine 

if the fibers of the club cells had staining properties 

similar to keratin. Figure 4 shows an unusual case where 

the fibers stained deeply red as does epidermal keratin. 

However, the fibers of many club cells in the same and 

other preparations remained unstained. The basement 

lamellae responded tinctorially like collagen in mammalian 
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tissues. Mucicarmine and the periodic acid- Schiff test, 

which detect polysaccharides, ere both negative through- 

out the club cell but positive in the ordinary epithelial 

cells. These tests were particularly strong in those 

cells near the surface and in the surface border. Inter- 

cellular "spaces" give a strongly positive P.A.S. and 

mucicarmine reaction _pile the granules of the granular 

cells are only slightly positive. thin layer between 

the epidermis and basement lamella corresponding to the 

"basement membrane" also stains brightly ith the above 

agents. 

Chevremont and Frederic's ferricyanide test for 

sulfhydryl groups was employed with pretreatment of the 

tissue ith thioglycollate* at pH 8 for one hour or ith- 

out any pretreatment. ithout pretreatment the fibers 

of the club cells stained very lightly for sulfhydryl 

groups, but not more intensely than other proteins in 

the integument. ith thioglycollate pretreatment the 

staining of the fibers was markedly increased compared 

to surrounding elements, indicating the production of 

many sulfhydryl groups. During keratinization of mam- 

malian epidermis many sulfhydryl groups of the poly - 

peptide chains forming the tonofilaments are supposedly 

Thioglycollate cleaves S -S linkages and reduces them 
to S -H groups. 

A 

* 
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oxidized to disulfide linkages (8, p. 624). This 

probably results in the clumping together of many tono- 

filaments into fibrillar elements which are interspersed 

by an electron dense substance in the outer layers of 

the epidermis. .hen the epidermis of the lamprey larva 

is prepared in the manner described for electron micro- 

scopy the fibers are no longer visible with a light 

microscope, the club cells looking rather clear. Thus 

the fibrous elements visible in the light microscope 

will here be called fibers while their subdivisions 

visible with the electron microscope All be referred 

to as filaments. It seems feasible that the fixatives 

commonly used for light microscopy might oxidize the 

filaments to the fibers with the formation of many 

disulfide linkages. 

These tests indicate that the fibers of the club 

cell are unlike keratin or collagen, contain no detect- 

able polysaccharide, but are probably protein components 

with many disulfide linkages. 

FINE STRUCTURE OF THE FIBROUS FIELD OF THE CLUB CELL. 

In an electron micrograph of low magnification the fila- 

ments of the club cell are seen in both cross section and 

longitudinal section, suggesting that they are quite long 

and that they curve gracefully about the interior of the 
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cell (figs. 3,4,6,8). At the base of the cell they are 

seen to terminate or originate in plaque -like structures 

which resemble one half of a desmosome (figs. 7,13). The 
o 

diameter of the filaments has been measured to be 115 A 

o 

to 150 A (fig. 10), but the shortage of photographs of 

high magnification and resolution minimizes the signifi- 

cance of this measurement. Filaments of similar size 

are found in the ordinary epithelial cells, but in con- 

trast to the club cell filaments they are rather short 

and fairly evenly dispersed throughout the substance of 

the cell (figs. 12,15). 

High magnification examination of the club cell 

filaments reveals that they are wavy and interspersed 

by a matrix of moderate electron density (fig. 10). This 

wavy appearance does not support the hypothesis that the 

filaments are under tension although fixation may greatly 

alter their arrangement. Figure 10 suggests occurrence 

of periodicity in the filaments but attempts to measure 

this periodicity reveal a high degree of inconsistency. 

At the apical end of the filamentous field there is 

no limiting membrane separating it from the cytoplasmic 

matrix. Through the center of the filamentous field a 

core of cytoplasmic matrix penetrates towards the base. 

