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ABSTRACT
Paat literature on the pathoiensils of amoebiula is
reviewed. Cytochemical and electron nicroacopy techniques are
carried out fo investigate the potential Mechanisms of initial
cell damage throu”. the interaction between cultivated patho-
genic strains of Sntarooeba histolytica and cell line monolayers.

Experiments demonstrated i
1) Contact between the amoeba and cultured cello is essential
for pathogenesis to occur

2) No evidence to suggest that the amoebic enz.wie-contalning
organelles or surface lysosonee are responsible for cell dames
3) No evidence of any amoebic cytotoxic enzyme involvement in
cell dannge.

4) Atoxin, probably plasnalonna associated, that ajjears to act
on the plasma membrane of the contacted cell, leading to the
breakdown of selective permeability. Cell lveia reeulta from
osmotic effect. The pathological changes in injured cells
loading to cell death, and thj engulfment of the injured cell

by the amoeba by the process of phagocytosis are ahown

3) That cell lysosomes play no part ir. the early development of
cell injury and there is a delay in change in the distribution
of the lysosomal hydrolases after the addition of trophoaoitew.
6) That cell death is not the immediate conaequenoe of viral
gerone transfer into the host cell, thou/ii the presence of viral
genome in the amoeba may have some connection with pathogenicity

The usefulness of cell-line monolayers in evaluating
the virulenoe of cultivated strains of artamoeba hlatolytlca is
discussed.

mmurther work to define the chemical nature of the
amoeblo plasmalenma is necessary and also to isolate the toxic
factor and to determine ita role in pathogenlelty.
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INTRODUCTION

AVOHBIASIS IN OHrOTAL

In 1875 Pedor Aleksandrovich I0sch, working in St.
Petersburg, identified in the stool of a fellow countryman suffering
an aaoeba( and denonstrated its patho-

froa dysentery a protosoon,
It has

genic prt.parties by feeding dogm with the patient's faeces
since been shown that at lastt 6 species of anoebae are found in
hiunar, fnecei but one, the Entamoeba histolytica. (Schaudinn, 1903)

la the pat.ogen responsible for most cases of non-bacillary

dysentery in man.
The dieease asoebiasls caused by B. histolytica is

cosmopolitan in distribution and it ie estimated that about 10< of

infected by £. hietolytica (WTO, 1969).

the world's population is
regions but the determining

The incidence is aaxiaal in tropioal
factors are socloeconoalc and sanitary rather than cllaatie. (Miller,
1974). The diatributton of the disease in the United States of
America, for exanple, has been shown to be in those large rural
areas where unsatisfactory sanitary conditions exist (Juniper, 1971)

and for the east* roseen another 1mwoetigatlos of an Indian
of the population harboured

reserve

in sub-arctic Saskatchewan found that 3
the parasite, 8< suffering from amoebiasls (Pnifdit at el., 1973)»
The parasite is basically a git lumen dweller, the
«soebae Inhabiting the lumen of the colon following ingestion of
the cysts exeyet and borons

infectiwe cysts. The amoebae w ithin

trophoaoites which, feeding on coll debris and poselhly on bacte
multiply within the caecum and produce farther ret*. These serve
te propagate infeetion is new hosts and are able to survive for

eenslderable periods outsids ths body. Infestation ray last for



mevara] ytar« without danajft to the wall ef the gut and in such
cumn the aaoebae slaply lira aa a commensal without producing
dysenteric --mjtoaa (Dobell, 19?8] 1931). Under certain
conditiona, however, tha lumen-dwelling amoebae bacon* tiaaua
wall faeding on erythryocrtes

invader* and attaolr tha intestinal

and tissue elanants giving rise to nucosal
pain,
savara disease with super-

ulceration which nay be
ehacterlsed clinically by abdoninal diarrhosa and the passing

of blood streaked auous in the stool.

infection of the ulcerated areas results in loss

Inposad bacterial
low grade fever, and Isucocytosls (Juniper,
Infaction and of blood

1971) while

in walgtit,

enasala is a concomitant both «f chronic

loss.
Once tha colonic nucoaal barrier has bean transgressed,
trophosoites nay gain access tv is. portal circulation and nay ba

carried to tha liver where they nultlply, causing tissue necrosis
resulting in the fornatlon of hepatic abscess. Son* such abscesses
bacon* very large and potentially dangerous (fnl~it,
lung with the fornatlon

1974) as they

have been known to rupture into pericardium,
ef broncho-hepatic fistula, or lung abscess, gut and peritoneal

cavity all occur.
Anoeblasis is therefore a dlacaao due to a parasite

with a relatively staple life cycle which depends on its hunan host
far survival of its species. The bloohenical basis of pathogenicity

relatively staple protosoon has reaalned unexplained

ef this
certain, fron the

despite nearly 100 years of research but what is
that potential norbidity can be expected
This

host's point sf view, is

fron the aonent £. histolytica invades the colonio aucosa.

and fins structural study of

thesis reoerds a histoohenioal

cellular invasion by the parasite.
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mIM T«rtatlon vu «Ithar «n M *IroM M ttl or t genetic faatura

vaa Inrootigatad thorougbly by Praadaan and Eladon-Dav (1999)
By erotrine tha 2 «traina togathar In tha sana anrlronarnt, in
tha aana cultura, thay showad a alaa-dlatributlon curra tritb 2

paaka. Tha raaulta Inpliad genette diffarance« in tha tvo atrains
Burro»« (1999) la = aorphologlcal atudy of aaoabaa, raachad tha
aano eoneluaion naaaly that tha aaiall raca tropboaoitaa« although
aorphologloally alaliar, uk diffarant froa tba larga raoa

aaoahaa oa tha baala of alBacilatributlon of botb cyat and of

trophaaolta. Both Burroira, and, Praadaan and Kladon-Dav au-gaatad

that tha aaall aaoabaa ahculd ha ragardad aa a aapareta apaclaa,

Tha problaa «aa coaplicatad furtbar by tha

K. bartcanni.
Huff, 403» JA A 10 - *Ith

daaoriptloa of aaoable atralna - Larada,
quadrimicieate eymxm that raaaablad I.
to ba «xtraaaly adaptabla to
and to changaa In oaaotlc praaaura

hlatolrtica norphologleally
and appaarad rooa taaparatura aa «all

aa to body taaparatura,
(Rleharda at al«» 1966). Thaaaj. hlatolrtica-llka aaoabaa bara
baan ahovn ta diffar froa tha trua tuatolrtioa group both
blaohaalcally and blologlaally (Oaldaan, 1969). Baal and Johnaon
(i960) «orking «Ith tha aana 9 *= hlatolytloa-llka atralna, all

laboratary by Ooldaaa, taatad far

»hioh »ara brougbt to thalr
Tha

af
«Irulaaoa by Inoeulatlan lata tha eaaea of young rata
raaulta raraalad that all atralna fallad to produo« oaacal ulcara-

Indicatine that thay «ara not pathoganlo. Sueh taata for

tlon
*Irulanca «ara alao uaad ta aaa»«r quaatlona auoh aa whathar
totallr con-pathoganlo atralna af £. hlatolrtica «xlat la aaraptao-
atle carri«rat «r ara all atralna of |. hlatolrtica pathoganlo,
eapabla af inrading tba boat undar cartaio oondltloaa. Baal (1997)
In «lrulanc« bat»««n roba«

li Bar~* that thara »aa a diffaranca
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amoebae in bacteria-assooiated cultures with lower redox potential
Phillips et al. (1958) working on germ -free guinea pig» observed

that there la a difference, which wan quite substantial, in the

0-8 potential of the caeeua between the germ-free (-$0.3 nv) and
the conventional guinea pig» (—376.2 ar). Since amoebic infection

to develop in the germ-free animale, the authors investigated

failed
the hypothesis that reduotion in 0-8 potential is a contributory

factor in altering the environment of the Intestinal mucosa. The

was lowered by applying chemical reducing agent»

potential
and L-cystelne h.vdroehloride,

sodium thioglyoollate, and in such

case» looal amoebic lesions developed only at sites of inoculation

and failed to spread within the gut wall.
Eaton and Neerovitoh (1973) » following a number of in
suggested that E. histolytica was

vivo and in vitro experiments,
closely dependent on the preoise 0-« potential of its environment.
In vivo experiments, using caecally infeoted rats illustrated that

£. histolytica failed to Invade the caecum when there was a rise

la the inspired air pog. The authors believed that the degree of

iavamlveness of different strains of £. histolytica depended on the

adaptation of these strains to an existence at varying 0-8

potential

Virulence was found to inérense by adding cholesterol
to eultures of E. histolytlot or by feeding rats and guinea pigs

en this steroid, but the literature on the effect of cholesterol

as stressed by Enigfct et al.
of cholesterol on strains
the

is conflicting, (1973).
singh (1959) tested the effect
non-invasive to rats|

of X. histolytica. which were Initially

strains being Isolated from carriers Ulceration, which was not
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produced in the rat«* CMC* in the absence of cholesterol, developed.
repeated the experlnents of Singh (1959)

Veal and Vincent (i960)
The results

using the sane methods and strains of Ji. histolytica

showed no rise In Infectirity or in Invasiveness and no increase In
growth rate or slse of aaoebae in vitro was observed. Recently Sir<d>,

Srlvastava and Ifcitta (1971) published details of their work on the

virulence of three non-Invasive strains of S. histolytica. They

found that the acquired virulence of these strains could be
maintained by feeding amoebae with ehloresterol

B.2.2.9 rarasitlc virulence

Several authors have pointed out that the amoeba itself has
a part to play in host-parasite equilibrium (Phillips and Bartgls,
1954» Phillips, 1973» Bos, 1973» Bos and Hags, 1975» Thoapson,
19725

1971» Vlittner and Rosenbaus, 1970» Phillips et al
Tanlaoto, 1971» Diamond et al., 1973)« They demonstrated that
continued cultivation, nonoxenlcally and axenically can lead to a
loss of virulence and Infectlvity in laboratory animals. That

virulence nay be reatored by reasaociatlon with bacteria or by

passage through the hamster liver or intestine has also been

demonstrated (Thoapson, 1971» Vlttner and Rosenbaun, 1970)

loos of virulence of amoebae was not observed until
Sons

The

strains were grown and maintained in bacterial-free cultures.

workers noticed a loss of virulence when the amoebae were transfer-

red fros a bacteria-assoclated culture to a monoxenlo culture with
T. crual as an associate (Lutternoser and Phillips, 1952). Phillips

and Bartgls (1954) reported that the virulence was restored by
returning the amoebae to a culture with selected bacteria, thus

again indicating the possible role of bacteria in providing a
stimulus for pathogenicity

Amoeba grown in nonoxenlo cultures wit) Crithldla sp.
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mm ago varied in virulence. Soee clones were oonpletely
-virulent
Perhaps, the aoet promising hypothesis is that an

-pisosal-tike material exists which acta aa a virulence factor
(Vittner and Rosenbaum, 1970). Whether it is a viral associate or
The carrying of a viral agent within

not the authors do not specify.
In his thesis

the amoebae has been postulated In 1961, when Bird

on "Studies on Aaoeblasls including the morphology and behaviour of

certain Parasitic amoebae of man and Animals" suggested that "the

oarrying of virus aatorial by the amoebae or the co-existence of a
localised aucosal reaction to the concurrent viral infection,
oould account for all the observations connected with the virulenoe
of aaoebae and does therefore require investigation.” To examine

aueh a concept may be difficult, but Blsdon-Dew (1964) quoted an
adequate parallel in £. dlptherlae where a viral infection of the
induces a genetic change affecting the virulence of the

bacterium
that had

organism. Similarly a strain of Trichomonaa salUnas,
beooae avirulent after a long period of axenic cultivation,
homogenate of a

became

virulent after being treated with a cell-free
virulent strain (Honidberg and Read, 1960). The authors suggested
that virulenoe is a genetloally controlled character of strains
of T. gallines. slnoe the addition of DWAase to the homogenate oell

mixture blocked the transformation.
v Ints-llke particles within ™»tamoeba histolytica worm

first described by Miller and Swsrtswelder (i960) who observed a
small array of particles about 40 nm in diameter within the peri-
nuclear cytoplasm of a trephosolte of £. hlatolvtica cultivated in
the presence of bacteria. Bird (1961) deaoribed 2 distinct types
Invading a biopsy specimen from an

of partiels in trophoaoltes
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~quipped with alnple or compound tubular triggers, which can be
eaail.v released on contact with another organiea Surface-actiwe
histolytica obtained froa

lyaoeoaee were also demonstrated in B.
1977b) but their

colonic biopsy specimens (Proctor and Gregory,
Illustrations are not convincing. Bl-Hashlai and Pittaan (1970) and
(1971)# also using colonic aatorial# were unable to oonflra

o riffin
in trophosoltos

Surface lysosoaes were however obaervd

this work
«id Z. aoahkovakil

of non—pat) ogenic ~itamoeba species - S. coll

Knight et al. (1975) suggested that

(Rondanelli et al., 1974a# s).

the so-called surface lysosoaea eight be digestive vacuoles or other

vacuolar structures sectioned near the ar.oebal surface. In recent
physleo-

the part played by the aultiplleity of host factors,

pears,
ehealeal and biological, in obscuring the elucidation of the aaoeble
Veal (1971)# eoffilmant of

penetration problem has gained acceptance

the difficulties, considered whether "we do not yet have a convenient
staple model for the deteralnation of Invasiveness™. It is suggested
that a staple model, unaffected by the complexity of host factors, is

an in-vitro cell culture eyetea. This work is based on such a aretes.

iVTiariOATicy op aporfxc patboo'»B8ls

la this study ef the pathogealelty of £. histolytica

tho following Inveetloptions were undertaken |

X. H~atooheajipa}
a) study of lrseeoaal enarses at |1~ t microoeoplcal
level in tropheaoites of  histolytica (‘¥ane strain) and in cell

cultures both separately and in combination to determine whether
«ell injury is the result of disruption of lysoaoaes as suggested
(19«4) (See Table Xla)

by Jaruailinta and fradolfer
enamee, ar 2 sulphatase and

*) lyeoeosal



acid phosphatnee, at alectron alcroacopical lavai, both for tha

rauon atated In (a) and to investiirate tha aliatene« of thé

"surfaca l.moeone" eonoapt of Beton at al (1969. 1970)
e) Stud.r of othar animea of knovn cellular diatribu tion

in oall culture bafora and aftar interaction with hlatolrtica

(Tabla X1b).

Il Nomai trananlaaion alectron microscopie
tachnjttuea uaad in i
e) The axanlnation of tba norpbologr of tha rarioua
atraina of E. Ulatolrtica groen nonoxenically and axanloalljr.
b) Tba investigetion of pathologlcal changas taking

place durine tba intaractlon taUaan hletolrtica and celi

eulturaa.
e) Teatina thba affaet of an antihiatairine on tbe inter-
action between anoabae and celi nonolarare

d) Sxaaining tba effact of a hoeopanate ef a etrain of
B. hletolrtica upon a sonolayer in order to esplora TillareJos*
h.vj'Otheaia (1962) tbat tba patbogenle nechanlan of invaelon le tbe
reeult of deooepoaition of anoabae.

e) Tba investigation ef Uhabdorirua partiéles in

»ltanoebe spa. (refer te Bird and reCaul. 1976)

m JTWiRy,s,.

on c.ll-cultur.
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TABLE |1

Locajiaatron of ljracaonal hjdrglaaaa

Non-apacifie *Bt«ra»«
Aryl aulpfaitu*
Acid phoaphataa#
a-«alactoal da*«

s—glucuronidace
Ii—Acatyl- f -D-flucosaainldasa

Localisation of ana/aa "mykara"
Thiamin* pyrophoaphataaa
Inoaina dipkoaphataa*

Catalaaa

Mitoohondrlal ATTa*a

Mm*/K* — Vitrophrayl phaaphataaa
Mg2* dapandrat ATFaaa

Alkal1na phoaphataa*

Lauclna ralnopaptidaaa

Callular alia
Oolgi appnratua
itedoplasalc ratloulua
I'arozlBoaaa

Mitochondria

At rarioua altaa,
aoatly on plaana
aambrana
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cells were first suspended by shaking and knocking tbs

2*1 A «
resuspended in 20 nl of

bottle against the pain of the band, then

culture aedlua, which was then dispersed into new bottles
The aedlua was

Ths

subculture ratio was naintalned at lid to 1*5
rsnewed ewery 3 to 4 days. The subeulturing procedure was
performed once weekly In a positive flow cabinet to obviate

bacterial contamination

e.i.) cujjuro h i
The requirements of the various csll-lines are shown in
Table 111« The aedla for the RIT13 cell-line were obtained from

Wellcose reagents M alted, and were supplemented by 100 units/al

penicillin, 50 ug/nl streptomycin sulphate and 2.5 ug/al

Aaphoterooln B.

c.2 f. HI3TOLTTICA STRAWS

e.2.i *0"2.MalLg. U a f

The eleven strains,
school of Tropical Medicine)

listed in Table 1T, were obtained

fron Dr R. Knight (Liverpool They
associate (Diamond,

wore cultured la TTT medium with a Crithidial

11 Mg)
11 strains tested had a oytopathic effect upon RE13

Only the Evans

All

soil monolayer (Knight, personal communication).

strain was maintained continuously

c.2.2
Two strains HM-1«IMS3 and 20CIHIB were kindly supplied
by Dr L.S. Diamond and were brought to Bnglaad by Dr R.O. Bird in
TP-S-1 medium (Diamond, 1968b). They were kept for 24 hours ia an
laoubator at 36.5*C before being inoculated onto a RfI3 eoll-lino

An atteapt was aade to culture the two strains azenloally, but no

growth was obtained.



CELL—IVE

CcT-1

ID-VI
m 3

Rhaaua Monkey Train
(T.UU.T., 1975)

TABLE 111

MEDIUM

Endin'* B.E.M
with non-aeaential
aalno—acida and

w ltaalaa

M IU na'a Madlua K
Medina 199

B114-1
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SERUM

10i Rental
ealf i«rua






Izmlo '200' *u aupplitd kr Dr R. Vati (Valicor«

Hoaoarch Laboratori««, B«ek«nha»)

C.a.l. Cultttr« »«dia
C .iiJ.t  The formila u««d for th« aonophaalc TTT »«dlu» for
monoxtnic growth of B. hjatol.rtica atraln, grana, and atoek

cultura« of Crithidia ap. vaa a aodlflcatloa of Dlaaond'a ori«lInai

»edlu» (Dlaaoad, 1966«)

Trjrptoac« (D ifco) 00 g
Tryptloaa« (BBL) 8.0 g
Taaat extract (Difoo) 6.0 «
D-glucoa« (inalar BDH) 4.0 «
L-cyataina h.rdrochlorld« 0.0 g
L. aaeorblc acid 0.329
Soditi» chlorldo 4.0 «
Dlpotaaalun hydrogan ortbophoaphat« 1.28¢
Pctaeaiua dihpdrc gmt orthophoaphatc 1.28¢
Diatillad water to ask« 1000 »1
pH adjusted with |.OH HaOH to 6.0

aid of h«at

The tr-ptoaa was flrat dlaaolrad 1» vat«r with the
(50°C), than tk« rasalning lagr«dl«nto ware added and dlaaolr»d

hr on« la th« order «Iran. Iftar adjustin« th« pH with
IH HaOH, th« Mdlua waa dlap«aa«d la 13 al anounta la FUw-Idh.
tlaaa»-«ulturc tub«« (125 «m= loag and 16 a». dlan«t«r), with
pianti« aorew capo. Tha tub«« with th« broth wer« «tonilac« bp
and than kapt at 4°C for up to

autoelawlag at 121°C for 10 nlaa.,

when th« oolour of th« a«dlua turned fro»

required th« following «upploaonta war«

6 we««ka, light pollo» to

pallaalah brown, khan

Definrinated huaan blood 1-2 drop«
Hor«e Som» (Valicor« H° r
Inactirated) 0.9 «
-traptoa.rcin auiphate 1700 ug/al of »adina
1700 unlta/nl of

Benwrl penicillin
-odiun
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Propagation of E. hystolytica nonoxenlc cultuf i

Tha Evans strain was aalntalnod at 37.0°C and subcultured

Intervals of 72 and 96 houra. Bafora transferring,

at alternate
of eultura aadiua froa stock oulturaa

1 to 3 alllion CrithldlaZal

wars addad to tha TTT aadiua irlth addad suppleaents
To tranafar tha aaoebae, tha aadiua froa old eulturas

was dscantsd aseptically and raplacad with frash TTT nsdius without

Tha tubas wars than ohllisd in ioe-watar for

addad supplaaants.
loossn anoabaa attachad

10 alnutss and inwartad several tines to

to tha wall of tha tubas. CantrifUgation at 1700 rpa for 3 sinutas
wss sufficient to pallet tha anoebae. Supsmatint fluid was
dsosntad except for tha last 1 al. Tha pallet was than used for
inoculating new eulturas, which ware inclined at 19° froa tha

Subeulturing was perforaed sceptically in a pooltire

horiaontal.

flew cabinet

Tubal bacterial oontaalnatloa necessitated additional
aatlbiotles. The offending organism was a Fseulononas sp

Sensitivity testing"* suggested that Carbaalolllin sodlua at a
dosage af 200 ug/al was Indicated froa tha anlt-bacterial point

ef view but it was found at this eonesntrstion tha antibiotic had
an adverse affect on aaoebic growth rata. Accordingly aapleillin
aodlua (1300 ug/al) with OentMIcin sulphate 30 ug/al of acdlua
and beasyl panlclilla (1700 uaita/al af aedlua) vara substituted
C.2*3*b  Tha fonmla used for aonophasic TP-0-1 aadiua (Siasoni,
1900b) for asenlc growth of 2* histolvtica struma, 2005HIM and

Bi-liZRSS was as follows i

Sensitivity tests were carried cut by Dr J. Orange in the
Departaent af Microbiology, Middlesex Hospital, London and by Mr
Moody la the Departaent of Pathology, Hospital for Tropical



Tryptloase (BBL)
Panaeds Liver digest (P A B)

Olueoss
L-cystsine hydrochloride log
Ascorbic said 0.2g
Sodlua eblorids 5.0%
Dipotaseiun hydrogen orthophosphate 1.0
Potaselua dlhydrogen orthophosphate 0.6
Distilled water to asks 875 m!
pB was adjusted with | .OK ITsOH to 7.0

paper Jfo.l,

Thbs nutrient brotb was passed through Vhatnan filte r

aediclne bottles for IO sins, at 1?1°C.

tbs following

and autoclaved in 200 al
After autoclaving and oooling to roon teaperaturs,

supplanents were added i

HH-1iZKSss 200 «WTH

strain strain

a) Calf Serva 15«0b1 10.0nl
b) Titaala 107 alxture 2.5nl 2.5%1
82.5n1 87.5%1

s) nutrient broth

Difficulty was experienced in aaintalning both strains axenlcelly

Xn retrospect tbe iaportancs of tbs relative proportion of

L-cyeteine hydrochloride and asoorblc acid was not fully

appreciated *=

Singh, Das and Xtotta (1973) deaonstrated that the suceess of
axenlc cultivation depends on the oxidation-reduction (O-R) shift,
whiob is controlled by the addition of reducing agent«, L-cvateine
hydrochloride and ascorbic acid Tbe authors noticed that an
laprovaneat in tbe ffcwth and aultiplioatioa of aaoebae takes
place la a aedlun with a low negative 0-« potential. At a higher
negative 0-A potential the aaoebae tend to die. The authors
pointed out that ascorbic acid can interact with cysteine causing
a shift in the 0-t potential to the positive aide, and the
aaoebae then die within 3 to « daye without aultlpile atloa. If
the aaoebae are aalntalned in an axenlc aedlua containing onlv
cysteine, thev aultiply raxidly due to the lowering of tbe 0-A

potential.

