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Transporting epithelia have the ability to translocate ions

and water from one side of the epithelium to the other against

concentration and electrical gradients without disrupting the internal

millieu of the cells. The pathway of ions and water across these

epithelia is still a major unresolved question. The allantoic epithe-

lium of the chick chorioallantoic membrane has the capability to

transport ions and water. In this investigation employing ultra-

structural and cytochemical techniques the ultrastructure of the chick

allantoic epithelium of 15-18 day embryos is correlated to some of its

functions.

Transmission and scanning electron microscopy demonstrate the

cellular heterogeneity of the allantoic epithelium which consists of

three distinct cell types: (1) Granular cells: possess prominent

apical granules and a few elongated basal processes which reach the

basal lamina. (2) Mitochondria rich cells:contain abundant mitochondria

and span the thickness of the epithelium. They comprise 10% of the

luminal cells and are randomly distributed. (3) Basal cells: charac-

terized by their relative paucity of cytoplasmic organelles, have no



luminal exposure.

The allantoic epithelium possesses all the characteristics of

transporting epithelia and is structurally analogous to amphibian and

reptilian urinary bladders.

Carbonic anhydrase activity was localized exclusively in the

mitochondria rich cells. Thus mitochondria rich cells might be invol-

ved in hydrogen ion transport. When acetazolamide, a potent inhibitor

of carbonic anhydrase activity, is included in the incubation medium

no reaction product is formed.

The pyroantimonate-osmium tetroxide reaction was utilized for

the localization of cations. Calcium chelation controls indicate

that calcium is the cation precipitated by pyroantimonate. Different

patterns of pyroantimonate deposition are found in each cell type.

Basically, excluding nuclear deposits, the granular cells always have

a large amount of deposits; the mitochondria rich cells have from

none to moderate amounts; and the basal cells have none. In the

granular cells deposits occur along the cytoplasmic side of the plasma

membrane. Generally, the apical membrane has smaller deposits than

the basolateral membranes. Depostis are also present in the intra-

membranous spaces of mitochondria, on the membranes of granules, and

in the nuclei. In the mitochondria rich cells there are a few deposits

on the inner plasma membrane surfaces, in the intramembranous spaces

of mitochondria, and in the nuclei. Basal cells are devoid of

deposits except in the nuclei.

Calcium was also localized by fixation in glutaraldehyde-calcium.

After fixation in glutaraldehyde plus 10 mM or 90 mM calcium chloride



very faint electron opaque deposits are present along the cytoplasmic

side of the entire plasma membranes of all the cell types. The apical

membranes of the granular cells and the mitochondria rich cells have

smaller deposits than the respective basolateral membranes. The

deposits on the entire plasma membrane of the basal cells are also

small. No deposits are present when calcium is absent, when 10 mM

or 90 mM sodium chloride is used, or when osmium tetroxide is

substitued for glutaraldehyde.

When glutaraldehyde-calcium fixation is followed by pyro-

antimonate-osmium tetroxide postfixation, the pyroantimonate deposits

follow the same pattern along the plasma membrane that the faint

electron opaque deposits do in the glutaraldehyde-calcium fixation.

In addition, scattered deposits are present throughout all the cell

types. The mitochondria rich cells often have the most abundant

deposits. The basal cells always have very few deposits. The

physiological significance of calcium in the allantoic epithelium

is speculative. The cytochemical results do suggest that each cell

type possesses either a different physiological function or a

variable degree of the same function.
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THE CHICK ALLANTOIS:
AN ULTRASTRUCTURAL AND CYTOCHEMICAL STUDY

OF AN ION TRANSPORTING EPITHELIUM

INTRODUCTION

Transporting epithelia are able to maintain different concentra-

tions of ions on their opposite sides. In addition they have the

capacity to move ions and water from one side to the other. How these

epithelia have this transporting ability without disrupting the

balance of their own internal millieu is still a major unresolved

question.

Information on ion transport in epithelia has primarily come

from studies by physiologists and biochemists. The physiological

approach considers an epithelium as an entity in itself while the

biochemical approach dissects the molecular constituents of ion trans-

port. An understanding of ion transport in epithelia may depend on

information about their cellular organization and heterogeneity. The

focus of this research is the correlation of cellular structures with

function in the chick allantoic epithelium which has been shown to

have ion transport functions (Moriarty and Hogben, 1970; Garrison and

Terepka, 1972b; Moriarty, 1973) and a heterogeneous cell population

(Coleman and Terepka, 1972).

The allantoic epithelium is the cellular membrane lining the

lumen of the allantois. The anlage of the allantois is derived from

the area of the future hindgut and extends into the extraembryonic

coelom. As it expands, its outer mesodermal layer fuses with the
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mesodermal layer of the chorion. This combination of ectodermal

chorionic epithelium, chorion-allantois mesoderm, and endodermal

allantoic epithelium form the chorioallantoic membrane (CAM). By the

twelfth embryonic day the CAM completely lines the inside of the shell

membranes adjacent to the shell (Romanoff, 1960). During development

the allantois brings in blood vessels which eventually form the

capillary bed in the chorion which becomes the main respiratory organ

of the chick embryo. The urine of the embryo flows into the allantoic

sac. Since the embryo must conserve salts and water, it seems reason-

able that besides just being a storage organ for the metabolic wastes

of the embryo, the allantois must also reabsorb water and ions from

the allantoic fluid.

Physiological studies have shown this to be true. That water

movement occurs has been demonstrated by several authors. The volume

of the allantoic fluid increases until day 11-12 and then it decreases

steadily until the chick hatches (Romanoff et al., 1938; Fiske and

Boyden, 1926; Kugler, 1945; Randles and Romanoff, 1950).

The presence of ion translocation has also been confirmed.

Active sodium transport in vitro occurs across the allantoic epithe-

lium under short circuit conditions (Moriarty and Hogben, 1970;

Garrison and Terepka, 1972a) and is dependent on oxygen uptake. The

sodium to oxygen ratios of 8-11 are not much less than the 15-18

ratios for the extensively studied toad bladder and frog skin

(Garrison and Terepka, 1972a). Na,K - ATPase has been shown to be

present in the microsomal fraction of the allantoic epithelium
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(Saleuddin, et al., 1976).

There is some evidence that calcium ion is actively transported

across the allantoic epithelium. Moriarty (1973) showed that under

short circuit conditions there is a small net flux across the epithe-

lium. This net calcium flux is only about one one-hundredth the mag-

nitude of the net sodium flux.

Previous reports on the morphology of the allantoic epithelium

have been cursory (Borysko and Bang, 1953; Skalinsky and Kondalenko,

1963; Leeson and Leeson, 1963). The non-homogeneity of the epithelium

was recongized by Ganote and his colleagues (1964) and by Coleman and

Terepka (1972). They noted the presence of three cell types: granular

cell, mitochondria rich cell, and basal cell.

Since the allantoic epithelium is an ion and water transporting

epithelium and since it has a heterogeneous cell population, several

interesting questions can be posed. What are the relationships

between the ultrastructure of the epithelium and its functions? Which

cell type(s) is involved in the transport of each ion(s)? What is the

route of the ions and the water? Are the routes cellular or para-

cellular (junctional)? Which components of the cells are involved?

Which enzymes play a role?

The more specific questions addressed in this thesis are: What

is the ultrastructure of the allantoic epithelium? How does it compare

ultrastructurally to other transport epithelia? Is carbonic anhydrase,

the enzyme which has been implicated in H
+

transport, present in the

allantoic epithelium? Where are ions, such as calcium, located?
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Answers to these questions were sought with electron microscipic

and cytochemical techniques. The transmission electron microscopic

ultrastructure of the allantoic epithelium was studied after fixation

in the conventional glutaraldehyde and osmium tetroxide combinations

as well as after fixations in a recently introduced fixation solution,

tannic acid-glutaraldehyde (Futaesaku et al., 1972). Tannic acid

reacts with proteins and thus provides enhanced contrast for many

structures.

Scanning electron microscopy, because of its ability to provide

a better perspective on the distribution of various cell types, was

also used to study the topographic organization of the epithelium.

These ultrastructural studies demonstrate that the allantoic

epithelium has all the morphological characteristics of an ion and

water transporting epithelium. The allantoic epithelium is shown to

be structurally analogous to the extensively studied amphibian and

reptilian urinary bladders, and thus can be considered another model

system for the study of transport.

For the light microscopic localization of carbonic anhydrase

activity the method proposed by Rosen (1972b) was used. Carbonic

anhydrase activity is localized exclusively in one cell type--the

mitochondria rich cell.

The pyroantimonate-osmium tetroxide reaction was utilized for

the localization of calcium. Pyroantimonate precipitates several ions

in vitro yet under the fixation conditions employed, calcium ion is

preferentially precipitated (Simson and Spicer, 1975; Yarom et al.,
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1974,1975). In the allantoic epithelium calcium chelation controls

indicate that calcium is the ion precipitated in the pyroantimonate-

osmium tetroxide reaction. The intensity of the reaction varies

according the the cell type. The pyroantimonate reaction precipitates

are heavy in granular cells, being most intense on the entire inner

plasma membrane and in the intramembranous space of mitochondria. The

mitochondria rich cells have the same pattern of precipitation

however the amount of precipitates varies from moderate to none. The

basal cells are non-reactive.

To locate calcium binding sites and to confirm the pyroantimonate-

osmium tetroxide results, the procedure developed by Oschman and his

colleagues (1972,1974) was used. They found that in calcium-containing

glutaraldehyde fixatives, small electron opaque deposits are present

on the cytoplasmic side of some plasma membranes. They suggested that

these represent calcium binding sites. In the allantoic epithelium

small electron opaque deposits are present on the plasma membranes of

all cell types, however the size and perhaps the number of deposits is

different in the basal cells with respect to the granular cells and the

mitochondria rich cells.

These cytochemical differences among the three cell types

indicate that they possess some different physiolot,ical functions.
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MATERIALS AND METHODS

General Procedure

Fertilized White Leghorn chicken eggs were obtained from Jenk's

Hatchery in Tangent, Oregon and from Oregon State University Poultry

Science Department. The eggs were incubated in a forced draft incuba-

tor at 37°C and 60% relative humidity. Embryos of 15-18 days were used

and staging was according to Hamburger and Hamilton (1951).

For the various treatments the shell and the outer shell membrane

were removed from the airspace while only the shell was carefully

removed from the lateral side of the egg adjacent to the airspace.

Sectors of the CAM plus the inner shell membrane were dissected from

the airspace region and the CAM plus both the inner and the outer shell

membranes was obtained from the lateral sides of the egg. The dissected

CAMs were immediately put into the appropriate treatment solution or a

buffer wash solution. Part of the CAM was mounted on teflon tambours

in order to prevent the membrane from curling (Owczarzak,1967,1971).

The rest was cut into small 2-5 mm
2
pieces.

After the appropriate treatment and fixation(s) the tissue was

either stained en bloc in a uranyl acetate solution before dehydration

or dehydrated immediately in an ethanol series, infiltrated overnight

on a shaker, and embedded in either Araldite 502 (Luft, 1961) or 6005 -

hard formulation (Fullam, 1974). A Porter-Blum MT-1 microtome with

glass and diamond knives was used in sectioning. For light microscopy

and for orientat'on thick sections ( 0.75 - 2.0 um) were stained
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with a basic fuchsin-toluidine blue 0 mixture in polyethyleneglycol

200 (Alsop, 1974). For electron microscopy the thickness of the thin

section was varied (gray to gold interference colors) depending on the

purpose of the experiment. Thin sections, both unstained and stained,

were viewed on an RCA 3H electron microscope. The stained sections

were sequentially stained with uranyl acetate (Nemeth, 1972) and lead

citrate (Venable and Coggeshall 1965).

