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Antibody responses to soluble and cel].ular antigens héve 'beenf

demonstrated in juvenile and adult plaice, Pleuronectes &atessa- L.

A relatively strong prec1pitating antlbody was produoed to calf serum,
but not to bovine serum albumin. The onset, and magnitude of antlbody
vproduction was: tenperature-‘dependant and .physmo—,chemlcal characteris-
ation of plaice precipitins indicated they were of the‘ IgM class. - -
Pla:l.ce 'alsoifprodticed haemsgglutinins, :fol_.low_i_ng injectioﬁ' of rabbit
exy‘throcytes-,‘ with a suggestioh ©of a heightened response upon second-

ary stimulation with the antigen.

An evaluation was made of the humoral ‘immune response of the fish

to three tissue parasites; Rhipidocotyle johnstonei and' Cryptocotyle

lingua, the metacercariae of which develop in the musculature and:

oonnectlve tlssue of plaice; and Trypanoscma platessae, a haemoflagellate.

Elevated levels of B-globulm were detected in the sera of T. Dlatessae _

-infected plaice, and it is suggested that this may be associated with

antibody secret:.on to the parasite. E‘urther studies were made on the

biology of T. platessae, including efforts to maintain the parasite,

by passage, in the laboratory.

Natural and experimenﬁal infections w1th the metacercariae. of

C. lingua and R. johnstonei induced a temperatufe dependant, ‘precipitin

response in plaice. Application of the indirect fluorescent antibody
technique suggested that £he functional antigens of both parasites -

included samatic elements, however the antigens of R. johnstonei _v;garé

also clea.riy assoéiated with secretory tissues.

A 'natural' antlbody, present in the sera of the majorlty of test

plaice, was found to orecmltate in agar gel with an antigenic extract

of the nextxatois, Prolewtus obtusus. : This. was cons:.dered of partlcular



interest, as P. ocbtusus is a parasite specific to the dogfish and
is unknown in plaice. The precipitin, first suspected of being non-~

specific C-reactive protein, was later characterised-as 195, IgM.

The nature of serological and immunological changes in fish
subjected to imunisation and parasitic infection was reviewed

and discussed in relation to the findings of the present project.
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INTRODUCTION

 The prablems of disease in fish farming. have been dlscussed n

several recent symposia, the éroceedings of which have been edlted

by Snieszko (1970, a) Taylor and Muller (1970) and ’Mawdesley-'lhcxnas
(1972). It .is indicative that the main topics of these meetings
related to diseases in freshwater systexﬁs, as tile farming. of 'these
fish is long established. In contrast, the study of parasitic
disease 1n the marine envirormment has been neglected, but; -with
~ the recent advent of marine fish famming in the U.K., research in -
this field is of some urgency. Further, Swift (1970), in discussing
the fuﬁure of maxine aquaculture l'isteaﬁdisease as one of.the

‘significant areas for research in the future.

At the start of the present work the plaice, Pleurcnectes
platessa L., was bei_ﬁg used by the White Fish Authority in feasibility
trials and for this reason was sel'ected as a suitable host for study.
Matthews (1968), and Mackenzie and Gibson (1970) had previously drawn
. attention' to the importance of certain parasitic diseases in young
plaice. The object of the present study Vw_as‘ to make a critical
investigation of the plaice's immune response to selected pdrasites.
Although there is now much information avaiiable on the fundamental
principles of fish immmology, reviews on the subj‘ect-'being, presented |
by Clem and Leslie (1969) and Cushing (1971) thefé:-i*Hasr;beénf 'Jﬁ’ttle
emzhasis on the role of immmity in parasitic disease. Of pérticular
note are the reports of Nigrelli and Breder (1934) and Hines andl
Spif_at '(1974) , who demonstrated acquired prot_ective immnity in fish
t.o-pa.rasitic agents, and that of Harris (1972) who characterised
7"b0t:h the antigen and antibody mvolved in a fish host/parasite

system.




In the present instance, three tissue parasites of plaice were
selected for study, as it was considered these would provoke a more
pronounced host immunity than external or intestinal, parasites.

These parasites were the Digenea Cryptocotyle lingua .and Rhipidecotyle

johnstonei, and the haemoflagellate Trypanosoma platessae. The

biology and life cycles of C. lingua and R. jchnstonei have been

described by Stunkard (1930) and Matthews (1968), respectively. The
metacercariae of both species occur in the muscles ‘and cbnnecfive'

tissue of the host, but they differ significantly in that R. johnstonei

‘does not secrete a cyst and is progenstic in the plaice; !

Prior to investigating these selected models, however, it became
necessary to study same of the basic features of,fhe plaice's .serology
and inmmunology. An evaluation of the fish's humoral respbnse to
specific antigen, under controlled laboratory conditions, assisted in
the interpretation of the more complex host/parasite systems. The
latter demanded different experimental approaches which were largely‘
dictated by the availability of the parasite svecies. Of the two .
digeneans, experimental infections were only possible with C. lingua,

a source of cercariae being available from Liitorina littorea.

Studies .on R. johnstonei were restricted to naturally infected, wild
'0' group plaice. It was demonstrated that during the six months

after initial infection with R. johnstonei, increasing mumbers of

‘the plaice population produced .specific antibody to the parasite.
In studying both metacercarial infections, particﬁlar attention was
given to the identification of the antibody-antigen camplexes, and
to the use of the fluorescent antibody technique in labelling

parasitic antigen.




The low levels of T. platessae infection in wild fish.and its

apparent inability to multiply in the plaice, made routine collection

‘and laboratory maintenance of this .parasit'e-'impracticable. ' Gfonsequently :

a full experimental'anaiysis of immmity to T. platessae was not
possible, but certain aspects of the serology of infected plaice
suggested a seasonal ‘secretion of antibb_dy to this parasite, probably

mediated by temperature.

" . Investigations on the potential cross-reactivity of plaice sera

to a number of helminth antigens, revealed a serum precipitin to a

nematode, Proleptus obtusus. This was considered to be of particular

- interest as P. obtusus is an intestinal parasite of the dogfish and

is not known to infect plaice. Further, physico-chemical studies
revealed this precipitin to be an antibody and not a non-specific
factor such as C-reactive protein, and the significance of this is

discussed.

To summarise, the aims of the present research were to provide
fundamental information on the immune response of plaice, especially
in the disease situation, where relevant data may prove vital to the

future prospects of commercial marine cultivation,




Chapter 1

REVIEW

-Past work is discussed under two headings, namely fish mmunology
and marine trypanosomes. The latter is considered relevant in view of

investigations presented here on Trypanosama platessae in the plaice,

and further, as far as is known, there has been no recent review of the:

literature concerning trypanosomes of seawater fish.

Particular emphasis has been placed in this section on the
phylogenetic develomment of fish immmoglobulins, and on the role of

the inmune system in disease.

The abiiity of fish to _pr.oduce .antibody to a wide variety of
antigens has been known for some time and iﬁtid studiés in this
field have been reviewed by Good and Papermaster (1964) and Smith et al
(1966). - It is evident from these that up _to the mid 1960's little was
known of the physico-chemical nature of fish immunoglobulins. Clem.
and Leslie (1969) have discussed the progress in th_'LS aspect of‘fish
immuinology. The more accurate analysis of piscine antibodies has
allc;ned comparisens with the well defined classes of mammalian immuno-
glcbulins, -with the general _oonceﬁt_: em_ergingr?’of- only;:orieh}ixim‘u,négflobulin .
class being present in fish. ‘This immmoglobulin has heavy chains of

the y- type and in this and other criteria represents an IgM class.

