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Cytochemical localization of 1,110sjihatases
ill digenetic treinatodes 11as been denion-
stintecl by several authors (Threadgold, 1968:
Bogitsh, Davis and Nunnalley 1968; Dike,
1969; Bogitsh and Shannon, 1971; Bogush,
1972a, 1972b, 1973,1975 ; Ernst, S. C. , 1975,
I976) .

In Ftz$ciola liefatic@, Threadgold (1968)
sho\\. ed acid and alkaline phosphatase acti\. i.
ties in tlie adults. The fortTier enzyme \\'as
found in tlic excretory system, caeca, tegti-
ment and parenchymal cells, and the latter
\\. as limited to the excretor}. systent and
palenchyinal cells. These enzymes \\'ere Itlain-
by, clen, onstratccl ill association \\, ith tlie I'mS-
in a membranes or In Iysosomal bodies
Tit. "pe ( 1968) and Moore and Halton
(1976) noted histochemical differences in the
enz}, matic acti\, ity bet\\, een the ju\. eniles and
adults of F. 1181atica. Few reports, nowever,
ITa\. e demonstrated the detailed distribtition

o1 tlte enzymes in the ju\, eniles and adults
and Inade a comparison between the IlT at the
ultrastructural level.

The present in\. estigation aimed at the
localization of acid phosplTatase (ACPase),
alkaline phosphatase (A1Pase) and magiie-

Introduction
siuiiT-dependent adenosine tnn110spiiaiase
(}, Ig-AJ'Pase) , botlt in ,I-week o1cl ju\, eniles
and adults of F. It CPUtic" \\, ith the electron
microscope.

Albino rats (\Vister king) were infected
orally witlt 20 metricercariae of Fo$ciolu
he/nilc". Adult flui<es more than 3 months
postinfection \\. ere removed front bile ducts
of rats and 4 week-old Iu\. oniles from liver
tissues of rats. The flukes were wasliecl in
saline and then fixecl for 2 houi's at 4- C in

In formaldohyde and 0,596 glutaraidehyde
buffered wini 0.1 M sodium cacodyiate to
pH 7, +. They were tllen rinsed ovei. nit, Ilt in
a. I M sodium cacodylate with 796 sucrose
at I- C. Tissues \\, ei. e sectioned using Sor\. all
Tissue Sectioner To-2 set at 30.10 Itin. TITe
sections \\. ere collected in buffer and then
placed in incubation media for 20-60 min-
utes at 37 C. For ACPase inclihntion was

carried out in the modified Coinori (1952 )
medium. Control sections were incubated

either in a medium witltout substrate, or in
a triedIuin to which sodiunT fluoride (10 inIvl)
was added. A1Pase \\, as demonstrated bv tite

lead tiltate method of Mayahara at at.
(1967) . Control material was incubated in
eitlier medium \\. ithout substrate, or in a test
medium containing 0.5 inM L-tetramisole.
TITe incubation for Mg-ATPase followed the
lead citrate method of Mayahara at at,
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( 1967 ) . Control consisted o1 eitlier addition
of 100 rut\{ sodium fluoride or deletion of
the substrate. After a brief rinse in buffer,
tissues were I)OStfixed for I hour in cacody-
late-buffered I% osmium tetroxide at + C.
After dehydration with the series of ethanol,
they were embedded in Spurr. Sections either
weakly staiiled with uranyl acetate or lead
acetate or unstained were viewed on an AEl
Elv1801 or Hitachi HS-9 electron microscope.

ACPase

Adults : Results of the reaction in the
present study resembled those by Threadgold
( 1968 ) , thongh the for. inor generally ^p-

Reaction sitespeared weaker than the latter.
were the caeca, tegument, excretory system
and parenchymal cells, and reaction products
were mainly distributed in association with
the plasma membranes. The intensity of the
reaction was observed to some extent to vary

with cells or tissues. Discrete deposits were
localized along the inner aspect of the PIasii, a
membrane of the caecal lamellae, or were dig-
tributed randomly in their centre (Fig. I ) .
In the longer incubation, these reaction
deposits increased greatly and appeared to
fuse (Fig. I iriset) . TITere were Inariy round
deposits on the lamellae, wliicl) were occa-
sionally aggregated. A lot of minute deposits
were scattered in the caecal epithelium, es-
pecialIy in the endoplasmic reticulum. Reac-
tion was also observed on the lateral and