31
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IBOCITLATIOB OF E. HISTOLYTICA OBTO CELL—LINES

Initially call-line« ware «Town on a round ooverslip,

or thick glass disc (1.0 no thick and 32 an diameter) placed In
an airtight flat-bottomed eterile plastic container of 30 nl
capacity as described by Fnight et al (197?)* Later in the present
study» a revised technique was used. Asnaller thin coverslip

(9 * 39 m*) or a thick rectangular glass (7*9 to 8*0 an x 38 ns)

adapted for Leighton osll-oulturing tubes was found to be more

efficient and eoononlcal
In all experiments, the eell-lineo were allowed to reach
confluence This took betwoon 3 and 9 days. The subeonfluent

layers were newer used

c.3.x Inoculation of whole amoebae
Only 3 strains of |. histolytica wsre inoculated
on cell-lines|  Ewans strain (noncxenle) and Dt—1ill'sS

and 2001FIB (axenlc). The amoebic medium la 48 te 72 hour cultures
was replaced with fresh-chilled nedlun and the tubes placed In lee-
water for 10 minutes and then inverted several times te detaoh
the amoebae from the glass wall of the tubes. Three minutea
centrifugation at 1900 rpm loosely pelleted the organisms.

In the

The

supernatant medium was removed and the iscebae suspended
last few drops of the sodium by gently shaking the tube. The
aamebae were then counted using a haemocvtoneter. The Inoculum

varied from 10*000 te 40,000 trophsaoltee per eulture/Lei#8iton
tube. Before adding the amoebic suspension to the monolayer, the
eell-line culture medium was rinsed eff using a further fresh

sterile sulture modius. The fluid was again removed and replaeed

by fresh culture sodium containing rt serum. The eell-llneo wore

covered with enough liquid (1.9 to 2.0 ml) to avoid rapid shift



in ozidation-réduction potantial duo to contact with air.
Spillago down tho neck of tho Leighton tubo bringing vitto it tho

-uapendod aaoobao vaa avoldod by incubatine tho tubos in a slightly

slantod position (5° - 10° to ttos horizontal). Tho inoculation
procedura was porfornod assptically. A1 ni arringa with a

(40/9» 200) 1 1/2 ina. noodlo vas found to bo satlsfactory.

Tho proparationa varo all Incubated at 37*C and varo

flxed periodically. (For préparation of apoelnons for llght and
olsetron nlcroscopy sos soctlon C.4).
onto a coli-lino
Zn viov of Judato's findingo (1962) that an antihlstanino
if tho

sust bo prosont durine Infootlon of a esll-oulturod syston

oolls aro to bo protoetod, pronothasins hydrochlorids vaa addod

vitto tho laoculua of £. histolrtica trophosoitos. rronsthasino
hydrochlorids Is roadily avallabio conaerclally as ThanorgM1
(29 ne/nl)» a storilo solution in vator» froo fron dissolvsd air

and vitto sultabla stabiliste# agonts.
Tho inoculation procedura usad vas sinilar to that in
aoetioa C.3.1.» sxcopt ttoat tho coli-lina sontlayara varo rinssd
twleo vitto TBS» and thon incubatod for 19 nino, at 37°C with frosh
PBS. Tha salina vas roplacod vitto storilo TTT aediun contamine
10%4 - 10-"* Prenoti.asino kydroctolorlds and =% Rorso Sarus. Tho
anoobao vara inoeulatod onto tho nonolayara. The préparations
aftar vtolrh tha» vera flxod

varo Incubatoi at 37*C for 2 hours»

vitto appropriato flrativea (o0so aoetioa C.4«2)
la tha sano vay sxcopt that aatlblstanine vas enittod.

Controls varo

preparad






35

c.4 SPECTRE. PREPARATION
«ed.1 sp.cl».c prtpTitloa for IIAtt m>cro.colT
Both eoll-line cultures and taoiba« prepared for light

nicroscopy (histoohenlcal denonstrations) war# oultivatad only on
thin oowerslips. Storage «u in Leighton tubas, fixation la

daaerlbad in sactlon C.4.1.

spoolncn preparation for alactron nilcroacopy

c.4.2
such as thoss

Special nethoda in alaotron nlcroscop”,

aaployad in localisation of aniraas sad visualisation under »conning
Microscopy are datailad in sactions C.5 and C.6.
Cc.4.2.a fixation

The fixatives used is thia work ware glutaraldehyde and
osahn tatrcxida. Olutaraldahyda, introduced by Sabatinl at al.
(1963), has been found to be a nost officiant crosa-linking agant
for protein, and is superior to the other aldehydes, such as
hydroxyadlipaldehyde, crotonaldehyde( pyruvic aldehyde,

glyeoxal,
Since the

scataldehyde, acrolein, nethaerolein and fornaldehyde
aldehyde does not stabilise uneaturated lipids and phoaphollplds,
pest-fixation was carried out in osniun tetroxlde so that the

notoriala were not dissolved in the dehydration liquids and lost
Since it in necessary te add a buffer of roughly
physiological pi to all fixetires to present wide rangee in pi
in flxatlrea and a possible acidic ware of injury as the fixation

peuetratee the ooll, eodiun cacodylate, the nost popular buffer

used in electron nicroscopy, was used
Although nost aulnal tissues are fixed near the optinun

physiological pi values of 7»? to 7*9» tissue culturee ehow great
variation in the physiological pH, ranging fron 6.«i to 7.4 for

eell-tines and 6.3 to 7.0 for thoee of £= histolytica Buffers
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microeoopy wu used, depending on the nature of the material

being handledi
a) 'In situ' fixing and embedding of eell-lIne
monolarers and S. histolytica strains growing on thick glass

ooverslips in Lsighton tubas.

b) Fixing and enbsdding of pallets of B. histolytica

nonoxenic strains.

C.4.2.s "Il €itu‘fla t y»d aabedding
Colls wars continuously grown on thick glass corerslips

The tubas containing call-line sonolayars with or without amoebae,

and B. hlistolvtica wars carefully taken out of the incubator.

The nedlun was pipetted off qulekly but carefully and 3< glutor-

aldehyde in 0.066M cacodylate buffer (pH 6.8) «arsed to 37°C was

gently added by pipetting slowly onto the side of the Leighton
tubes. Usually this reagent is used at 4°C but high tesperature
fixation enhances the speed of the chealcal reaction between

fixative and oell componente. In doing so the chance of shrinkage

of the aaoebae was ninlalsed and external struotural features

were preeerred.

Fixative was first saintalned at 37°C for 15 minutes.

*The sain difficulty in the ‘In-eltu’ fixation and embedding of
in-vitro cultured cells on glass ooverslips for electron microscopy
le the separation of oelle after enbedding and polvserisation of
the resin. Tarlous authors have attempted to replace the glass
coverslip by alternative materials e.g. polystyrene (Richters and
Talantin, 1973» »«lson and Flaxman, 1972» Brinkley et al., 1967)»
Teflon (Swijk and Boeli, 1975s)» Teflon-FTST film (*7wljk and Hosll,
. Others have attempted to precoat the glass ooversllp with
a chemlcal to allow easy separation of the resin after polymerisation

Forever (Buckley and Porter, 1975)» silioone (Rosen, 1962)»
carbon (Robbins and Oonataa, 1964) or oollagen gel (Heyner, 1963).
In thie study, due to the nature of the experiments, such precoated
glass coverslipa and alternative substrates were avoided. The
reason far this is that these techniques invriablv give atypical
growth patterns, as stressed by Moore (1975)*
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than coapleted at roo» tanperature (22-25°C) for 30

and «u
vara removed froa thé tubac«

minutaa. P«llorlb( fizatlon, tha alida«
and ona and of tha glaaa marked with a diaaond pan. They vara tbaa

individualir into flat-bottoaad 2 al plaatic tuba«, with

placad
filiad witb buffar aolutioa (0—4°C)# 0.066H oacodylata

piuc—sapa,

buffar pB 6.8. Proa thia «ublng atage to tha dabyAration atagm,

tha tuba« with tha aaaplaa wara kapt eeld ia a eruahad-lca bath

Unaing with eaeod.vlata buffar to raaova axcaaa «lutaraldabada waa
rapaatad twica] aaefa atap took 19 ainutaa. Tha alida« wara tbaa
in buffar for a furthar two houra.

ia 0.066M eaoodrlata buffar at 0°C

laft Spaciaana wara furthar
fizad with 1% oaalua tatrozlda

for 30 to 49 ainutaa. Tha aatarial waa poet-fizad at 0&C to
pravant oaalua reaovind intracalluiar aatarial whicb bappaaa at
Pollowlrtg poat-fixation,

tiaaa to raaoww axcaaa

rooa tauparaturo. tha alida« wara
thoroughlr rinaad with buffar aererai

oaalua. Tha apaciaana wara then laft oraralgbt ia cacodvlate

buffar at 4°C. Tha followlIng dar, they wara takan out of tha

tubaa and plaoad into a aaall container contalr.tng 30i aathanol.

After 9 ainutaa, tha aolrant waa raaawad with fraab OO%aathanol.

tha alcohol waa plpottod off and

Aftar a furthar 9 ainutaa,
30< aathanol. Tha

roplacod with 0.29< uranjl «catato dlaaolved la
alida« wara thua etainod for 30 ainutaa, aftar wbleh tha apaciaana
wara deh.rdrated furthar throu”i aarial dllutlena of aathanol |
6CK, T0<, 901, 100< and 100* - ««eh atap taking 9 ainutaa.

Tha nazt atad«, tht of eabedding, «ariad ««cordine to

tha aubaddine al«tura uaad.
V aluta aabeddInf

a) slide« wara paaaad throu«h taluana twiea (9 ainutaa

<achi



uw»

Wp 1 ©«d

vx <eldlce



frasb Spurr nixtur*



41

for 5 ainutes. They wore then inverted several tines to detach
the amoebae from the glass. Three ninutes centrifugation at
1500 rpa followed loosely pelleting the amoebae, which were then
fixed with y% glutaraldehyde in 0.066k cacodylate buffer (pH 6.8)
for 45 ninutes at 4°C. Excess glutaraldehyde was removed by
repeated washings with the cacodylate buffer. As the trophosoites
were not easily agglutinated by the fixative, it was necessary to
pre-enbed the anoebae in 2% Difco Nobel Agar (Gowana, 1973)« The
agar blocks were post-fixed for 1 hour with 1~ oenlun tetroxide

with 0.066k cacodylate buffer
Steps for subsequent washing, dehydration and embedding
were performed in the saaie way as for 'in situ’' embedding except

for the final stage for which a Been Capsule was used
C.4.2.« Sectioning and observation
TTitrathin sections were cut on a Relchart ~¥02 microtome

and oollected on uneoated Snethurst Hew 200 oopper grids (1.0

3.05 an diameter) and ooated 150 grids (Oratieules Ltd.). Sections

were further stained with lead oltrate (Reynolds, 19631 Tenable

and Coggeshall, 1965) and examined using W 801 (ASl) and Ek 9AS

(zeiss). llford filn, SF332,
photographic recording

an Eleetron Milcrosoope fils with a

polyester base was used for
C.4.2.h  formulae
Buffers t

n) rfcoejh-to buffer

stock solutions A i 0.2* - HalfP04. 2H0

15.67500 nl of distilled water (TH)
stable for a week or more if kept in
refrigerator

B I 0.» - HaHP0M. I0TjO

J5-8g/500 nl of Wf

(or 0.2* Ha2HP04 14.2g/500 nl of TH



O.m Phosphate buffer < Solution A Solution B DB

pH 7.4 19+0 nl 81.0 nl 100 nl

pH 7.0 ».0 «1.0 100

pH 6.8 51.0 49.0 100
b) Cacodylate buffor i (Sabatinl ot al., 1963)

0.2* cacodyl*te bu for

Stock solution A
21.4€ sodiua csoodylato/500 nl TV

0.0jgt cacodylate buffoy » Solution A

Adjust pH with olthor IM HC1l or I* HaOH

Hlxatitos 1 Aldobyrlo fixatives are unstable and should bo nads up

fresh Glutaxaldehyde is available as 25)t stock solution, which
is stored at 4°C to prevent deconposition
X foil inooso: .«codrl.t. tuff.r =

12.0 nl
then dilute to 100 als with DB

0.2* cacodylate buffer (Stook solution A) 33.0 al
25% OA

Adjust pH with X* HCL,
b) Autarrdehjrde )n 0.1* ghoejha.to buffer «
Add 12 nl of 25% OA to every 50 al of solutions A and B

(phosphate buffer, 0.2%). Adjust pH with either TK KC1 or

X* BaOH, then dilute to 100 nl with DB.
o Irorrinere 1 owr buff. =
Add 10 al of 4&t fores] dehyde to every 50 nl of solutions

A and B (phosphate buffers 0.2H). Adjust pH with either X* BCI or

X* BaOH, then dilute to 100 nl with DV.

*> it 1. f. O.Offc« ccoa~t. buffer t

40< foraaldehyde 10.0 all
0.2* eacodylate buffer (stock solution A) 33.0 al

Adjust pH, then dilute to 100 nl with DB,
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Reain and hardanera ara nixed wall and dispensed in

in aaall containers. Store in deep frees# (~20°C).

Mix well and then degas

10 al quantitiaa

Before use, add the accelerator.

PREPARATION FOR SCANNING ELECTRON MICROSCOPY

C.5 SPECIKESI
the RIT13 cell-line and

For atereoaoan observation»,
trophosoltea were «rovn on thin glua coweralipaand out down to
(9 x 10 to 13 aa) in Leighton tubea. The atereoacan specimen
only hold nateriala under 13 an diameter. The Entamoeba
in the usual

atub will
histolytica strain was seeded onto the cell-line

Banner. The eells were then rinsed with PBS, pH 7.2 at 37#C to
get rid of oell debris which ml«s$it hinder atereoscan observations

The samples were fixed with ii glutaraldeh.rde in 0.066N

cacodylate buffer at pH 6.8* In the ensuing 30 ainutea they

were rinsed twice with 0.066K eacodylate buffer pH 6.8,
cacodylate buffer for 30 minutes.

and then

poatfixed in 1% osmium in 0.066*

Two rinses in buffer solution, each for 30 minutes were followed
by dehydration with acetone of increasing concentration from 30<
90 and l0OIC. Each stage took 10 minutes. The

liquid C0? in a Polaron

through 60, 70,
samples were then transferred into
critical-point apparatus. After freese-drying, the coversllpo were
mounted onto specimen stubs by a silver conducting cement, and
seated with gold (400-4-0 2 thick) using a gold diode splutter
ooater (Polaron Equipment Ltd.). The specimens were examined in
the Cambridge Instruments Co. Stereosean microscope operating at
20 kv. The tilting stage was usually maintained at 45°.

Initially eell cultures grown on glass ooverslips showed
disproportionate cracks along cell-junctions in some areas of the
in T9 preparations,

monolayers. As such appearance was not seen

these cracks were therefore not due to the processing during



CMCLBPL >0¢gy <) N









As in all hlotooboalcal investls*tion ( adequate control*

r«or* tho possibility of artsfact. Oslsalon of

regarded as a satisfactory

v*r* usod to

substrate from tbs incubating ssdiua vs*
Any wivae activity observed in control sections was

oontrol =
Liver and kidney cryostat section* *

regarded as a falsa result.

with known onsynes provided a further oontrol, a* failure to

dsteot reaction product indicated faulty technique. Tbs inclusion

of specific ensyns inhibitors can also be used a* a control

noasure. In this study, only ouabain, which inhibits Ha* and K*

active transport, ban been used

Strict attention was paid to the following points t
The sanples were prewasbed with PBS, pH 7.2 (37°C)
irled>t

a)
for a few seconds before fixation to renove serus which

give false ensyne localisation.
b) Fixation was carried out at 0 to 4°C.

*) Tho sanples were loft in buffer after fixation for

a ninlnun period of 1 1/2 to 2 hours before Incubating in order to

renove free fixative which night inhibit substratn-ensvno reaction.

d) Tho pH of tho incubation nedlun was corrected.

e) The incubation nediun was filtered before use

f) dll sanplos, unless otherwise stated, after

incubation and subsequsnt washing wore oounterstninod with ?<
nethyl green (shloroforn extracted). Methyl green stained nuclei

green.
All the essential details i.e. type of fixative,

fixatloa period, Incubntloa period, tenperatur* of Incubation,

ooleur of the reaction product, washing buffer, etc. arc recorded
In Table T.

“ACryostat sections from souse Ilvor and Sidney were kindlv
sulpiled by Dr Jarrett, Histological Laboratory, University

College Hospital, London
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=) Washed In tapwater
f)  Mounted in glycerin lelly

11) — «tod

The aubetituted naphthole eater« ere hydrolysed rapidly
by acid phoaphatane yielding «xtreaely insoluble naphthol
derlTatiree, which are then nade to resot with a ilaeonlus salt
to produce an insoluble aso dye at the sites of ensyee activity

Pararosanllin hydrochloride as a dlssoniun ealt recosnended by
a sharp localisation of

Bancroft (1967) was used as it «ires
ensyne
wS) 2 f_=S2) S2. .
AS- Phosphate arka, 1960 as cited
1) Substrate solution t
Naphthol AS-81 phosphate 50 mgy
(Soilus salt. Siff>- Bo. 1-22°0)
Dlaethyl fonennide 5 nl
2)  Veronal acetate buffer 0.2M
3) Sodiun nitrite 400 ng
Distilled water 10 si
(It la Inportant that solution 3 1* aade fresh)
4) 7srarosarllln - HCl stock
Pararoeanllia hydrcchlorlde 2 f
Ml 50 Si
Beat gently to 60°C, thon oool to room
teoperature and filter
5) Distilled water
iBSiiPxuna »»tbod
Bsnerert streseed thati
t) it is necessary far the oucoess of the technique
that equal parte of solutions 3 and 4 are nixed together and

aliened to etand for two sinut#« before being added to the

incubating nedlunf
and staining* the sanples are
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dehydrated rapidly through fraah alcohols to xylene and Mounted

in Canada balsas.
C.6.2.b Non-specific aateraaa

3 aethods ware uaad i X) ot- naphthyl acetate Method
(Daria and Ornatela (1959) *= cited by Bancroft (1967) )

Ireparation of stock solutions

1) Substrate solution (
« -naphthyl acetate 90 ag
(31»a ilo. Jf-6750)
Aestone 9 al

2) 0.2V phosphate buffer

3) 4% sodius nitrite

4) rararoeanilin-BCl stock solution (see previous page)
5) Distilled water

rX*£.V»I7011-2f. incubating solution

solution 1 0.25 si
7.25 *1
0°u . 0.4 MI of solutions 3 and 4 are
nixed before adding to incubating

solution

pH « 6.9 with 0.2* phosphate buffar (solution 2)

As for Amo—dye coupling Method (Aeid phosphatase nee p. 52)
XX) Xndoxyl Methods i 11(a) Indlgogenle inioxyl nethod or natal
natal.mad oxidation nethod (Holt, 1954)

The substrate used is 5 - Irono - 4 - ehlore indoxrl

which is hydrolysed by esterase to produce 5 -
The indoxyl is oxidised by the

sostata, Prono - 4 -

ohlero indoxyl, a Soluble product

potassiun ferricyanide to an insoluble indi#» dye



Pragaration of incubatine aolutioa

s—ProBo-4—i.loro indoxyl acatat* 1.5 ag

(Siff* *o. B—4977)

Bthanol 0.1 al

Tri» Buffar (0.2M) pH 7.2 2.0 al

Potuslua firricrefida 17 mg
21 ag

Potaaalua farrocyanlida
Calciua chlorlda
M ailliad vatar

aaka up to 10 al

Tha aubatrata la dlaaolvad In tba eth&nol, and tba buffar

tban adiad Tba raaalning abanicala ara dlaaolvad in dlatillad
vatar autd tba aolution alxad
Incubating aatbod
Aa for Aso-dye cou]llng aatbod (p. 52)

a)

b) A eaeodvlata buffar
Buffar, 0.1», pH 7.

Ia aubatltutad for Tria

Tba aaaploa ara oouataratalnad In Mayor'a Caroalua

e)
for 5 alnutoa to ataln tha nuelol rad.
X1(b) Indo*virao aatbod (Daballla and Plabaan, 1965)
Promotion of tncubat;ng aa”ua
Solution 1 5-Brano-4-ehloro Indoxyl aaatato 1.0 mg
Sthanol 0.1 al
Tria-HCI buffar pH 7.4 5*0 al
4.75 «1

ri
D latillad vatar
bafora adding tba buffar and

Tha aubatrata la dlaaolvad In atbanol

vatar

Solution 2 PararoaanlUn - MCI otoek aolution 0.125 al
4* nodiun nitrita

Tba two aolutiona ara alxad and allavad to atand far 1 alnuta
bafara adding to aolution 1
caCl? la addad and tha pg adjuatad by adding 0.1»

Finally, 22 ag
althoundt

MaOR to 6.1 to dataet lyaoaoaal noa-apaclflo aataraaa,
aaaa aytoplaaaie activity nay ba praaant.
Incubating aatbod

Aa for Aao-dyu coupling aatbod (p.52)
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C.6.2.0
Two tacimiqu*« ara usad In loeating arri culphataaa i

Sinultanaoua coupling nathod (Bancroft, 1967, p.24?-243)

1
Prsparation of stock aolutlona

1) Substrata solution t
Haphthol AS-B1 aulpbata 20 ng
(Kono~otaaaiun aalt, Sl"naHo. J»-2375)

Sodiun ehlorida 8.0 ni

2) 0 2* acatata buffar

3) A% nodiun nitrita

4) Fararoaanilln-HC| stock solution (saa p. 52 )

TFSSX.Mi19n of Inoubatjlji* solution

Solution 1 8 al

- 2 ni
- 0.3 ni of solutions 3 and 4 ara
0.6 al nixad and laft standing for 1

ninuts hafora adding to
incubating solution

MaCl (260 ng) is than addad
pH - 6 io 7.