The subclass Cyclostomata, comprised of hagfish and lampreys;
represents a group of vertebrates phylogenetically more primitive than
the cartilaginous and boney fishes (figure 1). Good and Papermaster

(1961) and Papermaster et al (1964) failed to demcnstrate an immme

response in the hagfish, Epatretus stoutii, held at 10% , to Brucella
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7 ‘abortus, BSA, haemocyamn and viral antigens Further, they were
iunable to detect an antlbody response to Ty .phage antigen in the more

‘highly evolved lamprey. Finstad et al (1964) and Good and Finstad

(1964) established the presence in hagfiish, of lymphocytes, suggesting
the existence of a mechanism for antibody production. Althoigh they
could not induce a humoral response to BSA, and bovine gamma-globulin,

they did dernonstrate agglutinating antibodies to the Brucella antigens.

Thoenes and Hlldemarm (1969) showed that hagflsh produced' anti-
bodies to keyhole limpet haemocyanin (KiH) at 20 C. The antibody was
in the macroglcbulin fractions of the serum and had a sedimentation
coefficient of approximately 28S. .Clem and leslie (1969) have suggested
that the hagfish immunoglobulin may be a dimer of the 195 TqM molecule
found in the higher fishes. Neutralising antibodies to the bacterio-
phage £2 were found in the 6.6S and 145 fractions of immunised lamorey
serum by Marchalonis and Edelman (1968). Thoenes and Hildemann (1569)
reported typical graft rejection in hagfish at 19°C. Allografts, which
were rejected after approximately 72 days followed the same rejection
mechanism as higher vertebrates. Moreover, the decreased 'vrel'jection

time for second and third set grafts pointed to an anamnestic response.

'Finstad and Good (1964) induced systemic anaphylactic shock when they

repeatedly Iajected an adjuvant-antigen emulsion into hagfish. They
also reported delayed-hypersensitivity to tuberculinfantigen, but did
not substantiater this with further histological and cell transfer

studies.

Preliminary reports of antibody production in elasmobranchs by
Clem and Sigel (1963, 1965) and Papermaster (~19_65) indicated the
presence of high molecular weight ‘antibodies; the activity of which
ocould be destroyed by 2-mercaptoethanol {(2-ME). Marchalonis and

Edelman (1965) were able to induce a 17S antibody after immunisation
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with Iimulys haemocyanin in Mustelus cams They also noted a 7
protein in the-sserum, Wh.'l.Ch although not. pos'sessing antibody activity,
cross-reacted with the 175 prote.ln in immmodiffusion tests. ".Both the
17S and 7S proteins were antigenically identical and appea.red to possess
light and heavy polypeptlde chaJ.ns .camparable to those of higher verte-
brates. They suggested that M. canis had only one: class: of mmmoglobulm s

resenbling the IgM of mammals,

Clem and Small (1967) and Clem et al (1967) induced 78 "immunoglobulins
in lemon and nurse sharks after prolonged periods of imnm'tisa‘tion. 17s

and 7S immunoglobulins, antigenically identical, were demonstrated in

the leopard shark Triakis semifasciata by Suran et al (1967) after intense

stimulation with a viral antigen and KIH.

The most primitive elasmobranch studied to date Heterodontus francisci

was shown by Frommel et al (1971) to possess 18.5S and 7S immunoglobulins

after immmnisation with Brucella abcrtus antigens. Althbugh H. franecisci
.possessed two antibodies of differing molecular weights, like other

: elasndaranc‘:hs,. these were confined to one class, by virtue of the heavy
chain, which in both cases reserbled the u-type chain of manmals; Upon
reduc}tios with cysteine the 18.55 immunoglcbulin gave 75 fragments that

still retained agglutinating activity to B. abortus.

In contrast to this Thomas et.al (1972) were able.to’demonstrate

antibody to T2H phage antigen, in Platyrhinoides triseriata, in the

macroglobulin serum fraction only. No antibody activity could be
detected in the smaller protein molecules in the immmne serum, but

this may have resulted from the short immmisation period used.

-Dbre recent "studies of elasmobranch immunoglabulins have centred
upon a nofe-detailed analysis of physical structure and function.

Voss et al (1971) investigated the functional binding properties of a -
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hatural " shark antibody (IgM) against a 2, 4-dinitrophenol antigenic
determinant; and found that the shark IgM had low affinity for. the

tested ligands. Klapper and’ Clem (1972) produced 75 IgM from pentamerlc

" shark 198 IgM, following reduction and alkylation. They considered

that 5 disulphide bonds were re_duoed in the cleavage of the 195
moi‘ecule, and the bonds were labile, confined to the H-chains and

involved-only one cysteine:molecule per H-chain.

Sledge et al (1974) determined in nurse shark the terminal 28
amino-acids of the L- and H-chains £ram specifically indiced antibody.
Stanton et al (1974) noted a relatively constant 'pentapebt’ide. sequence
in the variable (V) regions .of shark, bird :and marmalian light chains.

They cdnsidered that this constant region must serve some important

~ function to have conserved its sequence of amino-acid residues over

400 ‘mill.ion years. of phylogeneti'c developme_nt..

Limited studies of the immune campetence of the primitive boney
fish, namely the holosteans and chondrosteans, have been made (figqure 1).

The holostéan . lepisosteus platyrhincus, was J‘.-mrestiéated, by Bradshaw

et al (1969). Litman et al (1971, a) isolated from Amia calva serum,

13.6S and 6.3S antibodies using B. abortus as antigen. Camparisons of

the two revealed their basic similarity and closeii‘e_lation'ship to human

IgM, both the low and high molecular weight proteins having slow beta
electrophoretic mobility. ILitman et al (1971 ,'_;5 b) fade a more’ detailed

study of the subunit nature of the A. calva, immuoglobulins, from

~which they postulated the 13.6S antibody was a i:etrame.ric-form of‘ IgM.

‘This, in turn, could be reduced to monomeric umts, the H- and L—chains

of Wthh resenbled human u and K chalns respectlvely. The H- chains of
the tetramer and moncmer were compared antlgenlcally and found' to be
identical, thus confirming a single class of irmmrbgl{:bulin,- igm, m

this species.
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. The chondrosteans appear to manifest .similar features to the

holosteans. Polyodon épathula: produced macroglabulin antibody with

‘beta mcbility after Fish et al (1966) injected them with Brucella.

and Salmonella antigens. They noted, however, that even after pro-

longed immunisation no shift to low melecular antibody occurred.

Thé ability of teleost fish to produce agglutinating antibody
to bacterial infections has been known for -some time. Smith (1940)
and Bisset (1947, 1948 a) utilised the ‘.ability of teleosts to produce
agglUtininé to bacteria, to study basic features of the immune response

of fish. Clem and Sigel (1963) produced.relatively low agglutin titres

following immunisation of Haemulon albium with _S_almnella paratyphi. B.

organisms.