This core contains mitochondria and many small granules 

(figs. 8,9). 
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Filaments of approximately this same magnitude have 

been observed in a wide variety of cells, both as clumped 

fibers with the light microscope and smaller filaments 

with the electron microscope. In 1866 Eberth (6, p.490- 

506) described structures in the basal cells of frog 

larval epidermis which have since been called "figures 

of Eberth." These "figures" have been studied in 1961 

with the electron microscope by Chapman and Dawson 

(5, p. 425 -435) and Singer and Salpeter (37, p. 1 -20). 

These studies reveal that the figures of Eberth are 

actually clumps of filaments approximately A y pproxiately 40 . to 80 A 

in diameter. Kemp (13, p. 459 -476) has recently shown 

in embryological studies of the same material that the 

filaments have an intracellular origin and a periodicity 
o 

of about 250 A. During metamorphosis these structures 

disappear and it has been suggested by Cameron (4, p. 279- 

235) that they are used up in construction of a new con- 

nective tissue of the basement lamella. It was earlier 

believed that these filaments might contribute to the 

light cornification of the epidermal surface, but deed 

(39, p. 213 -229) has shown that each of the two layers 

of the epidermis in the frog larva is independently 

carrying on mitosis and that the filaments are not present 

in the upper layer. She observed that the filaments fade 

away during metamorphosis and suggested that they are 
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resorbed by the cells. Her belief is that the filaments 

afford support for the epidermis of the young tadpole. 

Puchtler and Leblond (30, p. 1 -32) have described 

a fibrous structure in the apical end of intestinal 

epithelial cells, called the "terminal web ", which they 

considered to be a microskeleton that gives form to the 

cells. This "web" was later shown, through electron 

microscope observations made by Palay and Karlin (24, 

p. 366), to be attached laterally to the terminal bars. 

The :;hole web was resolvable into filaments, some of which 

could be seen extending into the microvilli. 

In the epidermis of Amblystoma there is a large cell 

( "cell of Leydig ") with an empty -looking cytoplasm which 

is skirted peripherally by a network called the "net of 

Langerhans." This net was observed by Hay (11, p. 457- 

460) to be made up of very small filaments measuring 
o 

about 50 A in diameter, coursing from one desmosome to 

the next. Early workers suggested that this network main- 

tained the shape of the large clear cells. 
o 

Filaments of 50 to 100 A in diameter may be an 

almost universal occurrence in epidermal cells of chor- 

dates and have been described in such widely separated 

species as Amphioxus (22, p. 90 -104) and man (2, p. 264). 

Palay and Palade (25, p. 78) have investigated the clas- 

sical neuro- fibrils of light microscopy and have found 
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the,. to be composed of filaments of similar size. 

It is tempting to suggest that filamentous components 

which occur so universally may be of basically similar 

structure and function. However, sufficient knowledge 

of the chemistry or the in vivo function of the various 

filaments is not available to justify such lumping. The 

filaments of the club cells are, however, similar in size 

and appearance to cytoplasmic filaments of other cells 

so that a close relationship may possibly exist. 

PINE STRUCTURE OF THE FILAMENT -FREE CYTOPLASM. In a 

section cut transversely to the height of a club cell 

(fig. 6) two nuclei are often seen surrounded by an area 

of cytoplasm containing no filaments. In a longitudinal 

section of a club cell the filament -free area has the 

general outline of a cone from which a long process 

extends through the center of the filamentous field (fig.8). 

The two nuclei are limited from the cytoplasm by the 

usual pair of membranes in which pores can occasionally 

be seen (fig. 11). The pores appear as interruptions in 

the pair of membranes and may be associated with less 

dense zones in the nucleoplasm. Assuming that ribonucleic 

acid or some other material is emitted from the nuclei 

through the pores, it might be hypothesized that these 

less dense areas act as a kind of drainage matrix for the 
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materials synthesized by the more dense portions. The 

nuclear membranes have not been observed to be continuous 

with any extra -nuclear elements. The nuclear contents 

appear as a mottled mass of granules; a nucleolus is 

apparent in some sections (fig. 6). 