Ultrastructural Studies

Glutaraldehyde and osmium fixations

Preliminary experiments were carried out to determine the best

fixation for ultrastructural organization with respect to fixative,

buffer, pH, and osmolarity. The following three fixation procedures

produced the best results and thus were used in this study. Unless

stated otherwise the fixations were at ice bath temperature.

1. Glutaraldehyde fixation with osmium tetroxide postfixation.

The dissected tissue was immersed immediately after dissection in 2.5%

glutaraldehyde in 0.1 M cacodylate buffer at pH 7.1. After 5 minutes

the fixative was replaced with fresh fixative and fixation carried out

for 2 hours. The tissue was then rinsed for 20 minutes in 2 changes

of 0.1 M cacodylate, pH 7.1. Postfixation was for 2 hours under the

same conditions in 1% osmium tetroxide in 0.1 M cacodylate at pH 7.1

followed by rinsing in buffer for 15 minutes. After a brief rinse in

double distilled water the tissue was immersed en bloc in 2% uranyl

acetate for 1 hour. The rest of the procedure was as outlined in the
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general procedure section.

2. Glutaraldehyde and osmium tetroxide mixture fixation: The

tissue was fixed for 2 hours in 0.8% glutaraldehyde and 0.7% osmium

tetroxide in 0.1 M cacodylate buffer at pH 7.1 (O'Hare and Braunshwieg,

1975) with one change after 15 minutes. The tissue was then rinsed in

buffer for 15 minutes, followed by a brief rinse in double distilled

water, and stained en bloc in uranyl acetate for 1 hour. The remainder

of the procedure was as stated earlier.

3. Extended osmium tetroxide fixation at an elevated temperature.

The dissected CAM was rinsed well in 0.1 M s-collidine buffer pH 7.3

before fixation in 1.33% osmium tetroxide in 0.067 M s-collidine with

25 mM CaC1
2

at a final pH of 7.3. The fixation vial was covered with

foil and placed in a 37°C incubator. After 18 hours the tissue was

rinsed briefly with double distilled water and stained en bloc for 1

hour in half saturated uranyl acetate in 25% ethanol. For dehydration

and embedding the standard procedure was followed. This is a modifica-

tion of Friend and Murray's (1965) procedure since fixation of the CAM

in unbuffered osmium tetroxide at 37°C for 40-48 hours provided poor

ultrastructural preservation of the allantoic epithelium.

Scanning electron microscopy

After dissection the CAM was rinsed well in 0.1M cacodylate buffer

at pH 7.2 and fixed overnight at 4°C in 2.5% glutaraldehyde in 0.1 M

cacodylate buffer at pH 7.2. The tissue was rinsed for 15 minutes in

0.1 M cacodylate buffer and then postfixed in 1% osmium tetroxide in

0.1 M cacodylate at pH 7.2 for 2 hours at room temperature. After a 15

minute rinse in the buffer and a brief rinse in double distilled water
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the tissue was dehydrated in a graded ethanol series. It was then pro-

cessed for critical point drying through a graded series of the inter-

mediate fluid, trichloro-trifluroethane, transferred into the transition

fluid, Freon 13, and dried. The specimen was then coated with gold-

palladium by vacuum evaporation and viewed on an International Scientific

Instruments "Mini-Sem" scanning electron microscope.

Tannic acid-glutaraldehyde fixation (TAG)

For TAG fixation various formulations were tried. Preliminary

results showed that TAG fixations fit into three categories. One fixa-

tion from each category was used in this thesis. The first two fixations

are modifications of Van Deurs (1975), while the third is a modification

of Futaesaku, et al. (1972).

1. Equal amounts of tannic acid and glutaraldehyde in a cacodylate

buffer. A TAG solution consisting of 4% tannic acid and 4% glutaralde-

hyde in 0.2 M cacodylate buffer at a final pH of 6.5 was used as the

fixative. For the postfixation 1% osmium tetroxide in o.1 M cacodylate

at a final pH of 7.2 was employed.

2. Unequal amounts of tannic acid and glutaraldehyde (less glutar-

aldehyde) in a cacodylate buffer. The primary fixative consisted of 4%

tannic acid and 2.5% glutaraldehyde in 0.1 M cacodylate at a final pH of

6.1. The postfixative was 1% osmium tetroxide in 0.1 M cacodylate at a

final pH of 7.2.

3. Tannic acid and glutaraldehyde in a phosphate buffer. The

primary fixation by 2% tannic acid and 4% glutaraldehyde in .05 M

phosphate buffer at a final pH of 7.2 was followed by a postfixation of
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Millonig's (1961) 1% osmium tetroxide phosphate buffered fixative.

In all cases the TAG solution was prepared by gently dissolving 8%

tannic acid (Sigma) in the appropriate buffer at 50°C and allowing it

to cool to room temperature. Immediately before use it was diluted to

the appropriate concentration and pH with buffered glutaraldehyde.

Fixation was for 1 to 2 hours at room temperature followed by a 10

minute rinse in the appropriate buffer. The samples were then postfixed

in osmium tetroxide for 1/2 to 1-1/2 hours at room temperature. After

2 brief rinses in double distilled water the specimens were stained en

bloc in a saturated uranyl acetate solution. The rest of the procedure

was as previously stated.

Cytochemical Studies

Carbonic anhydrase

For the cellular localizaiton of carbonic anhydrase activity the

procedure for light microscopy used by Rosen (1972) on toad and turtle

urinary bladders was followed, but modified for the chick CAM. The

CANs, dissected from both the airspace and the lateral side of the egg,

were washed with either cold Tyrode's or Earle's BSS. They were mounted

on tambours or cut into small pieces and fixed at 4°C for 1-2 hours in

3% glutaraldehyde in 0.17 M cacodylate buffer, pH 7.2. They were then

rinsed for 15 minutes in 3 changes of the appropriate wash. The

mounted CANS were removed from the tambours and cut into 1 cm
2
pieces

which were picked up on either Millipore TH filters (25 u thick; 0.45 u

pore size) or Nucleopore filters (10 u thick; 0.5 u pore size). Both
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filters gave comparable results. If necessary, the CAM pieces on fil-

ters were stored briefly on Tyrode's- or Earle's- BSS soaked gauze.

Freshly made incubation solutions were exposed to the atmosphere in a

Petri dish for 20 minutes before the CAM filters were floated on top of

them. The incubation solution consisted of 1.75 X 10
-3 M CoSO4, 5.3 X

10
-2

M H
2
SO

4'
1.57 X 10

-1 M NaHCO3, and 1.17 X 10
-2

M KH2PO4. The

reacted areas were largest when the CAM was placed on the filter with

the allantoic epithelium facing up. After 30 minutes of incubation the

tissue pieces were washed for 5 minutes in 6.7 X 10
-4

M KH2PO4, pH 5.9

and then exposed to 0.6% ammonium sulfide for 5 minutes. The CANs were

removed from the filters, rinsed three times in Tyrode's BSS, and pre-

pared for either light or electron microscopy. For light microscopy

the CANs were mounted in glycerine on a glass slide. For electron

microscopy the CAMS were either dehydrated directly or else postfixed

for 1 minute in 2% osmium tetroxide in cacodylate buffer before dehydra-

tion. As a control, 10
-5 M of the carbonic anhydrase inhibitor, ace-

tazolamide (Sigma) was added to the incubation medium.

Pyroantimonate-osmium tetroxide (PAO)

For the ultrastructural localization of pyroantimonate precipitable

cations the basic procedure of Hardin et al. (1969) was followed. The

PAO solution consisted of 2 1/2% (0.05 M) potassium pyroantimonate,

K
2
H
2

Sb
2
0
7
-4H

2
0 (K & K, Irvine, California, no lot number) and 1% osmium

tetroxide. Five per cent potassium pyroantimovate was dissolved by

gently boiling the salt in double distilled water (Garfield, et al.,

1972). The solution was cooled immediately under running cold water
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and stored in the refrigerator overnight. Immediately before use it

was mixed with an equal volume of 2% osmium tetroxide and the pH adjust-

ed by the addition of 0.01 N acetic acid. All results were comparable

over a pH range of 6.9-7.5. Likewise, the temperatures of 4°C or room

temperature did not alter the results.

Pieces of freshly dissected CAM was either immersed in the PAO

solution immediately or washed in Tyrode's solution prior to immersion.

After 2 hours fixation the tissue was rinsed in 2 changes of double

distilled water for 10 minutes. The tissue was then dehydrated and

processed for electron microscopy. The results were the same whether

the standard dehydration and embedding time schedules were used or

whether the "rapid" schedule was used (Hayat and Giaquinta, 1970).

An additional pyroantimonate technique was performed utilizing

para-formaldehyde, rather than osmium tetroxide, as the fixing agent

(Croley, 1973). Tissues were shaken gently in a solution of 2 1/2%

pyroantimonate and 4% para-formaldehyde, pH 7.2, for 3 days at room

temperature. After fixation the specimens were washed for 1/2 hour in

2 changes of 0.1 M cacodylate buffer, pH 7.2 and postfixed for 1 hour

in 2% unbuffered osmium tetroxide. Dehydration was through a graded

acetone series and the material was infiltrated and embedded in Spurr's

embedding media (Spurr, 1969).

Four different controls were performed in conjunction with the PAO

method:

1) Prefixation incubation in a calcium chelation solution devoid

of calcium. The dissected CAMs were immersed for 1/2, 1, 2, or 3

hours at room temperature into a solution of 5nM EGTA in Tyrodes CMF
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(5mM ethylene glycol bis (b-aminoethylether)-N,NT-tetra-acetate

(disodium), 2.7 mM KC1, 138 mM NaC1, 0.39 mM NaHPO4 and 12 mM NaHCO
3
).

The chelation solution was replaced with fresh solution every 15

minutes.

2) Prefixation incubation in a salt solution devoid of calcium

and enriched with sodium. The procedures were the same as in the

above control. The solution consisted of Tyrodes CMF plus 2.8 mM

NaCl (2.7 mM KC1, 140.8 mM NaC1, 0.39 mM NaHPO4, and 12 mM NaHCO3).

3) Prefixation incubation in an EGTA solution. The dissected

CAMs were soaked for 1/2 hour in a cold solution of 5mM EGTA (disodium),

3.6 mM MgC12, 2 mM KC1, and 113 mM NaCl (Yarom and Meiri, 1972).

4) Unstained thin sections on grids were floated or immersed

for 10-60 minutes in one of the following solutions: 50 mM EDTA;

Tyrodes basic salt solution; Tyrodes basic salt solution devoid of

sodium; and distilled water (Boyne et al., 1974).

Glutaraldehyde-calcium fixation

The CAMs were fixed overnight or for 3 days in cold 2.66%

glutaraldehyde (Polysciences, lot 1365) in 0.067 M s-collidine

buffer (Tousimis, lot 2354), pH 7.3 with either 0, 10, or 90 mM

CaC1
2
or NaC1 added (Oschman and Wall, 1972). The specimens were then

rinsed for 10 minutes in two changes of double distilled water;

dehydration and embedding were according to the usual method.