Production of agglutinins to Salmonella paratyphi H. antigen A was

noted by Harris (1973). After 75 days, at 18°C, fish had an optimum
antibody titre of 1:512, as opposed to an optimum of 1:128 at 5°C. A
similar effect of temperature on production of bacterial agglutinins
was noted by Nybelin (1968) in Tinca tinca injected with Vibrio
anguillarum. From a temperature range of 10 - 25°C the response was

closely related to the ambient temperatire. At 5°C, however, dace

- did not secrete any detectable antibody Upon transference to water

at 20°C theée fish exhibited high agglutinin titres after 24 hours.

Lewis and Sévage (1972), using the indirect fluorescent antibody

technique, detected anti-Aeromonas liquefaciens immunoglobulin in

three teleost species. Schachte and Mora (1973) lndlcated that the

‘warm water species Ictalurus pinctatus, produced high antibody titres

after injection with Chondrococcus columnaris. There were no significant -

differences in antibody titre using the sub-cutaneocus and intra-muscular

routes of injection. Fujihara et al. (1964) demonstrated a response in

the trout to C. columnaris: similar to that of the channel catfish.



Evidence for an anamnest:.c response in sockeye salmon to a
bacterlmn, causing salmonld kidney disease, has ‘been given by E.‘velyn
" (1971) . He found a -conoomltant- increase in: serum proteins :of gamma
-and beta electrophoretic mobility, with onset of. ani:ibody production

to the bacterium.

- Agglutinins have also been induced in teleosts to 'particulate
antigens other than bacteria. Ischaemagglutinins have been demonstrated
in the goldflsh by Hildemann (1956, 1958) and in rainbow trout,, and

sockeye salmon by Ridgway (1962), and Ridgway and Klontz (1960) .

There are relatively few reports in the literature of neutralising
antibody to viruses. Uhr et al (1962), Papermaster (1964), Clem and
Sigel (1963) and Wolf and Quimby (1969) have shown that freshwater and
marine teleosts produced antibody in reeponse to infection with viral.

particles,

Teleosts have shown the ability to respond to soluble antigens by
the production of precipitating antibodies. Ridgway ‘gi_l_ (1966)
reviewed early reports of precipitin production in teleosts. Post (1963)
found precipitins in the sera of trout immmised with a protein extract
fnom a bacterium. Clem and Sigel (1966) induced weak precipitins in
margates and grey snappers after repeated injection with BSA. They also’
reported an anamnestic.response to BSA in the:marine teleosts;-but not
in the'more primitive' gar. Margates and snappers, whilst lacking
garma globulin, seemed to be efficient synthesizers of antibody. These
antibodies were 2-ME sensitive macroglobulins, with electrophoretic
mobilities comparable to the IgM of man as defined by Miller and Metz.‘*ger
(1965) .

Hodgins et al (1967) administered BSA and KIH to rainbow trout.
Anti-haemocyanin precipitins were detected in the macroglobulin fraction

of the serun. Anti-BSA precipitins were associated with two distinct
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proteins demonstrable by immumnoelectrophoresis, having, sedizfehtation -
. coefficients of 135 and 10.55. Truw and Hilldemann (1970) discovered .
two Donulatlons of antibody in goldfish immunised with BSA Further
confirmation of this was given by Trump (1970) who separated two.
proteins with anti-BSA activity by i_rrtttunéelectrophorésis, the sediment-

ation coefficients of which were 16.4S and 15.3S respectively.

Marchalonis (1971) reported that Carassius auratus and Cyprinus

carpio responded to soluble protein antigens by the production of IgM-
type antibody. The IgM molecules of C. carpio were viewed under an
_electron .microsoope by Sheltor;'and Smith (1970) who found them to havé

a te'ﬁrameric form. Everhart and Shefner (1966) compared the specificity
and avidity of rabbit and C. auratus anti~BSA antibody. Thev found that
the fish serum had greater levels of antibody, but this had lower avidity
than the rabbit anti-BSA. - ' |

Leslie and Clem (1969) reported the ability of several poikilo-
thermic spécies to produce specific antibody to a DNP determinant. Clem
(1971) utilised this to. study the physicb-dlemical nature of anti-INP

immunoglcbulin in the giant grouper, Evinerhelus itaira. The serum

cxantained 165 and 6.4S immmoglobulins, the former having an approximate
molecular weight of 700,000, being corrposed of approximately equimolar
amounts of lwavy and light ‘pOlypéptide chains. It waé suggested that
the 165 protein was a tetrameric form of IgM,i.nSteadof ‘théfmore
'typical' pentameric molecule. The valencies and associati(:)n.constants
of this anti-DNP immunoglobulin were further studied by Clem and Small
(1970). A similar tétrameric antj.body fran rainbow trout was reported

by Dorson (1972).

Fletcher and Grant (1969) detected antibodies to KLH, and two
particulate antigens in the serum and mucus of immunised plaice. The

immmoglobulin was of large molecular weight, resemblingj a 'fast'
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immunoglobulin of the higher vertebrates. Upon reduction and alkylation

the 12.4S immnoglobulins yielded light and heavy polypeptide chains.
Thes',e-‘ results were largely repeated by Fletcher and Whiite, (1973) using

a soluble antigen extract fram Vibrio. anquillarum. They found, however,

~ that oral immmisation with Vibrio ‘antigen induced higher antibody titres

in the intestinal mucus than in the serum.

Klontz (1970) using agar gel diffusion partially elucidated the

nature of precipitins to protein extracts of Aeraronas salmonicida in

- salmonids. Antibody activity was confined to protein: with beta-2 eléctro—
~phoretic mobility, there being no antibody activity in the gamma-globulin

fraction.

The accumilated knowleﬁge of fish immmnology has foun'dl practical
application in the treatment and understanding of fish disease. As
indicated above, teleost fish may produce a variety of antibodies with
different functional nroperties. There are, however, very few records

of antibody production to parasites. -

Knowledge of immmity to metazoan parasites was reviewed by
Snieszko (1969) who reiterated the cbservations ofl_'Baue.r (1958) on t‘ﬁe
sparse and fragmentary evidence of mmunity in fish disease. Finn
(1970) has also reviewed fish diseases with svecial emphasis on
cellular and inflammatory responses of fish to their pathogenic

organisms.

Molnar and Berczi (1965), ‘using precipitati’on m agar gel, reported

the presence of specific précipitiné in the serum of Abramis brama

infected in the cestode Ligula intestinalis. Harris (1972) demonstrated

ant'ibbdy in the sera of chub, Leuciscus. cephalus infected with Pamphorhvn-

chus ‘laevis, that specifically precipitated with a saline extract of the

parasite. Lethal factors in the serum of Raja radiata. to-the cestode

Acanthabothrium quadripartitum were describéd by McVicar and Fletcher



‘ 17
' (1970).-. They postulated that an antibody-complement system, already
. 'well docuvented in fish by Legler et al (1967), was.respensible for

the death of the cestode in the serum of R. radiata.

The presence of immunoglabulins in fish mucus is of obviocus
survival value to the host. Indeed, some of the earliest obsei',;fationS'
of immmity in fish were made by Nigrelli and Breder (1934). studying
the protection afferded by fish mucus-to ‘mrzogenetic tramatodes.