The most conspicuous extra- nuclear elements besides 

the filaments are the mitochondria (figs. 8,11,12). They 

appear elongated or rounded depending upon the plane of 

section and may be nearly two microns in length and half 

a micron in diameter. Mitochondria in the ordinary epi- 

thelial cells are usually about a third of a micron in 

diameter although sometimes nearly as long as those in 

the club cells. In either case the measurement represents 

a limited number of samples without serial sections. The 

contents of the mitochondria are limited from the cyto- 

plasmic matrix by a pair of membranes, the inner of .:hich 

is seen to be continuous with the cristae (figs. 11,12). 

The cristae appear in section to be elongate or vesicular 

structures with an enclosed matrix. This indicates several 

alternatives concerning their structure: (1) the cristae 

may all be tubular; (2) some may be flattened and some 

tubular; or (3) the elongate structures may be either flat- 

tened or tubular and the vesicular- shaped bodies may be 

free vesicles. Very fe. of the more elongate cristae are 

isolated from the inner mitochondrial membrane and this 
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favors the idea that they are flattened. The vesicular 

structures appear quite round or slightly oval in outline 

so that they might be cross sections of tubules or free 

vesicles. Randomly distributed within the matrix of the 

mitochondria are granules of high electron density aver - 

aging 560 A in diameter. 

Throughout the extra -filamentous cytoplasmic matrix 

the presence of small granules is noted (figs. 9,11,12). 

o 
Their diameter is approximately 200 A. They occur ran- 

domly, in loose clumps, irregular rows, or rosettes. The 

rosette formation may be an artifact or represent a hollow 

sphere, but it is likely that the granules represent free 

ribosomal particles. 

Also occurring in the apical cytoplasmic matrix are 

vesicles enclosed by a smooth membrane (figs. 11,12). 

These vesicles and other cytoplasmic organelles are quite 

conspicuously missing in the filamentous regions, even 

along the plasma membrane. The vesicles appear in t o 

main sizes (fig. 12), the larger ones averaging 170 

millimicrons and the smaller averaging 60 millimicrons 

in diameter. In figure 11 the larger vesicles appear to 

be associated with the plasma membrane and figure 12 shows 

several large ones near the plasma membrane and a group 

of smaller ones near the filamentous field and nucleus. 

It seems likely that the larger structures represent 

o 
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pinocytotic vesicles, judging from their juxtaposition 

against the plasma membrane and the similarity of their 

density to that of the intercellular matrix. The smaller 

ones appear to possess a slightly more dense matrix and 

so may be more concentrated forms of the larger ones or 

perhaps smooth surfaced vesicles of endoplasmic reticulum. 

The apparent absence of Golgi bodies in any of the sections 

examined leaves open the possibility that this collection 

of small vesicles may parallel their function. 

FINE STRUCTURE OF THE CELL SURFACE. The basal plasma 

membrane of the club cell lies over several structures 

of uncertain identity. Between the dense band of connec- 

tive tissue and the basal plasma membrane lies a dense, 

amorphous band of about 890 4 and a less dense "space" 

o 
nearer the epidermis of about 740 A (fig. 13). Such a 

complex has been observed beneath other epithelia by 

electron microscopy and has been referred to as the 

"basement membrane" by Pease (26, p. 144), the "dermal 

membrane" by Selby (36, p. 440), and the "adepidermal 

complex" by Salpeter and Singer (34, p. 37). This com- 

plex or membrane is too minute to be seen with the light 

microscope except when tagged with a stain specific for 

the polysaccharide which it contains in abundance (26, 

p. 144). The term "basement membrane" has also been used 
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to describe the whole connective tissue band of tadpole 

integument (37, p. 3). It therefore seems advisable to 

refer to the connective tissue band composed of many 

orthogonally arranged fiber layers as the "basement lam- 

ella" and the complex just below the epidermis, composed 

of the light and dense bands, as the "adepidermal complex." 

This latter term suggests only a structure adjacent to 

the epidermis and avoids confusion. It is unfortunate 

that intercellular areas which are full of tissue fluid, 

though quite electron permeable, are referred to as 

"spaces." Such clear -looking areas will here be referred 

to as "matrices." 