basal plasma membranes. Small deposits oc-
curred in some membrane-bound bodies in
the cytoplasm of the to gument. Elongate
deposits of \, anous sizes lay on or between
the lamellae in the small excretory ducts
(Fitr. 3), but the reaction was weak or absent
in the larger ones. Small deposits mainly
lay against the inner aspect of the Ianiellae.
In the parenchymal cells discrete deposits
were found to be attaclTed to the outer cyto-
PIasmic coinponent of tlLe plasma membrane
(Fig. 5) . The reaction at the parenchymai-

parenchymal junction al complexes was rather
weak. Strong reaction was given by the
pal'encl\yinal-caecal junction at complexes,
and weak reaction by the parenchymal-ex-
ci'etor)', parenchymal-to gumental and IJaTen-
cliymal-vitelline cell junction al complexes.
Ikeaction was negati\, e in control and alitiost
completely reduced in a sodium fluoride-
inhibited test.

+ \.\reek-old juveniles : The reaction sites
resembled those in the adults. Granular de.

POSits were dispersed in the cytoplasm of the
caecal epitlielium (Fig. 2) . The 50 duposits
were thicker in distribution in the cells \vliich

included lots of secretory granules, \\, bile in
the other cells havin, cytoplasmic or residual
bodies instead of secretory granules, tile re-
action deposits were much fewei'. Scci'CLOTy
oranules themselves were not reactive. Round

deposits lay on the lainellae of t!Ie small ex-
CTetory ducts (Fig. +) . Reaction was weak
or almost absent in the plasma membranes
of the parenchymal cells.
AIFase

Adtilts : Reaction occurred in the DXCre-

lory system, being limited to either sillall or
medium-sized ducts, and in the IJai'enclIyiiial
cells. Elongate or round deposits \\'CTC 111OSIly
localized between the lainellac, and tiley were
often aggregated (Fig. 7) . Soilic bodies,
\vhiclT were possibly excreted into tile lullien
of the ducts, were reactive in their periphery.
The basal plasma membrane of 1110 CPIthelial
cells was also reactive. Deposits in LITe liaren-
chymal cells were found to be associated with
the outer component of the 1.1asma morn-
brane (Fig. 6). Small deposits lay on the
parenchymal~excretory and parenchymal-pa-
Tenchymal junction al complexes. No activity
was observed in the control material witho\It
substrate and tissues inhibited with L-telra-
nTisole,

+ week-old juveniles: Reaction was al-
most the same as that in the adults. Nuiner-

ous small deposits were localized on or be-
tween the lainellae of the excretoi. y clucts
(Fig. 8). The plasma membrane o1 the
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parenchymal cells \\, as weakly reactive in clie
parenchymal-excretory and parencliymal-
liarenchymal itInctional complexes.
A{"-ATPase

Adults : The caeca were a site o1 stron, J

reaction. There were marked differences in

reacti\'Ity among tlie epithelial cells of tile
caOca (Fig. 9). Some cells, which \\. ere char-
acterized by a lot of secretory granules, \\. ere
lull of granular^caction deposits in the cyto-
piasm, WITereas 1/10 adjacent cells, in \vhiclt
fewer. secretory granules localized,
showecl weak or no acti\, ity. In the outer
aspect of the lateral PIasiiia meinbi. ane of tlie
epithelial cells, were accumulated small de-
nosits. Numerous small rotind reactioit prod-
ucts lay mainly on the outer component of
the plasma membrane of the can cal lainellae
or finer granules within tlTe Ianiellae. TITere
were occasionally some aggregated deposits
:Teal' the bases of the lainellae. Reaction

partly occuri'ed witliin possible secretory
granules near, tlTe bases of the lainellae. Elon-
gate or round deposits were evident bet\\. een
the lamellae in the small excretory clucts,
but ITo activity was found witliin tlic lainellae
(Fig. 11) . In the parenchymal colls, small
discrete deposits appearecl alon, , tlle outer
cytoplasmic component of the plasma meIn-
brane (Fig. 13). Reaction o1T the paren-
chyinal-parencliymal junction al coniple, { was
\\. eal; or almost absent. Deposits were also
seen in the plasma membrane o1 muscles or
\itelline cells. No reaction was observed in

tlie tegument. In control material or tissues
\\'it It sodium fluoride the reaction \\, as strong-
Iy reduced or negative.