Nigrelli (1937) studied the immmnity of marine aquarium fishes to

Benedenia melleni. Fish that had overcome previous infestations of

this external parasite wére able to i'ésist further attacks. Live

B. -melléni spécimens placed 1n mucous preparations fram impmne dogfish,
grouper and ray were moribund within 3 - 4 hours. In the mucus of

fish susceptible to infestation, the parasites survived for.2'4 hours,
and for three days in seawater. A similar situation was reported by
Reuling (1919) who demonstrated that gar, Lepisosteus sp., after external

infection with the mussel glochidia fram Lampsilis lutecla, could success-

fully reject further glochidia. Ring precipitation tests indicated low
levels of antibody in the serum, and glochidia were inactivated by mucous
preparations from immune fish. Hines and Spira (1974) demonstrated

immobilising antibody to Ichthyophthirius multifiliis in the mucus of

Cyprinus carpio that had overcame sub-lethal doses of this protozoan

parasite.

More recent Qork has elucidated the nature of the protective
immmoglobulins in fish mucus. Barry and O'Rourke (1959) showed by
chromatography that each species of fish 'has its own c:haracteris-tic
mucus. O'Rourke (1961)‘ reported that rabbit anti-bass serum cross-
reacted, in immmodiffusion tests, with i)ass mucus indicating the

presence of serum proteins in the bass mucus.
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Dobson (1972) has reviewed the literature -'conceming the irmmune
‘response of mammals to gastroi_t}testinal helminths, pomtlng to the
importance of specific, secr;atory antibody in-the mucus of the IgM
class. At present, no specialised secretory iﬁnmmlobuﬁn class has
been demonstrated in fish mucus. Harris (1972) identified weak precipi-

tins in gut mucus' extracts of Leuciscus cephalus, infected with the

acanthocephalan, Pomphorhynchus lagvis. The mucous antibody appeared

identical to the serum anti- P. laevis immunoglobulins. The latter,
on the basis of melecular weight and sensitivity to 2-ME, was designated

IgM.

A 12.4S, IgM was demonstrated in the cutaneous mucus of plaice
by Fletcher ard Grant (1969). Bradshaw et al (1969} found IgM in the

senum and mucus of the holostean, Lepisosteus platyrhincus. The immuno-

N

globulin in the mucus was totally éuscéptible to 2-ME redubtion, and
rabbit anti—gar IgM neéutralised the antibody activity of this immuno-
globulin. |

It has recently becane apparent that fish antibody, with associated
camplement, may not be the only biochemical means of defence against |
'pathogenic organisms. L}I(sozyme, the bacteriolytic enzyme, was shown
to be present in the sera of several specieélof flatfish by Fletcher and
white (1973). Lysozyme was also found in body':ti’ssues and cutaneous

mucus of plaice.

Baldo and Fletcher (1973) pointed to the existence -of C—-reac’tive
protein in the serum of plaice. CRP precipitated in agar gels with
saline extracts of nenﬁtodes, bacteria and fungi. This .CRP seemed to
be p-resent in ‘healthy plaice, as opposed to mammals where it only
occurs in the acute phases of specified diseases. Ellis (1973)
inferred the potential value of CRP in poikilothermic animals with

temperature depe_nd_ant immme responses.
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“Attempts: at ‘the systemdtic control of disease, using our knowledge '
of flsh mmunology, have been largely oonfined to bacterial pathogens

Klontz and Anderson  (1970) and Snieszko (1970) have reviewed the - J.mmmis-

" ation of frshes against bacteria with particular empha.s15 on or_a-l ixrmunlsa-

ation. This method has proved‘ more, convenient than pa.rental J.nmunisatlon
and, as such, has greater potential in the vacc1nation of large nurbers

of fish. Two pathogenic bacteria have been studied in detail, namely

Aeromonas hydrophila causing "redmouth disease" in trout, and Aeramonas
salmonicida the causative agent of furunculosis. As the problems and
methods of approach have been much the same for both diseases, attention

in this review Will be confined to A. isa]n'onicida For further details

on A. hydrophila the reader is- referred to the work of Ross and Klontz

(1965) and Post (1963, 1966 a, 1966 b).

Oral immunisation of Salmo élarkii,against A. salmonicida was

successfully carried out by Duff (1942). Snieszko and Friddle' (1942)

- carried out further J.nvestlgations with this bacterium in Salvelinus

fontinalis. Following oral J.mmnisation, however, the ‘trout were not
fully protected against parental challenge with thé bacteria. These
results do not negate Duff's earlier report of success, as he challenged

his immunised trout with external exposure of virulent bacteria.

Klontz (1966) extracted a toxin from A. salmonicida and added

this to the normal diet of brook trout over 30 days. Using mnmnofluor-
escence he was able to demonstrate the presence. of hamologous antibody
in the lvrrph01d cells of the flSh Further experienents by Klontz

(1967, 1968) on coho sa]mon Oncorhynchus kisutch using an oral

"immunisation procedure with A. salmonlc1da antlgen, indicated increased

protection fram furunculosis in this fish.



Since these early reports of success, Klontz (1969) has regiorted
equivocal results on the effectiveness of oral irmunisation against

'furmculosis. ‘The suggestion ‘has been made by Krantz :(1964) that.oral

vaccination with living or killed cells of A. salmonicida is not as

effective as pa.renta.jL administration of the bacterial antigens.
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"TRYPANOSOMES :OF MARINE FISH

The first record of a trypanosame fram a fish Ihost was: that of
Valentin (1841), who cbserved a protozoan blood. parasite from the
sea trout, Salmo furio. Trypanosomes were subsequently reported fram
a variety of freshwater fish: incl'udjhg. tench, perch, gudgecn and vpike
by Remak (1841), Gros ‘(1845l), Berg (1843), Wedl (1850) and Chausat
(1850). | .

Danilewsky (1885} described trypanosomes in Cyprinus carpio,

Tinca tinca, Cobitis fossilis, Cobitis barbatula, Esox lucius, Perca

fluviatilis and Carassius vulgaris. He distinquished two morphological

types, both of which possessed an undulating membrane and free flagellum.
Trypanosames fram freshwater fish were revorted by-Lingard (1899) which,

in form, resembled those described by Mitroohanow (1883).

Laveran and Mesnil (1901) noted for the first time, a trypancsame
from a marine host. 25% of Solea solea thev investigated were infected

with a species which they designated Trypanosoma solea. Brumot and Lebailly

(1904) and Lebailly (1904) described 9 new species of Trypanosoma from marine
fish, five of which were flatfish (table 1). _Lebailly (1904) noted

that 1 of '6 plaice was infected with T. platessae. The latter coexisted

- in plaice blood with Haemogregarina platessae. Similarly, T. flesi

occurred in Pleui:onectes- flesus along with H,. flesi.