The same sequence of fixations were repeated with 1.33% osmium

tetroxide substituted for the glutaraldehyde.
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Glutaraldehyde-calcium fixation and PAO postfixation

For this set of fixations the tissues were handled according to

the procedures in the preceding section, after which they were

postfixed in the PAO solution of 2.5% potassium pyroantimonate and

1% osmium tetroxide at pH 7.1 for 2 hours. Subsequent processing was

as described under the general procedures.
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RESULTS

Ultrastructural Studies

The allantoic epithelium is associated through a common mesenchymal

layer with the chorionic epithelium. Figure 1 shows the relationship

of these layers. On its apical side the allantoic epithelium faces

the lumen of the allantois; on its basal side it abutts the mesenchymal

layer which is composed of mesenchymal cells in a fibrous matrix.

Blood vessels course through the mesenchymal layer continuing in the

chorion as a fine capillary network. Tenaciously adhering to the

chorion is the inner shell nembrane composed of a mesh of large fibrous

structures. These fibrous structures become progressively larger as

they approach the egg shell to form the outer shell membrane.

The allantoic epithelium consists of three cell types (Figure 2):

(1) granular cell which possesses numerous granules of varying elec-

tron opacity; (2) mitochondria rich cell which is packed with mitochon-

dria and possesses a tuft of long microvilli; and (3) basal cell which

is characterized by a paucity of most organelles except filaments.

A scanning electron microscopic view of the luminal surface of

the allantoic epithelium (Figure 3) shows that granular cells and

mitochondria rich cells have a luminal exposure. The granular cells

make up most of the surface area presenting a polygonal "pavement"

arrangement with short, sparsely distributed microvilli on the surface

and with ridges protruding where the neighboring cells adjoin (Figures

3,10). Mitochondria rich cells are identified by a tuft of long,



16

densely packed microvilli at the center of a rosette of granular cells.

Mitochondria rich cells can also be identified in light micro-

graphs of the luminal surface of the epithelium after the histochem-

ical reaction for carbonic anhydrase. As will be discussed later, the

mitochondria rich cells become dark since they react positively for

carbonic anhydrase activity (Figure 21). Since they can be easily

identified and since large areas of the epithelium can be photographed

through the light microscope, certain population characteristics of

the mitochondria rich cells can be quantified. Of 5,402 luminal cells

scored, 10.4% (s.e. = 0.4%) were mitochondria rich cells. To estimate

the proportion of the surface area represented by mitochondria rich

cells, 141 of their images were cut out from a photograph and weighed,

as were the granular cell images. By this method the estimate of the

surface area occupied by mitochondria rich cells was 5.9%. The dis-

tribution of these cells among the granular cells was examined by

subdividing the epithelial surface into grids and recording the fre-

quencies of occurrence of mitochondria rich cells within the grids.

The sample size included 659 mitochondria rich cells. Deviations from

expected values based on the Poisson distribution were non-significant

(K
2
= .65, p > .95) indicating that the mitochondria rich cells are

randomly distributed.

Granular cell

Transmission electron microscopy of cross sections of the allan-

toic epithelium demonstrates that granular cells span the epithelium.

The portion of a granular cell resting on the basal lamina varies from

a section of the main body (Figures 4, 24, 42) to very small processes
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(Figures 29, 39).

In granular cells the most prominent organelles are the multisized

membrane bound granules of varying degrees of electron opacity. The

shapes are mostly round, though many have oblong and somewhat

irregular outlines (Figures 4, 5, 6, 23). There are more granules in

the extreme apical part of the cell and they are more tightly packed

than in the mid and basal portions of the cell (Figures 5, 17). An

occasional section will show a granule presumable undergoing exocytosis

(Figures 7, 46), The most apical part of the cell is devoid of

mitochondria although they are present in the mid and basal parts of

the cell (Figure 5). In most sections the mid portion of the granular

cell contains 1-3 well developed areas of the Golgi apparatus (Figures

6, 25). A somewhat extensive rough endoplasmic reticulum system is

also present (Figures 6, 4). Numerous free ribosomes are located

throughout the cell (Figure 6). Without appropriate cytochpmical tests

it is often difficult to distinguish between ribosomes and glycogen

particles. Structurally no alpha or beta glycogen configurations

were seen. The globular particles have been labelled as ribosomes

for two reasons. First, the globules on the rough endoplasmic

reticulum are the same size as those free in the cytoplasm. Second,

the globules stain extremely well when tannic acid is the fixative

(Figure 6). Since tannic acid is considered a protein stain

(Futaesaku, et al., 1972) it seems most probable that it would

emphasize the protein ribosomes rather than the carbohydrate glycogen.

Many small vesicles which fit the description of "coated vesicles"

(Fawcett, 1965; Ockleford, 1976) are present along the basolateral
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sides and in the Golgi region (Figure 6). There is a slight fuzzy

coat on the internal side of the membrane and spike-like structures

on the cytoplasmic side. These vesicles are often seen connected to

the plasma membrane as if undergoing endocytosis.

Some lysosome-like vesicles are present throughout granular

cells (Figure 6). They can be dark membrane bound vesicles, vesicles

with internal structure, or multivesicular structures. Without

cytochemical tests they can be identified only from a structural basis.

Microtubules course through the granular cells on fairly straight

paths (Figure 6). No overall orientation within the cells could be

discerned. Many bundles of filaments weave throughout the cell

(Figure 6). Filaments near the center of the cells could not be

identified as to type, but the filament bundles near the edges of the

cells are most likely tonofilaments arising from the many spot

desmosomes. An extensive mat of filaments which probably comprises

the terminal web is present beneath the apical membrane (Figure 26).

Instead of having the usual short stubby microvilli, the apical mem-

brane is occasionally observed having ridge structures (Figure 8).

Mitochondria rich cell

A tuft of long, densely packed microvilli comprise the luminal

portion of the mitochondria rich cells (Figure 2, 9, 11, 19a, 22).

Below the lumen the cell expands increasing its volume (Figures 9,

22, 39). It spans the epithelium with its basal membrane resting on

the basal lamina (Figures 4, 19a, 39). This basal portion is often

small, giving the cell a flask-like appearance (Figure 19a).

With tannic acid-glutaraldehyde fixation complex structured
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elements can be seen in the microvilli (Figure 11a). Some filaments

in the microvilli extend well into the cytoplasm (Figure 11b).

Centriole-like structures are often under the microvilli of the mito-

chondria rich cell though they are rarely seen in other cells. One

fortuitous section (Figure 11c) shows what may be the basal body of

a cilium-like structure. (Single cilia of mitochondria rich cells were

observed with scanning electron microscopy in other experiments not

included in this thesis.)

An array of clear vesicles are present underneath the microvilli

(Figures 2, 9, 11c). Below the clear vesicles numerous mitochondria

fill most of the cell (Figures 2, 9, 19a, 22). Coated vesicles are

also present (Figure 12). As in the granular cell they are associated

with the Golgi apparatus and can be seen forming on the basolateral

membranes. Various kinds of lysosome-like structures are also

represented (Figures 9, 12). Extensive Golgi apparatus areas are

present as well as rough endoplasmic reticulum and free ribosomes

(Figures 12, 25). Microtubules and filaments follow the same pattern

that is seen in granular cells (Figure 12).

Basal Cell

Basal cells have no luminal exposure and their basal plasma

membrane rests on the basal lamina (Figures 4, 13, 15). The most

numerous organelles are filaments which weave throughout the whole

cell (Figure 14, 13). Microtubules are also present but have no

particular orientation within the whole cell (Figure 14). Coated

vesicles are about as frequent as in the granular and mitochondria

rich cells (Figure 13). The basal cells contain few mitochondria,
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Golgi apparatus, rough endoplasmic reticulum, and lysosome-like

structures (Figure 13). They do have some free ribosomes as seen

in the tannic acid-glutaraldehyde fixed cells (Figure 14).

Mesenchymal cells with processes adjacent to the basal lamina

are sometimes seen (Figure 13). Mesenchymal processes have not been

observed across the basal lamina.

Cell junctions

Junctional complexes encircle the granular and mitochondria rich

cells at their apical end nearest the lumen (Figures 4, 9, 16). At

the cell border between two granular cells this luminal junction is

elevated by corresponding projections from each cell. With scanning

electron microscopy these ridges are easily seen (Figures 3, 10).

Elevated junctional complexes are also present at the interface of

mitochondria rich cells with granular cells. Between these two cells

the complex is longer as it extends over part of the granular cell. In

some cases the junction is almost parallel with the cell surface

(Figures 9, 11c).

The junctional complexes consist of three parts: tight junction

or zonula occludens, intermediate junction or zonula adherens, and

spot desmosome or macula adherens. In the tight junction the outer

leaflets of the plasma membranes are fused for approximately 0.26

0.30 pm(Figure 16). The intermediate junction is immediately below

the tight junction, but a variable interval separates the spot

desmosome from the intermediate junction. The spot desmosome region

of the junctional complex consists of a series of discrete spot

desmosome plagues encircling the cells unlike the tight junctions and
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intermediate junctions which have continous belts around the cells.

TAG fixation is superior to the other fixatives in demonstrating the

substructure of these junctions (Figure 16a). The intercellular space

of the intermediate junction contains some electron dense substance.

A denser mat of fine filamentous material is adjacent to the cytoplas-

mic side of the plasma membrane. Filaments radiate from this mat.

The spot desmosome is usually longer and more complex than the

intermediate junction. Its intercellular space contains a central

dense stratum with side arms linking it to the plasma membranes.

Closely adhering to the cytoplasmic side of the plasma membrane is a

very electron dense plaque. Next to the plaque is a wide mat composed

of tonofilaments which radiate out into the cell in bundles usually

next to the plasma membranes.

Spot desmosomes are present throughout the epithelium between all

cell combinations. A gradient with respect to size and number of spot

desmosomes exists from the apical to the basal end. The spot desmo-

somes become smaller and more frequent towards the basal part of the

epithelium (Figure 17). In some sections the circular plaque-like

structure of these spot desmosomes is clearly demonstrated (Figure 18).

The allantoic epithelium possesses hemidesmosomes between the

basal lamina and the cells resting on it. Here again tannic acid-

glutaraldehyde fixation clarifies the substructure (Figure 15).

Local dense thickenings are present on the cytoplasmic side of the

plasma membrane and on the basal lamina. Some fibrils extend from

the plasma membrane well into the mesenchymal layer (Figure 15c).

These "anchoring fibrils" (Palade and Farquhar, 1965) appear to have
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cross striations that have a different periodicity from collagen.

These fibrils react with silver nitrate (personal observations)

as do reticular fibers (Bloom and Fawcett, 1968, p. 136).

Large intercellular spaces occur between all cell types (Figures

5, 16, 18). This is a consistent feature under all ideal fixation

conditions. The spaces tend to be larger at the more basal portion

of the epithelium. Spot desmosomes interrupt the spaces by connecting

cells together. Numerous interdigitating cell processes from

neighboring cells are present in the spaces (Figure 18). These

cellular extensions usually lie very close to the main body or an

extension of an adjacent cell.