4 week-old juveniles: Reactiott was al-
11/05t the same as that in tlie adults. 1<. 0und

deposits lay on the lainellae in the caeca
(Fig. 10) . Some reaction deposits occurred
in secretory granules which were just after
or before secretion in the GPithdium. The
deposits were seen on the lateral PIasiita
membrane and in tlie outei' component of
111e plasma membrane adjacetTt to the muscle
fibres. Small deposits appeared between the

lamellae in tlTc excretory system (Fig. 12)
The cleposits in tlie parenchymal cells were
distributed in association with the PIasina
membrane (Fig. 14) .

"ere

The reaction for ACPase and A1Pase in

adult Fft$do141 lienotica in the present in-
vestigation appeared generally similar to that
gi^. en by Threadgold ( 1968) , hat differed
in certain respects. According to Thread-
gold, 11/8 apical region of tlie tegtiment
snowed strong reaction for ACPase* being
mainly associated with the folded I)!asma
me in braiTe. A great number of deposits were
also accumulated in the junction al complexes
within the liarenchymal tissues, which led
him to 11ypothesize that, "junction al coin"
piexes arc active sites where intercellular ex-
change takes place and not just attachment
points for the stabilization of intercellular
relationships. " 1/1 the present observation,
nowcver, only weak reaction occurred in the
tegument, and tile reaction deposits in the
inncitonal complexes were rather few and
granular, tliough the denosits at the other
parts of the plasma me In branes were niuch
ureater. Tlireadgold described tliat discrete
deposits were associated witli the inner cyto-
PIasmic component of tl)e plasma ritembrane
for ACPase, and the inner or outer coinpo-
nent of tlie plasma nleinbrane, or o\, erlaid
the membrane for AIFasc. Tite reaction de.

POSits for both ACPase and A1Pase in the
present study appeared closely related to the
outer. component of the plasma membrane,
especially defined in the IJarenchymal cells.
'I'hese discrepancies could be due to the aif-
Ierence in the fixati\. e used. Threadt, old

fixed tite material in 49;^ glutaraldehyde,
stronger than the present fixative, I $t for-
maidenyde and 0.51;{- glutaraldehyde. Tile
former fixative would destroy some enz}. me
activity, especially in relation to enzymes
situated on the outside of tlTe membranes. It

is also possible that the reactivity of this
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enzyme is inuclL stronger' in the caeca or ex-
-cretory systein than in the tegument.

Mon, i^ (1968) and Dik. (1969) also re-
Forted ACPase activity on the cytoplasn, ic
side of the plasma Triombi'ane in $611i$toso?rift
inari'07/1 and Paragoninit!$ kenicotti, respec-
tiveiy. However, later works such as Bogitsh
(1975) and Erust, S. C. (1975), on th,
Contrary, delnOnStrated in S. ?nan50?Ii that
main reaction product is on the outer surface
of the caeca! lamellae, witlT fine granular
deposits within the lainellae or cytoplasni.
In the other species, Hftc?natoloechz4s niedzb-
new, (Dike, 1969; B, gitsh at at. , 1968),
Megalodi5ct, s teni/iera!113 (Bogitsh, 1972a)
and Gol. goderina alienttat" (Davis and
Bogitsh, 1971), the outer component of tile
plasma membrane was reported to be re-
active.

In tlie caeca, both in the adults and juve-
niles of F. hellotica, reaction deposits \\, ere
found either within or on the lamellae. Thc

deposits within the lamellae were of fine
granules and appeared to be associated witli
the inner component of the plasma morn"
brane, whereas the deposits on the Ianicllac
were larger and round, often forming ag-
gregations. Tile test for ACPase reaction,
changing the incubation time from 20, 40
to 60 minutes, showed that the deposits with-
in the lamellae increased as time went on and

appeared to fuse, though the larger round
deposits on the lamellae were almost of tlie
same density and extent at all three incuba-
tion times.

Therc navc been many reports on Mg-
ATPase localization in mammalian cells.