Iebailly | (1905) in a review of marine haematozoa described all of
the marine trypanosames recorded up to 1905, ahd.also, indicated the
criteria for the naming of new species. These were based chiefly on
morphological features, and to a lesser extent on the specificity of
the fish host. Lebailly (1905) was unsuccessful in passaging tryi:ano—
SCanes from one host species to another. For j.nstanoe, he attempted,

without success, to transmit T. limandae from Limanda limanda, the

natural host, to Anguilla‘an'm:illa. T. platéssae,T. callionymi and



TABLE 1. Records of All Species of Marine Trypanosama with Morphological Descriptions..
o . 7 MORPHOMETRIC RECORD | |
TRYPANOSOMA HOST SPECIES ORIGINAL _ Distance of  wigr., NOTES ON OTHER
. SPECIES AND LOCA'_I‘ION DESCRIPTION Total Flagellum Body Wwidth 'Kine'tep'iast mdul';ﬁng DISTINCTIVE
| Length  ILength  Length """  _'poot” mip . Membrane  [EATURES
T. soleae Solea vulgaris Laveran and 8 32
T sole (France) Mesnil (1901)
T. granulosun Anguilla vulgaris Laveran and | 80 25 55 2 5_3 0 Nucleus occupies
T eel (France) Mesnil (1901) H U full body w1dth
- T, scylliumi Scyllium stellare Laveran and _
o : dogfish (France) Mesnil (1902) 70-75u. 14 61 56
T. rajae. Raja punctata, . Kudo (1923) reports
S . Raja mosaica, &ngeniin (?;gz) 75-80u 20 60 nucleus occupies
skates (France) T _ full body width.
T il Gobius niger, Brumpt and ‘ :
o goby (France) Lebailly 66u 10 56 5-5.5 7
(1904)
T. callionymi Calliochymus Brumpt and
o dracunculus (France) Lebailly 70u 5 65 5 1k
(1904)
T. cottil, " Cottus bubalis erpt and
. (France) - Lebailly 53u 8 45 5 7
(1904) | _
T. delagei Blennius pholis Brumpt and ' : Undulating merbrane
blemny (France) Lebailly  ~ 33u 12 21 2.5 7 6-7 as wide as body.
' (1904) ' Nucleus 3 x as long

as wide.

N
N



lucerna (Germany)

Table 1. (Continued)
MORPHOMETRIC RECORD
; HOST SPEC GTNAT i NOTES ON OTHER
mggg%sgm AND mcmgﬁ D%ICRIPI'ION Total FL ' Distance of  Width DISTINCTIVE -
' agellum  Body — y44h  Kinetoolast Undulating FEATURES
' Lenqth I.ength Length """ peet. Tip Mambrane :
T. limandue Limanda platessoides Brumpt and . . Nucleus is 4 k as
- dab (France) - Lebailly 454 20 25 2=2.5 2 long as wide.
(1904) ,
7. bothi Bothus rharbus, Lebailly a2y 13 29 3 4 Nucleus oval 2.5y
(France) (1904) long by 2u wide
T. platessae . Platessa vulgaris Lebailly 52u 12 © 40 3-3.5 5
- plaice (France) (1904) :
T. flesi Flesus vulgaris Iebailly :
I..tlesl ooy Teoane) (To08) .55 10 45 5 3.5
T. laternae Platophrys 1aternae Lebailly '~ :
, o X (194) 65u 8 57 56 5.5,
T. carcharjasi Cacharias sp. Laveran e a _y
— Shark _ (France) (1908) so-fow  25-30 35740
T _variable Raja punctata Neumann o Polylmrphic species
(Germany) (1909) 90~100y 25-30 65=70 smaller form 31n, 8u
' " free flagellim
T. giganteum  Raja oxyrhincus Neumann _ B
L o (Gormars (1509) 125-130u 25 0 100
T. triglae (Trigla corax) Neumiann 45y 15 30 8 4 Nucleus oval 5u long
Tubgunard Trigla (1509) x 4u wide.

£z



. Table 1. (Continued)

HOST SPECIES

ORTGINAL.

MORPEOMETRIC REOORD

TRYPANOSOMA . +Eo UN ULt
Distance of Width DISTINCTIVE
SPECIES AND LOCATION PESCRTPTION Egtn;l:h Flagellum IenBOdYgth Width Kinetoplast Undulating  FEATURES

Length - Post. Tip Membrane
| T. scorpacnae  Scorpaena ustula "Neumann _ _ _ : Very broad undulatlr
(Germany) (1909) 65-70u - 57 60-63 ménbrane.
T. zeugopteri Zeugopterus punctaﬁa Henry ‘ .
(U.K.) (1913) No description giver
T. cataphracti Agonus cataphractus Henry '
(U.K.) (1913) No description given
. T. aeglefini . (Gadus aeglefinus) Henry
. Melanogrammus (1913) No description given
aeglefisius (U.K.) '
S capigobii Gobius nudiceps: Fantham Hardly afiv .
; — - 919) Hardly any free
. T. nudigobii Gobius nudiceps Fantham 6 Nucleus extends
- (8. Africa) (1919) across body width.
T.sp. Box salpa Fantham
o (S. Africa) (1919). 29 2
© . sp. Dentex argyrozona Fantham 22.06u 2.6 20.6 1.3
(S. Africa) (1919) _
T. pulchra Gilbertia semicineta Mackerras » Aflagéllar and beak
: ‘ and Parma microlepis and 48. 3y 7.3 41 3.5 1.7 1-1.5 shaped. '
(Australia) Mackerras o - o
(1925)

Z4



Table 1. (Continued)

MORPHOMETRIC RECORD NOTES ON OTHER

New Zealand

TRYPANOSOMA HOST SPECIES ORTGINAL . ; i ’
‘ - Distance of Width DISTINCTIVE
SPECTES AND LOCATION DESCRIPTION % E‘]I:L:ggﬁmn 1223{}1 Width Kinstoplast Undulating  FEATURES
: ="Post. Tip Menbrane
T. aulopi Aulopus purpurissatus ' Mackerras Range Sevarated from
Australia and 57.1 - T. pulchra, because
- ' Mackerras 29.1p of marked plecamor-
' _ (1925) phism. -
T. mumanensis Gadus morhua Nikitin- Nuclear Index = 1.2.
0.5.5.R. (1927) 83.5u 6.9 76.6 3.8 5.1 Undulating menbrane
' not easily seen.
(Data fram Khan, 197
. T. blenniclini Blernius cormutus Fantham | | 7
: " and Clinus anquil- {1930) 50-77u 37 6-9 No free flagellum
laris. S. Africa
T. percae Perca flavescens ‘Fantham 34.3 - . o _
var canadensis Canada et al 39.3u . 3.36.9  29-32.5
(1942)
T. myxocephali Myxocephalus octo— Fantham o Nucleus 6.7 — 7.7 ux
- T decimspinosus et al 44-53u 3 41.5-49 3 2.2 -3.01
~Canada (1942) : .
. T. marplatensis Psammotics microps éé_icigalupo _ ’ : Polﬁéfphig species.
T " ray S. America . and de la 60~651 15 . 45 - 1.2 3-3.4 Dimensions of large
Plaza ' form given.
(1948) '
T. heptatreti Hepatretus Laird , _ | g N
cirrhatus (1948) 82.5u 22 60.5 3.4 2.8 G



Table 1. (Continued)

MORPHOMETRIC RECORD

NCTES ON OTHER

TRYPANOSOMA HOST SPECIES ORIGINAL : :
: : : ; Distance of Width DISTINCTIVE
SPECIES AND LOCATTION DESCRIPTICN Total Fg_zgeiwn VBCngth Width Kiljxetoplast‘ URdilating FEATURES
Length gwr. temgln . .. - Post. Tip . Membrane .
T. gargantua Raja nasuta . Laird 114. 70 14.3 2.9 Considerable degree
New Zealand (1951) o ' " of polymorphism. .
Dimension$ of large
forms only. '
T.. coelorhynchi Coelorhyncus Laird ;
australis (1951) ; , .
Physiculus bachus 66.8u 11 55.8 3.2 1.1 Polymorphlc
New Zealand
T. caulopsettae Caulopsetta scarpha Laird 61.5- Eolymorbhic. Inter-
. . ' . Rhambosolea plebia (1951) 70'1 mediate forms dimen-
New Zealand - - sions.- Undulating
merbrane same width
as body.
T. tripterygium Tripterygium varium  Laird , ' o -
S == e penad — (1951) | 93.1p 14 .79‘1 5.3 0.8
T. congiopodi Congiopodus Laird -
T leucopaecilis (1951) 43.8y 4.5 No free flagellum.
New Zealand
T. parapercis Parapercis colias Léird
B New Zealand (1951) Nucleus extends ful’

width of body; no
free flagellum.