Incubating nathod

Am for Aso-dpw coupling nathod (saa p. 5?7 )=

Il Lns4-nltrocatachol sulrhata r-thod (Ho,su-Havu at al.,

Preparation of Incubating solution

nitrocatachol sulphats 160 ng
S>«sa Is. »-7251)
Diatl Had ostar 4 ni
- Ih sostata buffar, pH 5*5 12 ni
% laad nitrita 4 ni
- . 55

- substrata is dissolved in untar bsfsra adding ths

buffar. Tha pH is

addad dropwiaa uhila stirring continuously«

adjusted bafara adding land altrata, whioh is



Incubating Method
a) As for Ooaorl lead technique ( === p.51 )
b) Ecfora Incubation, tba alidea ara thoroughly rinaad

in 0.1K acetato buffar, pH 5«5* It hae boon shown that eacodylate

lona Inhibit the ensyne (Hopsu-Haru at al., 1967)
c.6.2.d  M-glucuronl laaa
Siaultanaoua coupling method (Hayashi, 1964)

rwtratlon of atock solutions

1) Substrata solution 1

0.1H acetate buffer, pt? r.0 25.0 ml
The substrato la dissolwed In sodlua bicarbonato before
adding buffar
2) df sodlua nitrita

J) PararonaniUn-HCL stock solution (saa p. 57 )
4) Diatillad water
Prtfyation 9f Incubatine ssdiua

Solution 1 10 al
2 0.3 al of solutions 2 and 3 are
nixed and left standing for
1 minute before adding to
incubating solution

jnyubajlni sathod

a) As for Aao-dye coupling sethod (saa p.52 )

b) Formaldehyde la used as a fixative Others hare

In tissue fixed with
glutaraldehyds (Bowen, 1971, 1973» Livingston at al., 1969) but

it was found that oeatrol souse Hear sections fined with 3<

glutaraldehyde rawaalad the reaction products wary faintly after

3 hours of incubation at 37°C On the other hand, sections fixed

in 4< fornaidehyde gawe a very Intense staining. It nay be that
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>8-glucuronidase is si&ilficantly inhibited by glutaraldohvde.

0) Fhosphsts buffer is used throughout as cscodylsts

buffer Inhibits . —glucuronidase activity (Bowen, 1971)«
C.6.2.e ~-galactoeidaee

A post—eoupling aso-dye method is preferred to s
simultaneous coupling technique as dissonium salts completely

inhibit eniyme activity (Pearse, 1972)

PfryaM f-a at ipcubatin&

6-Bromo-2-*»aphthyl-h -D -g*Isctopyranoside
(Sigma No. B-7627) 100 mg
Methanol 1.5 »1
Rot distilled water (70 C) 200 ml

85 ml

Phosphate-citrate buffer pH 4.95
The substrato Is dissolved In methanol, and bot distilled
water la then added to the dissolved eubstrete. On cooling,
phosphate-cltrate buffsr is added witb a further 100 mi of diotillad
water. (The solutlon is atable for 6 monthe at 4°C).

I»?ubatjtfle method

s) Inoubated at 37°C for 12-15 houra

b)
preparad solutlon of Paat Blue B salt (Siépa No. D-3502),
3 to 5 minutes.

After Inoubatlon, transfer the elides to a freshly
1 mg/mi

st 4°C, pR 7*4 “ 7«8, with gentle agltation for
0) Semplee sre then washed 3 timea In oold water and

nountad in glycerin jelly.

cttr. o—mii...

sinultaneous coupling method (Rsyashi, 1965)

Si >\99* eoluttope

1) Substrato solutlont
Nsphthol A3-F1-IT-Acetrl- P -B-glusosaaln| de

(Signa No. N-3878 3 mi
0> mi

Bthylene g)-col nonoethyl ether

2) CIM citrate buffsr (pV 5.2)

3) Pararoaanilln-HCI solutlon (sea p. 52 )
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4) 4< sodiu» nitrite
9) Distilled water

ESa~Ptt.0" of incub«ting solution
solution 1

0.3 »1 of aclutions 3 and 4
dized befors adding to inoubating

0.6
aolutioa

5  Final woluae of 10

Incubating method

As for Aso-dye coupling aethod (aee p.52 )

Leucine naphthylaalnidaeo fPearee, 197?)

rrlg.SL»tron of substrate stock solution

L-leucyl-~ -naphthylaside HCL

(sina Wo. L-0376) 40 eg

ethanol 0.1 al
4@ *1

Distilled water
The eubetrate is diesolwed in ethanol before adding
distilled wata

Irgy«»» «= Incuttinj ..Xu.

Subetrate stock solution 2.0 al
0.1R acetate buffer, pH 6.9 20 al
0.89* sodiua ohlorido 16 al
C.02F potassine cranids (69 mg/A"C ml) 2.0 a]

20 ng

Fan« Blue B salt
jncubajAfifi

a) Following incubation,
is follewed by lanereion

a ? Minutes rinse in 0.8**

eodlua chloride (aaliae) la 0.IM copper
sulphate for a further 2 alautee. After a further rinse in saline
fer 2 ainutee, counterstairing with nethyl ff»«n Is carried eut.

b) Dehydration
aarhers sasoclated with known cellular sites
in Table XTb (as well aa

Is follewed by eouatiag la Canada balsa*
c.6.3 Hout
All the phosphatases outlined

acid phosphataae sad aryl sulphatase) were leealised using
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preparation of tho solution, the load nitrate ie added dropwise
and slowly to the buffer and that the pH is adjusted hr carbonate

The substrate is then dissolved ir

free sodiu* h.rdroxide (LOM).

distilled water and brought to the required pH before being added

lead and buffer solution. Vhen any other constitu-

slowly to the
is filtered and used innediately.

ents have been added, the sediun

f) It la Inportant not to overinoubate the materials as
non-ensynatlo hydrolysis of the substrate in the presence of lead

leading to the preeiplitation of lead

in the sediun nay occur

phosphate, whieh nay bind non-speclfinally to tleeue structures.
c.6.4 riasna *ombrue rankers

C.6.4.5 Alkaline phoet-bataae

Two techniques were used la the demonstration of alkaline

* 1~ Oomorj calcium phosphate method (as cited by

phosphatase

Propagation of incubating solution

2)i sodium veronal 2,5 al
2% calcium nitrate 5.0 ml
1% nagiesiua chloride 0.25 el
2< Na-/-glyoerophc sphate 2.5 nl
Distilled water 1.25 nl

The final

The reagente are added in thé order glven.

pH of thé aediun Is adjusted to between 9.0 and 9.4 wlith either

XP PCl or IP WaOH.

Incubating nethod

Siidee after inoubatlon and aererai rlnaea la buffer and
water are a) Treated wlth 2% oebalt mitrate for 3 minutes

b) Vashed soli in dlatilled water

s) lanereed in I£ ammoniue sulphide for 2 minutes
d) Counteretalned, washed and finally mounted in giacerla



Il Baphthol AS-B1 nathod

PrwmtloB of atock aolution

Naphthol AS-B1 phoaphata
WW — Dinathyl  foraamida
Diatiliad watar

1B »»2C03

Tha rasgan:»
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25 “g
1.0 al
1.0 al
1 drop

ara addad in tha order giran and aufflelant

IB *«?C03 la addad uatll pH la 8.0.

Tha folloalng aolutiona ara tban addad

tiliad «atar

D
0.» Tria buffar pB 8.3

30 al
18 al

Praparatlon of Incubiti<»« aolutlon

Stock aolutlea

Faat rad

(Sia* No. F-1500)

Incubating method

a) Aftar countrratailing, tba al

«atar bafora counting In glycerin Jally.

20al
20a«

Idaa ara waahad with

C.6.4b
saa aa..«.-o,.
Vachntaln and Valaal'i aadlua. 19r-7>
fyapyatlon. of inoubating aolutlon concantration
ATP»370 (ri«aa No. A-3X27) 16.2 ai«
*«s04. 7H?0 (iSadf) 2.0 al
(Por localiaatlon of Ca?*aatlratad
ATTaaa, aubatltute Cg90/ for
caci?. a ?0 (i***))
Load nitrato (I5nK) 2.0 al 3aK
Buffar, Trla-aalaata 0.2* pH 7.2 4.0 ni
2.0 al

Dletillad «atar

PH - 7.2

Incubatine a-thod

n) km for Ooaorl

load tacbnlirjua (aeld

pbaaphatann, oaa p. *1 )
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Fina
concentration
~-nltrophenvl phosphate 93.0 eg —
(sigaa No. S-6750
k«ci2. 6H?0 (IOObF) 5.0 BI —
—
rei 100*1) 5.0 ni - —
StrontiuB chloride (200n*) 5.0b1 - —
Tris-HCI buffer 0.2V, pH9.0 25.0 ml
10.0el

Distilled water
In a control aedlua, ouabain is added with the substrate.
- l0aN.

Final concentration of Inhibitor

Incubating method
a) The presence of yellow nitrophenol in the aediun
after several minutes of incubation is indicative of enaynatie
hjrdrol rsis of nitrophanyl phosphate

b) After incubation, the aaterlal is rinsed with 3

changes of 0.1* Tris-HCI buffer pH 9.0 with 0.1H sucrose at rooa
temperature. Sugar is added to aake the rinsing solution iso-
esaotle with »he standard incubation aediun.

rinses (twice) with lead

s) Treatment with r ninutes

nitrate at room temperature follows.
removed with 0.25F sucrose

d) Free lead Is
in tap water thorou~ly befere

e) The slides are rinsed
submerging in aaaonlua sulphite
f)

finally mounted in glycerine Jelly.

After washing and counterstaining, the slides are

C.6.5 opll Narkfr

Thiamine pyrophosphatase (Novlkoff and Ooldfischert 1961)
fejuttop

Thiarine pyrsphoephate 25 mg
(Cocarboxylase - "igne Ne. C-87r4)

Distilled water 7si

Tris-naleete buffer pH 7.2» 0.2* 10 nl

1< lead nitrate (0.0JN) 3si

5al

0.5< Nanranese chloride (0.025V)
pH - 7.0 - 7.2
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therefore used eitsnalr»Ir. In order to retain to» degree of
the ultrastructural preservation has to be

=ntjee activity,
eacrlflood by shortening the fixation tlae and decreasing the

fixation tenperature froa 37°C to 4°C. The usual fixation tlae
observations on cell-cultured systeas Is 30

for ultrastructural
the tlae was therefore

alnutes, but for histochenlcal purposes,
cut te 10-15 minutes.

The eniyeet investigated ultrastructurally were ar»l
sulphatase, sold phosphatase, alkaline phos:hataae, thlaalne
pryophos;hatase, activated ATFase and oatalase.

The ultrastructural locallcation of the above ensyaes,
with the exception of catalase. Is based largely on the adaptation

lead n~thods to electron aleroaeopy* Lead

of light nicroseoplo
preelpitates on reaction sites have sufficient densitv for easy

viewing in the electron alcroscope. The only steps altered are
thoee following incubation and outlined below |

Progtdure following IwcutatioB
rinsed very thoroughly in cacodylate

Slides are a)
in buffer

buffer (I* alnutes each etep - 3 tines), and then left

for 2 hours at 0*C - 4*C|

It osaiua tetroxlde in 0.066N

ac)

b) poetfixed with

eacodylate buffer for 30-45 alautes at 0*C -
a) rinsed several tines la buffer to reaove free oealuai
d) dehydrated and eabedded as described in section C.4.2e.
Counterstmining with uranyl acetate and lead was not atteapted.

C.6.9.a hytase
Sovikoff wid Ooldflecher's aedlua (see p. 62 ) is used
Ashorter incubation period (45 ainutea) is eaployed to avoid

diffusion artefactm
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c.6.j.b  »ax.tu mo»

The method of Jacoteen and Jorgensen f1969) pror«d

aatiafactory (aaa p. 61 )
c Alkaline phosphatase
A different Ineubation cediua from th-t uaed for light

aicroacopv la uaed aa Mlllonlg and Millonlg (1974) reported that

the Clonori reaction with the oonweraion of caldua phosphate Into
lead phosphate (ase p. 51 ) la too sensitive for electron micros-
lead precipitates are produced in the cytoplasm, over

oopy since
the chromatin and the nucleolus.
Preparation of cncubnting solution (Huger and Eorger,

Trio-maleato buffer C.2X pH 0.2 1ml
Sodium- ~-glyeerophoajhate (1. 25<) 2 ml
Distilled water 5.7 ml
Load nitrate 13 ml
*dclz 3 drops
pH - 5.0

a) The lead nitrate is added very carefullt into
Trie-caleate buffer.

Distilled water is added to the substrate, which is

b)
then mixed with the lead and buffer.

s) The rest of the reagents is then added

d) After a few minutes, the pH of the solution is

IX HaOB. The medium is warmed for 19 minutes

adjusted to 6.2 with
It

at 37°C, during which preeiplitates are formed in the solution.

is then kept at room temperature for 1 hour. The solution is
filtered and used iamediately

C.6.9>d  Acid phosphatase
2 methods are employed in the localination of acid

phosphatase, both of whleb are modifications of the original
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Incubating nothod
a) Pefore incubation, tha alldM are carefully rinaed

in 0.1M acatata buffar, pH5.5. Tbla atap la important, aa

cacodylata lona inhibit tha anivaa
C.6.9.f Catalaaa
Nowikoff and Oaldflecher*a aadlun ia uaad (aaa p.63 )=

OxlIdiBad DIP la readily rlauallaad by both light and electron

aicroaeopy and tha incubation aadiua adapted for light aicroacopy

can be uaad.
Incubating method

a) The aateriala are rinaed with 0.0661/ cacodylate
buffer, pH 6.6, to remoye free DAl and auto-oxidised DIB, before

peat-fixing with oaslua. Thla atep la laportant aa any free

auto-oxldisad DAB preaant will form polymeric conplexea with

oaaiua (Hanker at al. 1972).

C.6.10 Oba' rwatlon
Tor nntariala prepared for electron aiioroacopy aaa

eectlon C.4>?f>
Light micreacopv apecinana were examined ualng tha

Wild light microacope (ft 20) with a Nikon Dark Pox eanara

attachment (K-399). Zlford file Tan T 139 (a black and white

flla) and Agfachrome *OL 139 (a rewaraal OOlour filn) were used

for photographic recording
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CRBOmn C C») »KLBASIKO CTTOTOUCITT *

c.7.1 Strain*

Onlv 2 unlc strains of aaoeba wars used in this study*

E. hlstolrtloa Ax. 200 strain and E. invadans BAH strain. Tha

trophosoltas were naintainad at 37°C for tha Ax. 20C strain and

e bottles containing 90 sil

2d°C for tha BAH strain in 100 si me

TPS—1 sodium, Adult Borina sania and 2.59* Titasiin 107 nixtura

(Diasond, 1:68b). The supernatant asdlun in 48 hour cultures was

daoantad axcajt for tha last 20 si Tha bottles wara than plaoed

in ica-watar for 10 minutes and than inverted ssveral tisas to

detach tha aaoabaa fros tha glass wall of ths bottles. Tha aedlua

with tha suspended aaoabaa was than transferred to Universal

containers. Three alnutes centrifugation at 1500 rpa loosely

palleted tha organises, following which tha supernatant aedlua was

reeored and ths aaoabaa suspended in tha last 5 al of tha aedlua

by gently shaking tha containers. Tha aaoabaa wara than counted

using a haeaoc.vtoaeter. The supernatant aadiua was used to test

its effect on ths labelled calls.
C.7.» Lab.lllnx of Chens liver calls
Confluent 100 al aadioiaa bottles of Chang huaan liver

sells wara washed with Eagle's aedlua sad tha cells removed by tha

addition of veroene far 10 ninutee at 37°C Tha oalls were concen-

trated by oentrifugatien and washed twlee with Eagle's aadiua

containing 51* foetal calf sarua. Tilay wara than pooled and

reeuspeaded in 5 al Eagle's aadiua with 51* sarua and *a51Cr (tatal

concentration - 90 jiCl) was added The calls wara aalntalned in

suspension far dC minutes at 37*C. Tha excess of radioactive label

was than removed by washing 3 tlass la about 20 al of Eagle's

salatloa, after whlob tha calls ware centrifuged at 4*C for * ainutes
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at 1500 rpa and reauipande«d in iagle's solution. Tiability vaa

uiaaaed by tbc Trypan-blue exclusién test. The ooneontratlon vas

adjusted to be 100 tinss Isss than thé hlgiest dilution of ssoeble

suspension (usually 15 - 20 x 10* cells/sl).

c.7.3 Cytotoxic tests
The Cr-releaaing cvtotoxicity tests vere used s) te

detersine the pathogenicity of the ssoeble «traina usine I) intact

trophosoites end Ii) hoaogenised amoebae by ultrasonicationi
b) to investigate the effeet of thé supernatant flaid
of a TPS—L culture aediua obtained froa 48 hour aaoebio oulturesi
0) to Inveetigate thé inhlbitlon effeet of boti proeetha-
sine Lydrochloride and Roeenthal's inhlbltor or DL-2, 3—dietearoyl-
ox.rprop.ri—{ diaethyl)~(2-hydroxyethyl)-assoniua acetato on the
asoeba—culture celi interaction.
Tot s)i) 100 pii of Chang celi suspension vas edded to

100 pii of osch dilution of anoeble suspension The retios 100, 3?,

10, 3.2, 0.32* 0.032, 0.0032 aaoebae to 1 labelled Cha»* eoli vere

The voiuse vas sede up to 300 ~il by adding TP3-1 arenie
labelled osila (100 pii)

eoployed
aediua (Diamond, 1968b). As a control, thé
vere addod te TP3-1 axenle aediua (200 al). To oheek for ,Cr

background rolease, Chang coll suspension (10O pii) va* addod te

200 pii of Eacle'i aediua.
For a)ii) the aaoebae (20-40 x 105 la 5 al TPS-1 aediua)

«ere hoaogenised by ultresonleatioa («SI ultrasonleator, * «imites

at 6su). 100 pii of Chang eoli suspension waa added to 100 ul sf

each dilution of aaoebic hoaogonate. The ratios of appresiaetoly

0.32, 0.032, 0.0032 bonogenised saoebae to 1 labelled Chang celi

For b) 100pii of Chaag eell suspensién vas addod te




100 fil of the supernatant fluid obtalned froa aaoebie cultura#,

and 100 ad of TPS-1 axanlc cadiun.
For e) tha ratio of }.2 anoebaa to 1 laballad Chang coll

vas anplored for tha Inhibition exprimante. Tha inhibitora usad
vara proaathasina hydrochlorlds and Rossnthal'a inhibitor

( Calblochan) (Rosenthal and Oeyar, 1960). 100 ~il of Chang ooll
suspansion, and 100 fil of asoebic (uipansion vara addad to 100 jtl
of aaeh dilution of tha inhlbitors. Tha Initial concentration of
Rossnt: al'e inhibitor vas 2.2x10"2*. 3 serial dilutions of
Rossnthal'a inhibitor vara uaad to obtaln different concentrations
and 6.9x10"4*. As a control for

I.s. 6.9x10“3*, 2.2x10"3",

tssting tha affact of Rossnthal'a inhibitor on Chang osilo,
6.9x10"*3) vas addad to

100 fil

of tha Inhibitor (2.2x10_2*, 6.9xl0"4*,

tha Chang ooll suspensién (100 ~il) and TPS-1 aediun (100 fil)«
Tha initial eoncsntratioa of proaathasina b.rdrochloride
vas 10"2*, and 3 serial dilutions of tha inhibitor vara oaployod to
obtaln différant conoontrations i.o. 10"3, lo"4*, 10*S. As a
control for testing tha affaet of proaathasina hydroehlorido on
Chang eolio, 100 ul of tha inhibitor (lo"2%, lo"3*, 10-4V, and

10"5%) vas addad to tha Chwig osilo (100 fil) and TPS-1 aodlua

@100 pl).
nia serial dilutions of both inhibitoro vara dona la

starila distlllad water, aaklag tho resultine aediua allgfctly

hypotonie.
Tha resultine mixtures In flat-bottoaed plastie tubos

sxpsrlaeats vara Incubatad for 4 hours at 37°C vhaa

(2 al) for all
la

K. hlstolrtica vas usad, and for 18 hours at rooa teaparature

tha casa of £. In adone. Tha réaction vas sto;pad bv addine 1*0 »1

of oold Ragie's aadiua to aaeh tuba follovod 1* centrifugation st
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Aliquots of the supernatants (900 jjl)

1500 rpm for 5 minute«.
labels (a). The

were taken for counting the spontaneous released
remaining pellet and supernatant aoilus (40c jil) was also taken

In order to count the remaining releasable ~*Cr (F)

Ths released ~*Cr was counted in a gaaaa spectroaeter.
Raw gamma counter data were punched on paper taps and spécifié

release computations were made autosatically with an electronic

calculator system. All tests were performed in triplicate.
Cytotoxicity was expressed in terms of percentage of

ohromlum release i
1300 x B

Cytotoxicity - 900
A ¢+ B

x 100* 51Cr released

The percentage specific release was calculated as the percentage

release In oultures containing the experimental samples minus

the percentage release in ouitures containing ths appropriate

controls,
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RSStrLTS

The ala of the present investigation vis to study the

patbogenosis of aaoeblasis by using a variety of call culture

systems acted upon by both pathogenic and non-pathogenic strains

of B. histolytica.
Zn so doing information has been gained on certain
in the cultured cells and trophosoites

ens-me action sites
changes

separately and after contact also on the ultr'Struetural

related to pathogenicity.

Furthermore by release of Chromium from labelled

cultured Chang cells it has been eonfirned that contact between
necessar” for the initial cell damage to tabs

amoeba and cells is
release was achieved and evidence is

place. Blocking of the Cr

put forward to indicate that a toxin may be the cause of a change

in the cell nembr-ne permeability, the first step whioh leads
through secondary intracellular changes to erentual oell death.
D.I
«OPBOZOXTAS 1B F' TO »T700TIC AND AXr IC 3TRAIFS
A

OF 'ZrTAJTS A niSTCI TTIC

Oaneral morphology i

Fig. 1 illustrates the struoture of a tropbesolte of

Bntamoeba histolytica.
».1.1 Vuclsua
The nucleus in trophoaoitea of noaeienie and axenie

ie eval shaped and the nucleoplasm is nore electron dense

Pb). The nuclear neebraas shown a double
(Fig. Pa)

strains
than the eytoplaaa (Fig
eesbna* with nuclear porea (d© to W ns In diaaeter)
Fig. 3 demonstrates a dlaphra~ bridging ths pore. This dlaphrari
has no obvloua trilaminar structure and is nore diffusa
(137<) hr frees«- fracturing

in appearance

than a t-pical nenhrane. Henley et al
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technique rovealed pore* studded with nun roue globules but these

ere not seen in the present study. One nucleus per trophoscite

is — illy found fro: hoz it's wit; two nurZei ere uncommon. In

one nonozenlc Strain, licrins, 3 nuclei ere detected (Pig. 4).