Erust and Pimpott (1970) noted that ^ear-
tion deposition was associated with the extra-
cellular side of the plasma membrane in the
secretory cells of avian salt glands. Similar
results were given by such authors as Gold-
fischer at 41, (1964), S^^^I*i and Fist^man
(1973), Erust, S. A. (1975), Full* (1976),
Russo and Wells (1977), S, ib. 1st at. (1979)
and roe and Salt. (1980) . In contrast with
1.1g"ATPase, Na' and K' dependent ATPase

(Na-K-ATPase) was localized on the inter-
nal aspect o1 plasma membranes (ETitst,
1972; Firth, 1974; TITreadgold an<1 Brennan,
1978) . TITe present investigation Ii!<e the
previous reports showed that main reaction
site was tile outer component of the plasma
membrane. In the caecal epitheliuiii, reac-
tion products also occurred witliin 1110 lainel-
Iae and in the endoplasmic Teticuluni of inc
cytoplasm.

The epitl)elial calls of the caeca showed
some variations in reactivity for ACPase and
Mg-ATPase. In the juveniles, some cells,
which were clTaracterized by cytoplasmic or
residual bodies and by being almost devoid
of secretary granules, had weak or negative
ACPase activity. In contrast, neighbouring
cells, in \vhicli the cytoplasm was full of sec-
Tetory granules, were nositivc ill activity,
bearing granules or spotted cleposits through-
out the cytoplasm. TITe 10niici. type cells
may be in 1110 absorptive linage, and tlie Iat-
let, the secretory IJhase (CTCssoii and 'TITread-
cold, 1959; Thorscll and Bibrl<inari, 1965 ;
Robinson ancl TITreadgold, 1975). 'The dif-
lorent reactioil in the caecal cpitheliuiii ap-
peared less <1istinct in the adults. Tlirendgold
(1968) also made the observation o1 tile
different activity in the caecal culls of F.
hePRtica adults.

The reaction for Mg-ATPase ill 1/1e :IClults,
also apparently varied among tlie cocail cells,
Granular deposits, wliich were closely associ-
atecl with endoplasmic Teticuluin, \\, CTe thick-
Iy clistributed in some cells rich itT secretory
on^anules, In this type of cell, the lamellae
were also strongly reactive. The neighbour"
ing cells \\, Ith few secretory granules were in
contrast to tlte former in that reaction de.

POSits were ITardly found in the cytoplasm,
ancl werc few in the laineliae. It is possible
tliat these differences in the reaction for

either ACPase or Mg-ATPase among the
caecal CPIthelial cells reflect tlieir cliffci. CTit
physiological conditions. Enzymatic r, ;!ction
occurring niore strongly in the cells of tile
secreto^, Iihase coniparecl witli that ill 1110
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ajisorptive one linglit snow that these PIios-
PIiatnses are closely, related to the secretion
and/or active transport of SUI>stances.

There seeni to be 110 essential difference in

tile pattern of phosphatase activity between
tlle juveniles and adults. TITe reaction for
ACPase and XI, ,-ATPase in tlle juveniles ap-
peared to be weaker than in the adults, es-
pecialIy at the plasma meIn brane of the
parencliymal cells. In tlie adults, strong re-
action for ACPase was present in the paren-
cllyina!-caecal junction al complexes and the
weaker reaction was in tlie parenchymal-ex-
cretory, liarench}, in al-legtimental and paren-
CITYntal-\. itelline cell junction al conlI>Iexes.
However, the observation in the juveniles
sho\\'ec! that these junction al complexes were
^. eakl\, reactive or amLost devoid of reaction.

Tins tendencv was seen in the case of A1Pase

ancl ATPase as well. This inirrl}t be ex-

I, lained in that metabolic acti\. itIes, 111 which
the PITospi}at rises are involved in juveniles, is
not as ItiglJ as the level in tile adtilts. NIOore
and Halton (1976) observed a slight increase
in TITe ACPase intensity in the caec;* of +
week-old juveniles and adults of F. 1161tt!it@
comparecl with tliat in 3 week-old ju\. eniles.
Tliorpe (1968) also <1entonstratecl an in,
creased acti\. ity of AIFase in tlie excretory
ducts of tile adults in coniparisoii \\. ith tliat
in 3 week-o1<1 ju\ eniles.

The function of 1,110sjJliatnscs, \vhicli arc
calmble of 11ydrolyzing a variety of Ithosplia"
Irise esters, have been discussed by many an-
1110rs. Threadgolc1 (1968) and Lumsden
(1968) nTeiitioned that the enzymes associ-
tiled witli Inc PIasnin nieiT, branes may be In-
volved in the transport of substances, and
tl:at infoldin, ,s of the plasma IncnTbranes in-
crease the surface area of 111c Tilembrai}es to

facilitate the transfer of molecules. It is pre-
SUITiable, as Da\'is at ill. (1968), Bogitsli e! a!.
( 1968 ) ancl Da\. is ancl Bogitsli ( 1971) noted,
Inat phDsphatascs secretcd on the n}erribranes
of the caecal lainelIae initiate the first stage
of digestion' of food eiigtilfecl into or near
the surface of tile epitlielium by the lainellae.