Surface coats

The plasma membranes of the allantoic epithelium are asymmetrical

in two ways. There is asymmetry inherent in the plasma membrane

since the inner leaflet is more electron dense than the outer leaflet

(Figure 16b). The presence of a surface coat also provides asymmetry.

A surface coat is discernable after all types of fixations, but is most

pronounced after TAG fixation. The results vary depending on the buf-

fer and on the proportion of tannic acid to glutaraldehyde. With equal

percentages of tannic acid and glutaraldehyde in cacodylate buffer (4%

tannic acid and 4% glutaraldehyde in 0.2 M cacodylate) a distinct

filamentous surface coat is observed (Figures 7, lla, lib, 16a). This

coat is more extensive on the apical membranes than on the basolateral

membranes (Figure 16a).

This fixation mixture also enhances the contrast of many cellular
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organelles. Microtubules and filamnets, rarely observed with other

fixatives, are easily discernable (Figure 14). Desmosomes are espe-

cially prominent (Figure 17). Membranous cell organelles, such as the

endoplasmic reticulum, Golgi apparatus, and mitochondria exhibit

increased contrast (Figures 6, 12) and the substructure of coated ves-

icles is demonstrated (Figure 6). The rough endoplasmic reticulum has

more ribosomes with this TAG fixation than with other fixations. Cister-

nae and vesicular structures contain amorphous electron opaque material

often absent after other fixations (Figure 6).

If the fixation mixture contains more tannic acid than glutaral-

dehyde (4% tannic acid and 2.5% glutaraldehyde in 0.1 M cacodylate),

then the surface coats, the basal laminae, and collagen are well de-

fined, but the contrast of internal cell structures is not enhanced

(Figure 20).

When phosphate is the buffer in the TAG fixation (2% tannic acid

and 4% glutaraldehyde in 0.05 M phosphate buffer), or when extended

osmium fixation (1.33% osmium tetroxide in 0.067 M s-collidine for

18 hours at 37 °C) is used, then only the apical surface coats exhibit

increased electron opacity (Figure 19).

Cytochemical Studies

Carbonic anhydrase

A definitive population of cells shows a positive reaction to

the histochemical test for carbonic anhydrase activity. A luminal view

of the allantoic epithelium shows that the reactive cells form the cen-

ter of rosettes (Figure 21). When this view is compared to the
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scanning electron microscopic view (Figue 3) the carbonic anhydrase

reactive cells correspond to the mitochondria rich cells. Transmission

electron microscopy of this light microscopic reaction confirms that

the mitochondria rich cells are the cells which reacted positively

(figure 24). When acetazolamide, a potent inhibitor of carbonic anhy-

drase activity, is included in the incubation medium no reaction prod-

uct is formed.

Pyroantimonate-osmium tetroxide

Different patterns of pyroantimonate deposition are found in each

cell type. Basically, excluding nuclear deposits the granular cells

always have a large amount of deposits; the mitochondria rich cells

have from none to moderate amounts; and the basal cells have no deposits

(Figure 23). In all cell types the amount of deposits varied somewhat,

but the pattern of deposition was consistent and highly reproducible.

In the granular cells deposits occur along the cytoplasmic side

of the entire plasma membrane except in the spot desmosomes and perhaps

along the tight junction of the luminal junctional complex. Generally,

the apical membrane has smaller deposits than the basolateral membranes

(Figure 24). Deposits are also present in the intramembranous spaces

of all mitochondria, but never in the matrix (Figures 28, 27, 23, 24).

The granules have some deposits on the cytoplasmic side of their

membranes (Figures 24,25). Occasionally a section included a cell in

which the granules appear to be exocytosed. These granules are very

pyroantimonate reactive (Figure 26).

Nuclei contain deposits of two sizes. Very fine precipitates
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are present throughout the nuclei and in increased concentrations in

the condensed chromatin areas. Larger precipitates are present in the

nucleoli and sparsely in the uncondensed areas (Figure 24). A few depo-

sits are associated with the Golgi apparatus (Figure 25). The rest of

the cell is basically free of pyroantimonate precipitates.

The amount of deposits in the mitochondria rich cells varied from

none (Figure 25) to slight (Figure 23) to moderate (Figure 30). Deposits

are present on plasma membranes and in the intramembranous spaces of

mitochondria. The apical vesicles do not appear to accumulate deposits.

Basal cells are devoid of deposits except in the nuclei (Figures,

24,29) and around lipid-like structures (Figures 26,21). The pattern of

precipitates in the nuclei is identical to the pattern in the nuclei of

granular and mitochondria rich cells. Lipid-like structures are found in

all three cell types and are pyroantimonate reactive in all three types.

When para-formaldehyde, in place of osmium tetroxide, is used with

pyroantimonate only a small proportion of granular cells are reactive.

The only deposits on the cells are on the cytoplasmic side of the

plasma membrane (Figure 31). In contrast to the PAO fixed epithelium

there are no deposits in the mitochondria, in the nuclei, or on the

granular membranes. An interesting feature of the deposits found when

using this technique is the difference in density; in comparison to the

solid deposits found after PAO fixation, these do not appear to be of

uniform density Figure 31, inset).

When the tissue is soaked before PAO fixation in solutions of

either 5 mM EGTA-Tyrodes CMF (control 1) or Tyrodes CMF enriched with
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sodium (control 2), no deposits are evident anywhere in the epithelium.

Deposits are also absent after unstained sections on grids are

immersed in 50 mM EDTA (control 4) for 60 minutes (Figure 33). The

deposits are not removed if sections are immersed in Tyrodes, Tyrodes

BSS minus sodium chloride, distilled water, or ethanolic uranyl acetate.

When as a control, the tissue is treated in an EGTA salt solution

(control 3) prior to PAO fixation, the pattern of deposition differs

from that of PAO reacted epithelium. There are numerous deposits

scattered throughout the granular cells except on the plasma membrane

where their number is diminished (Figure 32).

Glutaraldehyde-calcium fixation

After fixation in glutaraldehyde-calcium very faint electron

opaque deposits are present only along the plasma membranes of all

the cell types (Figure 34). The results are the same whether 10 or

90 mM of calcium are used. There are no deposits with glutaraldehyde

alone. Likewise, the length of fixation has no effect on the results.

All of the faint deposits are on the cytoplasmic side of the plasma

membrane (Figures 35-38),and the size of these deposits is variable.

In the granular cells the apical membranes have smaller deposits than

the lateral membranes (Figures 34,35). Besides being smaller there

might also be fewer of them. Their number is difficult to discern

due to their smallness. The same deposition trend is present in

mitochondria rich cells (Figure 36). All of the deposits on the basal

cell plasma membranes are small compared to those on the baso-lateral

membranes of granular and mitochondria rich cells (Figure 37). Small
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deposits appear to be present along the length of the junctional

complex (Figure 38).

In all glutaraldehyde-sodium fixations the epithelium is

devoid of deposits. When the above glutaraldehyde sequence of

fixations is repeated using osmium tetroxide instead of glutaraldehyde,

there are no deposits anywhere in the epithelium.

Glutaraldehyde-calcium fixation and PAOpostfixation

When glutaraldehyde-calcium fixation is followed by PAO

post-fixation, the pyroantimonate deposits follow the same pattern

along the plasma membrane that the faint electron opaque deposits

do in glutaraldehyde-calcium fixation. In addition, scattered

deposits are present throughout all the cells. The total amount of

deposits does vary from one area of the epithelium to another.

Generally though, the primary fixation with 90 mM calcium produces

more deposits than the fixation with 10 mM calcium. Often the

mitochondria rich cells have the most abundant deposits. The basal

cells always have very few deposits (Figure 39).

As in the PAO reaction and in the glutaraldehyde-calcium

fixation, the apical deposits of the granular cells and mitochondria

rich cells are smaller than the basolateral deposits (Figures 40,41).

The plasma membrane deposits on the basal cells are also smaller

(Figure 42). Again the junctional complex has deposits along its full

length(Figure 43).

The nuclei and nucleoli are the only organelles which have a

difinite deposition (Figure 44). The mitochondrial and the granular
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membranes do not have deposits (Figure 45). An occasional granule

which appears to be exocytosing is pyroantimonate reactive (Figure

46). The granule's contents have a lamellar form.

When PAO postfixation follows a primary fixation of glutar-

aldehyde with no added cation, then occasional granular cells and

mitochondria rich cells possess deposits which are present only on

the plasma membrane. After glutaraldehyde-sodium fixations followed

by PAO postfixations a few isolated deposits are present (Figure 47).

When the above glutaraldehyde sequence of fixations is repeated using

osmium tetroxide instead of glutaraldehyde, there are no deposits

anywhere in the epithelium.
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DISCUSSION

The chick allantois can no longer be considered solely in terms

of a "repository for the waste products of the kidneys" (Romanoff,

1960, p. 1111). The active transport of sodium (Moriarty and Hogben,

1970; Garrison and Terepka, 1972b), the translocation of water

(Fiske and Boyden, 1926), and perhaps the active transport of calcium

(Moriarty, 1973) are functions that physiological studies have demon-

strated for the allantoic epithelium. The objective of this research

has been to correlate cells and cellular structures to functions.

Structural basis of ion transport

This study emphasizes that the allantoic epithelium has a

non-homogeneous cell population consisting of three distinct cell

types. Granular cells, representing almost 90% of the cells bordering

the lumen, are filled with numerous large electron opaque granules.

Interspersed among the granular cells and accounting for 10% of the

luminal population are the mitochondria rich cells which extend

densely packed microvilli i -o the lumen and contain numerous

mitochondria. Basal cells lie on the basal lamina and have a high

density of filaments.

Detailed ultrastructural study shows that the allantoic

epithelium has all the characteristics of ion and water transporting

epithelia as described by Berridge and Oschman (1972): 1) The cells

are morphologicly asymmetrical with extensive cell foldings and large

intercellular spaces. 2) Tight luminal junctional complexes are

present. 3) The cells exhibit plasma membrane and surface coat
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asymmetry. 4) Mitochondria are abundant in the epithelia cells.

1) The allantoic epithelium possesses the basic cell geometry

common to transporting epithelia. The cells are asymmetric, have

numerous cell foldings, and provide for large intercellular spaces.

The luminal surfaces of the granular cell and the mitochondria rich

cell are folded into microvilli while their basal portions are flat

against the basal lamina. The basal part of the basal cell is also

flush against the basal lamina while its non-basal membranes are

extensively folded and interdigitate with processes from the lateral

sides of granular cells and mitochondria rich cells. Between all cell

types there are large intercellular spaces which are closed off from

the lumen by apical junctional complexes between the luminal cells.

On the basal part of the epithelium the intercellular spaces are open

to the basal lamina through narrow gaps between the cells on the basal

lamina.

2) The luminal junctional complexes of the allantoic epithe-

lium exhibit the morphological features of "tight" transporting

epithelial membranes.