The chromatin material is displaced towards the peripheral part
of the nucleus under the nuclear membrane, and forms Irregular
clumps which are not uniformly laid out (Pig. 2a). Tbs karyosone
is irregularly shaped and eleotrcn dense. Pig. 2a shows micro-

tubules (id—20 nnin diameter) radiating from a centrally

Situated :ar--osome tlso jr-.ent in tho nucleus are various

The non—ssloular inclusions (non-

inclusions which war” in also
Pb, 4).

ssir.brane bound) are oc:.fined to the *uchr< matin area (Pigs,

inclusions contain either osmiophllic rings (Pig. 4) or

such
5). The vesicular-

coarse pans] S sfclsl ‘mill the wjole core (~ir.

type inclusions (ssrbrans bound) are eonfinsd to the peripheral
region of the nueleus in the heterochromatin area (Pigs. 9.6).

Tha yesicular-type inclusions var- in shape and aims.

They may either be haricot bean shaped, s »rical or even pear-

They eontaln either electron-lucent material

shaped (Pigs. 5,0»
looks tho

or have an oloetron-donse meubr nous structure which
same as that of a nuelear membrane (Pig. 9). Sometimes ribosomal
materiel is seen (Pig. 6).

In son« ssctlons, only the realoular-type bodies are

soon to sore out of the nucleus. Ones having passed throujdi ths
the contents of electron-lucent material are

7b)

nuelear semhrane,
dispersed into the cytoplasm (Pigs. 7s,

Pilanentous strands are found in ths ruclsus, but such
a finding is rare (Pig* 8)* Ths individual fllansnt ia about 9 rur
in disaster. Its length ennot he determined in sectioned



materini«. The strands are probably r.ct the fil-rcsntoua viral

particlaa (10 nm In diameter) first described by Diamond et al

(1972) as there is a sise discrepancy

D.1.2 Cytoplasm
D.i.?7a SAMBULMEDB* th- m*yals
The piastra membrane la typically trilaminar with a

thicnees of about I00 nm. The middle electron transparent laver

cost on the outside of the external

Is 60-75 nm thick. A fuss-
b

in mil tM [h*i it b (

membrane le not observed
Sleetron opaque deposits are occasionally seen on the
10, I1). These

cytoplasmic aide of the inner membrane ("lgs
deposita accumulate and resemble the eubpelllcular darl granules
with a lene-t).aped profile described by previous workers, (PIrd,

19611 ludvik and Shi7stone, i
Proctor and Oregor-, 1= (be content: ef * |

pellicular bodies at a late stage ef development resemble the
non—vesicular t-pe nuclear Inclusion, which, in this section (fig
12), Is found

The sub-pellicular bodies are common in axenlc strains, whereas In
monoxsnic strains thsy ara found to be few in number or completely
abeent. fig. 10 is a micrograph sf a section, en amoeba ef "vana

illustrating tha aubpellicvliar body. After eeveral yeare

strain,
ef subeulturing, however, such bodies ara not In ay experience to
be found (n«s. 72, 76b, 76m)

D. 1.2b 9urfact ;*soao».f
Iveoaos.ee equipped with a
(1969, 1970), are not

Surface-«- tive ‘trigger

mechanism’, first deacribed by 7aton at al
detected in specimens usad In this stud". Pig. 13 shown an

itity but on sloaa examination,

in the eytoplamn of an axenlc cultivated trophos Ite.

7=k
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the apparent lyaoaomes are seen to be 2 vaouoles which have
collapsed during centrifugation before pellet fixation.

D.1.2e  Vacuoles

The moat abundant vacuoles are the food vacuoles and
nonbrrnoua whorls, concentric ringa or
15). These membrnnoua

within auch vacuolea,
myelin—ike fiEveea are observed (Fig.

whorla oomo from digestion of bacteria.

Some of the atraina of Sntairoebr, hiatol.vtica were
sporadically contaminated wit! bacteria, m nmonne sp.,

and the digestion of the ingested baeterin can be readil-' followed

The bacterial cells are surrounded bv a rirf.d polysaccharide cell
wall which protects them (Fig. 14).

Once the bacterium is taken into the vacuole, the

cytoplasmic membrane breaks down (Fig. Ir). Iverituclly the outer

wall, containing the lipopol™saocharide

membrane of the cell
leaks out. Ths undlgestsd

component ruptures, and the cytoplasm

outsr membrane then forme concentric ringe or myelin-like figuree

(Fig. 15).
The reaction product for acid phosphatase ie localised

at light mlorosoopic level within the amoebic vacuoles. Oomori'e

modified technique gives a more intense reaction product (Fig. 17)

than that of the dye technique whioh produces a more diffuse one
16). Ho reaction product is present in trophosoites

(Fig
Under the electron microsoope

incubated

the product for acid phosphatase is present in
There is no difference in either the

in eubetr te-frse medium
large cytoplasmic

vacuoles (rigs. 16, 19, ?u).

distribution or intensity of ths ovtochsmical product using sither



Novilcoff's CKP (Fics. 19, 20) or Bark* and Anderson's
P -glycerophosphate ( g. 18) methods. Tho lead reaction product
is either reatricted to the walla of the vacuoles and their
contents or the whole vacuole. ‘The droplets observed in one of
the vacuoles of Fig. 19 are perhaps fat bodies released fros
dsoonposed critd.ilia whose resnins are visible. Vo acid phosphat-
the intr-nucleer bodies (Pi, posits

ase la seen in
‘toplass of Mort-o (=

of lead on the plassr r -1,
19) are artefact due to non-sped fic absorption of lead onto the

sail

At light microscopic level, catalase, an ens'-se-narker
for peroxlsoaes la localised in var-.clar-like structures (“iff.
21). At electron sioroscoplc level, jAroxlaoaes are itfinltely
not present in the trophosoitcs, and catalyse is strictl” confined

to food vacuoles, which probably oontain digested Crlthllia or
(Fig, 22), Vo catalase is located in eithor the intra-
23).

localisation of eatalans

bacteria
nuclear bodies or the nucleoplass (Fig.

The trophozoites used for the
were fixed ‘it eltu* i.e. directly onto the slide«. In situ
fixation reveals an extracellular component, the urold or tall
end which is not evident in sections of aitnrooeba llatol"tics
trophosoitea fixed after centrifugation The tall is
surrounded by clumps of eellular debris and bacteria (Fig, 23).

Vo reaction product is present when the trophosoites were
in a substrate—free aedlun (Fig. 24, see after Flg.

incubated

*5).
Zn the trophosoitee incubated for thianine pyrophosphatase
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the reaction product( lead phosphate* is

activity (TFrase)
in the trophosoites

precipitated in vacuolar-like structures
when observed under the light microscope (Tig. 25). TTTase

in specimens fixed with 4% fornaldehyde* as

is only found
glutaraldehyde fixed materials only show the reaction products
on the periphery of the nuoleus (Ti-. 26). Electron micros-
copy preparations confirm that glutaraldehyde fixed
randomly along the periphery of

trophosoites

show the products deposited
Artefactual nuclear staining is a

the nucleus (fig. 27)
common phenomenon in lea: salt techniques (Barks and Anderson,

1962).
At electron microscope level, the reaction product
for TPrase is heavily localised in the anoeblo vacuoles (Jig.
26). Wb electron dense granular deposit is seen in the intra-
nuclear bodios and the rest of the nucleoplasm. At a higher

aa&iifiention, TPT'ase fills either the whole of the vacuoles or

just the periphery of the vacuoles (fig. 29).

is observed within amoebic vacuoles
fixed

As TPrase

(rigs. 26, 29), observations were carried out on normal

Identlf" any specialisation in the structure of

material to
the vacuole which oould play an important role as a secretory
organ in the sane way as that of a Golgi apparatus At ultra-
Inva~nations of the limiting membrane

(fip. J0a, b). Later they
little veeleles which move

structur ; level, small
of the vacuole are observed
beoone detached by pinching to form

into the cytoplasm.

An alternative explanation would be th-t these invagina-
>les and vesicles. Such vesicle*

tions result from a fusion betw<



appear to acquire a fussy coat on thelr cytoplaemic surface« A

pinoeytotic vesicle vitl an external fuss- coat can be seen on

the surface of the plasnalkmaa (fig. 30b)

D.l.2d R~ bonucleofrrotgln fy ticlaa and helices
Scattered in the cytoplase of sany amoebae are fragments

of polyribosoaee shoving a helical c<nfi~mtlon (Pie. 30b). 1it>eee

fra&Mnts resemble the X'T helices of £.
IWF particles of

short hellcsl Invadens
described bjr Siddlqul
first sentioned by Love and Kaegraith (1969)«

and Rldslnska (1963) and the

X. histolytica

In sons trophosoites, during pro-cystic stage, short

riboeonal helloes aggregate to form a crystalloid structure or the

ehronatoid body (fie* 31)*
D.1.2e Hhatdovhyys gerttejea

The Morphology and the formation of rhabdovirusee are

described slsevhere (Bird and PeCaul, 1976). In all strains, the

rhabdorirus particles are either scattered throuj$iout the cytoplasm

roeettes around areas of specialised cytoplasm

or arranged in
Pig. 32

(Fig. 32)« The nuaber of roeettes per trophosoite varies
shove 4 groups of rosettes

Fully foraed virlone deeonstrate characteristics of a
rhabdovirusi a bullet-shaped virion vith an cuter envelope and tvo
dletinguletable helloes (Pig. 33).

D.1.2f
The reeainder of the eyteplase oonslsts of glyeogen

partleles. Other distinguishable features such as endoplaeele
retioulue, eltochondrlon, and a typical 60lgl apparatus with its

stacks of flattened sacs could not be identified.
In the cytoplasa of trephoaoltes of axenlc strain, Axenle

200, are numerous lies of varying sise (20r an - 32C am)



(Pig. 34). These granules font a granular mass unbounded by

Membranes. They resemble the paranuclear body first described
by Proctor and Gregory (1974a).

Parallel arranged bundles of microfilaments are plentiful
in Axenic 200 (Pig. 35). In sonozsnic strains, however, the
filaments are arranged individually (Pig. 36)
D.I.Pg Scanning electron microscopy of Kntamo<
(r«m>. <M .1
Nornally the amoeba appears slug-like, with a single
pseudopodium projecting in front of a hump-like main body (Pig. 37)

on the actual

may wary

The alee of the
Osnorally only one pseudopodius

mobility of the amoeba (Fig. 36)

seen but under certain conditions several smaller pseudopodia

is
36). The surface morphology

nay flow from different positions (Pig
reveals a smooth surface with elicit Infolding (Pig. 39)* which can
sometimes be fairly marked depending on the state of the amoebae

(Pig. 40). The appearance of the surface of the pseudopodium and

of the sain body of the amoeba is

between the pseudopodium and the main body, however, horisontal

identical. At the junction

strlatlons on the surface would suggest that the sembrane is
stretched (Fig. 41). This is not unexpected as the pseudopodium

plays an Isportant role in amoebic movement

Large oraters or depression described by Eaton et al
(1970) and Froctor (1974) on anoebie surfaces have not been

identified in the sped mens used in this study.

Oeeaslonally clumps of eellular debris remain sttaohed to

end or urold of the amoeba (Pige. 38, 42). Washing with

the tail
removes the clumps revealing

PBS warmed at 37°C before fixation
the true nature of the urold (Pigs. 43s, b). Por example, filopodla

are seen to spread out from the tall end of the protosoon in all
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directions (He- 43b) In sons calls, conspicuous oytoplasnle
processes > which appear to hs aorphologically aiallar to tha urold
are extended along the lateral edges of the asoebte
Some of the c.ytoplaaaio processes hare blebs at the
and in others they apply closely to

difficult to detersine

fllopodla,
(fic> 44a)-

end of the stalks (Pig. 44c),

the substrate surface (Fig. 44b). It is

of these oytoplaaaic strands. It say be that they

the si~iiflcan
are involved in anchoring the aaoebae to the glass-oubstrats but
this is open to speculation
upper eurface of the asoebae and are always confined to areas

The processes are never seen on the

nearest to the substrate surface.
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ULTRAPTHUCTURAI iTTTDY OF IWTTOACTIair OF KOIfOXSTIC
STRAIK E. IliSTOLTICA fITANE STIiAlij) OR CEIX-LIWS

yonoLAfAs

Flg. 4r illustrata« the atructure of tha nom«l culturad
hrain cali« Tho «ltockondrl«, with ita intern ai coir;onenta tha
and tha Intrarltochondrlal granulas and tba «ndoplasmle

orlata«
Tha cisternac« or

reticulun ara normal in appaaranca (Fig. 46).

flattened vasielea of granular «ndoplasmle ratloulun ara atuddad

ribosomes.
Chanca« in tha Rhaaua fonkajr Frair. culturad calla

ndded to tha oall-lina monolr. ar

Tha

After tha tr .hoeoito is
fina atnirtural changaa taha placa in tha culturad calla.
mitochondria and othar organalic« ara svolien and tha oall narVrma
ahows aigna of breaking down (Fig. 47«)= Tha cali nazt to tha

Inasina to tha toxlc effect of thée aaioeba. Fig. 47a

contact cali la
vas takan after 10 minutas of interaction

Fig. 47b show« claarly avollan mitockondrla. Tha
olaterna« =f granular «ndoplasmle ratlculum bava daganaratad
trito m ali vasiciao
0.2.2 (‘rana atruln) and CV-] cali-lina
Fig. 40 illustrata« tha structure of tha normal undamged
«ndoplasmle ratlculum

CY-1 ronolajrar. Tha mitockondrl«, nuclei,

glycogan jarticic«, lLracaomaa, llpii drojlata and fibrila ara all

preaent. 1%a ohromatin of tha nueleua la dividad into llghter

and darfcar area«. Tha densa araaa, known aa hatarochromatin, ara
Tha palar

scattarad mosti.v «long tha periphery ©f tha nuelaua.
it of tha nuelaua. Usuaily

up to 2 nucleoli per in tlis cultura ( ig. 43)



The cistern ie of the rou”i endoplns.T.ic reticulum are
relative!T shorter than those seen in the glial cells, and they
49). When the cisternas

are not heavily studded with ribosomes (fig
are out tangentially, the ribosoaos are seen to ooour in groups
forming rosettes, w.ic). are usually described as polyribosomes
f-lorotubules, running across the cell, w.i the golgi

complexes are illustrated in Tig. 49.

=) aq
Dramatic pathological

~fj. In the CV-1 c.~
changes within the cells occur

between 0 and 10 minutes after the addition it Sntamoc-ta
lyse eonpletelv within 5

11).  This

histolytica trophozcitea. Some cells
minutes (fig. rr) whereas others take 30 minutes (Pig
time difference illustrates ths Influence of factors such as
Changes in culture conditions, age of subculture, degree of
confluence and intrinsic pathological state, determining suscep-
tibility of oultured cells to Infsctlon. It is for this reason

desth are here recorded in terms of

leading to cell

that events
change but not necessarily in seousnes related to

pathological

time lapse after oontact.
oontact with the amoebae, the oella appear to

on initial
n»o surface configuration la slightly altered as

bo undamaged.
(Ti.. rC). When contact is

ts length prolonged,

is seen to take place

microvilli incr. as

gross and rapid degeneration
lose their normal shape

in the cell

The mitochondria begin to n»e mitochon-

drial matrix becomes diluted as evidenced br decreased density. Tbs
eleetron dense material within the »stria migrates to ths periphery
sf the mitochondria. It would seem th-t the outer mitochondrioa

chamber lying between the two membranes of the mltschondrial
envelope and extending into the space between the cristas suffers

Isas dsmrgs than ths inner chamber containing the matrix. The



cristae are also displaced to ths perlphery and show varying

degrees of disappearance (Pigs. 5la, b).

Tbs cytoplasnic matrix also loses its overall density
The~olgi apparatus enlarges, and such enlargement can usually be
to an Increased secretory activity in order to compensate

related
destruction Ths endo-

for ths loss of protein seoondar.v to osll
plasmic reticulum also undergoes gross changes. Ths clsternae of

ths endoplasmic reticulum swell to an enormous degree and as with
the endoplasmic reticulum matrix becomes

the mitochondrial matrix,
attached to

The polyribosomes at this stags are still

less dense.
in appearance of

the cisternae (Pig. 51b). There is no alteration

the secondary lysosomes. Small vesicles, which aa» be primary
also show no damage.

lysosomes,
the mitoohondria completely break down,

At a later stags,
and the contents of the mitochondrial matrix are released into ths
cytoplasm through breaks in the mitochondrial lim iting membranes
some of the mitoohondrial membranes are seen to begin

(Pig. 52).
approximate to parts of ths mito-

to dissolve. The oristae still

ohondrial membrane (Pig. 52). Cytoplasmic filaments are present

and nay have arisen from dissolution of nlerotubulsa and nlcrovlli

(Pig. 52). Ths sndoplsanie reticulum is veaioulated, and none of

the ribosomes have left the cisternae indicating degranulation of

rough endoplasmic reticulum.

Prolonged contact leads to the breakdown of the cytoplaamic

Tsry few swollen mitochondria are present as most of

membrane.
53). Pllaments

ths mitochondrial nembranea have dissolved (Pig

are seen to accumulate and most of the polyribosomes have not ret

flilly disaggregated as a tangential section througi ths vssioulatsd

endoplasmic retloulun still reveals groups of polyriboi






fine-reticular and devoid of cell organelle«, thus resembling
ectoplasm. Along the whole area of contact, there are sites of

apparent discontinuity of opposing membranes characterised
is further extended,

«f
membrane fussiness. The phagooytotic channel
and the end of the channel becomes invaginated to form
(Fig. 59)*

resides

racuoles which may bud off from the channel

or small
remains undetermined but it

The fats of these resides is assumed
that they fuse with the amoebic lysosomes whose acid hydrolases
may break down ths contents of the resides

There seems to bs no limit to the sis« of ths phagocyto-
The mieropseudopodia say expand and

tic channel (Fig. 60s)
6la). At higher

encircle the trapped cellular debris (Fig.
the detached pieces of oell plasma mectrane can

magnification,
lining of the phagocytotlo bulb*

be observed along the an indica-
tion that the cell is engulfed by the amoeba with its membrane
intact. The cell is therefore not yet Iysed when engulfment first
takes pises (Figs. 60b, 61b).
Vithin the channel, further degradation of ths organelles
takes place, leading to the disruption of the ssmbrans-bound
organelles containing the myslin-figurss (secondary lysosomsa)
(Fig. 61b). The microtubules dissociate into filaments end the
polyribosomes degranulats from the endoplasmic reticulum (Fig

to begin to dissolve as electron

6lb)

The mitochondrial mesibrnme is seen
dense partioles are seen to evaporate from the surface of the

oristae (Fig. 62)
Cellular debris is not only taken
also trapped by ea»ll cyto-

in at the pseudopodium,
as in Fig 63, particulate material is
plasmic protrusions or fllopodia at the uroid end of the amoeba.

The margins of such filopodla fuse and the material then movee into

8«



the evtoplua m a Ttcuole. The formation of a mmall vesicle
can be observed adjacent to the inner coat of the vacuole. The
urold la surrounded by an irregular clump of electron-dense
including atringa of mucoid subatance

material
lesion The surround-

T i 64a shows an amoeba in such a
ing oalls ar< injured, as indicated by pathological changes such
clumping of the nuclear

as swelling of the nuclear ne.brane,
and endopiasmic

chromatin m aterial, swelling of the aitochondrlal
reticulum and breair own of the plasma membrane. The pseudopodium
is seen to ingest a membrane-bound structure, probably a secondary

At the opposite end of the jseudopodium ia the urold

lysoseme
is heavily surrounded by dumps of debris

or tail end. This uroid

include swollen sitoohondria released from lysed cells and

64b). Apart from the almost

wild

strings of mucoid substance (Fig

detached cytoplasmic piece of urcld, even smaller bits of ectoplasm
are aeen to bud off continuously from the surface of the large
64b).

of tbe surrounding cells,

ectoplasmic pises (Fig.
Thbs microvilli distinguishable
by internal nlcrotubuleshava a peculiar attraction for tbo uroid
and thsy are =em to point towards tha amoebae, especially the
arcld (Figs. 64b, 69)

D.2. Ahistolytica (svans strain) and PP-YT cell-line

The structure of the normal undamaged liver cell-lime
monolayer is shown in Fig. 66, «hieh illustrates good coll contact
betwaen adjacent cello. 7>e moat noticeabe features of the call-

line are the sltoohondria, endoplasmic reticulum and microbodlen
The mitochondria, which are mare oval-shaped than those

aeon in other cell-lines, are numerous. |Its cristas, lamellar im
shape, are abundant, and tbe - penetrate ri~t through the matrix






In ioie calla, thara la a reaarkable hypertrophy of (rolgl
coaplazaa raflacting an incraaae In aeeretory svntheals to eoapaa-
Intarfaranca (Figo. 69,

aata for proteln loaa dua to aaoablc tozlc

70).
Svelllng of tba altochondrla la aot tba only pbanomanon
to taka placa aa a conrarao changa, aitochondrial oondanaation can
occur (Fige. 71» 73» 74)» Hara, tba altoobondria ara ganarally

lirar calla, and tbara la

emaliar than thoaa found in unaffactad

Inoraaaa In tba danalty of tba aatrlz. Tba crlataa

a definita
baza alao changad configuration aa aoaa of tba altochonlria abo*
tubular crlataai an indication of tranaforuatlon froa laaellar
to tubular foraa.

W *. 71 alao abowa vealculatlon of tba elaternae of
andoplaaale retloulua. Tba elaternae ara evollen, and tha aatrlz
The rlboaoaaa ara aaan laaring tha clatemaa

la laaa denae.
and tha- ara prcbably

Manr fllaaanta ara preaent In tba cytoplaaa,
part of dleintegrating ulcrotubulaa.

Tha nuclaua alao uadergoea patbologlcal changam Tba

firat noticaabla appaaranca la tha oondanaation of obroaatin along

tba parlpbarr of tba nuclaua. Tba nuclear anTalopa la alao awollen

(rica. 71, 77).

Furtber ooataat In danalty of tha

loada to a reductloa
eytoplaaalc aatrlz (fl]. 72) aa Indlcated by eytoplaaalo aateriala

Prolongad ¢ atact loada te

ubleh hora laakad froa thba oell
Vbat la raaarkabla at

alaoat ooaplata laaa af eytoplaaalc aatrlz
tbla ataga la that tba eondaaaed altoobondria and tba aaaleulatad
-iatamaa of tba andoplaaale retloulun atill rataln tbalr abapa
(Flg. 73). “»ob bebavlour la not ealdant la f*T-I cultura calla.
Tba obroaatin oontinuee to eondenae along tba perlpherv of tba
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nucleus, the interior of which is almost bare (fig» 73).