The adepidermal membrane in figure 14 appears to be 

anchored to the underlying collagen fibrils by projec- 

tions which correspond in frequency to the major period 

of the collagen. Between the adepidermal membrane and 

-basal plasma membrane are other projections or continua- 

tions of those below which are seen to run into the 

attachment plaques on the plasma membrane of the club cell. 

These plaques of variable size occur quite regularly 

along the base of the club cells and are much larger than 

those of the ordinary epithelial cells (figs. 7,15). It 

is obvious from figures 13 and 14 that the filaments of 

the cytoplasmic fibers terminate or originate in these 

plaques. Inside the club cell a short distance above each 
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plaque another density occurs. Between adjacent plaques 

the plasma membrane bulges slightly into the club cell, 

suggesting that the area of most firm attachment is at 

the plaques. 

This arrangement of the adepidermal complex and the 

basal plaques attached to filaments has been observed in 

the epidermis of frog larvae by Salpeter and Singer (37, 

p. 3) and in that of newts by Pillai (27, p. 25 -28). 

If the epidermis of the frog larva be brushed sufficiently 

to destroy the cells the figures of Eberth remain attached 

through these plaques to the adepidermal complex and the 

underlying connective tissue (39, p. 213 -229). This may 

indicate that in the tadpole the plaques function as sites 

of attachment of the epidermis to the connective tissue 

band, which also is a possibility in the lamprey larva. 

Occasionally the adepidermal complex together with 

the basal plasma membrane and filaments may be seen to 

penetrate deeply into the basement lamella (fig. 16). 

This phenomenon has been observed both below the main 

substance of the club cell and at the border between a 

club cell and ordinary basal cell (fig. 17). This may 

represent a kind of rootlet which aids in anchoring the 

adepidermal membrane and club cell, or perhaps the rela- 

tionship is only a chance irregularity in the structure of 

the basement lamella to which the epidermis has conformed. 
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The upper and lateral surfaces of the club cells are 

very tortuous in outline and show a great deal of inter - 

d.igitation (figs. ,11,12,18). The typical interdigita- 

tion pattern as seen in figure 12 is more prevalent in 

longitudinal sections of the club cells than in cross 

sections. This may indicate that the interdigitations 

occur as latitudinal ridges -hich encircle the cells. 

The digital processes and the rest of the cell surface 

are delimited by a membrane of about 65 Á in thickness. 

Thickenings of the plasma membrane corresponding to the 

nodes of Bizzozero, or desmosomes, occur most frequently 

on the digital processes. Large desmosomes occur very 

frequently between the membranes of adjacent ordinary 

cells, but along the membrane of the club cells the 

desmosomes are smaller and fewer in number (figs. 8,11). 

This seems to lend support to the hypothesis that the 

ordinary epithelial cells proliferate at the basal region 

and are pushed outward together, securely joined by their 

many desmosomes. If the club cell is not moving along 

with the other cells, this stationary property may be 

dependent on the paucity of its desrnosomal structures. 

Ho ever, this is assigning a rather static role to the 

desmosomes which have been shown by Weiss and Ferris 

(41, p. 276 -277) to rapidly break and reform when epi- 

thelial cells migrate after wounding. Perhaps the 

- 
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extensive surface area ith interdigit:tions and scat- 

tered desmosomes do provide a strong adhesive contact 

ith neighboring cells, but one .hick can be easily 

dissolved by the cells to permit differential movement. 

The intercellular matrix between club cells and 

ordinary cells usually appears about as shown in figures 

11, 12, and 18. The idth of the intercellular matrix 

surrounding club cells is usually about half as thick 

as that surrounding ordinary cells. Granules of various 

shapes and sizes are observed to lie within this matrix, 

often very close to the plasma membrane (fig. 18). The 

lesser thickness of the intercellular matrix surrounding 

the club cells compared ith that surrounding other cells 

may indicate that there is a firm adhesion despite the 

fact that desmosomes appear to be infrequent. On the 

other hind it may only mean that the club cells shrink 

less during fixation and embedding because of the peculi- 

arity of their contents. It is not known what the granules 

in the intercellular matrices may be. 