Rourrlily 11ydrolyzed food in the lumen may
undergo further stage of digestion at the
membrane Ie\. el as Ugolev (1965) noted.
This activity is possibly mainly done by
ACPase and AIFase, and ATPase, tlte Teac"
lion site of \v111cli is almost the sanie as the

above-phDsphatases and tliis would hell, the
transport of low molecular substances* result-
ing in tlieir absorption by tlie gastrodermis.
ATPase localizecl along the PIasnla nleiit-
branes would also function in the transport
of substances from one cell or tissue to the

others, In mammalian cells, such nulliors as
Seibel, t "!. (1979) anc1 1.16 and Salt, (1980)
hare noted tl, at !\Ig-ATPase like Na-K-
ATPasc could he itTVolved in transport
functions.
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j^!e^!^19 ^^I, ;^-

(fullk*IF*nit!till**:15)

L. T. THREADGOLD

(Department of Zoology, Tl, e Qiieen's University of Belfast, Belfast, I\:. Ireland)

I+!I^*11 ' I^t^. t:=tsi+,^ 7 * x 77 ^I -'^coi^^I^rungll:^:

gilljjj1=*51167 * 77 r # -'tofungi&;it{at^!19

filialt, c#L'3:ticl;:into 4, o1.0\*t o *R {^ xi; $6
.E^ - lit!ti;^!t\1.0v*tit. Threadg, Id (1968) xi;!itIn
*5 J: 071P;b , '11:7 * 777 # -{:Of^'^17^in I^ xi*IC

u, c. it b con-nib:!t!^Lotus@wits;:t, !: a I y v*-A

z=i2;< 1151^un":SL It tint, ; CTv*6.
4.1^I. ;;f^I' ;>;tjtr, ;5 y I'llT*Raw, @>Flit^ill\*s ^I:

Gilt!t11. :SIf ;:^atI:t, 71V?i U I!^7 * I 77' , - +,'*5

J:u;-7 ;,'** ? * At<#fit ATP 7 -+:'@>flinti::itkiln
1:2{IC*;*if^. jin, :, folk{;:11.1Li;=.

cat6@>Ii\;!Sit, ajic, 41byft{kiwioi^3;:/cine*tb

6111/11', $111^;I;, tints J:o:31^*gall. !{, CPIt, v*+it

till!affix, >;'film. 6}nibtv*^>. L;b* L, Tip, J u

7 *. I7 r # -+:'It\;171.1t}I, 611.1:, 71,071:. ^IC,

lusti!:I. :a If ;^^1:21!1:7 * 7.7 r # -{;*s J:a APT T

7

-*:@>j^. Hiltjmlj!IC J: o<11, it p 14t^ D , ' ji^* ' in
(,", vim^y pha, c) roan18~c'!tnnli!111, 4*1,141i!11:1:1!q
nit, <19iit:ER^;;11^4boi;2, t*:^fI, < , 'I^!17 ' ill (an-
sorptive phase) Dinegt!;tiet^*:3:1*. Oil:. C. DC
;: *, 15, cat t> @>a?^*5:16:1:farm05j^.-!^!!ZIF { ;,

ip;,;*lit: CTv*6 c I=in:'$*. Bit6.

^I . flit!1:11iiOl!:illicit c *t. E, coli\^;coli jin. ;;jL\-*
;*Jl!Rig, ,b I>*Lit*., I. . C#, U, $1111X!.*Sit6B\^;
lien;;t^!ILL!!:jiltut^ < , 4*ICa^;^*&ami^I^*;53:u;
'attic!gin;,"61^@>*Rat@)t;growli. *s**t, z: rote;*:sy!
^it a, o IC, c#LSDji\;!;;*'a'On'^. k 94fyj$:Off
Aji, $11jjL, :^IC ATP 7 -, ftjtj^Will11j!;*;;!. 11/15, +
6 * 0 *:titani;:it-5 xi', fiT*aji^F'I^I!I^'<'1t C#L 60.11%
^;@)11.1^-*-~ts!^nib;!it!t!1.1bit: L<;t:jig3st3ba. ^:
*;;j';11:2 ;^*tic.
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Explanation of Plates

Fig. I ACPase. Adiilt. Caeca. Reaction deposits arc localized along the inner component
of the pinsma membrane of the caecal lainelIae (CL) or randomly ill their center.
Larger round deposits lie on tile surface of the lainellae which are occasionally ag-
gregated (arrow heads). Incubation time .10 minutes. \\'eakly stained. XI9,000.