Srentually the c.rtoplasalc membrane breaks down,

releasing the cellular contents into the surrounding medium (Figs.
74# 75)» Some mitochondria are swollen but aost are still in a
condensed state. The reslculated cistemoe are seen to be swollen.

The nuclear contents are almost lost# the nucleolus alone being

clearly seen (Fig. 74)«

Fig. 75 shows the lysed cells near the amoeba. Ones the

oistemae of endoplasmic reticulum are released into the surrounding
nedi m# swelling of these clstemae is sccelerated. Flcrobodies
are present which do not seen to be affected. Condensed nits-
ohondria hare still not# at this stage# changed shape. Although
sons nuclei assume a spherical shape# the two nuclei seen in Fig
75 vs distorted due to ballooning of the nuclear envelope
»)  »tiidj of w b . 1. contact rttt to.« oil |

As in a CT-1 monolayer# gross changes within the esll
after amoebic oontact are rapid (Figs. 76s, b). Ibt microtubules
play an inportant role in maintaining call shape. Dissociation of
ths microtubules into filaments leads to a loss of cell rigidity

Under suoh a oass# the plasma membrane becomes more pliabls# and

is more prone te the pa-»ing action of tho amoeba.
Beoause of both good coniact between amoebis plasnalenma
and the esll membrane# and flexibility of the host-cell membrane,
any norememt of ths plasnaleama of tho amoeba also affects the
shape of the sell. An example is shown in Fig. 76s, where due to

turnover of the amoebic plasaalemma# the cell plasma

the actire
nerbran* shows narked infolding. Tho amoebic eytoplasn along the
contact area shows incipient filling with an electron opaque

substance and neither good racuoles nor particulate natter are



present In this area. Tbs contact arena revoal sites of
conspicuous discontinuity instanced by Membrane fussiness (Tig.

Eventually, pieces of attached host-cytoplasn ere drawn

77»),
(Tig. 77b). The

into the interior of the anoeba by the ectoplasn
phagocv-totic channel is seen to deepen and aoat of the liver erto-
plasnlc Materials are drawn into a channel with a bulbous end
(fIff 78s). The nucleus is also drawn into the ohannel. rig. 78¢c
shows sons nuclear components belnff ao dragged with such force

that the nuclear nenbrane is torn apart. The organelles of this

are danagod but to a Minor deffres. Am condensed

effected cell
nitochondrla with concentrated cristas and non-ewollen vesioulated

cisternas of the endoplasnic retloulun are still present (Pig. 78b),

it is likely that this cell is less suseeptible to asoobie toxic
substance

The phagoertotlc channel and its bulb contain nuaeroua
snail vacuoles, veslculated endoplasmic retioulua and

ribosomes,
vesicles, althou¢> not

fllw ents (EIff. 78s, 78d). Probably, saall
fora on the surface of the bulb and these bud and fuss with

seen,

lyoosoaes* Such fusion would result in the release of acid hydro-

lases, which subsequently would breakdown the vesicular products
Infected

riff* 79 illustrates the differences between an
and non-infected cell The infected sell OOntalns swollen mito-
chondria and e«doplassie retloulun The difference in nuclear

structure is apparent as the infected nucleus shows excessive
sarfflnatlon of ohroaatin, which is not seen in unaffected nuclei
Vo aaoebic surface-1yeosone with its trigger Mechanise

or any othor trigger noehanlsn was observed.






clumps of oellular debris and bacteria occasionally becona

datached from the uroid and and becoae agglutinated onto any aolid

aubatrate e.g. glaaa (Fig. 87a) or the surface of an affaotad oall

(Fig. 87b).

Some cella 1-se the amoeba ie coated

and aa a result,

with oallular debria, which are eventually carried to ita uroid
and (fig. 86b). Mucoid threada extending from the tall and or
uroid can be long and they acmetinea remain attached to the amoebic

surface and neighbouring cultured cells (fig. 88a).

The Htri3 monolayer, growr. on nucleopore filters, shows
even more extensive crooking along cell Junctions than those seen
on glass-cultivated cells (rigs. 88b, »8c). The width of the
crack la apparent in fig. 88c. The nucleopore filters have poree
which insert

which provide additional anchorage for the cells,

cytoplasmic proceases from the underside of the eells into the
pores (fig. 88d). Such strong support prevents possible lateral
movement of eells Airing critical point drying. The Nucleopore
filter la thus not suitable for observing monolayers of epithelial

cell-lines under the scanning electron microscope



D3 LIGHT ATD ELECTROH CTTOCHEKICAL UrTBSTIOATIOITS OF
CBLL-CTTLTOHES AIID X. HI3TOLTTICA TROPHOZOITE

cells and trophosoltea

The distribution of snsynes in
and VIl . Tha

-usinad by light nicroacopy is shown in Tsblss VI

results of histosnmymologleal li~it alcroscopy obaamtlons of ths
responses of ths RK1) to ths interaction with the trophosoites of
X. histolytica are also tabulated in Tables VI and VII

D.3.1 Lysososal er.zvea

Light sjcroscoty level 1 a) Oonorl technique » At

light si.croscoj.ic lerel, distinct granular deposits are seen in

ths sytoplass of ths Rri3 monolayer (Pig* ®9).
appears to be on an all

The ensyme staining

v arise from one esll to another, and it or

none basis. A slight diffusa oytoplasslo and nuclear staining in
noticed but this does not obseure the aetunl reaction sits
Stelning is absent when the oultured cells are Ineubated in a medium
lacking ~-glycerophosphate.

After the addition ef trophosoites to RP1J, there is no
increase or difference in else of the partieles containing acid
Eventually, there la a progress!ve

phosphatase (Pig. 90).
large aa the

enlargement of such partieles, whose else can be as

nucleus of the amoeba (Pig. >1). Ths reaction product itself is

Still oonfined to these particles
After prolonged sontact, the staining in some host eells
is generally diffuse, an indication that the lysosones have disrup-

ted. In others, lysosones containing the ensyne-product enlarge
without disruption (Pig. 9?). One cell, with undlarupted lysesomes,

ia seen being drawn into the phagecytetic channel ef the amoeba

(Fig. 92).

b) Aso-dye technique 1 The density of reaction product

»4
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is weaker than when -glycerophosphate ia used aa naubatrate.
199)» but the stain-

The red deposits can just be visualised (F

generally diffused as a slight orange—red oolour is
Staining la absent in

ing is deteoted
in the cytoplass of RK13 cultured cells

cells incubated in a substrate-free medium.
Cultured oells infected with trophosoltes show a redder

the cytoplasm, but lysoeoaes containing the reaction

colour in
After 1 to 2 hours of interaction

product are difficult to see
containing the reaction product are visible
93» 200). Obviously these are

round particles in
the cytoplasm of the amoebae (Figs
eytoplasaio pieces of RKI3 being digested in amoebic vacuoles
These vacuoles are generally oonfined to the amoebic body as

vacuoles containing acid phosphatase are absent in the pseudopodlua

(Pigs. 93» 94).
Slectron microscopy level« At the electron microscopy

the only organelles of RKI3 which are stained for the ensyme

level»
are the lyaoaoaes (Pigs. 95a» b) where the deposits are confined
either to its membranes or its oontents. Adequate preservation of

the nucleus and the various organelles especially the mitochondria
in both of these figures (Pigs. 95a» b). Vo staining

is noticed
apart from a few lead deposits la the cyto-

is seen in RK13 cells,
plasm, in substrate-free media both in COT and >9-glycerophosphate

methods (Pig. 94).
Pnsvme staining appears to be on an all
the lysosoaes*

or nothing basis

as some cells fall to show reaction produet in
in the nuclei both of

Ron—ensvaatlc deposition of lead can be aeen

RF13 cells and of amoebae
I't must be emphasised that the ultratbIn sections were
not oouaterstaimed in order to prevent unseleetive removal of the
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D.J.n> Hon-Cj>eclflc Mter»»«
a) C-naphthyl «catata netbod

Light microscopy t »
Saetions of «ouaa kidney demonstrate alta« of ans-we actlrlty
appearl,, in tha eytcplaan of convoluted tubulaa (Tig. 198)* The
inaction product baa slightly dliffuaad
la praaant In tha glomeruli

into tha hruab bordar of

tha tubulaa. >0 reaction
culturad calla show a very atronf cytoplasnle
ita nuclei can-

inj
reaction of non-apaciflo eatemaai ao atroné that
Mutol -tica trophoaoltaa show

not ba aaan (Tig. 106). ftitanoab».

no reaction

Non-apecifie «atarace in RF13 calla surrounding tba

amoebae enheneea after prolonged interaction. Flga. 107 and 108
lluatrata both tha procesalve Incraaaa in else of tba lcalona and
tha enhancement of non—epeclific eeteraee in affooted calla. Fig
107 wae taken after 15 einutaa of interaction and Fig. 108 after 120
ainutea. It vac not poaaible to investigate whether auck incraaae
reaction product ia due to dleruption of lynosoeea

in
unlreed calla

During the initial atage cf contact,
aurrounding tha anoabaa abow an alteration in microvilli length

(Fig. 109)

Eventuall" a leaion Tha anoaba Initially

ia developed.
ahowa no enayne activity (Fig. 201). After one hour of interaction

definite partiole-bound reaction productc are preaent within the

aaoebaa (Fig. 202).
Ho enema reaction in RF13 eella ia aeen whan the aub-

atrate la onitted from the incubation eediun.

b) Indigogenie Indoxyl nethmd t
tha eytopinea ef convoluted tubulaa
Thie

Section« of nouae
kidney ahow anaina activity in

(Fig. 203). Vo reaction product la found in the gloearuli.
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method was used only on B. histolytica trophozoites and no reaction
is deteoted even after 18 hours of

site of non-spoclfic esterase

inoubation at 37°C

0) Indoxylazo method t A pattern of discrete brown
droplets is observed in RKI3 cells, and this is interpreted as
110). The reaction product is also

being sites of lyaosomes (Pig.
an indication

deposited throughout the cytoplasm of some cellsf

reaction produot has taken place. The

that diffusion of the final
eolour of the cytoplasmic diffused reaction varies from purple to

dark brown
or

The enzyme staining again appears to be on an all
lysosoaee show either appreciable deposits or none

nothing basis as
tend to stain

Lymosomes of the giant multinucleate cells

at all.
cells (fig. 111)

more heavily than those of normal The trophozoites
As lysosomes in RK13 cells bearing the

indoxylaso method was not used to

show no reaction reaction
product are few in number, the
non-speoiflc esterase

investigate the responses in the lysosomal

of host eells to amoebae.

D.3.15S  &rj} sulA-ljatast
Lead-nitrocatechol sulphate

Li<&t microscopy i a)
in the cytoplasm

Granular deposits are easily observed

method i
112). Although deposits are seen

of the BK13 cultured oella (fig
in lysososes, slight cytoplasmic and nuclear staining varies froa
cell to cell and is more prominent in giant multi-cueleats cells
(fig. 113)- The lynosones bearing aryl-sulphatase are generally
smaller than those containing acid phosphatase. Ho staining is
observed in the amoebae.
n>e Infected cells initially show no enlargement of
leads to a

lysososes (fig. 114)« Prolonged contact either
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pro«refaire Incruue in tho Ir«o»o«al «lm (Fig. 119) or eau««(
no further ohang« in tho aie* of tho membrane—bound particles.
b) Sinultanooua cou ling method a The coupling method
woo used only once. No enzymatic reaction product can bo observed
either in the RICI3 cello or even in the control kidney sections

Electron microscopy level a The fine granular barium
partieles ore deposited over dense bodies within the lysosomes of
unaffected RK13 cells* The distribution of the reaction product

varies according to the ahape of the dense body]|
116) or evenly (fiff.

it can be

Irregularlv (Fig 117a,

barium precipitates appear in
Ivsosomeo (Fig. 117b)

distributed either
small

117b). Occasionally, small
vacuolar-like structures, presumably primary
Preservation of the nucleus and the mitochondria is adequate the
distribution of ensyne activity in KF13 calls at electron microsoopy
level is, however, mjeh lower than that under light ni roscopv.
Xt is possible that a longer period of glutaraldehvde fixation has
an inhibitory affect on ensyne activity

No staining is detected over lysosomal dense-bodies in
inj cells incubated in a substrate-free medium (Fig. 118).

No staining is seen in the intranuolear bodies or the
rest of the nucleoplasm of the amoebae (Fig. 119). In some oases,

is confined to the oontents of the vacuoles which

reaction product
(Fig. 120). No staining is

are probably remnante of Crithidia sp.

detected on the vacuolar membranes.

Changes is the intensity sf the reaction product in the
lysosomes sf infected cells are not as dramatis as those recorded
for acid phosphatase. The reason far this is that thsre are fewer

Ivoosomee in this preparation
intensity of the reaction product in both the prinary

labelled After initial contact, no

ohange in the
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basement iM bru* of the tubules (Pig. 130) No reaction is
the cytoplasm of the convoluted tubules.

present in
la actively stained

The pi*era aenbrane of MPI3 cella
with the reaction product (Pig. 131). The aaoebee demonstrate no

13?). After Initial oontact between the RP13

ensyne activity (Pig
no difference
leads to a more diffuse spread

in jlaaei staining is detected.

and the amoebae,
Progressive infection of reaction
product among the eells surrounding the amoebae (Pig. 133). The
mucoid threads of the amoebae are heavily studded with reaction

plasma membrane stain -
13r)

product (Pig. 134). After prolonged oontact,
ing is verv pronounced in areas where cells are affected (Pig
The plasma membranes of the amoebae eventually show up the reaction

product (Pig. 135)»

Electron microscopy i The plasma menbrane of the in )
cells shows much reaction product (Pigs. 136a, b). Slight staining
is present in the nltochondrla, which also have ATPsee. Mito-
chondria ATPase, however, is not ftally revealed as glutaraldehyde
fixation has an inhibitory effect on nitochondrial ATPase activity
verv slight plasma membrane staining is deteeted in sells
Inoubated in s substrate-free medium (Pig. 137). This presumably
indicates a alight non-specific binding of lead. Initially, there
is no change in the intensity sf the reaction product on the plasma
membrane of 1P13 sella surrounding the amoebae. Not all cells are
stained with granular deposit. In Pig. 138 (after 10 minutes of

no ATTase reaction product is detected along the plasma

interaction)
Prolonged oontact leads to a

membrane of the infected cells
ATTase activity along the borders of

sig'lfirant inorease in Mg?*
infection.

the Infected cells (Pig. 139) thirlng the initial stage ef
product is detected on the plssmalemma of the amoeba
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of natpeslua-activated ATFace, although the overall staining la

relatively weaker. The plaaaa nerbrane staining is wore pronounced

in areas where oells are In contact with amoebae (Tig. 149) 1»

such areas, a faint cytoplasalc staining Is detected. Bventually

ingested RF13 debris oontalning the ensyae activity Is taken into
the vacuoles of the amoeba (Fig. 170)

D.3*24 7itrophenyl phosphatase »

Light microscopy i The reaction product in the souse

kidney sections is distributed densely in the gloserull, the

basement serbrane and the brush border of the tubules (Fig. 151).

mon—enayaatie deposition of lead le visible in the nuclei of

convoluted tubules (Fig. 151). The denonetrable r~NTJaee activity

in the stained areas is not Inhibited by ouabain (Fig. 15?)

although staining intensity Is slightly reduced.

Tery little ensyme activity Is present on the plassa

sesbrane of RF13 cultured cells (Fig. 153). After 18 hours of

incubation, very few reaction products are localised on the plassa
Mnbrane, although a slight yellowness Is detected in the incuba-
tion sedius, which indicates specifie ensvuatle hydrolysis of the

substrate, f -nitrophenyl phosphate. No NTlass reaction product

is found on the plasaa serbraae of trophosoltes.

».3.3s Thiamine pyrophosphatase (Tnraso)

Under light alorosco.  the (yelgl apparatus staining Is

only readily appreciated in sons areas of the formaldehyde-fized

*F13 monolayer (Fig. 154). The plasaa senbriae is extensively

stained with reaction product (Fig. 1**s) In vacuolated cells,

TPFaao staining is very pronounced in the vacuole« (Fig. 1*4)

This technique for the localisation of IFrase was eposted twice
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and the results were consistent. The distribution of ensyne
activity seen under the electron alcroscope shows good correlation
with that seen using light microscopi (Pig. 157). Plasma aerbrui*
and vacuolar staining is absent In cultured cells incubated in a

substrate-omitted medius (Pig. 198)*
During the Initial stage of contact« the alerovilli,

which are visualised by TPPaae staining of the cells surrounding

the (soebt, alter in length and extend towards the anoeba (Pig. 159)«

After prolonged contact, no alteration In enzyme activity Is

detected either In the KP13 cells or in the amoebae.

Jnosine djphosphatase (iDPase)

As for TPTase, the jlassa sembrane and vacuolar atalning
Is seen with Inosine diphosphatase staining (Pig. 16C). »do-
piasmic reticuius staining was difficult to visualise in this study.
Mo staining is detected in cultured cells incubated in a sedius
without substrate (Pig. 161). Mo reaction ;roduct la detected is
trophosoltes except during prolonged Interaction where granular
deposits are visible in the anoebie cytoplasslo vacuoles (Pig. 16?)

D.3.4 Peroxisome ensyse

Catalase i Catalase is only present in trophosoltes
(see p. 77 ). Mo ensyse la detected in the RMI3 cells. There is
no spread cf the reaction product from the anoebae when they are

added to the cultured oellc (Pig. 163)*
»*3.5 Mitochondria ensyse
Kltochondri %l AHase i

Its corresponding ATPase staining

Mitochondria are easily seen is

MP13 celisi is very Intense
(Pig. 164). The cultured oella dispia- various slaes cf mitochondria
Mod-like ahej.ee, elongated, abort and atunpy foraa are sees (Pig

165). The reaction product la absent In the trophescites
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After contact, the mitochondria, Indicated br appropri-
ate ensvne staining, in contacted cella are dramatically altered
froa an elongated to a rounded shape (Tig. 166). Cytoplasmic

staining is rerv pronounced in such cells, resulting 'rou breakdown

of the Mitochondria sembrane releasing AT}ase into the c.rtoplasa
(Tig. 166). Further contact leads to coaplete breakdown of the

Mitochondria (Pig. 167). Here, the asmeba has ingested the

Mitochondria.

D.3.6 Leucine anlnopeptidame

A diffuse eniTBe reaction product la seen in the cyto-

plass of the tubules of the nouse kidney (Pig. 172). Ho reaction
is present in either the RP13 cells or the asoebae. Ho reaction is
detected in either the interacted amoebae or culture cells after

prolonged oontaet.
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D.4 SLSCTROF MCHOSCOPIC EXATCIfATICB OP THE EFFECT OF A
HOMOGENATE OF B. HISTCI-TTICA (ETABS STRAIB) OB A

CELL-LIFE BOFOLATSR

D.4.1 1%« structure of the normal unaffected RF13 cultured oells

shown in Figs. 168 and 169.

In shape,

is Tbs mltochondrlsf known for thsir
pleomorpklas, show variation and the orlstas are not as
abundant as thoss of liver cultured cells 17» extent of the pene-
tration of the cristae through the matrix is also variable (Fig. 1s)),
inner chamber to

as soma of the cristae reach from one end of the

the other.
The e.vtoplssmle matrix mostlr consists of polyribosomes

and filaments (Fig. 168). The inolusion bodies are probably secondary

The cytoplasmic matrix is occupied by a rough endoplasmic

lysosomes
It* clstem ae of the

reticulum, which is studded with ribosomes.

rough endoplasmic reticulum are short and do not always occur in

loosely arranged groups of closely packed parallel stacks.

At places along the junction between the cells, inter-
digitsting folds are seen, and they play an important role in oell-
to—<el2 adhesion (Fig. 168). Firmer oell-to-oell attachment is
accomplished by modifying the cell surface to form 'tight junctions’

168 by denser lines at certain places

which are reooftiised in Fig.
along the juaetion.

D.4.2 Addition OF homogenate
The addition of homogenate er extract of ft»tamoeba

histolytica trophosoltes grown for 4~ hours has no effect on the
The eells have not detached themselves from the glass

monolayer.
(Fig. 170).

retain contact with neighbouring eolls
the interdlgltating felds and U4>t
have retained

The eells still
Under higher aerification,
junctions are mot affected, an indleatlon that the cell*

their rigidity (Fig. 173)






3TOUT OF UTTERACTIO» OF AX911C STRAIFS

0.5 ULTRASTRUCTTRAI.
200iFIH ASD HM-1 1IM3S O» HX13 CSLL-LIFE MOFOLAYES
»e5) »M—Nn rm
recorded below were cede on M aterials

The obienratlom
which were fixed after 2 hour« of HK-1iIMSS and RK13 cell nonolayer
Interaction. The structure of the undamaged RK13 cultured cells la
ahown in Fig. 174« The trophosoiteo, interacting with RF13,
contain aoat of the organelles which hare been described in other
axenic strains (hows and Maegralth, 1970a< Proctor and Oregory,
and Plttsan, 1970] Feria-Telasco and Trerlno,

1972a, 11-Hashinl
1972). The intranuclear bodies, electron-dense fibrillar structures,
ribososal helices within double~eabraned racuoles, glycogen
particles and yacuoles are all present in HF-1iXMSS trophosoitea
(Fig. 175). Fig. 175 also shows the presence of short, snooth-
wailed resides referred to by the sane authors as part of saooth
endop’.aanic retleulua. tab-pellicular bodies are abundant in this
axenic strain (Fig. 177) and they lie at irregular intervals along

the plasaaleana
After prolonged contact,
and CT-1 cultured cells.

the oells are danaged in the sane

way as that described for BD-TI only
in oontaet with anoebae a.e Managed, and the- rapidly lyse,

oells
releasing eytoplaenlo contents into the external nedlun (Fig. 17<)
Colls next to the lysed cells show incipient danage as swollen
Sone of the ruptured oontents reaalns

niteehondrla can be seen
176).

attached at the uroid end of the aaoeba (Fig.