Transmission electron microscopy of tight junctions shows them

to be formed by a fusion of the outer leaflets of the adjacent

plasma membranes. Freeze fracture electron microscopic methods

demonstrate that the tight junctions actually consist of anastomosing

strands of focal fusions of the outer leaflets (Staehelin, 1974). If

many strands of punctate fusions encircle a cell, an electron micro-

scopic thin section would show a long tight junction. Likewise, a

few strands would be seen as a short tight junction. In a variety
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of transporting epithelia, Claude and Goodenough (1973) correlated

the number of strands in tight junctions with the physiological

measurement of transepithelial resistance. They found that the

larger the transepithelial resistance of an epithelium was, the more

strands it had in its tight junctions. A membrane with a large

transepithelial resistance is able to maintain steep ionic gradients

between its two compartments. It is designated a "tight" trans

porting membrane (Machen, el al., 1972; Fromter and Diamond, 1972;

Diamond, 1974) and maintains these gradients because of low passive

plasma membrane permeability and low junctional or paracellular

permeability. Extensive strands in the tight junction seem to be

responsible for its low paracellular permeability. A "leaky"

membrane, on the other hand, has a short tight junction and thus

has larger passive paracellular transepithelial fluxes.

The length of the tight junction between two granular cells is

about 0.26 pm to 0.30 pm. Between a mitochondria rich cell and a

granular cell, the tight junction is even longer. On the basis of

Claude and Goodenough's (1973) data a transporting membrane with

tight junctions of such a length fits the category of "tight"

epithelium in contrast to "leaky" epithelium. Therefore, with such

a "tight" junction the main route for solutes and water would be

expected to be cellular rather than junctional.

There is no evidence that the other cell junctions have a direct

role in solute or water transport. The intermediate junctions may

just function as a point of attachment for the filaments from the

terminal web or they may have a more active role in permeability, as
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suggested by Lauweryns et al. (1976). Since the filaments of the

intermediate junction have been shown to be actin-like (Ishikawa,

et al., 1969) and have the ability to contract, their contraction or

relaxation may regulate the permeability of the intermediate junction.

The known roles of spot desmosomes and hemidesmosomes are

mechanical, including functions such as anchoring, adhesion, and sites

for the insertion of filaments (Staehelin, 1974; Martinez-Palomo,

1970). Because of their resistance to osmotic shock (Gilula, 1973),

they are largely responsible for maintaining the integrity of ion and

water transporting epithelia which are subject to variation in osmotic

conditions.

3) The cells of the allantoic epithelium exhibit membrane

asymmetry as cells do in all transporting epithelia. This asymmetry

is of two kinds: first, areas of the plasma membrane and appended

surface coats are asymmetrical, and second, the distribution of these

areas throughout the epithelium is asymmetrical.

That the plasma membrane is asymmetrical can be seen after the

conventional glutaraldehyde fixation and osmium tetroxide post-

fixation. The inner leaflet of the plasma membrane is more electron

dense than the outer leaflet, A light surface coat is present, but

its electron density is equal to that of the outer leaflet (Figure

16b). The presence of this surface coat also lends asymmetry to the

plasma membrane. Surface coats are present on all the plasma

membranes. They are accentuated with TAG fixation of equal

percentages of tannic acid and and glutaraldehyde in cacodylate

buffer (Figure 16a). When the TAG fixation contains more tannic acid
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than glutaraldehyde, the surface coat is extremely pronounced

(Figure 20). Van Deurs (1975) and others (Van Deurs et al., 1975;

Slavkin and Bringas, 1976) obtained the same results with TAG

fixations having more tannic acid than glutaraldehyde.

Why the ratio of tannic acid to glutaraldehyde should affect

the results is not known. Even the mechanism of action of tannic

acid has not been established. It has been suggested that the tannic

acid forms complexes with proteins, with which heavy metals such as

osmium react (Futaesaku et al., 1972).

In the TAG fixations with equal percentages of tannic acid and

glutaraldehyde the effects of glutaraldehyde and tannic acid somehow

complement each other. Glutaraldehyde might alter the membrane

allowing tannic acid access to the interior of the cell. With the

use of this fixative, substructures normally not observed with

conventional fixatives are clearly defined. Cellular filaments and

microtubles are easily distinguished. More ribosomes are attached to

the endoplasmic reticulum elements. Vesicular contents are better

preserved.

If the TAG fixative has more tannic acid than glutaraldehyde,

the larger amount of tannic acid might react overwhelmingly with the

proteins and glycoproteins of the plasma membrane and surface coat,

and retard glutaraldehyde's effects.

The allantoic epithelium as a whole is asymmetrical since the

apical surface coats of the granular cells and mitochondria rich cells

differ cytochemically from the lateral and basal surface coats. That

the apical surface coat is thicker than the basolateral surface coat
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can be seen in the epithelium after TAG fixation with equal

percentages of tannic acid and glutaraldehyde (Figure 16a). After

phosphate buffered TAG fixation only the apical surface coat has an

increased density (Figure 19a). Aoki et al.(1976) and Rodewald and

Karnovsky (1974) utilized phosphate buffered TAG fixation for staining

extracellular structures. Aoki and colleagues found that they could

use this TAG fixative as an extracellular tracer in studying the

extent of the blood-testis barrier. In the allantoic epithelium the

luminal tight junctions may be the barrier preventing the fixative

from penetrating into the intercellular spaces. Phosphate may be

specifically involved in the actions of this fixative. O'Hare and

Braunschweig (1975) report that whenever thay used the combination of

a phosphate buffered aldehyde primary fixation and osmium tetroxide

postfixation, an electron dense precipitate was present on the luminal

surface of only certain cell types.

After osmium tetroxide fixation at 37°C for 18 hours, again

the apical surface coat reacted while the basolateral did not (Figure

19b). The basis for this differential osmiophilia is not known.

One common feature of all the cell organelles which possess

this osmium reactivity is that they demonstrate high metabolic activ-

ity (Noguchi, 1976; Pourcho and Bernstein, 1975; McDowell, 1974;

Winborn and Seelig, 1974; Friend and Brassil, 1970). In the allantoic

epithelium if part of the apical plasma membrane is also osmium

reactive, this could be interpreted in favor of the apical plasma

membranes being a site of transport activity requiring high metabolism.
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4) Allantoic epithelial cells are rich in mitochondria. This

is frequently the case for cells of transporting epithelia. Granular

cells possess numerous mitochondria interspersed among the granules

in the mid portion of the cell (Figure 5). The basal portion

frequently contains mostly mitochondria (Figures 23, 28). Rarely are

mitochondria present in the granule laden apical region of the cell.

In the mitochondria rich cells mitochondria completely fill the major

portion of the cell. They surround the central nucleus and extend

just below the region of the apical vesicles (Figures 9, 19a, 22).

The basal cells have a moderate amount of mitochondria (Figures 4,

13 and 17). The mitochondria from all the cell types are very osmium

reactive after fixation in osmium at elevated temperatures for extend-

ed times (Figures 5, 19b). This might indicate that they all possess

a high level of activity. Since mitochondria can provide energy for

transport, the mitochondria rich cells seem to be the heaviest users

of energy. However, no obvious formed product of metabolic activity,

such as secretory granules, is present in the mitochondria rich cells.

Therefore the energy could be utilized in transporting ions and water.

Structural analogy to urinary bladders

The most intensively studied transport epithelia are the amphi-

bian and reptilian urinary bladders. The chick allantoic epithelium

is ultrastructurally very similar to these bladder epithelia. The

following species have granular cells, mitochondria rich cells, and

basal cells in their urinary bladder epithelia : the toads Bufo

marinus (Rosen et al., 1974; Choi, 1963; Peachey and Rasmussen, 1961)
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and Bufo boreaf- (personal observations), the frogs Rana catesbiana

(Strum and Danon, 1974) and Rana pipiens (personal observations), the

turtles Pseudemys scripta (Rosen, 1970; Strum and Danon, 1976) and

Clemmys caspica (Strum and Danon, 1976), and the tortoises Geochelone

carbonaria (Strum and Danon, 1976) and Testudo graeca (Strum and Danon,

1976). In addition the toad has a fourth cell type, a mucous cell,

and the turtle Pseudemys has a cell called a "light" cell which

resembles a mitochondria rich cell (Strum and Danon, 1976).

In those species which have been studied with scanning electron

microscopy, the images of the luminal surfaces are extremely similar

(Danon et al., 1974, toad; Strum and Danon, 1976, tortoises; Rosen,

1972, turtle). The luminal surface of the chick allantoic epithelium

is indistinguishable from the toad bladder epithelium (with the

exception of mucous cells). In chick allantoic epithelium 10% of the

luminal cells are mitochondria rich cells while this proportion is

11-17% in toads (Keller, 1963; Danon et al., 1974), 15% in tortoises

(Strum and Danon, 1976), and 25% in frogs (Strum and Danon, 1974). The

proportion of the surface area occupied by mitochondria rich cells

varies with a similar trend. For chick allantoic epithelium the

estimate is 5.9%. For Bufo marinus it varies from 0.8% for Dominican

toads to 4.6% for Colombian toads (Rosen, et al., 1974). Rosen (1972)

reported values of 6.4%-12.2% for the turtle, Pseudemys.

The distribution of mitochondria rich cells in chick allantoic

epithelium is random. From scanning electron micrographs of the toad

bladder, Danon and colleagues (1974) reported wide variations in the

number of mitochondria rich cells per unit area. This impression was
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confirmed in the allantoic epithelium when small areas were viewed with

scanning electron microscopy. However, the distribution was found to

be random when a large number of cells were scored from the light

microscopic carbonic anhydrase data.

Transmission electron microscopic studies show that the chick

allantoic epithelial cells are similar to the cells of the amphibian

and reptilian urinary bladders (toad: Peachey and Rasmussen, 1961;

Choi, 1965; Danon et al., 1974; turtle: Rosen, 1970; frog: Strum and

Danon, 1974; tortoise:Strum and Danon, 1976). The basic architecture

of the granular cells in all these epithelia is similar. Short stubby

microvilli protrude from the apical surfaces. Granules fill predomin-

antly the apical portions of the cells. Cytochemical data on these

granules is meager. The granules are Periodic acid-Schiff positive

in the toad bladder (Keller, 1963), in the turtle bladder (Rosen, 1970)

and in the chick allantoic epithelium (Leeson and Leeson, 1963; Conklin,

1965). For the turtle bladder and the chick allantoic epithelium

Alcian blue staining has been reported. The granules in the turtle

eipthelium are Alcian blue positive ( Rosen, 1970). According to

Conklin (1965) there are two types of granules in each allantoic

granular cell. One is Alcian blue positive and contains neuraminic

acid, while the other is Alcian blue negative and contains a sulfated

substance. This division of granules is not apparent in electron

micrographs. Rather, the granules exhibit a gradation in electron

density.

Mitochondria and nuclei fill most of the mid and basal portions

of the granular cells. The other cell organelles are scattered among



38

them. The amounts of endoplasmic reticulum and Golgi apparatus are

comparable in all the epithelia. Lysosome-like bodies, filaments,

microtubules, ribosomes, and glycogen have been reported for some of

these epithelia. It is difficult to discuss aspects of these

organelles in comparison to the allantoic epithelium since such details

are not considered is all the reported research. Also, TAG fixation

of the allantoic epithelium provided visualization of some structures

not seen with conventional fixations.

The mitochondria rich cells in all these epithelia have the same

flask-like shape with a tuft of long, densely packed microvilli

extending into the lumen. These cells span the epithelium and are

filled with numerous mitochondria.

The basal cells in all the epithelia have no luminal exposure

and rest on the basal lamina. They have few cell organelles although

many bundles of filaments course throughout the cells.