GENERAL REMARKS. From the information which h s been 

presented it is difficult to hypothesize intelligently 

concerning the probable function of the club cells. 

However, the presence of such a mass of filaments gives 

the impression that this is a comparatively sturdy cell 
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hich might be capable of conferring a certain amount of 

rigidity and form to the rest of the epidermal elements. 

The presence of many intracellular filaments in the epi- 

dermal cells of other animals may indicate a universal 

need for the support that they supposedly offer. The 

considerable number of large sized mitochondria suggest 

a high degree of metabolic activity, but no evidence for 

a secretory function has been observed. That the fila- 

ments are contractile elements is a possibility, but 

one ..hich is hard to correlate with any known function 

of the epidermis. 

Biochemical analysis of the filamentous fraction of 

the club cells, to discover its possible relation to 

other proteins of fibrous origin, and more complete histo- 

chemical and cytochemical studies are indicated as fruitful 

areas of future research on the club cell of lamprey 

epidermis. 
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SUMMARY 

1. Segments of integument from the brook lamprey, 

Lampetra planers (Bloch), were fixed in buffered osmium 

tetroxide and embedded in Epon resin. Thin sections were 

cut on a Porter -Blum Servall microtome and examined with 

an RCA EMU 2D electron microscope. Integument fixed with 

Bouin's solution and embedded in paraffin was sectioned 

for light microscopy and subjected to several histo- 

chemical tests. 

2. The histological structure of the epidermis corresponds 

to the description of earlier workers, with three cell 

types present: (a) ordinary epithelial cells in all 

strata, (b) basally located fibrillar club cells, and (c) 

granular cells in the intermediate layer. 

3. Mucicarmine and P.A.S. tests reveal that the club cell 

is probably not involved in mucous secretion. The fibers 

stain inconsistently with various trichrome stains, but 

unlike either collagen or keratin. Ohevremont and 

Frederic's test indicates the presence of few sulfhydryl 

groups in the fibers unless pre -treated with thioglycol- 

late to cleave disulfide linkages. 

4. Electron micrographs show the club cell fibers seen 

by light microscopy to be aggregations of filaments of 
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o 
about 115 to 150 A in diameter. They sho .. no clear cut 

periodicity at the resolution attained. 

5. The cytoplasmic matrix of the club cell contains many 

large mitochondria, t nuclei, vesicles of t..o sizes, 

and free granules. No Golgi elements or cisternal endo- 

plasmic reticulum Jere observed. 

6. The basal plasma membrane of the club cell bears large 

plaques in which the filaments can be seen to terminate 

or originate. Projections from the plaques reaching into 

the adepidermal membrane, and from the adepidermal membrane 

to the collagen fibrils below, suggest a strong adhesion 

of the club cells to the connective tissue band. 

7. The lateral and apical surfaces of the club cells are 

very tortuous and show many interdigitations .ith neigh- 

boring cells. Intercellular "space ", or matrix, surrounds 

the club cells, but is more marked between the ordinary 

epithelial cells. 

8. It is suggested that the club cells are fixed elements 

that contribute rigidity to the epidermis, and that they 

provide support and attachment for the other epidermal 

cells .:hich possess proliferative properties. 



PLATE I 

Figure 1. A low magnification light photomicrograph of 
a body section showing the dorsal fin and 
stratified epidermis. 

Bouin fixation; paraffin embedded; hema- 
toxylin and eosin stain; 184 X. 
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PLATE II 

Figure 2. A light photomicrograph showing various cell 
types in the epidermis. Note the empty appear- 
ance of some surface cells and depressions in 
the basement lamella below each club cell. 

Bouin fixation; paraffin embedded; hema- 
toxylin and eosin stain; 830 X. 
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PLATE III 

Figure 3. A high magnification light photomicrograph 
of the epidermis and basement lamella, 
showing a club cell with two nuclei. Two 
granular cells and the pigment layer (arrow) 
are shown. 