At higher na”~iifieation, the nitoohondrla hare alnost lost
and the natrix becones paler The outer nombrase of

their cristas,
sone of the Mitochondria has ruptured. The endopiaanic retioulun
170). Mito-

is forming yesioles and these too are swollen (Fig.
however, dees not occur in every oentaeted cell

ehondrlal swelling,
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jured call with condensed mitochondria.

as Hg. 179 shows an

Along tha area of contact, there ia an increase in

Rare, tha membrane becomes undulated

activity on tha aaoeblc aida
180). Some of tha cytoplasm of

forming micropeeudopodia (fig

tha injux*ad call la drawn into tha phagocytotie channel

1te amoeba can probe any intracellular caaitr between
cultured rella (Mg* 181). Tart of tha amoebic psaudo; odium, aa

ahown In Pig. Itil haa alrsauv penetrated the cavlitv and tha rent of

tha body will follow, widening tha gap even nore.
It appears that virulent and avirulent indlviduala can

axiat within a population of a cultivated atrain, «= one Inter-

cellular amoeba la aean and ia attempting to phagocytoae normal
Sue), calls are not affected am tha orgmnellea

calls (fIf. 1K»).
-bow no change (fig. 13?b). Tha call cytoplasmic matrix, however,
ia dmnaar than that of neighbouring colls,
inet iti nslgil-un

irobably dua to tha
amoeba compressing Mm < Btact i
lveoa m» la seen
170, a surface vacuole which

Vo aurfaca-activa in this prep ration.

Thera ia, however, «a ahown in fig.
gives tha impresalon that ahould this vacuola collapse it would

give tho appearance of a surface-active Ivsos< me.

D.5.2 222jm  Mil
As a relatively snail nunber of owsplas wan studied it
was not possible to identify all the organelles described by
Praetor and Oregory (1973b) in their study on tho ultrnatructura

of axerically cultivated trophosoltes of JJ.
tl =t tha nuabar of Intre-

ilatolv-tica atrain
WXHiVOO. It la notioaabla, however,

nuclsar bodiea per nucleus la high (Pir.
reeeabling an intranuclear body la

16)) In one section,

also, a ervstnlline structure

seen in tLs cytoplasm (Pig. 104).
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D.6 HI :cthC riv, L j7A -
antihistatute, nrfTTT'AZIPH HTDHrCHir :ir :, on tfe

INTTTHACTIOL BHTVHaW ,3. HirTITTICA AND A CHLL-LIN"
MONOLATar ~

The Rnj cells were Infected with E. histolytica tropho-

«train. In one preparation, prcmethasine

soltes of Tvana aonozenlc
was added together with amoebae to
Pot) prepara-

hydrochloride (10~S0 the mono-

layer. In the other, only the amoebae were aided.

tion« ware 1 me and the finK np then compared.

D.6.1 Without the, .addition of _~.tihl«ty.Ina
surrounding the amoab&e are rapidly deatroyed

the

The cell«
Pip* lo also ahowa an unh---

external aurf .ce appears ragged, and its nucleus is not spherical

The orgnnelles within the contacted calls are

degranulation of endoplasmic

«crossly

affected aa mitochondrial swelling,

reticulum and swelling of the d«tcrnaa of the endoplacirio

reticulum are observed as recorded in section D.2. At t>i« stre,
ohroaatin "iprate« towards the peri.hery of the nucleus (fig.
189). When th<- | longed, lyso« my finally rvpturs

190). The cytoplasmic matrix become«
The surface of the contact cell

(fig. diluted as evidsneeA

by a decrease in density
opposite to the amoeba has lest its normal relationship to nsini-
bsuring calls, as the Interdlgltnting folds and ti<*t Junctions
have disappeared (fig. 190). Wuele-r margin-tion is evident in
| appearing from the

fir. IK Il - icii also the cl

nucleus
As the surface membrane of the contacted call loses its

rigidity, it eaally falls jre<- to the appCsmshisg anoeba, which

finally grips s piece of the oell cytoplasm (fig. 191).

Whan the calls lyse, the cellular organelles era released

into the extracellular fluid The organelles than adhere to the



amoebic piaamaienna. As the iaoeb* sorti forward, the organelle
debris is swept backwards towards the uroid (Jig. 19?)«
B.6.2 With the addition of. prosetbasine

The cells surrounding the aseoba are unaffected (Pigs

193» 194 end 199)* All 3 fi«uree show th*t thé antlhlatamine

effectiwely presenta thé swelllng of susceptible organailea.
the osll r teina

As

the celi plasma sembrane Is not grossiy affected,
Its rigldity. Penetration of aicropseudopodla into thé osll Is
thus ispsdsd (Plg. 197)« 9uch actirity, howerer, does not present

phagocytosim occurring as thé whole osll
19<a). This apparenti:?
and Its nito-

seess to be drawn Into

the cytoplasn of the ameba (Pig.
uninjured celi Is In flood contact with Its nelghbour,
ohondrla and nucleus appear perfectly healthy. At thée end of the
phagocytotic channel, thé celi cytoplas* Is frajpaented and has been
renderei Into anali resielee, whleh say bud fros thé channel and

ftise wlith lysososes (Plg. 196b).
Fronethasine at a concentration of 10™St does not inter-

fere with the structure of smoleblc piassaisana as fllopodla are

continuaily forned at that part of thé anoeba (PIfl. 197) in

contact with the gli  slide.



CHROKIUK (51Cr) HEXBASIRO CTTOTOXICITT TASTS

».7
D.T.1 Cytotoxlcit.v Inducsd b.r trophosoite« of E. hlatalytio»
-nd B. Inradn«
Resulta fron an oxperinent in whieh tba trophosoite« war«
addad to culture« at rarlou« dilutiona ara dapicted in Tabla Till a
Ei*. Il«  The greatar tha ratio between tha air,ocbe« and th«
The

bisher tha ehroalua ~*Cr relees«.

laballad Chans call«, th«
in both tb« 3. Matolftica

=bap« of tb« curre« obtalnad 1« «tallar

but tb« «lop«a of tb« ourra« diffar in that

and g. inradana taata,
ia ua«d, Indicatins a

tba alop« lc atecper whan  histolyticn

blgbar eytotoxic «ffact of tbla atraln tban tbat of tba X.
(1 aaoeba to 0.32

Invad«n«

At bisher amoebic concantrationi

tropt.oBcitea.
variad «apoclally wben

Chans c« 1), tba cbrealua apacifle relcaac

Inrad«»« trophosoitaa were uaad «ar be duc to

I Such a vertation
tb« ooapotitlon mmong an aaoatlo population
abor« atudi«a, further «xperinanta on cytotoxiCity ware carricd out
lab«ll«d Chans

Am a raault of the«

by uaing ratio« of 1 aaoeba to b«tw«en 1 and 3.2

1l«.

atea of tropd.QBolta« of

Th« rec<ilt« of an axpariaant in wbich tb« bo»os«nate *«e
ara dapicted in

addad to th« lab«ll«d culture« at rarlou« dilutlon«
Tabl« IX. The ultraconieated hoaoganata waa found to bar« no «ffact
on the Chans o«U«t «l»ce the lawel of « apaclflc cytotoxietty for
a rer» low

all dilwtlona of boao]«nata waa narar norm tban 1.1<,

ft# re.

D.7.3 SjrtotoBtcj.U' 1nluce 1ty aupernst»an aadiun fron 48-houg
in 1

Tb« roault« fron auch an axpariaant ara «bown In Tabl«IX.
Tb« «uparnatant «adiuai waa found t« bar« no «ffect on Cbwis o«li«]
=n ladieation tbat crtotoxie aubatanca t« not ««or«t«d «xtraeallulerly



ng.

9% Specific cytotoxicity

Specific r*1*ut of XCr from la
«*poM< to trophoeoltee of |. hl
K. Inredone ee a function of lo*.
Chan« coll. Synbola t (a)
(0} 1- inrpdone

belled Cbanc coll*
etolrtico *nd

ratio of anoeba -
hlatolrtlcs and
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TABLE Till

CTTOLTTIC ACTITITT OT E. HISTOLTTICA AKD E. |UVADOTS
Ratio of tropboaoltoa 51r "a % Spocifie
to labollad Chase colla r c.rtotoiicity
Az. 200 (£. histolytica) 74.3

00 I 1 03.6 - 0.6 74.3
32 -1 06.8 ~ 4.7 77.5
0 11 81.9 - 0.4 72.6
3.2 - 1 73.1 - 3.1 64.1

0.32 * 1 65.3 - 1.5 *

0.032 (1 29.4 - 8.3 ®

0.0032 « 1 8.3 0.3 N
BAH. (£. js vadona)

100 1 1 65.1 - 1.9 54.5
32 -1 80.9 - 0.4 70.3
10 11 87.9 - 0.5 77.3

3.2 = 1 55.2 - 1.5 48.4

032 = 1 495 - 0.2 42.7

0032 1 1 455 - 1.5 38.7

0.0032 « 1 10.9 - 0.6 4.1
Controls 1

o : 10.4 ; 0.4 N
Ratio's sodium 1256 204

" 94 - 2.0
TPS— (aaooUc sodium) 9.3-08

*Tho rooulto aro oxproaood aa tho not a.4. of throo ozporli



meeTIrd®y +ed** 39 Og* m* p*(MJ'IX( =T -U>mm

r 0%2 - fit ira
t*o- C*0 - *e« 002
u»j*ujB’ing
o*o 10 - 9*9 T - 2(00%0
trt itt 7 éxl t -« 2(0%0
fo- £*07 19 I - 2f%0
- HTI
6x2- 2%0 7 1*9 I » «00%0
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TABLE X
WFF3CT of werarm pits HTDBOCITLOAIDK OH CELL LTSIS

Concentration of .
inhibitor in K oytotoxicity
3* 10~3 76.7 - 3.8 69.6 =d
3x lo“4 69.3 - 3.4 61.6 *d
3x 10”5 «2.3 - 1.4 54.8 60.5
3 x 10" 712 - 1.1 63.7 70.3
PAH «train
3x lo“3 75-7 - 0.5 68.9 *d
3x lo"4 69.2 1 0.9 62.4 -d
3 x 10-* 52.2 14.8 45.4 50.6
3 X 10-* 55.5 - 1.0 48.7 54.4
Control«
a) without inhibitor |
Ax. 200 73.1 - 3.1 64.1
BAH 5.3 * 0.7 58.5
th inhibitor and vi thout amoebae i
incubation
3x 10“\ -t 37C 74.« - 0.9 «7.8
- 26°C 73.1 - 0.2 «5.«
3 x 10%4* 37*C 58.7 - 4.0 51.5
. 26°C «l.5 - 2.4 54.0
3 X 10"5* 37°C 6.« = 1.0 1.6
- 26*C f.l - 0.« 1.«
3 x 10"*K 37*C 7.« - 0.« 0.8
2«*C 8.4 - 0.6 0.9

**atio of MOtbM to labellod colla was Maintained at 3.2 t
Spoolrte cvtotoxicity v s aaooaaod by the total p*rc*nt*f-a of

. oxrrpt that Inhibitor at v.AryInf concentration« was aW d

**tu. control« unaotlofactory



TABLE XI

EFFECT OF ROSEHTHAL'3 IHHIBITOR on CELL LYSIS

Concentration of t Sjeelfle < inhibition
Inhibitor in M t 51Crroloaao ¢ Yotoxicity  eytotoxlolty
Ax. 200 a“rann** irr = *°
7.3 x 103 453 - 0.7 343 4.4 90
2.3 x 10"3 445 - 5.0 375  -3.2 -
7.3 « lo"4 55.8 - 1.4 44.8 - -
2.3 x 10~* 45.3 - 15 54.3  54.0 15
BAH strain
7.3 « 10”3 33.4 ~ 0.4 248 117 80
2.3 x 103 48.3 - 0.1 415 303 48
7.3 m 1074 «4.4 - 0.7 7.6 - -
2.3 x lo"4 49.9 - 1.1 431 42.0 0
Control*
a) without inhibitor i
Ax. 200 731 - 3.1 44.1
BAH 45.3 - 0.7 58.5
h) with inhibitor and without anoobao t
7.3 % 10" at 37 C 38.9 * 4.5 29.9
- M*C 21.9 - 0.9 15.1
2.3 x 10-3* 3rc 48.2 - 0.9 40.7
- 24°C 18.0 - 0.8 11.2
2.3 x 10%4* 37°c 9.8 - 0.4 2.3
24+C 7.9 -08 1.1

t, k, = Soa Table X



the release of ~ICr was narked]y reduced The specific

histolytica at 7.3x10-"f concentration was
(see Table

Inhibitor,
cytotoxicity of 5
found t? be reduced froe 64% to 36£]|
the specific cytotoxicity of JE* Inradons at
a 60%

a 90% inhibition

Xl ). similarly,
was found to be reduced fron 5U% to 26.0%t

7<ixl0O-3*
labelled Chang cells wers incubated

inhibition (see Table XI )= When

at 37°C in the presence of higher concentrations of inhibitor
and 2*3x10~"M) the % Cr release was slightly raised (see

(T-ixlo'V
however, were incubated at rooa

When the controls,
the amount of ACr release was lowered) an indication
room temperature

Table XI ).

tem perature,
~f the preference of Chang cells for incubation at

in the presence of the inhibitor
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Discussion
2.1 ULTRASTHT'CTORAL AHD CTTCCHAICAI STUDIES OT TROPHOZOITES
OP E. HIHTOLTTICA
1.1 ScMining electron microscopy

Scanning Micrographs taken during this study show clearly
that the surface of E. hlistolrtica trophoaoitea Is rough with

Irregular Infolding*. Large depressions or trigger-llks

1969, 1970), craters or pores of different

organelles (Eaton at al.,
1973b | Proctor, 1974) which haws

aises (Proctor and Oregory,

functions are not identified In the present study.
agree with Kagnudda et al.(1970) that the two scanning

do not demonstrate

lyaosoaal
1

electron micrographs published by Eaton et al
"trigger-shaped organelles” but can be Interpreted an showing tiny
protuberances which project into the cavities of orators. .aton
(1970), Proctor and Qregorp (1973b)

(1969), Pagaudda et al.
which

have presented seaming micrographs

et al.
and Proctor (1974) all

believe to be shoving degenerated amoebae.
Their pseudopolla are poorly

1 These protosoa are

rounded and show surface depressions.

developed and no uroid is observed. These authors used a technique

necessitating centrifugation and suspension during fixation. Such
a step is Ilksly to alter the surface morpholocr leading to artefact.
Baton et al. (1969) although stating that the enphasls was always
on obtaining material with the least possible disturbance to the
added suspension of amoebae to the fixative. In

amoebic surface,
Hagaudda et al

their case, 'ia-sltu* fixation was not attempted.
(1970) centrifuged their material before fixation. Procter and
Ore*>ry (1973b) and Proctor (1974) did not specify the method used
In this study, the amoebae were fixed ’in-sltu' to maintain the

relationship between amoebae and substrate and to preserve extra-

cellular structures such as tbs uroid. pseudopodia and surface



vacuoles. Martlnez-ralomo et al. (1974) agree that in-aitu
fixation, as proposed by Bird (1961) offers certain advantages
over standard fixation Methods which Involve physical treatment
There is a further feature which has not been noted in previous

microscopic studies of the amoeba, namely filopodia a.
443a) Micro-

Those

extend at places along the base of the amoebae (Fig.

graphs of thin sections of fixed specimens also illustrate their

presence (Figs. 23, 197). As swellings are sometimes present at

the tips of such protrusions, the filopodia may assist
significance of such a

in attach-

ment to the substrate. The structural

finding remains open to speculation. It in likely, however, that
the structural and functional role of these protrusions reflects

a heightened activity of the amoebic surface membrane.

B.1.2 Ameot Ic vacuoles
As suggested by Ludvlk and Shipstone (1970), the most
morphologically varied organelles in the cytoplasm are the vacuoles

The most abundant are the rood vacuoles and within such vacuoles
membranous whorls, ooncertrlc rings or mrelin-like figures are
as described by previous workers (Ludvik and Shipstons,

1970c| Proctor and Gregory, 1972s)

observed,
1970» Lowe and Kaegraith,
These membranous whorls oone from digestion of bacteria as

polysacchar-

suggested by Schuster (1963). The bacterial cell wall

ide oonsists of a disaccharide attached to a tetrapeptide and the
made up of »-Acetyl-~ -glucosamine

1973)

whole unit, a nuropeptide, is

and F-Aoet"1-sair-unic acid Joined by a ~-linkage (Bronk

a tern used to oovor situations where long, slender
long extensions of the cell cytoplasm covered by
IfTj)= feM filopodla have

Vilopodia is
cell processes or
cell membrane are observed (dkadially,
been noted in diploid V1-3A culture cells that are in the ;rocess of
attachment onto a glass surface or substratum after trvpeiniaation

(Rajaraan et al., 1974). Theae authora suggested th«t the spherical
tips of filopodia may play a direct role ns specialised structure of

attachment to the substratum.




128



12»

membrane and the contents of the digestive vacuoles. Zn this

study, the ensyme is not restricted as suggested but is distributed
A lrsosose, which is newly synthesised

over the whole vacuole
is generally

and has not yet been involved in digestive activities
regarded as a prisarr lysosone (Pitt, 1979) and this say be the

case here. Lowe and Maegralth (1970a) noted very small "roughly
and randomly electron dense bodies” scattered throughout the
cytoplasm. These the authors regarded as lvsososes. In this

study, as tests for acid jhosphatoae failed to deteot the ensyms,

it is questionable if such bodies can be so regarded

The crtochemieal study shows that TTTase is located in

some of the vacuoles It is difficult to identif the actual

nature of these vacuoles as the cellular stiucture beneath the

reaction product is poorl =preserved. It is n cessarv to stress

this point that some enzymes are sensitive to glutaraldehyde

at
Qlutaraldehyde permits the

and thiamine pyrophosphatase
location of an ensyme with reference
not used for T'Tase localisation,

is one
enact to the preserved cellular
structure. As glutaraldehyde is
perfection in the preservation of the ultraetrooture has to bs
to allow some localisation of the ensyme.

sacrificed

This is probably the first report of TTIms localisation

in an amoebic vacuole. Such a finding indioates that the vacuoles

are able to perform the secretory activities of a golgi
lytle ensves has

complex.

The correlation between golgi complex and the
been studied by Looks and Sykes (1979) working on the origin ef
ensvmes which are Involved in autophagy

the membranes and the lytic
in the netamor;hosing Insect fat body. The- demonstrated that the
gclgi complex gives rise to lytic ensvnea. The appearance of fussy
vesicles on the limiting membrane of the amoebic vacuolee would



suggest that they too Bay exhibit a »»cretorv role in producing

priaarv lyeoaomos. The findIn.'s of Roaenbaua and W Ittner (1970)

however would not support the hypothesis that the vaoudes say

play such a secretory role. They showed in eev-ral micrographs

the proxialtv of RHP helices to digestive vacuoles and suggested

that the ribosoaes of the RIT helices are active in synthesis

and digestive ensyaes are transported fron the ehrcaatold bodies

to food vacuoles by the helices The sane authors believed that

the helical polyribosoee of 3ntaeoeba histolytica is analogous

to a primary 1rsoaoae in nan and other anlaala. O riffin (1971)

failed to find any aasociatlon between the helix and the vacuole
and suggested that the ehronatoid bodies are best explained as

stored aggregates of rlbosoaal helices available for use after

encyetnent. The presence of s rlbonucleojrotejn helix in an

aroeblc vacuole (Pig. Ir), however, would supjort the hypothesis

of Rosenbaum .-id Vlttner (1970) but such a finding is rare. | have

Although unspecific phosphatases are localised within

ths eytoplasalc nsnbrano of bsctorlal onvelopos (Coatorton at aj.,

1974) and IfM Iftl , hoaphataeea such as "2 Btastf

hexose aonophosphatass and cyclic phouphodiesterase reaction

products are found in the poriplaoaic space and at the coll surface

«f Sochorlchia coll ("etsel ot al., 1970), it is unlikely that

TPTaoce in an anoshlc vacuole is bacterial In origin, as suck

products are confined to the walls of the vacuoles
1.1.3 aidoilagajc rstibujua and&Igj airar»tus

Whether reaction products for T»*Faee are localised In
sitter (yolgl appar-tue-lihne, or endoplasmic retleulun-11V o
Qoldflechsr et al., (1971)

vacuclea la not aasv to discern,
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have demonstrated that in liver h <atoeytas, TPJase and inosina

diphosphatase, which is commonly used as an endoplasmic reticulum

Barker, differ not only in intracellular distribution but also in
in the endoplasmic reticulum

pH optima. TPPaas is most active

it H .o, vh MM at pil 7.~ the MI1JB« is root active in the
Golgi—apparatus. These authors considered that TPTase is a usoful

marker for the Golgi apparatus if
incubation medium used in

the pH is kept, between 6.5 and

7.0. As the pH of the the present
study was 7*0, the structure bearing the raaction products would
therefor# appear to be a Golgi apparatus-like vacuole. Because of
the poor preservation of ths trophozoites localised for TPTase, it
not possible to oorrolate the functional role of the enzyme

is
ie also not possible to demonstrate whether

with ite structure. It
vacuoles with micropinocytotic vesicles (or fuzzy vesicles) ars
ity of TPPase. Only presumptive

related to the enzymatic acti

evidence therefore can be presented. Vivelinski et al. (1974)

found s positive TPPa%3 reaction in vacuoles of tisr.ue cells of

the ‘cog myoc-rdiu.; end correlated the presence of TPl'ase production
with the elaboration of tfroow l.rx material or glycoprotein.
Ohadlally (1975) stated that micropinooytotio vesicles are known
the cytoplasm.

to form when protein is being transported into

Should thia ba true, then anoeble vacuoles do play an important

role in protein transport
Previous authors have not shown unanimity of opinion

regarding the nature of amoebic endoplasmic reticulum and tha Golgi

apparatus. Lowe and Maeyraith (1970a, ¢)] Ludvlk and Shipatone

(1970)] Bird (1961)] Hiller =« al. (1961)]
apparatus as defined for

and RI-HashImi end

Pittman (1970) all failed to find a Golgi

Aspecial arrangement of small vesioles and smooth

metazoan cells









2 different substrate** ertiden* 5-«onophos,hate and sodium

-glvcorophosphate, no acid phosphatase was found in th* nucleus.