The cell junctions in the allantoic epithelium are like those in

the bladders. Tight junctions of the luminal junctional complex seal

off the lumen while a small cleft is present between the cells on the

basal side. Hemidesmosomes occur between the cells and the basal

lamina. Spot desmosomes are present between all cell types. The cells

of all the epithelia have extensive processes in the large inter-

cellular spaces.

In these epithelia the apical plasma membrane differs from the

basolateral membranes. The apical surface coat of the allantoic

epithelium differs from the basolateral sides when phosphate buffered

TAG fixation (Figure 19a)or extended osmium tetroxide fixation (Figure
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19b) is used. Whether parts of the plasma membrane are also involved

in these differential staining reactions is not known. Differences in

the size and pattern of particles in the apical and the basolateral

plasma membranes have been demonstrated by freeze fracture studies in

the toad (Wade et al., 1974, 1975; Orci et al., 1975) and in the frog

(Chevalier et al., 1975). Apical and basolateral differences in

covalent labeling of reagents have been noted in the toad (Ekblad et

al., 1976).

This structural analogy between the allantoic epithelium and

the urinary bladders is not surprising since the allantoic epithelium

is developmentally and functionally analogous to amphibian and

reptilian urinary bladders. Clearly, the chick allantoic epithelium

fits into the same category of transport epithelia as the urinary

bladders. It offers another model system for studying correlations

between structure and function in transport epithelia.

Within this category of transport epithelia there are some

structural differences which occur in one or more species with respect

to the others. Granular cells do not reach the basal lamina of the

frog (Strum and Danon, 1974) and turtle (Rosen, 1970) urinary

epithelia in contrast to the epithelia of the other species. The

possible significance of this has not been explored yet.

The granules of the granular cells differ somewhat in appearance

in the various epithelia. In the frog urinary bladder the granules

are small and electron dense (Strum and Danon, 1974). In addition to

the small, electron dense granules in its granular cells, the toad

urinary epithelium also has mucous cells which are filled with mucoid-
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like granules (Strum and Danon, 1976). The chick allantoic epithelium

has multisized granules which vary in electron opacity.

An interruption of the basal lamina has been reported only in

frog urinary epithelium where smooth muscles make direct contacts with

the basal cells (Strum and Danon, 1974). The epithelium may also

be innervated since small nerve fibers are situated directly below

the basal lamina.

The structural heterogeneity which has been detected in these

epithelia by electron microscopy could be used to advantage with

comparative physiological and cytochemical techniques to define the

precise roles of cells and cellular organelles.

Carbonic anhydrase

Cytochemistry is an important aspect of dissecting transport

epithelia into structure-function correlates. Enzymes as well as ions

can be localized to specific cells and in some cases to subcellular

sites. In the allantoic epithelium carbonic anhydrase activity was

cytochemically identified only in the mitochondria rich cells. The

same results were reported for toad (Rosen et al., 1974) and turtle

bladders (Rosen, 1972).

In these bladders carbonic anhydrase is involved in the acid-

ification of the urine (Schwartz et al., 1972; Steinmetz, 1974)

although its exact function is not clearly understood. There is

evidence that is functions in the hydroxylation of CO2 and in the

dehydration of H2CO3 (Steinmetz, 1969). The allantoic fluid is also

acidified. The pH decreases from 7.5 to 5.2 between the seventh
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and sixteenth days of incubation (Stewart and Terepka, 1969). The

carbonic anhydrase of mitochondria rich cells might be involved in

this acidification.

Rosen and his colleagues (1974) have suggested that the number

of mitochondria rich cells in bladders is related to their acidifying

ability. They compared the proportion of the surface area occupied

by carbonic anhydrase reactive cells (mitochondria rich cells) to the

rates of acidification in the bladders of turtles and toads. In

Pseudemys turtle bladders, which have a high rate of acidification,

10% of the surface area is covered with mitochondria rich cells. The

Colombian population of the toad Bufo marinus possesses twice as many

mitochondria rich cells as the Dominican population. In the Colombian

population 4.6% of the luminal surface is represented by mitochondria

rich cells and the acidification rate is moderate. Mitochondria rich

cells comprise only 0.8% of the surface area in the Dominican popula

tion and the rates are not measureable. Enzymatic assays of carbonic

anhydrase activity have confirmed the histochemical results (Ziegler

et al., 1974; Handler and Preston, 1976).

Although there is no data available on the rates of acidification

for the allantoic epithelium, comparisons with bladders can be made on

the basis of the above correlations. The surface area of the allantoic

epithelium occupied by mitochondria rich cells is estimated at 5.9%.

This is larger than the value for toad bladders. Yet, it is less than

the 10% for turtle bladders which have a high rate of acidification.

Hence, this suggests that there may be a moderate acidification rate

in the allantoic epithelium.
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Pyroantimonate-osmium tetroxide reaction

The PAO reaction was first introduced by Komnick (1962) for the

subcellular localization of sodium. In vitro studies show that

pyroantimonate can also precipitate calcium, magnesium, and potassium

(Bulger, 1969; Klein et al., 1972; Garfield et al.,1972; Yeh, 1973;

Simson and Spicer, 1975). The question of which ion was actually

precipitated during PAO fixation was resolved by x-ray microanalysis

using the electron probe. In all reported studies calcium is the

predominant ion in the pyroantimonate deposits (Kloppel and Schafer,

1974; Yarom et al., 1974; Sato at al., 1974; Hales at al., 1974;

Clemente and Meldolesi, 1975; Yarom et al., 1975). Numerous

studies have presented indirect evidence for the presence of

calcium in the deposits by subjecting the tissues to divalent cation

chelation by EDTA, or EGTA (Debbas et al., 1975; Schechter, 1976;

Ravazzola, 1976; Ravazzola et al., 1976; Yarom and Meiri, 1971, 1972;

Simson and Spicer, 1975; McCallister and Hadek, 1973).

In the allantoic epithelium pyroantimonate reaction precipitates

are located differentially in all three cell types. Excluding the

nuclear deposits, which are identical in all three cell types, the

granular cells are the most reactive, mitochondria rich cells are

unreactive or moderately reactive, and basal cells are unreactive.

In the granular cells heavy pyroantimonate reaction deposits

occur along the cytoplasmic side of the entire plasma membrane.

Usually the deposits on the apical plasma membrane are slightly

smaller than the deposits on the basolateral membranes. Heavy
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deposition is also present in the intramembranous spaces of mito-

chondria. The nuclei react strongly and have more deposits in the

nucleoli and in the heterochromatin regions than in the euchromatin

areas. Some deposits are present on the cytoplasmic side of the

granular membranes and are scattered lightly throughout the rest

of the cell.

Usually mitochondria rich cells are not reactive except for

their nuclei. When they are reactive the pattern of deposition

is basically like that in the granular cells;however, the number of

deposits is fewer. Basal cells are devoid of deposits except in the

muclei and around lipid-like bodies which are reactive in all cell

types.

The controls for the PAO reaction indicate that calcium is the

ion precipitated in the allantoic epithelial cells. No deposits are

evident if the epithelium is first incubated in a calcium chelating

solution (control 1) or in a solution devoid of calcium and sodium

enriched (control 2). If sodium were the ion precipitated by

pyroantimonate in these cells then an increased number of deposits

would have been expected in the sodium enriched (and calcium devoid)

control. The pyroantimonate deposits are extracted from thin

sections which have been immersed in a calcium chelating EDTA

solution (control 4).

The EGTA solution control (#3) produced interesting results.

The deposits on the plasma membrane decreased while the number of

deposits scattered throughout the cell increased. There are several

plausible explanations for this. The deposits on the plasma membrane
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might be calcium while the other deposits represent another ion(s).

This is unlikely since in the other chelation controls no deposits

were formed. It may be that there was insufficient EGTA to

chelate all the calcium since in this control fresh solution was not

added every 15 minutes. Perhaps the cold incubation temperature

prevented the EGTA from diffusing well into the cells. Another

possibility is that the EGTA-calcium-chelate was not completely

washed from the cells. This allowed redistribution of the EGTA-

calcium-chelate and the subsequently added pyroantimonate competed

successfully for the calcium in the chelate. Thureson-Klein and

Klein (1971) have demonstrated that pyroantimonate does compete

strongly for the calcium in the EGTA chelate. Another possibility

yet is that the plasma membranes and some intracellular membranes

have different binding affinities for calcium.

The paraformaldehyde-pyroantimonate reaction perhaps also

demonstrates differential affinities for calcium by cell components.

Deposits are present only on the plasma membrane. The unusual

feature of these deposits is their non-homogeneity. The center of

these disc shaped deposits appears hollow. This decreased density

in the center might represent a core of some substance, perhaps

calcium, which had somehow dissolved during the three day reaction

period.

Glutaraldehyde-calcium fixation

Faint electron opaque deposits are present along the plasma

membranes of some cells after fixation in a calcium-containing

glutaraldehyde solution. Since these deposits are not present if
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calcium is omitted from the fixative solution, the deposits are

considered to be calcium. Electron probe studies have shown

that calcium is the predominant ion present (Hillman and Llinas,

1974; Oschman et al., 1974; Skaer, 1974; Somlyo et al., 1974; Plattner

and Fuchs, 1975; Fisher et al., 1976; Parducz and Joo, 1976). Oschman

and Wall(1972) interpreted these results to mean that the sites

where the deposits are located are sites which have a high

affinity for calcium.

In the allantoic epithelium electron opaque deposits are

present on the plasma membranes of all cell types. The size and

perhaps the density and the number of deposits varies according to

the cell type and according to the location of the plasma membrane.

The granular cells and the mitochondria rich cells have identical

patterns of deposition. The basolateral membranes have larger deposits

than the apical membranes. The complete plasma membrane of the basal

cells has small deposits. Why some sites consistently have small

deposits and other sites have large deposits is puzzling. Such

differences in deposit size have also been found by Hillman and

Llinas (1974), Oschman et al., (1974), and Plattner and Fuchs (1975).

The PAO technique and the glutaraldehyde-calcium method were

used in conjunction with each other as checks on their respective

ion localizations. When the glutaraldehyde-calcium fixation was

followed by PAO postfixation, the deposits were large and very

electron dense. The pattern of deposition on the plasma membranes

was the same as when glutaraldehyde-calcium fixation was used alone.

In addition though, an abundance of deposits are scattered throughout
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the granular cells and the mitochondria rich cells. The fact that the

size and number of the deposits increased when the two methods are used

together indicates that calcium is the ion localized by both techniques.

When glutaraldehyde-calcium is used as the only fixative or as

the primary fixative, there are no deposits in the mitochondria or on

the granular membranes. This is in contrast to the PAO results. This

difference may have a physiological significance or it may be due to

the effects of the different fixatives used in the two techniques. In

all cases where an aldehyde was used in the fixation solution, deposits

are located only on the plasma membranes. In the case of the glutar-

aldehyde-calcium technique, only the plasma membrane has deposits.

Likewise, when the primary fixative is glutaraldehyde without calcium

and the postfixative is PAO, deposits are present only on the plasma

membranes. If paraformaldehyde is used with pyroantimonate, again

deposits are only present on the plasma membranes. The aldehydes may

alter the plasma membrane and expose certain sites. Alternatively,

they may alter the membranes of mitochondria and granules so that

these sites are not available. Or they may change the permeability

characteristics of the mitochondrial membranes such that calcium

diffuses out or pyroantimonate is prevented from diffusing in.