9z .



. Table 1. (Continued)

- | MORPHOMETRIC RECORD ' e
TRYPANOSOMA HOST SPECIES ORIGINAT, NOTES ON OTHER

PANO: . Distance of  Width  DISTINCTIVE
SPECTES AND LOCATION DESCRIPTION Total Flagellmn Igggtyh width KJ.netOplaSt Undulating FEATURES =
I =ngth , - Post. Tip Marbrane ‘
T. balistes ' Balistes capriscus - Saunders : : : Length of nucleus
S Florida, U.S.A. (1959) 25-5u, 12 43.5 3 12 1 1.0, width 0.6
T. sp. * Glyptocephalus So (1972) ’ | |
T cynoglossus ' 65.7u 6.5 59.2 3.2 3.0 1.5
Canada . : :
- T, E-cifica Parophrys vetulus Burreson and _ | , B . . Nuclear index 1.1;
T Ofegon, U.S.A. Pratt (1972)  O¥ 15.4 2.5 1.5 33 ’ undulating menbrane

relatively broad.

Lz




T. granulosum all failed to develop after they had been inoculated into

specles of fish other than their natural host.

Four new species of trjrpanoscmes wefe named by Neumann (1209) .
(table 1). Henry (1910, 1911, 1913) made the first observations of
marine trypanosomes fram British waters. Henry (1913) named three new
s-'.pecies‘, but ,ﬁnfortunately gave no description of these. The new
species were only justified as such because they were recorded from
new host fish. During the period 1909-1913 he sampled fish from the
Irish Channel, North Sea and English Channel and noted a further seven

species already recorded by the French workers. Henry (1913) found

that 25% of the plaice at Port Exrin were infected with T. platessae.
By contrast, he was unable to detect the parasite in plaice caught at

Plymouth.

Fram this period until 1951, 18 new .species were recorded fram
marine fish, by various workers notably Fantham (1919) 'and‘ Laird (1951)
(table 1). As far as is known, only two new species have been named
since 1951. Saunders (1959) recorded T. balistes from Balistes
capriscus in the U.S.A. T. pacifica was noted by Burreson and Pratt

(1972) fram the English sole Paraohrys vetulus. This seemed to be

morphologically distinct fram T. solea and other species from flatfish

hosts. So (1972) found a single trypanoscme in a new host fish

Glyotocephalus cynoglossus, and in the absence of further spécimens,

';-'_i-.?‘z\,,' - .
designated it Trypanoscma sp. until he investigated further material.

The vectors of fish trypanosames as far as is known are aquatic
leeches of the family the Hirudinea. leydig (1859) recorded trypano-

sames in the gquts of two leeches, Pontobdella and Piscicola that had

just taken a feed fram an infected fish. The suggestion that leeches

were implicated in the transmission of fish flagellates was first made

by Danilewsky (1885). Brumpt (1904, 1906 a, b,) analysed and described
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trypanoscome infections of freshwater and marine leeches. Leger (1904) -

saw trypanoscanes in the .gut of Piscicola sp. after they had fed on: -

Cobitis barbatula infected with T. barbatulae. He also noted trypano—- .

sames dividing and in different states of differentiatioﬁ in the quts -

of these leeches. 'Usi_ng the leech, ‘Pisci_col'ar geometra, Keyselitz

(1904, 1906) experimentally transmitted trypanosames of carp_, tench

and pike.

" Robertson (1912) - in a series_ of expt-ar:iments,_eva"luated' the role
of leeches in trypanosame transmission, He-successfully infected gold-
fish with trypanosomes from bream, perch and other goldfish using
Hemiclepsis as vector. In contrast to this, he was unable to airectly
inoculate trypanosames into recipients, using, infected blood from

other donor species.

- There is no evidence to suggest that fish trypanoscmes are trans-
mitted by agents other than leeches. Minchin (190%) and Robertson
(1912) using a variety of other ectoparasites unsuccessfully tried

to transmit trypanosomes fram fish to fish.

. Barrow (1953) showed that the development of metacyclic forms

of T. diemyctyli in the leech Batrochobdella pista tock fram 12-16

days, depending upon the ambient temperature and nutritional state
of the host. Developmentl culminated in 'metacyclfic-;:--mes whichiwere.
regurgitated into the vertebrate host. Qadri (1962) demonstrated

that three hours after Hemiclepsis marginata fed on fish infected

with T. danilewskyi, the latter appeared in the crop. Metacyclic

forms developed “within seven days and on the tenth day migrated to

the proboscis sheath ready for transmission to the Vertebrate host..

That marine trypanosames are relatively rare with low parasit-
aemias, is evident fram the literature. Bullock (1958), for example,

recorded that only 14 fish, representing 6 species, out of a total




of 209, representing 43 species, had protozoan blood parasites.

.Ohly one fish, Raja erinacea, had an extremely light infection of

trypanosames. Saunders (1960) studied 1,451 fish, camprising .same

104 species, from the Red Sea and found no trypanosaie infections

in any of the blood preparations.

There is little or no evidence to suggest marine trypanosomes
actively divide in the blood of their fish host. Fantham et al

(1942) noted dividing form of T. myxocephali in the kidney of

_1y_xooepha1us octodecimspmosus Others, such as LaJ_rd {1951) and"

Robertson (1909) who have recorded divisional trypanosames in the
blood, have attributed these to physioclogical changes ass’ociate'd‘
either with in vitro preparations, or with the death of the host

fish.

Polyrrbrphism has been described in many species of Trypancsama
fram marine fish. T. variable, recorded by Neumann (1909), displays |
marked polymorphism with large forms 90-100 p long and smaller fonns'

30 4y in length. Laird (1951) recorded polymorphism in T. gargantua,

T, coelorhynci and T. caulopsettae. Qadri (1962) suggested that the

polymorphism of T. danilewskyi in the blood of CVQrinus carpio, may

have resulted: from differences of size of metacyclic forms in the

infected leech.

Irmunity of poikilothemms to protozoan diseases, as Lom (1969)

has indicated, is a much neglected field, and there are very few

records. in the literature of immunity in fish to trypanosome infections.
Nine Furopean fish species, evidently infected w:.th the same trypanosome,
were studied by Barrow (1954) . 'The fish suffered their highest parasit-
aemias just after the: winter season, and this was probably aésociated
with: a decrease of 1lytic antibody secretion at low temerature. Fish

maintained at 5°C were unable to produce antibody, whereas those at
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20°%¢ ‘produced appreciable amounts ' of anti-trypanoscme immunoglobulin,
This work repeated Barrow's earlier observations (1948) on the effects

‘of temperature on T. diemyctyli in its poikilothermic host. At 10%

the immmne response is 1ov;rered', but' the lower teﬁperatures inhibit

the rapid division of the trypanoscmes. Barrow (1955) .studied. the.