P
stains Involving

Oonzsles—Angulo et al (1973) using cvtochenical

enzymatic treatments found that DHAse digested DTA in
such findings indicate

tbe central

cor* of the non-vesleular inclusions
that these circular dark bodies may involve replication and inter-
action of genona during division of th* .rotosoon. Such a finding
sl&iificanc® of acid phosphatase in

may explain the functional

the bodies.
Th* presence of electron-dens* membranous structure

and ribceonal material in th* vesicular t"pe nuclear inclusions

probably indicates that these vesicles have th* property to digest

portions of their own nucleoplasm. 1%*** bodies thus have an

autophanc function. This would not be unreasonable as esllular
autophagv is a characteristic of a csll and say play a key rol* in
th* sconomy of th* *#11 t» participating in turnover of call

constituents (fitt, 197r).
Zanan (1973) statsd that thes®
of th* amoeba* a* occasionally th*

intranuclear bodies ar*

not essential for survival

observed to bs almost depleted of them. This view is

nuclei ar*
73* Zanan also observed thes*

oonflrmsd in Piff. 2s and
and bslievsd that thsy cannot bs

inclusions In mUlta;-ela coll

as an aggrssslvs mechanism

regarded
laminated inclusions, comprising

Simller intranuclear
alternating concentric rings sf electron-dense and electron-lucent
aaterlal, have also been seen in cells of various types, which ar*
known to be capable of developing a mucoid secretory product
(ihadiallr, 1977)* ill these inclusions hove a single loose-

Such evidence  ild etronglv suggest

fitting cremated membrane



of tha 3. histolytica
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to bo discharged into the coll or surrounding medium. The "vans
strain (monoxenic culture) usod by Jnight ct al. (1975) initially
but after 2 years of subculturing, they

carried these particles,
Ivtie effect

Their disappearance did not affect the

disappeared
(?lgs. 72, 76b, 76¢c),

of the amoebae on the cultured cells
evidence that theso bodies do not necessarily carry hydrolytic
enzymes. Lowe and Kaegralth (1970a) also questioned the signifi-
cance of theso bodies as they occur in axenised Lnredo strain.

similar bodies have been seen on cytoplasmic faces of the plaema

membrane of cloned hybrid cells, in intestine, squid axon, muscle

and slime mould and within synaptic vesicles (Larcen, 1975). Such

deposits are usually widely separated and contain Ca2* salt.
Larsen put forward 3 possible explanations for deposit formation «

a) a high Intracellular concentration of calcium

inhibits the process of movement of ions across the membrane!

b) Cas* entering the cell acts as a trapping agent,

precipitating anions produced by the hydrolysis of endogenous

substrates such as ATP|

c) Ca? may preoipitste with pyrophos;hate produced

from endogenous ATT by adsnylsts oyelass

K.2
VITO CULTURE CELLS

B.2.1 Ibustonce of.»objc surface lysosomes
1970) put forward an exciting hypothesis

Eaton at si. (1962,
Thsy

that "surface—lysosomss” might be an agrressiv* mechanism



I.rtle effect of IC. histolytica on monolavers

were studying the
end auggeated that the effect wee not due to the liberation of
tozine or enavmes but wee contact-dependent. They published
nierographs revealing “eurface-lvacaomes” which were equipped with
elBple or eonpound tubular "triggers” under the amoebie plaana-

lemat. The authors suggested that on contact with an objects the
trigger released lyaosonal or cytotoxic eniysss into the cell

I%ese lysososes were thought to contain acid phosphatase shown by

the Oonorl staining technique. This present study does not support
this theory as no ultrastructural component which mI~it be

-onstrued as a Surfxce-lysosome could be found. If surface—
lysososes do exist( cytochesical technl ues should reveal a narked
and localised reaction product on the Interaction area between
aitaircel histolytica -wd ths host-cells. However, in this study,

ths Intensity of reaction product (acid phospbetass dye-technique)

revealsd only a weak reaction in Entamoeba histolytica trophosoltes
the addition of aawebae to s nonolayer, there was

and ever, after
and ths reaction

littls difforenco in ths Intsnsity of staining,
product was never assn to be confined to the sits of attachsent.
The reaction product, howsver, is restrictsd to food vacuoles
(Mg. 200)

only s few lysoeonal
acid phosphatase and ~-gslaBtosldese ere preeent

non-specific eateraee,

e cvi«e euch as /=]  .-0 --
gftvseeesinl dae ',
Other acid hydrolasea,
sulphatase are only Jresent in feed
V-Acetyl- 0 -

in an asoeba.
0 -glucuronidase and aryl
a prolonged period of inter'ction.
to the amoebic eytoplsss and there
the

vacuo lee after
is only confined

glucoeaninidase
the ensvwie when the amoebae are added to

is no enhancement ef

sells. If ths surfaos—lyBooone concspt was operative a spread ef



this enrvme into the cell should occur but none v°i detected.

Bos (1973) vm unable to demonstrate from both acid
phosphatase staining and studies of electron micrographs that

surface—actire lysosomes with triggers are present at the site of
oontact. Be Shor et al. (1973) revealed a strong reaction of acid
phosphatase in the pseudopodia and suggested that this «nre*, in
keeping with baton's findings, plays an important role in
Z. histolytica invasiveness. **irface Irsosomes were obeerved by

Proctor and Gregory (1972b) but their photographic evidence is

not convincing. Trevino-Garcia Kanbo et al. (1971a) also claimed

to have seen these organelles, but the" only localised acid
phosphatase on the surface of the piasmalemma beneath which lay
“the organelle-like lysosome”. In their photograph, this

"organelle-like lysosome" shows absence of acid phosphatase.

on the other hand, othere (Kagsudda et al.t 19701

El-Haehlmi and Fittman, 19701 Griffin, 1972» knight et al., 1975)
were not able to eonfirm the presence of surface—like lysosomee.

regarded these organelles as artefacts
Proctor and Oregorv (1973s)

Such authors in preparation

reply to critics,
lysosome hypothesis

or fixation In
reaffirmed the surface active illustrating
with micrographs progressive stages in ths development of trigger
mechanisms. These authors, however, conceded that such specialised
lysosomes were only revealed in one pathogenic strain (ITIHi200) and
In Baton et al.'a hypothesis, ths

not in the other one (HT-9).
acid hydrolases are released from surface lysosomes by depolarising
the membrane of the oell. Lushbaugh and killer (1974) working on

the glyeocr>lyx of £. hiatolrtic- could mot detect any special
charging relationship in association with a surface lIreosome
Although the cytochemical studiee in the present work
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resulta for non-specific esterase, ~-glucuronidase

gave negative
indicate that these

sulphatase, such results do not
histolytica trophozoites. The

low for histochemical

and aryl
ensyses are wholly absent in €.
levels of enzyme activity say well be too
At the sane tine, the

sethods to reveal their presence.
Hayat (1974)

inhibitory effect of fixatives may abolish activity.
however, that a recovery of 12% of acid phosphatase is
Non-

stressed,

sufficient for light and electron microscopy observations.

c esterase has been localised c-~tochemlcally at light

speci
sicroscopv level in round or rod-like granules evenly distributed
in the cytoplasm of bacteria-freo amoebae cultivated with
orithidias (Vichel and Westphal, 1970). Fsrh'-ps such rod-like

granules could however be derived from ingested crithidiae, whoso

lysosones carry non-specific esterases.

The existence of surface lysosones is most definitely

open to doubt.

1. 2.2 BEtracellular Uxestlos
Alkaline phosphatase and leucine aminopeptidase are

virtually absent in both W1J and E. histolvtica «lthou»* under tbs

electrcn microscope, a trace of electron-dense precipitates for
alkaline phosphatase ic deposited along cell-junctions in the HO3

monolayer.
Alkaline phosphatese, esterases, and leucine amlinopeptl-

aspecialised organ of

dase have been found in the holdfast,

attachment, of strigelds (avian parasitic trematodos) (Lea, 1?6?]

Erasmus and Ohman, 196J] Ohman, 1964) and pla- an important rolo

in both attachment of the holdfast to the host-gut wall, and

digestion of neighbouring oolla. In vitro toots have demonstrated
that alkaline phosphatase and enterases are secreted to the exterior
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of the strigeid, Cyathoootvle buekienaia. find onto the surface

of the duck caecum ("rnsnua and Ohman, 1963). Such aeoretion had
a marked effect on the aucosa of the duck caecum, where the cells

ultim ate!” became reduced to a granular mush. The adhesive organ
of C. buehlensls thue serves not only for attachment but also for
extracorporeal or extracellular digestion in which host tissues
were reduced to a granular form in which they could be ingested
(iIMWJS and Ohman, 1963)« Similarly in another atrigeid

Diplostomum ihoxini esterases, which are secreted extr-cellulnrly

by the pseudosuckers in the holdfast, have a hiotcl'-tic action on

the attaching eells thus making ingestion of the tissues easier
‘s s have also

(Lee, 1962). sSeveral different al

been located at the surface of the ScfaiBtostoma tegument and their

presence has been correlated with the metabolic uptake of glucoee

by the tegument from the surrounding medium (Hockley, 1973).
Strong leucine aminopeptidase activity is also located in the
tegument of Schistosoma rodhi/u, and it has been suggested that this

ensyme hydrolysed peptides which have a free a —amino group on a

leucine or other related amino acid (Hockley, 1973). The

terminal

serum protein* are also broken down by leucine aminopeptidame and

free amino acids are absorbed through the tegument. Such experi-
atrigelds,

mental findings especially those on avion trem todes,

illustrate extracellular digestion taking pines among par-aitic

organisms where the oMTSaa s-ntheslaed by the cell are passed into

the extracellular medium and hence act at aome distance from the

secreting eell.

It has been suggested that the £. histolytica trophosoltea

are capable of extra-cellular digestion (Vestphnl, 193d) on the

assumption that proteolytic enaymss ere secreted extrnoellularly
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host-call acid hydrolases to break down the ingested host-cell

components.
E.23 Mechanism of amoebic phagocytosis

The process of uptake of particulate material into a cell
cytoplasm designed for intracellular digestion is known as phago-
Such a phenomenon has been shown in trophozoites

cytosis
starch granules,

ingesting particles such as erythrocytes, leucocytes

Vestphal et ale, 1972»
1970). Vestphal

and Crlthidlae. (Bird, 1961» Cheves, 1972t

Trevino et al., 1972« Proctor, 1974» Taman, 1962,
suggested that the trophozoites of J3.

plasma membranes ( ‘estphal,

histolytica are incapable of

ingesting tissue cells with intac’

1939)* Recently, Knight et al. (1975) reported ingestion of cell

debris by trophosoltes after a complete disintegration of the cell

In this study, the amoebae are seen to be capable of

cytoplasm
phagocytosing tissue culture cells,
organelles show gross pathological

whose plasma membranes are

Intact, although the cell

ehanges.
My Interpretation, from this study of events in pseudo-
phagocytosis of Intact cells is illustrated diagramatloally

podial
in Pig. T (A to E).
Pig. T (A) Here, the cell, which is not in contact with
the amoeba, is unaffected and its organelles are undamaged.
(B) Before and Just after the Initiation of
contact the miorovilll of the host cell are seen to extend and
in

Such a finding reflects differences

point towards the iwoebt.
and the amoebae.

the surface charge between the culture cells

(C) Cnee the oontact is made between the amoeba
a toxic substance is
immediate as oell orgnnellee undergo a

and the host eell, relearned onto the surface of

the cell The effect is
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(f) A phagocytotic channel la foraed and the area

surrounding the channel become» ectoplasmic. Veatphal at al.

regarded an area aurrounding ingested Material in the

(1972)
The Micropeeudopodla still

process of ingestion aa a phagocollar
ingested eulture oell

The else of the phagocytotic

Maintain their ;Tip on the aiding cell-
absorption into the cytoplasm.

and the ectoplasm surrounding the channel

channel is found to rar-,
re vit.il le These

d.-fined as snail filamet..
1™ Michel

is well
are not similar to the ones described

filaments, however,
and Schupp (1975)» who considered the filaments of 9—14 ns in

diameter to be ayosin—tike filaments spread mainly in the uroid of

the Moving amoeba*
(0) The nlcropeeudopodia extend and engulf the material

fora a large vacuole which merges into the cytoplasm

to
where a vacucle or bulb

(H) At the end of the channel,
formed, vesicles have developed. Inch vesicles, containing osll

is
into the cytoplasm where they soon fuse with

contents are released

An alternative mechanise may operate» the lymosomee

Iveosomes.
may fuse with the bulb, end the hydrolytic ensymee are then dis-
into the bulb where ftirth*r hydrolrale takes place.

charged

When the amoebic toxic effect, however, was blocked by an
addition of promethaaine hydrochloride, phagocytosis was not
completely Inhibited (Tig. 196a). Here, due to the retention of
rig*ditv in the present of pronethasine hydrochloride,

is unusually large and tha amoebic elcropseudo-

cell the

phagoeytotle channel
Such a finding does indicate that the

podia are not ftally formed.
with Mt intact

amoeba is also capable of ingesting a healthy eell
plasma Membrane.

The phagocytotic activity ef trophosoites observed in this
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study illustrate« two points«

1) dopiamole streaming plays * r°ls in the formation
of the phagocytotic channel.
Adequate nttschsent betweon the amoebic piassaiemma

2)
Kicropeeudo-

for phagocytosis to occur.

and host eell is essential
in aiding the

podla found st the tip of the pseudopodius act

attachaent.
Normé&llv, as suggested b” Sird (1956» 1j61), and supported
by Zasan (197?) and Troctor (1>74) solid particles» as shown in

figs. 23, 63 ind 144a, are absorbed
reabsorption as the an oba is

through the urtid as a
consequence of plassalesaa in notion

as demonstrated in this study,
to flow »wav from the

In sose cases, the ingestion of food

aided by forcing the endoplasnic stress
interacted cells.

is

oontact sone of the amoeba and Such a mechanism

enables the oontact sone to be drawn into the cytoplasm, carrying
with it the amoebic plaaaalesma is the same manner as snail solid
particles are takes into the posterior end of the amoeba by the

flow of the endoplaasio stream

8.3 CTPOCHY)'IC At AIfD ULHUSBTHUCWB8A1 SWM8S Of COITOS2
coxa in crirrACT virn TnonTozrir®s Cr s. ri Tri ~tica

8.3.1

Judah (1969) regarded a eell as a network ef structures
with specific functionsl a strain placed on one prinary area of
the network will gire rise to secondary disturbances throughout the
whole system. To differentiate the secondar* frwei primary dlsturb-
tin«-scale experiments are  canary (Judah, 1969)
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m-slicing the importance of this time factor, calls in contact
with B. histolytica trophosoltas war# fixad after 5,

howawar, found that to trv plotting

10, 20, 30,

45, 60 and 120 minutes. It was,

tha pathological changes according to time-scale was unrallabla as

tha tina of lysis varied fron 5 to 30 alnutes after tha addition

of trophosoites showing that both tha degree of virulence of each

individual amoeba within tha cultural population and tha sensitivity
of aacb host call to Infaetlon must also ba talcan into consldaration.
soaa cases, tha secondary disturbances occurred rapidly and it

In
attack on tha primary site.

was impossible to discern tha Initial
Tha tine-scale was therefore l«stored and the «wants of both

primary and secondary disturbances were mapped out according to tha

dagraa and spread of dlsru, tion within tha injured ealls in

b)

contact with trophosoites (Tables X IIs,
in ealls danaged by 3.

Soma of tha destructive events

histolytica indicated In Tables Xlla, b have also been recorded by

previous workers (ZI-Hashlai, If7*>* fni«d»t at al., 1f75), The
precise sequence of events has not been, however, detailed
*.3.2 Tltochon.Irjal chygef

In all tha call-line monolayers so far described, the

most noticeable cellular change In cells injured by amoebae is the
degeneration of the nitochondrla. The earliest alteration is a loss
of matrix and an seouaulstiou of matrix material in the periphery

of the mitoehondrla. This is followed by a swelling of the matrix
eompartment. The deorease in relative density of ths matrix

loss of solutes Asimilar

influx of water and
during the development

refloots both
reparted in mouse liver

appearance has been
toxin-affected Tkrlioh

of meerosls (Trump at al., 1fd5) and in
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on cells (Roos, 1962). Fop the iu * reason, inr repletion in
mitochondrial Mima pottapn during morphological alteration would
provide an additional understanding of the pathogenesis of coll
injury» The work of Trump et al. (196*3a) gives a good example of
correlation between morphological and functional changes in mouse

during the development of necrosis. Plochemically they

liver
tion b tween the activities of

were able to deamnstrate a correl
mucoinoxidMe on mitoohondrial membranes and glutamic debvdrogename
in the mitochondrial matrix and changes in raitschon :ri 1 morphology.
They also showed that the levels of suecinic dehvdrogen-se were

much more stable even at tines when mitoel.ondrial structure was

mitochondrial ATPase, which

virtually destroyed. In this study,
1965)

marker for studying mitochondria (-leaner et al

Is a useful
results show an alteration

was deiaonstrated histochemlcallv and the
1m the pattern of reaction products In the injured culture cells
in contact with the amoebae. Although this test does not quantify
the degree of ensyne activity, it is siffilficant that the nito-

ehondrlal ATPase was still present during mitochondrial structural

alteration. Trumj et al. (1°6Sa) however jointed out that histo-
»he" found that the

ehemlical tests are not wholly reliable for

pattern and amount of reaction product using histocheaical
state of mitochonlrlal

tests

relationship to the overall
teste on the other hand, produced more

bore little
preservation. Plochenieal

consistent results.
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the polyribosomes slowly disaggregate. 3uch an ultras*-uctural
finding Is Important because In cells affected by certain toxins,
e.g. CCl4 and ethlonine, polyribosomes are seen to disaggregate
very rapidl- Into smaller assemblies and simple particles.

Ribosomes are also seen to detach from the membranes of the endo-

plasmic reticulum (7111a-Trevino et al., 1964] Wood, 1765]
Krishnan and ftenger, 1966» avr.olis, 1»C3b). Any disaggrega-

tion of polyribosomes promotes inactivation of protein synthesis
(Snuckler and Senditt, 1f1)), Polvribososes play an Important

role in introducing anino-acida to the enioplaamir reticulum,
ithionine, a toxin, Indlrectlv suppresses protein synthesis by

of ATP thus causing a block in meseengar-RVA

The aeseonger-KSA is thought to hold the
In this study, the poly-

lowering the level
synthesis (Judah, 1969).
polyribosomes in an aggregated state.
ribosomes of affected cultured cells following amoebic contact are
not disaggregated at the earl =stage of injury. In the very late
stage ef cell Injury when the cell In contact with the trophosolte
of £. histolytica is about to lyse, the grossly swollen vesicles of
endoplasmic reticulum still retain aggregates of ribosomes (figs

In that there appears to be no relative increase In

52» 71).
detached ribosome* It oould be argued that the protein synthesis
within the effected cell is not completely suppressed by the amoebic
fUrthrr evidence that protein e-nthesis

finding

is not

toxic substance.
completely inhibited is suggested by the morphological
that there is an apparent hyperactlvity of the Jalgi apparatus in
calls initially infected with ftitaroeta histolytica. Ac euch an
increase in (wifi vesicles is related to increased secretory

activity (Ohadlally, 1979)
further biochemical

it follows that protein svnthesls has

not been arrested, studies, however, are



required to deterr.ine nor* precisely tho print« at which normal
metabolic pathway« are interrupted.

Cytochemical staining for thiamine pyrophosphatase and

inosine diphosphate«« demonstrates that both the endoplasmic
in RT13 culture cells are few
influer.ro

reticulun and the Sol~ a: par”,tua
in nunber. It is n<' j-ossitl» therefore to evaluate the
of the amoeba on the activity of culture cells’ endoplasmic

*>l«4 apparatus

reticulum and
plasma staining of the culture cells

The peripheral or
however, can be seen with reaction product for t th TPTase and
IMaae <ftp, Irr, Ifl0), Ho alteration in ensyme activIt” of

plasma membrane TPlase and IK ase
Twaae staining of plasma a#*>brme

in celle in contact with amoebae
is seen (figs. 195» 161, 162)

has also been reported in aacrator- celle of the anterior

pituitary gland (Polletier and tfovikoff, 1972). The authors

«bather the T°'ase is
plasma membrane

atroaeed that it ia not known related to the

“trana; ort” A’ aee commonly associated witl. th*
“3.4 Nucley change
The earliest nuclear alteration following amoebic contact

la tho loss of nuclear antrix and oondana»tlom of chromatin along
the periphery of the nucleus. Thie ie followed by swelling of

the nuclear envelope. A complete loea of chromatin leads to tho
intact aembrnnee and nucleoli.

‘omj ty* nuclei with
(1965a, b)

appearance of
Thla la corj-tibie with the observation of Trump et el
who studied nuclear changes during necreaie using alioes of mouse

liver and reported that nuclaar changes are secondary to altera-

tions in altocbondrial mrphology.

*3.5
Tho pit membrane of a eall in contact with a



tropbosoite of
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The ingestion of cell debris coated with

contact«-! call«.
via the uroid end of Ihitanoeba

reaction products for Vg ATPm «

histolrtica by pinocytosla supports the finding of Bird (1961)
that uptake of particles can occur through the uroid or tall end.

The vesicles and channels containing the reaction products are

clearly shown in Pigs. 145% b

The confinesent of the Pg2* activated ATTase reaction

products to the uroid of the amoeba during infection reflects the
dynamic state of the plasmaleaca turnover which is taking place

at the uroid. l'ucoid threads, sore ;renounced using hlstochemical
staining for Pg2* ATPase can be seen to spread rl&it across the

lesion (Pig. 143)»
Although Pg2*
on the plasma ssebrane of the RP13 isonolayer are enhanced during

ATTsee and to a lesser degree Ca?* ATIsee

infection with TSntnno-b” histolytica, it is uncertain whether the

results reflect an alteration in the mechanlss of active transport
of Ifa* and p". sport is r*s;onsiUe for maintaining
ionic gradients between the cell and the extracellular fluid,
thus giving the cell oontrol over the internal or external envir-
onment. Bask m>tiv -r Sjort processes can bs linked directly to
ATT hydrolysis. During transport ATT, which is activated by

Kg2* ions, is hydrolysed,

being responsible for the movement of a:jroximately 3 It*

the hydrolysis of each molecule of ATP
ions

and 21* lore (Pinean at al, 1974)* Accumulation ef ATTsee during
infection would Indioate a rapid hydrolvsls of ATT, which
and the extra-

in turn

leads to rapid movement of ions between the cell

cellular fluid.
Zt has been argued, however,

cannot deironstrate the transport ATTase (Pugon,

that the Kg™ ATTase

localisation 1970)
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representing two different functional states of a single snare«.

Although the relationship of Mg~* ATPaae to the Na-T-

ATFaae is not fully understood, the enhancement in the reaction

products for ATPase on the plaesa ambraae of RF13 eonolayer
cells during infection can still be taken to reflect an alteration

in cell Membrane metabolism

“.3.< Involveslent of lyacaomea in cellular injury
Soon after the discovery of lysosomes by De Dure, it was
suggested that lynosomea act as potential “suicide bags™ (De Duve
and Feaufray, 1956). »ich suicide bags contain a number of
soluble hydrolasea with an optisun acid pH, and are bounded by a

lipoprotein complex which prevents leakage of the ens-ses. De
Ihjve and T-eaufray, working on autolysis, believed th*t autolvsis
started at the site of the lysososes resulting in leakage of

lysosomal hydrolases into the cytoplasm. Such a mechanism would
result in damage to various cellular components. Several workers
have supported De Duve's Ivsoeomal concept. ><rlv studies on

lymoeoses showed that streptococcal haemolytic toxins, strepto-
lysins, caused release of entmes from the l-sosoms of granular
fractions of rabbit liver (Velesman »t al., 1963). The» found
th t 1-0000001 onevena, cathopsine, acid deox'Ti»o"
‘lucur. ni |ias were released

ribonuclease, acid phosphatase, an. 7 -

Into the cytoplasm before the mitochondrial
sueh work indicates that release of

snares malic

dahydrogenase was liberated
lysosomal or lytic ensyeee is a primary event in cell damage.
In the course ef tine, however, investigation has revealed
that lysosoaee play no role in the early development of cell Injury
but are involved in the later scavenging process. The works of

Slater end ftreenbaue (19<5) *nd Sees (1962) here shown,in the
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investigation of the biochemical offset of heptoxlins on lirsr
littls change in ths overall level or degree of

that thsrs is
Significant ohanges are

latency in the lysosomal enz ymes
detectable in these ensyaes only at a late stags of injury when

necrosis is well established.