Fig. I iriset. ACPase. Adult. Reaction deposits within the lainellae (CL) increase to lie
fuse each other in a longer incubation. Incubation time 60 minLitcs. Tinsia;lied.
x 27,000

Fig. 2 ACPase. Juvenile. Caeca. Reaction is different 13etween contiguous cells. Reaction
deposits are few or almost absent in the cell 'A' which is in the absorptive minsu,
characterized by cytoplasmic bodies (Cb) or residual bodies (Rb). Reaction in the
lamellae (CL) is weak and granular. 1.1uch stronger reaction is seen in the cal! 'B',
\vhicli is in the secretory phase* characteristic of a lot of secretory granules (Sg).
weakly stained. x 17,000.

Fig. 3 ACPasc. Adult. Excretory duct. Reaction deposits occiir between or on t!Te lainellae
(EL). Weakly stained. x 58,000.

Fig. + ACPasc. Juvenile. Excretory cltict. Reaction deposits are situated between or on
the lainellae (EL). Unstainc<I. x 58,000.

Fig. 5 ACPase. Adtilt. Parencliymal cells. Reaction occtiTs in association witli the o11tcr
cytoplasmic component of 1110 I>Iasma membrane. Arrow neatds indicate weak reaction
in the liarcnchymai-parenchymal junctional complexes. P : parenchymal cell; I:
Interstitial material. Unstained. x 26,000.

Fig, 6 A1Pase. Adii!I. Parenchymal cells. Reaction deposits arc associated with tlie 1.1asma
membranes ill a similar way as in ACPase. Arrow Ileads indicate weak reaction sites
in the parenchymal-parenchymal junction al complexes. P : parenchymal cell; I:
interstitial material. V\'oakly stained. x 30,000.

Fig. 7 AIFase. Adult. Excretory duct. Elongate reaction deposits arc localized on or
lietween the lainellae (EL). Weakly stained. x 58,000.

Fig. a A1Pase. Juvenile. Excretory duct. Fine reaction deposits are found on or bet\Teen
the lainellae (EL). Weakly stained. x 58,000

Fig. 9 \, Ig. ATPase. Adult. Caeca. Reaction is different among the cells whirli are nordered
by desmosomcs. The cell 'A' which shows marked reaction deposits in association
with the endoplasmic reticulum (ET) in the epithelium, bears many secretory ginitiilCS
isg). The lamellac (aL A) arc strongly reactvie. The adjacent cells 'B' or 'C',
in contrast, show weaker reaction in the GPithdiiim, and in the lainel!ae (CT, 13 anti
aL C). Mi: mitochondrian. Weakly stained. XI3,000.

Fig. 10 A. Ig-ATPase. Juvenile. Caeca. Reaction deposits are seen on the lainellae (CL).
weakly stained. x 26,000.

Fig. 11 A. ^-ATPase. Adult. ExcreLory duct, Elongate reaction deposits are localizecl on or
between the hindlae (EL). \\'eakly stained. x29,000.

Fig. 12 A. Ig-ATPase. Juvenile. Excretory duct. \\'eak reaction aj>peared o11 the laineliae
(EL). \VCal, Iy stained. x 58,000.

Fig. 13 Mg-ATPasc. Adult. The base of the caucal epithelium. Reaction deposits lie on the
lateral plasma membrane ( PL) and the outer cytoplasmic component of the plasma
moronranc in the parenchymal cells (P). GE: caecal epithelium; I; interstitial
material; I^, Ii: mitochondria; Mii: muscle. weakly stained. XI4,000.

Fig. I+ 1.1g-ATPasc. Juvenile. Tlic base of the caOcal opitlielium. Reaction deposits are on
tile pinsma membrane of 1110 parenchymal cells (P) anti muscles (}\Iu). 3, Ii: inito-
c110ndrion. weakly stained. x 23,000.
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