- effects of ambient temperature and nutritional status' on the ability

.of tench and perch to overcome trypanosame infections. Fish that
were feeding were able to eliminate the pa_rasité at ZOQC, but: were
unable to do so at 15, 10 and 5°C. The antibody remained effective

for 2 ~ 3 weeks after the flagellates had been destroyed.

There is some evidence of antibodylprod.uction to T. rotarium
in frogs. Doflein (1-913) suég_ested an 'ablastin' was ﬁsthxmntal
in the acquired immunity of frogs against T. rotarium. He was unable
to infect immme frogs with infective leeches or culture .crith.idial
forms. Doflein's work was largely confirmed by Ogawa (1913) and

Mendeleef f-Goldberg (1913) .

~ Khan (1972) studied the effects of splenectomy upon the suscept-

ibility of certain marine fish to inoculations of T. murmanensis fram

the cod, Gadus morhua. T. murmanensis: failed to develop in all of the

following: 3 splenectomised and 3 normal Pseudopleurénéctes- americanus;

2 snlenectcm.sed and 2 normal Myxocenhalus octodeéensoinosus

PT. murmanensis did survive, however, when inoculated into G rnorhua,

the natural host. Khan deduced fram thJ.s that the failure of trypano—
sames to develop in other species was due to innate factors and not to

specific acquired imnum.ty of the host to the parasite.
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Chapter 2 '
MEI‘HODS AND MATERIALS

FISH

Collection. Plaice, Pleuronectes platessa L. was the species most

predominantly studied. Other heterosomatous fish were selected for-

study namely: dab, Limanda limanda (L.); turbot, Scophthalamus

maximus (L.); sole, Solea solea (L.); flounder, Pleuronectes flesus

(L.}; and brill, Scophthalamus rhombus (L.).

'0' group flatfish were caught using the Riley net (1973). Collec-.
tions were made along the shore within one hour of low water, vreferably

onspring tides for the best catches.

Older fish were captured offshore aboard camercial trawlers and

research vessels, as noted in Table 2.

Fish were transferred immediately upon capture, to tanks of
aerated seawater and transported \;rithout delay to the équari-a. Delays
of up to 10 hours, however, were often unavoidable when ocommercial
trawlers were used for collection. Coﬁsequently fish fram this source

were often in poor condition upon arrival at the laboratory.

Maintenance The' fish were maintained in temperature controlled
seawater aquaria, as described by Iddon (1973). Wild-fish introduced
into the aquarié were often slow to feed, especially older fish fro:ﬁ
12" group orwards. 'I’hese, therefore, were force fed using a method
successfully exploited by Edwards (1970) fér the experimental feeding
of plaice. Foéd was carefully mtnoduced into the gut by means of a
small length of plastic tubing attached to a syringe. The tubing was
carefully introduéed through the buccal cavity into the stamach, and

the contents of the syringe expelled.



Table 2. Listing species of adult flatfish caught, together with

location, vessels used, -and dates of collections.

L . | ‘ | DESCRIPTION
QATE VESSEL IOCATION OF FISH
J, . ' Species | Age
Oct., 1971 - | Lady L ‘Plaice | A1l
March, 1972 Cinderella .Dab il adult
Sole ' fish
Oct., 1971 ~ | R.V. Sarsia| . Plaice | All
'} Sept., 1973 (M.B.A.) Dab ' adult
Sole fish
Sept., 1973 R.V. Sepia Tamar Plaice '1' - gp.
(M.B.A.) estuary Flounder '
Oct., 1973 R.V. Prince : . '1' - and |
: | Madoc Anglessey | Plaice 129 gp.
Feb., 1973 - | R.V. o '
June, 1974 | Portunus Brixham | Plaice Adult

Table 3. Indicating the source of helminth antigens used in tests

for C-reactive protein in plaice serum.

TAXONOMIC IOCATION
GROUP SPECIES I-DST IN HOST
Trematoda ggigi—i‘}:% Cow Bile duct

Hymenolepis Small
Cestoda diminuta ' Mouse Intestine
Ascaris . Small
Nematoda suum Pig Intestine
Proleptus Stomach
cbtusus Dog £ish ~ and
"Intestine
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All fish were fed on a diet, recommended by the White Fish

Authority, as follows:-

Minced beef or fish (100 parts),
A synthetic binder - Methofas (ICI) (3-4 parts), -
Vitamin premix ("Béta" Animal feed (1-2 parts) supplements).,

Red shrimp meal (10 parts).

For feeding 'O' group fish, the meat mix was dispensed into aquaria,
through a syringe, simulating a worm shape of approximately the

right size. -

'0' group plaice, which were less: than three months old, were

fed initially with nauplii of Artemia salina, before being introduced

to the diet above.

Stock fish were maintained at a temperature of 10 - 15°C and
were gradually acclimatised to the appropriate temperature, priér'
to experjjﬁentation. Sea water was obtained ffom the M,B.A. where
it had been carefully monitored to ensure high quality and salinity.

Seawater in all aquaria was changed at reqular intervals of 21 days.

COLLECTION AND MAINTENANCE OF PARASITES

Trypanoscma platessae

Only low level infections of T. platessae occurred in Pleuronectes

platessa and detection ot" the flagellates, by means of stained thin
blood srrears., was, therefore, unreliable. Two other méthods were used,
therefore, based on the concentrating of the trypanosomes in the blood.
The three methods are -outlined bélow. |

Thin blood smears. These were premared, air-dried and fixed in absolute

methanol for two minutes. The smear was then stained with Giemsa

o




(Hopkins and Williams) diluted 1:15 with phosphate buffered water at.
pi 7.2, for 15 - 20 minutes. The advantage of this method was that
many smears could be prepared at sea, and later stained. and’ ekamined

in the laboratory at convenient times.

- Examination of fresh clotted blood. This method has ‘successfully

been used by Strout (1962) for the detection of low level infections
of trypanosomes. A small drop of blood was placed on a slide and
allowed to clot under a coverslip. Any trypanosames could be seen,
under the microscope, to be actively swimming frcm the contracting

clot into the clear serum.

Centrifugation of blood in micro-haematocrit tubes. This method is

based on that described by Bermet (1962) for the detection of avian
trypanosariesl, and Khan (1972) has diagnosed the presence of fish
trypanosames using this technique. Blood was taken fram fish and
i:mrediafely transferred to heparinised 5 ml. bijou bottles. These

ocould be stored at 4°C for periods of 5 hours at ﬂﬁs stage. The
‘blood was drawn into Benjamin haematocrit tubes (Harshaw Chemicals,
Ltd.), the ends of the tubes sealed and spun down in a micro-haematocrit
. centrifuge for 5 minutes. By breaking the tube between the erythrocyte-
leucocyte interface the buffy coloured layer of white blood cells

could be removed and examined, under the microscope, for the présencé
of live trypanosames. Immediately after'centrifugation; thé"ihéénatocrit
value (i.e. percentage volume of packed blood cells to serun) was read

and recorded.

Cryptocotyle lingua

Littorina littorea were collected at the Yealm estuary s South
Devon. As the infection rate is low (less than 5% infection) large
numbers of L. littorea had to be examinéd to obtain a satisfactory

nunber of infected winkles, and the fol‘lduing procedure was used to
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-screen ltha_n. L. Littorea were placed in groups of three into 100 ml.

" beakers filled with filtered seawatert,v .and subjected to bright, over- .

head illumination. Tﬁe presence of actively swimming cercariae,
clearly visible to the naked eye, indicated infected specimens.