The differnece in calcium localization between the plasma

membranes and the mitochondria may be significant and represent two

dasses of calcium pools or binding sites in the cells. The importance

of intracellular pools of calcium which regulate calcium
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mediated functions of cells has been verified for muscle (MacLennan,

1975) and has been postulated to occur in all cells (Boyle, 1973,1974).

The deposits observed with the PAO technique and with the

glutaraldehyde-calcium method may represent different sites on the

plasma membrane. There is evidence for two classes of calcium binding

sites on the plasma membranes of adipocytes (McDonald et al., 1976)

and red cell ghosts (Porzig, 1976).

The physiological significance of the calcium and the calcium

binding sites on the allantoic epithelium is unclear. They might be

analogous to the vitamin D dependent calcium binding proteins of

intestines (Kretsinger, 1976; Fullmer et al., 1976) and fowl uteri

(Bar et al., 1976) and thus be involved in calcium transport. However,

the only report on calcium transport across the allantoic epithelium

noted very small calcium fluxes (Moriarty, 1973). Attempts to measure

calcium transport across the analogous toad urinary bladder produced

undefinitive results (Walser, 1970,1971).

Other roles have been postulated for the calcium in cells. There

is evidence suggesting that calcium is the second messenger along with

cAMP (Rasmussen, 1970; Rasmussen et al., 1972). Therefore, the calcium

sites on the plasma membranes of the allantoic epithelium might

possibly be the hormone stimulated sites (or adjacent to the sites)

which regulate the transport of ions and water. Calcium has been

implicated in this hormonal regulation of ion and water transport in

frog urinary bladder (Wietzerbin, 1974) and in rat liver cells (Kolb

and Adam, 1976). Calcium has been shown to be intimately involved
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in stimulus-secretion coupling (Douglas, 1974). In the allantoic

epithelium calcium thus might be involved in the secretion of the

granules by the granular cells.

Whatever the role of calcium may be, the fact that the three

cell types react differently to PAO and to glutaraldehyde-calcium

indicates that the cell types have some different physiological

functions.

Conclusions

The allantoic epithelium can be considered another epithelial

system for the study of ion and water transport since it has all the

structural characteristics of transporting epithelia. The non-

homogeneity of the epithelium is ultrastructurally evident in the

three distinct cell types. Cytochemical differences in the localiza-

tion of carbonic anhydrase and of calcium indicate that the cell types

are also functionally different. The mitochondria rich cells which

are carbonic reactive are probably involved in hydrogen ion transport.

The role of calcium in the granular cells and mitochondria rich cells

is still speculative. The basal cells are cytochemically unreactive,

thus their function is most likely supportive.
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Figure 1. Light micrograph of cross section of chick chorioallantoic
membrane. The apical side of the allantoic epithelium (AE)
faces the lumen (1) of the allantois and the basal side is
adjacent to the mesenchymal layer (mes) which possesses
blood vessels (bv) and mesenchymal cells in a fibrous matrix.
On the opposite side of the mesenchymal layer is the highly
vasculated chorion (eh) abutting the acellular inner shell

membrane (ism). 15 day embryo. Glutaraldehyde fixation,

osmium tetroxide postfixation. Basic fuchsin-toluidine blue

stain. Wratten 22 (orange) filter. x1250.



mes



60

Figure 2. Electron micrograph of cross section of allantoic membrane.
The allantoic lumen is lined mostly by granular cells
(GC) which are characterized by numerous electron dense
granules (g). Mitochondria rich cells (MRC) possess many
mitochondria (m) and densely packed long microvilli (mv).
Basal cells (BC) are recognized by the paucity of organelles.

15 day. Glutaraldehyde fixation, osmium tetroxide post-

fixation. Magnification about 7,500.
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Figure 3. Scanning electron micrograph of luminal surface of allantoic

membrane. Cells with luminal exposure are the large poly-
gonal shaped granular cells (GC) with short, sparse micro-
villi and the mitochondria rich cells (MRC) with tufts of

long microvilli. 16 day. Magnification x1250.
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Figure 4. Relationship of granular cells to other cells. Cross sec-

tions of the epithelium show all granular cells (GC) with a

luminal exposure. In some sections a small portion of the

granular cell rests on the basal lamina. Junctional com-

plexes (jc) are present between granular cells at the apical

side of the epithelium. The granular cells are attached to

both basal cells (BC) and mitochondria rich cells (MRC) by

spot desmosomes (sd). Large intercellular spaces (is) are

present between all cell types. 15 day. Glutaraldehyde

fixation, osmium tetroxide postfixation. Magnification about

9000.
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Figure 5. Slightly oblique section showing distribution of granules

in granular cells. Granules (g) are most predominant in the

apical portion of granular cells (GC), while mitochondria

(m) are present in the mid and basal portions. Basal cells

(BC) possess large amounts of filaments (f) and some mito-

chondria. Large intercellular spaces and numerous inter-

digitations are present. Twenty hour fixation in osmium

tetroxide at 37°C. 16 day. Magnification about 3,500.
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Figure 6. Granular cell. Organelles within the cell are: granules

(g), mitochondria (m), Golgi apparatus (ga), rough endo-

plasmic reticulum (rer), free ribosomes lysosome-like

bodies (1s), microtubules (ut), filaments (f), and coated

vesicles (cv). Spot desmosomes (sd) and large intercellular

spaces (is) exist between granular cell and surrounding

cells. The unidentifiable black deposits in intercellular

spaces were extremely rare. 17 day. Fixation of 4% tannic

acid and 4% glutaraldehyde in cacodylate buffer and post-

fixation in oxmium tetroxide. Magnification about 25,000.
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Figure 7. Extrusion of granular cell contents into lumen. 17 day.

Fixation 4% tannic acid and 4% glutaraldehyde in cacodylate
buffer, postfixation in osmium tetroxide. Magnification

about 19,000.

Figure 8. Microvilli (mv) and ridge (rd) structure of apical speciali-
zations of granular cells. 16 day. Twenty hour fixation in

osmium tetroxide at 37°C. Magnification about 11,000.
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Figure 9. Mitochondria rich cell. Under a tuft of microvilli (w)

the cell expands within the epithelium. Mitochondria (m)

are the most conspicuous and numerous organelles. Below

the microvilli are a group of clear vesicles (v). Junc-

tional complexes (jc) and spot desmosomes (sd) connect the

mitochondria rich cell to its neighboring granular cells

(GC) and the basal cells (BC). Cellular interdigitations

and intercellular spaces (is) are present around the cell.

Serial sections would shown that a portion of the mitochon-

dria rich cell rests on the basal lamina. 15 day. Glut-

aralydehyde fixation, osmium tetroxide postfixation. Magni-

fication about 14,000.
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Figure 10. Scanning electron micrograph of apical surface of mito-

chondria rich cell. The mitochondria rich cell possesses

long, densely packed microvilli, while the adjacent

granular cells have short, sparse microvilli. Elevated

ridges (arrows) are junctions between the granular cells.

16 day. x21,000.
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Figure 11. a) Cross section of microvilli of mitochondria rich cell.
The surface coat of the plasma membrane is stained
(arrow). Filamentous structures (f) are present in the
core of the microvilli; structured elements (se) are
under the plasma membrane. 17 day. Fixation of 4%
tannic acid and 4% glutaraldehyde in cacodylate buffer;
postfixation in osmium tetroxide. Magnification about

115,000.
b) Longitudinal section of microvilli of mitochondria rich

cell. Filamentous structures present in the core of the
microvilli extend into the cytoplasm (arrow). 17 day.

Fixation of 4% tannic acid and 4% glutaraldehyde in
cacodylate buffer; postfixation in osmium tetroxide.
Magnification about 54,000.

c) Basal body in mitochondria rich cell. Basal body
(arrow) is at the base of what appears to be a cilium
like structure. 15 day. Glutaraldehyde fixation;

osmium tetroxide postfixation. Magnification about

13,000.
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Figure 12. Mitochondria rich cell. Organelles within the cell are:

nucleus (n), mitochondria (m), Golgi apparatus (ga),

rough endoplasmic reticulum (Ter), free ribosomes

coated vesicles (cv), microtubules (mt), filaments (f), and

lysosome-like bodies (1s). 17 day. Fixation in 4% tannic

acid and 4% glutaraldehyde in cacodylate buffer. Magnifi-

cation about 42,000.
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Figure 13. Basal cell-mesenchymal cell interactions. Mesenchymal cell

(MC) comes into close proximity (arrows) to basal cells

(BC) but does not break through the basal lamina (bl).

There is an even intercellular space between the two basal

cells (double arrow). The basal cells possess numerous

filaments (f), some rough endoplasmic reticulum (rer), free

ribosomes (r), coated vesicles (cv), spot desmosomes (sd),

and the hemidesmosomes (hd). 15 day. Fixation in osmium

tetroxide-glutaraldehyde mixture. Magnification about

24,000.
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Figure 14. Filaments and microtubules in a basal cell. Clusters of

filaments (f) weave throughout the basal cell, while micro
tubules (mt) follow a straight path. 17 day. Fixation of

4% tannic acid and 4% glutaraldehyde in cacodylate buffer;

postfixation in osmium tetroxide. Magnification about

47,000.
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Figure 15. Hemidesmosomes of basal cells. There is a thickening on

the cytoplasmic side of the plasma membrane and on the

basal lamina (hi). Anchoring fibers (arrows) protrude

from the plasma membrane into the mesenchymal layer.

Collagen (c) also appears to have a role. Fixation of 4%

tannic acid and 4% glutaraldehyde in cacodylate buffer;

postfixation in osmium tetroxide. a) 16 day. Magnifica-

tion about 95,000. b) 17 day. Magnification about 80,000.

c) 17 day. Magnification about 130,000.





86

Figure 16 Apical junctional complex of granular cells. a) Tannic

acid fixation shows the three components of the apical

junctional complex: tight juction (tj) or zonula occludens,

intermediate junction (ij) or zonula adherens, and spot
desmosome (sd) or macula adherens. 17 day. Fixation in

4% tannic acid and 4% glutaraldehyde in cacodylate buffer.

Magnification about 60,000. b) Traditional fixation and

very thin section show the same three components of the

complex. Note the fusion of the outer leaflets of the

plasma membrane in the tight junction. 15 day. Glutaral-

dehyde fixation and osmium tetroxide postfixation. Magni-

fication 110,000.
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Figure 17. Distribution of desmosomes across the epithelium. In

this slightly oblique section it can be seen that the spot

desmosomes (sd) become progressively smaller and more
numerous from the apical to the basal side. 17 day.

Fixation of 4% tannic acid and 4% glutaraldehyde in caco-
dylate buffer; postfixation in osmium tetroxide. Magnifica-

tion about 6500.
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Figure 18. Intercellular space between granular cells (GC) and a

basal cell (BC). Occasionally tannic acid heavily stains
one cell in contrast with surrounding cells. This provides

a clear demonstration of the interdigitations of adjacent
cells. Spot desmosomes (sd) are seen as circular plaques.

17 day. Fixation of 4% tannic acid and 4% glutaraldehyde
in cacodylate buffer. Magnification about 25,000.
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Figure 19. Staining of apical membranes. a) Tannic acid fixation
with phosphate as the buffer differentially stained the
surface coats of granular cells (GC) and mitochondria
rich cells (MRC). 17 day. Fixation in 2% tannic acid
and 4% glutaraldehyde in phosphate buffer. Magnification

about 12,000. b) Extended osmium fixation at elevated
temperatures shows heavy osmium reaction on the surface
coat (arrow). Mitochondria were also stained. 16 day.