Bouin fixation; paraffin embedded; hema- 
toxylin and eosin stain; 1,800 X. 
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PLATE IV 

Figure 4. A light photomicrograph of a section stained 
with Masson's trichrome. In this case the 
fibers of the club cell stained intensely red, 
as does keratin. Note the apparent striated 
border (arrow). 

Bouin fixation; paraffin embedded; Masson's 
trichrome stain; 1,800 X. 

Figure 5. An electron micrograph showing the structure 
of the surface border. This border is highly 
reactive to the periodic acid -Schiff test and 
it is assumed that the border vacuoles are 
filled with a mucus secretion. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 4,200 X. 
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PLATE V 

Figure 6. An electron micrograph of a section cut paral- 
lel with the epidermal surface and transverse 
to the length of the club cell. Note the 
swirled appearance of the filaments in the club 
cell and vacuolation in the ordinary cells. A 
nucleolus appears near the nuclear membrane of 
one nucleus (arrow). 

Osmium tetroxide fixation; Epon embedded: 
uranium acetate stain; 4,200 X. 
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PLATE VI 

Figure 7. A low magnification electron micrograph 
showing the extreme interdigitation of the 
club cell surface (arrow). Note also the 
basal plaques and rootlet. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 8,610 X. 
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PLATE VII 

Figure 8. A club cell showing the cytoplasmic core 
which is marked by the dense granules in the 
mitochondria (arrows). At the apex of the 
club cell, compare the frequency of desmo- 
somes on the club cell membrane with that of 
the ordinary cell desmosomes. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 4,200 X. 
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PLATE VIII 

Figure 9. The central cytoplasmic core of a club cell 
is seen here in cross section. Note the 
mitochondria which are also caught in cross 
section and the numerous granules in the 
cytoplasmic matrix. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 46,200 X. 
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PLATE IX 

Figure 10. An area of the filamentous field of a club 
cell shown at high magnification. Notice 
the wavy appearance of the filaments and sug- 
gestions of periodicity at the arrows. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 67,200 X. 

. 
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PLATE X 

Figure 11. The apex of a club cell and adjacent ordi- 
nary epithelial cells. Note the crowded 
condition of the cytoplasmic organelles. 
Compare the thickness of the intercellular 
matrix around the club cell with that sur- 
rounding the ordinary cell. Note pores in 
nuclear membrane. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 13,650 X. 
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PLATE XI 

Figure 12. The apical cytoplasmic matrix of a club cell. 
Note the interlocking processes of the cell 
surface, the dense granules of the mitochon- 
dria and two sizes of vesicles. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 46,200 X. 
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PLATE XII 

Figure 13. The basal region of a club cell. Note the 
dense plaques on the plasma membrane and fila- 
ments which appear to terminate in the plaques. 
Projections are seen extending across the 
adepidermal "space." 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 46,200 X. 

Figure 14. A high magnification micrograph of the adepi- 
dermal complex at the base of a club cell. 
Note that the adepidermal projections below 
the adepidermal membrane appear to correspond 
in frequency to the major periodicity of the 
collagen fibril in the basement lamella. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 67,200 X. 

Figure 15. Plaques and associated filaments at the base 
of an ordinary epithelial cell resting on the 
adepidermal complex. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 61,950 X. 
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PLATE XIII 

Figure 16. The base of a club cell showing a rootlet 
extending into the basement lamella (arrow). 
Note the apparent joining of alternate layers 
of the basement lamella at the rootlet. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 22,050 X. 

Figure 17. A rootlet shown to occur between a club cell 
and ordinary basal cell. 

Osmium tetroxide fixation; Epon embedded; 
uranium acetate stain; 13,650 X. 
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PLATE XIV 

Figure 18. The filamentous region along the side of a 
club cell and the intercellular matrix sur- 
rounding. Note the granules slong the plasma 
membranes in the intercellular matrix. 

Osmium tetroxide fixation; Epon embedding; 
uranium acetate stain; 22,050 X. 
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