It has also been suggested that Do Duve’'o “suicide

bag" ooncept be applied to the 3ntar.oebp histolytica and host cell

interaction (Jarumllinta and TTradolfer, 196..| Eos, 1973). In
this case, the amoebic toxic substance which is enlv transferred
after contact with the host cell renders ths lysosonal ae-hr-nee

of the cell unstable so that it disrupts releasing l-sosomal
snsynes into ths cytoplasm. In ths present studv( the I~sosomes

253, 90,
are intact during the Initial stage of coll injur§A " SUn
light microscope observation reveals

prolonged amoebic infection,
apparent swelling of host coll lysosoass, instanced by the else
of the reaction product particles for acid phosphatase (Qomori
technique) and arrl sulphatase This is

followed by disruption of the lysosonea releasing ths lytic
enayess into ths eytoplasn (E*igs. 91, 9?» 115). The dye techniques
and non-specific estorase initially show no

for fi -glucuronld ss,
in the activity of ths host lysosonal an.mss. Eventually,

(*lga. 107* 1Oti* 1?5, 205) ths levels
in ths

increase

after prolonged infection

of these snsynss enhance* as seen by ths overall increase
colour of reaction products. Similar appearances such as swelling
and disruption of ths lysosones have been observed in ths
infection of Ihrtophthora srrthroaepticm (potato) with Solarum
tuberosum (fungus responsible for pinv rot disease of potatoes)

(Pitt and Coombss, 19««)

The present light microscopical observations, however
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do not establish whether disruption of Iysosomal particles is

s cause or consequence of cell death. Under the electron micro-
scope, the sequence of events of lysosomal disruption is obvious,
leakage of hydrolytic enzvmes in cells

a late event

and shows that the
affected by trophozoites is
Acid pLoshatase, at electron microscopic

in cell degenerrtion
lysososes which appear intact as the

level, is clearly shown in

menbrnnes are unbroken (Fig. 99, 100). Sven after cell lysis,

lysosomes continue to show enm-me content, and this reflects the

belief that the Iysosomal membrane can withstand a h i degree of

osmotic stress
Such findings can,

grounds of suspect methodology, as stressed by Brunic and

however, be questioned on the
-'ricson

(1972) = They pointed out that when a slight or moderate release
of lysosomal enzyme occurs, it is not necessarily revealed by
The - ->Iso stressed that

cytochemical studies in fixed tissues.
fixation of in vitro cultured cells under adverse condition of

osmoti« |r--iure can result in a diffusion of 1 esosomal enzymes
The osmolarity of fixatives (450-500 mllliosmoles/kg
3~ glutaraldehyde, O.C66K csccdylate buffer,

oultured cella incubated for

for pH 6.8) used in
this study was such that with norsal

localisation of acid phos.rhatase and arvl sulphatase, no arparent

swslling of thé mlitochondrial aembranes ws seen. »urthermore by

ualng this teohnlcue thé ultraatructural localisation of lyaosomal

»cial d phosphatse was more than adequate*

electron dense precipitates were found to be confined to the whole

3 structure* indication that diffusion of lysosomal
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sonsa between lymphocyte« and target celia, and the-' warc abown
to ba intact membrmne profile« after ajecimana had bean tilted

to permit perpendicular wiowing (Blberfeld and Johanseon, 197+)

E.4.2. Virupee
Although rbahdowiruaea have bean found in all known
pathogenic B. histolytica tro., hozoitea of monoxenic and axenlc
strain« and in trophosoitea from biopay materinl of inteatinal

! 1974» Bird and VeCaul, 1976), no

anoabiaaia (Bird at
Viruses tlua play no

rhabdoTiruaea are aaen in contact calls

direct part in host call damage

Tn crtocldal virus-call interaction, where transference
of viruses into hoat calla lead« to extensiva derangement of
normal cellular metaboliam and structure and thus to degeneration

(Tama, 1975), virus rojlicatlon in calls would

hours. Call daath due to

and death of calls

require a latent period of savaral
3. histolytica Invasion In this study ia seen to occur between 5
and )C minutes following the addition of trophoaoitea. Such a
time difference would not support the hypothesis that re lication
of viral genome within the host is the cause of cellular death.

is of interest and mar be

The presence of rhabdovirus, however,

related to enhancement of virulence by incorporating the viral

genome into tho amoebic K'K. Am rhabdoviruses are also found in
Laredo strain of ¢. histolytica (Bird and VcCaul, 1976), it ia

probable that rhnbdoviruses coexist with amoebae as symbiotle
Further stud” ie necesaar- to elucidate the relatioa-

orgaj.iars
Other amoebic virueee

shlp between rhabdcvirueee and amoebaa.

such ae filamentous and lIsoahedral forma described by Mattera et

) and Piamend et al. (1972) were net found in the amoebae

used in the present study.
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1.4.3 Pri.ai-y tmTKct In o.lul«r Injury

Swelling ot the mitochondria and endoplasmic reticulum

of the affected RT13, CV-1, PD-VI and Rheaua Monkey Prain monolayer

in contact with 2. hietolvtica suggests that lvaia of cell«

oelle
changes hare teen
ccl,

1962»

is an osmotic effect« Similar pathological

recorded in hepstoc.r*« exposed to a rarletr of toxins»
ethlonine, dimethylnitros&rine and thioacst’alds (Rees,
Judah, 1969» Marber and SI Mofty, 1975»

Rees and Spsctor, 1961»
Wood,

196r» VUI~-Trerino et al.t 1964»

Slater and Orssnbsun,
Reynolds, 1963b. Some workers

19631 Mrishnan and Stenger, 1966»
CReee. i 3

the effect of such toxins hare suggested that the primary target
is the plasma membrane. A breakdown in Its selectire permeability
would lead to serious s condarr effects such as accumulation of
water, sodium chloride and calcium lone causing injury to rarlous
sail organ*lies notablr the mitochondria. Direct eridence for
this hypothesis is suggested by the effect of antihistamine drugs
interacting on the plasma membrane (Roes,
Inactir tea end inhibits

The

1962» Rees and Speetor,
1961» Judah, 196?). Tbe antihlat mine
the protein phosphorylation occurring at the plaana nenbr-ute.

moresent of loss and wstsr across the surface sembrase lo thus

The addition of an antihistamine to the llrer

interrupted
change in the llrer (lees,

toxins was found to prorent pathological

1962» Rees and Spector, 1961» GallNiger at ml., 1936).

the offset of prosethaiin* hydrochloride on the Inter-

action between the S. hlistolrticf and RM1] eells was therefor#

studied. Zt was found that prosethasino hydroohloride protects

against the action of trophesoitee (MI*N= 1 3-1960).

the cell
rereal no gras*

electron microscopic atudiea of the contaetsd eells



pathological changes in contrast to the unprotected infected

cultured cells. This protective effect of antihistamine against

cellular injury due to 13. histolytica strongly suggests that
the primary target in cell death is the plasma menbrane

It is believed that in the initial stage of cellular
the damage to the plasma membrane is reversible (Bees, 1js:)

injury,
supported b~ Farber and

This idea of reversible plasma injury is

BI-Mofty (1975) who were working on the effect of galactosamine

dalactosamIne was found to induce membrane injury

on the liver,
components of glycoproteins and gl-to-

by altering the structural

lipids. Sue injury waa prevented tv the addition of uridine
The time of administration of uridine w-s found to be critical.
If uridine was added before the critical point of irreversible
menbreiie damage, the calcium concentration r t med to normal
At the critical point, however, the plasma membrane damage became

Irreversible giving rise to a markedly increased intracellular

oalolum and inevitable cell death. That the ealcl mion is the
key controlling toxicity in hepatocytes was also stressed by
Gallagher St al. (1994) and Thiers et al (i960). Whether an

in cultured cells in contact

increase in calcium ion concentration

with the amoebae is the main toxic factor in call death was not
determined. The possibility, however, that acounulation of

oalcium ions is responsible for aocslersting cellular injury in
histolytica merits further inveetigation.

cells in contact with j
relationship of Mg2* activated

As the histochemIral
ATPasa to the active t anaport ATPase is unknown (sss E.3»5)t It
is uncertain whether an increase in the reaction produeta for
Mg2* ATTaae on affected culture eella in contact with £. histolytica
reflecta changes in cellular Ka and r ion jentratlon. It ia
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« further step in the dttcrainatlon of the surface properties

of the amoebae. The" noticed that the surface coat of pathogenic
strains of S hiatolytic,-. has an affinity for the earbohydrate-
binding protein coneanavalin A (CON A). Tropbosoites ao treated
formed large agglutinatea. In contrasty no agglutination was

formed with strains from asymptomatic humar, carriers illustrating

an interesting relationship between the decree of agglutination

and virulence of _3. hlatol-tica.

such differences in the agglutination propertv with

CON A have been observed in eultured cells infected with simian

virua. ‘omal 3TJ uninfected cells required high (1000 ptt/nl)

concentration of CON A to produce half maximal
the cells only required

agglutination, but

on infection with simian virus,
60-100 ~ig/ml concentration to produce half maximal agglutination
(Wloolson, 1972).

In this stud”, 20CiNIH axenie strain
it is possible that continuous

trophosoltns

failed to lyse culture cells and thus
axenlc cultivation nay lead to a gradual loss of the factor which
governs the affinity of the surface membrane for CON A.

Although in this study no differences in the morpho-
logical features of the trophosoits glycerolyx in both non-
pathogeni ¢ (200INIH) and pathogenic strains (Swans, BP-1iDtSS)
were found, lushbaugh and Piller (1974) were able to show by using
special staining techniques that the gl~ooralyr of axenic amoebae

differed from that of monoxenie trophosoites in being nore regular

and eonp'Ct in the axenlc group. In nonoxenle celle, the dense
inner portion of the glyeocalyr was overlaid by Irregilarly
distributed peaks of nore fibriller notarial. The authors thought

that the increased prevalence of surface projections in the



monoxer.ie culture is correlated wit), virulence. If such a
correlation does exist, the gradual change in the appear-nee of
the glycocalyx of the trophozoites of axenic strains mv perhaps

correspond to the alteration in the affinity of the membrane for

coX A
Recent work by FInto da Silva's group has shown the
oomplea Its (Tinto da Silva et al., 1974, 197r|
liartines—aloao and Finto da Silva, 1974). Using .7. histolytica
investigate the concept of membrane fluidity which regards the

to
and peripheral components both

membrane as consisting of integral
of which move independently of each other, these authors treated

the trophosuites both with glycerol and with GG3T A peroxidase,

Influence the membrane components. The colloidal (Re’)

which
St ;r 1.Q and membrane particles

binding Sit#«, negatively sharpi
-o-ir sites (Pints la Un mamartinen-Csleae,

or uiti
cooijonents, whereas the COR A surface

represent the Integral
SSiii S sites, negatively charged at
When living trophosoites were pre-

reca, tore Mi 1«0 repraasnt
the peripheral components.
treated with glycerol before fixation there was s marked
aggregation of the merbran» particles and colloidal binding sites
(integral components®. Theae components wore found to distribute
in patches. Such marked induced aggregation was not accompanied by
COR A receptors and acidic sites. The distribution of peripheral
components was thus unaltered Similarly, pre-treatment with COR A
and peroxidase resulted in the accumulation of COR A surface

receptors at the urold end whioh waa devoid of integral components,

while the distribution of membrane particles end acidic sites
(integral components) remained unaltered over the whole body. These

results clearly underline the structural and organisational
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complexity of the plasma membrane of Z. histolytica
This study has provided strong evidence of the

existence of a surface toxin intimately associated with the piasma-

Although its identity has not been established

lemna or glycocalyx
indicate that a phospholipr.se is probably

there are pointers to

involved (see section 7.4»"

E.4-5 *) Surface-associated phosrholipase

As the Cr. rel-msing cytotoxioltv test is an accurate
indicator of cell lvsls it has been used extensively to Investi-
gate both the mechanism of target cell I'Mis by cvtotoxic

lymphoc-tes (Ferluga and Allison, 2974, 19751 Frye and Friou,
1975)» and the cytotoxic effect of leukocldin from Fseuiononas

The ICr is taken up by eells as chromate and is thought to bind
to cytoplasmic proteins. Its release depends on leaks in the
cell membrane large enough for molecules of a high molecular weirit
to pass through. It was therefore decided to use this test to

establish whether a toxin of amoebic origin was damaging the cell

membrane in monolayer culture systems
The fact that homogenates of X. histol'tica and £

Invadena lid not Induce release of ~Cr from labelled Chang cells

provides farther evidence thet the cytotoxic mechanism depends on

intimate contaot between an intact amoeba and a host-cell. The

ultrastructural findings also demonstrated that the addition of a
homogenate of £. histolytica tropheaoites to a HFI3 call-lina
non.layer did not cause in» significant morphological alteration
in tho colls, furthermore, the failure of the supernatant medium
indie tea

from 4bhr amoebic culture* to induce release of ACr
is not being eecreted - at least in any

that a C”totoxic substance
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weight polypeptide« (Huggins et el., 1976). Thus a breakdown

in hoet-cell plasma Membrane in contact with an amoeba mlf£it

indicate exposure of the host-cell surface to phospholipase A.

The actual site of j-hos holi; ae A, if present, is

conjectural. As the amoeba is prevented from being killed, the

enivne may either be bound on the amoebic glvcocalyx or actually

be an integral protein cf amoebic pl-enalemma. As TTTase was

localised within the amoebic vacuoles, and fuss™ vesicles were

demonstrated on both the vacuolar membrane and the plasnalemma

(see |*la Id seer possible that the acid mucopoly-

saccharides, glycoproteins and gl'~coliplds of the glvcocalvx are

being transported from the vacuoles to the plasnalenma via the
vesicles. It | I'M | aBMIMadfiB could
also be applied to the transport of phospholipase but evidence

for rich = mmmhandM le sli ht It ma” le th-t the eni"ir, la

present in a precursor ‘ore, and le activated onl- by amoeba-cell

contact. Frye and Friou (1977) in th~ir work on the inhibition
of mammalian cytotoxic ealla yy phoehntldyloholine and ita
analogue, etresaed th t moat phospholipases have been found to be

Incapable ef attacking the phospholipids of Intact plasma

mambranes. However, in the presenoe of membrane-perturbing agents

such as detergents, hypotonic milieu or direct lytic factor, s

small basic psptids found in snake venoms, the ensues ere able

to oatalyms the conversion of phospholipids into their derivatives

(Frye and Frlou, 197~). It le thus possible that phospholipase is

present on the culture csll surface as a precursor form, and

requires activation by a eatalvtie factor present on the amoetle

plasnalemma.

The " Cr evtotoxioitv experiments indicate! damage to
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plaaan »enbrane of the 0*11 allowing largo »oleeulea auch aa

the
The possibility that prior to thia

protc-lna to leak throng.

mmailer molecule« hare paaaed throu~i the plasma nerbrane in

response to oamotic change must now be oonaidered. Oreen et al

(1999) were able to dspjonstrate that complement produces holea

in the cell aerbrane. These allow email moler-
potaaaiua, amino acis and ribonucleotide« to paaa through but not

larger molecules such aa proteins and INA which do not peas through

until the holes are enlar.ed through an influx of water causing
mwalling of the call.

rarluga and Alllaon (1 74)
md ch-rmnnn (1976),

in their etudlee of tumour

cello in contact with T—ynphocvtes,
working on the c.rtotcxie action of leukocldin froa Peeudaweaaa
»en.Ino»e. supported 3rean et al'e findings. These autlore whre
able to demonstrate that marker of a lower aoleeular
walghtt wae released froa the cello »ore rapidly than Irr,
indicating that large molecules are released only after swelling
of the cells has led to increased permeability of the plaaae
maahnme. Scharaaan regarded such a phanaaaaoa as a "ecllold-
oanrtic process". Ferluga and Allison (1974) however believed
that phospholipase A play» no part in the eytotoxia effect of
T—.vnphocytea on tuaour cello« their conclusion being based
if killing of target eella

Membrane due to phospholipase*

on the assumption that involves dis-

ruption of the etiajcture of the oell
both markers déRb* and 51Cr should ba released simultaneously.
They thus regarded lyala due to oaaotlc change aa a totally

diffsrent phenomenon froa that of ooapleta breakdown of the cell

aeabr-ane due to phospholipase A.

The present morphological studies on the interaction






174

HOTE OH THE USWULVESS OH CELL CULTORE STST3TS

Continued cultivation of Entamoeba histolytica

axenically and monoxenically nay lead to a diminution in degree

of invaaivenene and Infectivity in laboratory animals (Phillip*
and Bartgis, 1954» Phillips at al., 1972» Phillips, 1973»

Bos, 1973» Pos and TTage, 1975» W ittner and Rosenbaum, 1970»

"animoto at al., 1972» Diamond Sue), progressive
loss of virulence is, however, found to be unrelated to length of

individual strain oulture time nnd strains cultured for the same
length of time do not prove to be equ'll virulent (Diamond et al

1974)« Neal (1971) believed that amoebae are nomallv avirulent

in the intestinal lumen and that in response to some unknown

they change into virulent organisms. It will be seen

that there is inconsis-

stimulus,

from the introduction to this work (B.2.2)
tency in published results of attempts, using laboratory animals,

to identify host factors whloh might stimulate the amoeba to invade
tissue. Neal (1971) commented that a complex laboratory animal is

not the ideal model for the determination of invasiveness.

Acell culture amoebic system has on the other hand

been shown to be eminently suitable for the study or early

amoebiasis lesion (Pnigfct, Bird and HcCaul, 1975) and this alterna-

tive technique has been employed in this study in which the
determination of degree of virulence provides an ndmlir ble example
of the superiority of such a method over one using laboratory
inevitable vori-tion between hosts.

200iNTR and PV-IIHSS were tested

animals with

Two axenic strains,

for virulence bv adding the amoebae to monolayer (RH3) which is

known to be readily affected by monmenic strains (Ini t et 1.

1975)« The amoebae were left in oontact with the cells for two
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hours, «.tar which the culture w-a euurinad for pathological
ohaago. In on# strain, 200iNIH, no alteration In fins structure
was noticed in the contacted cells In contrast the oells
responded to the amoebae of TV-1tIKSS azenlc strain, and patholo-

gical changes were easily detectable. It Is apparent that there

is » variation In the degree of rirulenoe among axenlc strains of
lied
Chang culture cells causing a release of chroalua is yet another
example of the usefulness of cell-oulture systems as an alternative
model in the Investigation of contributory factors in restoring
virulence and In the detersn&tion of invasiveness and infectivity

in differing stralnk of  histolytica.
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SUKKATT AITD COHCUTS10»
uxporimunta rscor led in this tteeeia bar* illustrated

the following points i
1) Fixation in-aitu of trophosoites cultivated on

glass covaralip hns baan found to provide a batter preservation

of extracellular surfaces. Scanning microscopy observations

supported by thin-seotloning techniques have revealed a new

feature, the existence of filopodia

Thiamine pyrophoaphntase is present in the amoeblo

like a.lgi coaplex can

vacuoles Inlieatlng that these vacuoles

play ar. inportant secretory role in the synthesis of poly-

saccharides and glycoproteins as veil as in the formation of
primary lysosones,
3) Contact between the amoebae and the oulture cells

for pathogenesis to occur

is essential
In pathogenesis of amoebiasls, viruses do not play

4)
a primary role in host-cell dam-ge
5) Changes in cytoplasmic ultrastructure is not an

expression of primary datr ge to the cell.
The amoebic ens.vme-contalning organelles ..

o)

surface lysoaones do not exist and they are not responsible for

sell damage.

7) Disruption of in the distri-

Irsoeomos or changes

bution of lysosomal hydrolases in the host eells occur late

following the addition of trophosoites.

8) Promethasine hydroehloride prevents damage to cells

in contact with trophosoites by stabilising cellular membrane

integrity and by preventing permeability change
A toxin, probably an amoebic surface associated

0



phospholipase A, impairs the contact call plasma nembrana

selective permeability as shown by Cr. ralaaaa experiments. Prom
it can ba deduced that tha toxin breaks down the cell-

this
acid, and fatty

membrane, lecithin to lysolacithin( a potant Ivt

acid. Lysolecithin is capable of attacking the phospholipids of
an intact oall membrane causing further breakdown in call

components due to osmotic changes. Ones the cvtoskeletal control
within tha contact cell is lost, tha asoaba is able to phag»-
eytixe tha call and injured oall componsnts are taken into tha
amoebic vacuoles where intracellular digestion takes place.
10) Promethasine hydrochloride, which jmrM t« damage

in contact with trophosoitea,

This work shows micrographs of an amoeba ingesting

to calls does n”t inhibit aaMebie

phagooytosls.
a healthy cei I plasma membr-ne

11) Call culture systems are in many ways preferable

to laboratory animals in the study of amoebic pathogenicity.
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Fine structural changes at limtamoeba histolytica
rabbit kidney cell (RK 13) interface
Bv K KNIGHT«, R.G. BIRD* and T. F. McCAUL)J

iAmJim School of Hygiene anJ Tropica! Medicine,
Keppel Street, Career Street, temJim

ReceiveJ /8 June 1974

Several observation« suggest that in amorbiasi« contact between amoebae and cell«
precedes tissue damage Thuc in the early caecal lesion in rat», amoebae are found firmly
attached to mucosal cells (Bird, 1961), In vitro the studies of Jarumilinta and Kradolfer
(1964), using blood leucocytes, and those of Katon rt at (1970), using mammalian cell
lines grown in Rose chambers, have both shown the necessity of cell contact. Although
Entamoeba histolytica is well endowed with potentially cytotoxic enzymes (Jarutnilinta
and Maegraith, 196V) their role in pathogenesis is not cleat

The cell line RK 13, grown as a monolayer, provides a suitable =host for studies of the
cytopathu  effect of E. histolytica in vitro. It attaches firmly to glass and can withstand
for several hours the physiological conditions provided by amoebic Trvptose, Trypticaae
Yeast (TTY) medium (Diamond, 196«) This paper describes morphological changes
that follow the addition «f bactcria-frce E histolytica trophozoites to this substrate.
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