Twenty hour fixation in osmium tetroxide at 37°C.
Magnification about 40,000.
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Figure 20. Staining of surface coats, basal laminae (hi), and collagen
(c). This staining pattern exists when the tannic acid
fixative contains more tannic acid that glutaraldehyde.
15 day. Fixation of 4% tannic acid and 2.5% glutaraldehyde
in cacodylate buffer. a) Low magnification view of stain-
ing. Magnification about 9000. b) High magnification
view shows that the surface coat and possibly the outer
leaflet of the plasma membrane (arrows) are stained.
Magnification about 37,000.
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Figure 21. Light micrographs of luminal surface of allantoic
epithelium demonstrating carbonic anhydrase activity
in the mitochondria rich cells. Views of the luminal

area show that the mitochondria rich cells (MRC) react
positively for carbonic anhydrase activity after
histochemical treatment. Granular cells (GC) possess
large polygonal surface areas. a) 17 day. x800. b) 17

day. x2000. In both a and b it is seen that the reacted
cell occupies a central position in the rosette just
as the mitochondria rich cell does in the scanning

electron micrographs of Figure 3.
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Figure 22. Electron micrograph of mitochondria rich cell showing
positive reaction for carbonic anhydrase activity. The

reaction product is most evident in the apical portion of
the cell. 17 day. Magnification is about 11,000.



of
0%



100

Figure 23. Slightly tangential survey section showing the distribu-
tion of pyroantimonate deposits (arrows). The granular
cells (GC) contain abundant deposits, while the mitochon-
dria rich cells (MRC) have few deposits. The basal cells
(BC) have deposits almost exclusively in the nuclei. PAO

fixation. 16 day. Magnification about 7,000.
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Figure 24. Unstained section of PAO fixed allantoic epithelium. The

granular cells (GC) contain many pyroantimonate deposits
on the entire plasma membrane (pm), in the mitochondria
(m), in the nuclei (n), in the nucleoli (nl), and around
the granules (g). Note the deposits in the junctional

complex (jc). The basal cell (BC) has deposits almost
exclusively in the nucleus (n). There are some deposits
in the lumen (1) and in the mesenchymal layer (mes). PAO

fixation. 16 day. Magnification about 17,000.



GC

103

. BC

mes .

.

1



104

Figure 25. Granular cells and mitochondria rich cell after PAO
fixation. In granular cells pyroantimonate deposits are
on the cytoplasmic side of plasma membranes and in the
intramembranous spaces of mitochondria. There are some
deposits in the cytosol with a slight accumulation in the
Golgi apparatus area (ga). The mitochondria rich cell
possesses a few deposits which are mostly in the mito-
chondria. Note that there are no deposits in the
intercellular spaces (is). PAO fixation. 16 day.

Magnification about 11,000.
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Figure 26. PAO reactive granules. In some granular cells the granules

which appear to be exocytosing react very strongly with
the pyroantimonate. The plasma membrane deposits are also

larger. Note the webwork of filaments (f) which may
represent the terminal web. PAO fixation. 16 day.

Magnification about 25,000.
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Figure 27. High magnification view of granular cell and basal cell
interface in PAO fixed epithelium. The granular cell (GC)
is heavily reactive while the basal cell (BC) lacks
deposits. Note the absence of deposits in the spot
desmosomes (sd). PAO fixation. 16 day. Magnification
about 47,000.
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Figure 28. Tangential section through basal part of PAO fixed granu-

lar cell (GC). Pyroantimonate deposits are heavy along

the cytoplasmic side of the plasma membrane and within

the intramembranous spaces of mitochondria. The rest of

the cell contains a few scattered deposits which cannot

be assigned to any particular organelle. The basal cells

(BC) are relatively free of deposits. PAO fixation.

16 day. Magnification about 25,000.
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Figure 29. Granular cell processes on basal lamina. The PAO reactive

granular cells (GC) have processes extending to the basal

lamina (b1). There are few pyroantimonate deposits in

the basal cells (BC). PAO fixation. 16 day. Magnifica-

tion about 11,000.
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Figure 30. PAO reactive mitochondria rich cell. An occasional mitochon-
dria rich cell is also PAO reactive. Both the plasma mem-
brane and mitochondria contain deposits which are less num-
erous than in granular cells. A few deposits are associated
with the Golgi apparatus (ga), very few with the apical
vesicles (v), and none with the lysosome-like bodies (1s).
PAO fixation. 16 day. Magnification about 25,000.
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Figure 31. Allantoic epithelium fixed in pyroantimonate-paraformaldehyde
for 3 days. Pyroantimonate deposits are present only on the
cytoplasmic side of plasma membranes of granular cells (GC).
There are no deposits in mitochondria or around granules.
Basal cells (BC) are also devoid of deposits. 16 day. Mag-
nification about 17,000. Inset: Note the hollow appearance
of the deposits. Magnification about 30,000.
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Figure 3 2. Tangential section of epithelium incubated in EGTA solution
before fixation in PAO. The most salient feature of this
control is the decreased number of deposits on the plasma
membrane of the granular cells (GC). There are also an in-
creased number of scattered deposits in the granular cells.
16 day. Magnification about 7,000.
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Figure 33. Thin section chelation control. A thin section from PAO
fixed epithelium was immersed in 50 mM EDTA solution. No

pyroantimonate deposits remain. Note the holes below the

plasma membrane, in mitochondria, and around granules
(arrows). 16 day. Magnification about 37,000.
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Figure 34. Unstained section after glutaraldehyde-calcium fixation.
Faint electron dense deposits are present on all plasma

membranes. The deposits on the lateral side of the granular
cells (arrow) are denser and more numerous than the deposits
on the apical side of the granular cells (GC) and on the

basal cells (BC) (double arrows). Faint deposits are also
present in the junctional complex area (jc). Fixation in

glutaraldehyde plus 90 mM Ca for 3 days. 17 day. Magni-

fication about 39,000.
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Figure 35. Lightly stained section of apical portion of glutaraldehyde-

calcium fixed epithelium. The deposits on the lateral mem-
brane (arrow) of the granular cells are larger than on the

apical membrane (double arrows). Note the absence of de-

posits anywhere else. Fixation in glutaraldehyde plus 90

mM Ca for 3 days. 17 day. Magnification about 70,000.
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Figure 3 6. Mitochondria rich cell in lightly stained section of glut-
araldehyde-calcium fixed epithelium. The results for
mitochondria rich cells are analagous to those for granular
cells. The deposits on the apical membrane (double arrows)
are smaller than the deposits on the lateral membranes
(arrow). Fixation in glutaraldehyde plus 90 mM Ca for 3

days. ]7 day. Magnification about 70,000.
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Figure 37. Lightly stained section of the basal portion of glut-
araldehyde-calcium fixed epithelium. The membranes of
the mitochondria rich cell (MRC) have larger and more
numerous deposits (arrow) than the membranes (double
arrows) of the basal cell (BC). Fixation in glutaralde-
hyde plus 90 mM Ca for 3 days. 17 day. Magnification
about 70,000.
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Figure 38. Junctional complex in lightly stained section of gluraralde-
hyde-calcium fixed epithelium. Deposits are present on the
membrane of the junctional complex (jc). Note that the
deposits are located on the cytoplasmic side of the membranes
(arrows), Fixation in glutaraldehyde plus 90 mM Ca for 3

days. 17 day. Magnification about 70,000.
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Figure 39. Survey view of epithelium fixed in glutaraldehyde-calcium
and postfixed in PAO. The mitochondria rich cell (MRC) and
the granular cell (GC) are the most heavily reacted, while
the basal cell (BC) is lightly reacted. Large electron
dense pyroantimonate deposits are most conspicuous along
the plasma membranes of the mitochondria rich cell and the
granular cell. Other deposits within the cells are not
associated preferentially with any particular organelles.
Fixation in glutaraldehyde plus 10 mM Ca for overnight;
postfixation in PAO. Section lightly stained. 17 day.
Magnification about 48,000.
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Figure 40. Higher magnification view of granular cell after fixation

in glutaraldehyde-calcium and postfixation in PAO. Pyro-

antimonate deposits are present on both sides of the apical

plasma membrane (arrow). Larger deposits are present in

the lumen. The lateral membranes are also outlined (double

arrows). The deposits within the cell are not organized in

any particular manner. Fixation in glutaraldehyde plus

90 mM Ca for 3 days; postfixation in PAO. Section lightly

stained. 17 day. Magnification about 39,000.
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Figure 41. Apical portion of granular cells fixed in glutaraldehyde-
calcium and postfixed in PAO. The pyroantimonate deposits
along the lateral plasma membrane (arrow) are larger than
the deposits on the apical membrane (double arrows).
Fixation in glutaraldehyde plus 90 mM Ca for overnight;
postfixation in PAO. Lightly stained. 17 day. Magnifica-
tion about 110,000.
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Figure 42. Basal portion of epithelium after glutaraldehyde- calcium
fixation and PAO postfixation. The basal cell (BC) has

deposits on its plasma membrane though they are smaller
than those on the granular cell (GC). Fixation in glutar-

aldehyde plus 10 mM Ca for 3 days; postfixation in PAO.
Lightly stained. 17 day. Magnification about 39,000.
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Figure 43. Junctional complex of granular cells after glutaraldehyde-
calcium fixation and PAO postfixation. The pyroantimonate
deposits are present along the entire length of the junc-
tional complex (jc). Fixation in glutaraldehyde plus 90mM
Ca for overnight; postfixation in PAO. Lightly stained;

17 day. Magnification about 110,000.
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Figure 44. Granular cell nucleus after glutaraldehyde-calcium fixation
and PAO postfixation. The nucleus (n) and nucleolus (nl)

are heavily stained. Notice the paucity of deposits in the

basal cells (BC). Fixation in glutaraldehyde plus 90 mM
Ca for 3 days; postfixation in PAO. Lightly stained. 17

day. Magnification about 13, 000.
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Figure 45. Mitochondria in glutaraldehyde-calcium fixed and PAO post-
fixed epithelium. The mitochondria (m) in neither the
granular cell (GC)nor the mitochondria rich cell (MRC) pre-
ferentially deposit pyroantimonate. Note the deposits
along the junctional complex (jc). Fixation in glutaralde-
hyde plus 10 mM Ca for overnight; postfixation in PAO.
Lightly stained. 17 day. Magnification about 39,000.
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Figure 46. Exocytosing granule in glutaraldehyde-calcium fixed and PAO
postfixed epithelium. The contents of the granule have
reacted with pyroantimonate and have a lamellar configura-
tion. Note the deposits on the cytoplasmic side of the mem-
brane of the exocytosing granule. Fixation in glutaraldehyde

plus 90 mM Ca overnight; postfixation in PAO. Lightly stain-

ed. 17 day. Magnification about 110,000.
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Figure 47. Granular cell after fixation in glutaraldehyde-sodium and
postfixation in PAO. A few widely scattered deposits are
present in epithelium fixed with sodium in the place of
calcium. Fixation in glutaraldehyde plus 90 mM sodium for
overnight; postfixation in PAO. Lightly stained. 17 day.
Magnification about 39,000.