Infected winkles were successfully maintained in well aerated, sea-

water at 15°C, and fed on Ulva lactua. When large numbers of Crypto-

cotyle linqua cercariae were required, the following method was used

to collect and concentrate them. 50 L. littorea were placed in 500 ml.

flask of seawater and maintained in an environmental chamber under

 conditions of constant light -and temperature. The positive phototactic

behaviour of thesé cercariae enabled them to be concentrated by the
use of a spot light source. Estimation of cercariae per unit volume
was effected by counting the numbers present in three 0.1 ml. samples

and taking an average value.

Rhipidocotyle johnstonei

Plaice infected with the metacercalziae were collected from Broad-
sands, Torbay. The metacercaria were clearly visible to the naked eye,
through the body wall of the 'O' group fish. -Paras’ite-s were carefully
dissected out fram the caudal region and washed three times in 0.75%
saline. These survived in this simple saline, aﬁ 1o°c, for pericds.

up to 7 days .

ANTIGENS

Antigens were prepared in phosphate bufferéd saline at.pH 7.2.
When cambined with adjuvant the following method was employed. Egual
volumes of Freund's Ccmplei:e Adjuvant (F.C.A.) (Difco) and antigen
solution were measured and the antigen forcefully injected into the

F.C.A. bymeans of a syringe. .The mixture was shaken vigorously and

' recycled through the syring until a satisfactory water in .oil armlsion'

had been achieved. The following antigens were used in this study.
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Fish parasite antigens

Antigens were prepared fram two fish parasites, namely

| Cryptocotyle lingua and Rhipidocotyle johnstonei. Live material

was washed twice in P.B.S. and then centrifuged at L,OOO r.p.m. to
produce a thick suspension of pérasites. The supernatant wés dis-
carded and the parasites resuspended in 1-2 mls. of P.B.S. The
.material was then chilled on ice and homogenised in an ultra-sonic
disintegrator. The hamogenate was spun down in a refrigerated
centrifuge at 6,000 r.p.m. for 30 minutes, the supernate decanted

and labelled the soluble Cryptocotyle or Rhipidocotyle antigen, and

finally delipidated using diethyl ether. This soluble antigen was
" then concentrated to 5-10 mg. protein per ml. by means of Lyphogel
granules (Gelman Hawksley). The‘se polyacrylamide granules are ch
particular usé in concentrating solutions of macramolecules as they
will absorb five times their weight of water, but will exclude thé

larger molecules.

The centrifuged pellet of cellular debris was resuspended in
P.B.S. and centrifuged once again at 6-‘,('130 r.p.m. This procedure
was repeated twice so that the insoluble parasite material was
tharoughly washed. This material was labelled insoluble Crypto-

cotyle or Rhipidocotyle and stored at —200(':'. This antigen was

solubilised by the addition of 6 mg. of the detergent Digitonin,

to 1 ml. of the antigen suspension. This was then dialysed against
several changes of P.B.S. to remove excess detergent from the
solution. -Both the insoluble and soluble parasite antigens were
used, when poséible, .freshiy prepared. If, however, they were
‘stored for any length of time, Merthiolate was added and £hey were

kept at -20°C.



Antigens adminiistered parentally to fish

Bovine serum albumin (B.S.A.). This_was pi:epared in P.B.S., pH 7.2,
using Fraction V Cohn, from whole-bovine serum (B.D.H. Chemicals) ..

~ It was administered at a concentration of 10 mg, per ml.,

Rabbit erythrocytes. Fresh blood from a rabbit was collected in

Alsever's solution, centrifuged at 2,500.r.p.m., and the cells givén
two washes in P.B.S. The washed cells were resuspended in P.B.S. at

a concentration of 10%

Whole calf serum. This was abtained cammercially (Burroughs Welcome)

and administered to the fish undiluted.

Antigens to test for the
presence of C-reactive protein

‘All antigens used were hamogenates of the test organisms in
P.B.S. (Table 3). After treatment in the ultra-sonic disintegrator,
each antigen was dialysed for 48 hours against several changes of
distilled water to remove salts. They were then freeze dried and
stored until they were required for tests, when they were reconstituted

in saline at a concentration of 10 mg. of freeze dried material per ml.

PRODUCTION OF ANTISERA
Rabbits

" Antibodies were raised by pz;trental injection of the appropriate
antigen into white New Zealand rabbits of approximate average weight
of 1.5 Kgu, Prior to injection the back of the rabbit was shaved in
two small areas and the exposed skin treated with 70% ethanol. The
first dose of antigen, injected sub-cutaneously, was invariably given
with Freund's Complete Adjuvant, and thereafter the antigen was

presented in P.B.S. alone. Many schedules for the immunisation of
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rabbits have been given iﬁciuding\ those of Holborrow and Johnston
{1968), and Campbell et al (1970). In the ,p).l*esent, instance, the
anirn;als were injected every 7 days for the first 28 days, and
thereafter every 14 days until a sufficiently high titre of antibody

had been produced. Assay for the presence of antibody was- performed

- every 14 days after immunisation had commenced., 0.2 mls. volumes of

blood were collected from the external marginal vein of the pinna.
This provided sufficient serum to test for antibody activity using

standard tests. The animals were terminally bled by cardiac puncture,

r't'.l'Lis providing 30 - 50 mls. of immune serum.

Serum was' collected frem the whole blood by standard haematolog-
ical procedures. Blood was allowed to clot at roam temperature for
one hour and left overnight at 4°C so that the clot contracted. The
clot was removed and the serum centrifuged at 2,500 r.p.m. for 10
minutes to spin down ramaining blood cells. The antiserum was then

decanted, Merthiolate added, and stored at -70%C.
Plaice

Several experiments involved the production of antisera by
plaice to parentally adminis.tered antigens. The antigen was almost
invariably‘ presented by the intraperitoneal route, although in same
cases it was adnu'nistered intra-muscularly into the flanksof ‘the
fish. The vol@ of antigen introduced was regulated to the size of
the fish. '0' group fish received not more than 0.25 mls. and older
fish 0.5 - 1 ml. volumes of antigen. The total amount of antigen
per fish, however, was always adjusted to .lO mg. of protein, unless

otherwise stated .

Blood, when required, was taken fram the caudal vein of the
piaice. Viewing the fish from the topographical dorsal aspect, the

vein was located to the right of the lateral line. Up to 0.2 ml.



of blood could be drawn from "0’ group plaice and 1 - 2 mls. fram
adult fish. Serum was prepared as described for the rabbit. 'Fis_ﬁ -
blood characteristically -clots more rapidly than that 'Qf'.nganna'is and,
COns_equently_, many previous workers have advocated the use of special
techniques for its collection, including the use of pre-éhilled |
needles and syringes and heparin. 1In the present study, however,
these methods ﬁere not found necessary. If pl’ésma was required,
blood was collected in syringes that had been previcusly rinsed

with a -solution of heparin, The blood was then centrifuggd at. 3,000

r.p.m. and the plasma decanted and stored.

METHODS OF DETECTING ANTTBODY-ANTIGEN INTERACTION

Irmmunodiffusion

The immunodiffusion precipitation test is a method whereby
antigen-antibody camplexes may be viewed when they precipitate out,
in the presence of ions, in clear agar or cellulose acetate membrane.
Antigen and antibody solutions diffuse towards each other and, at
the point of optimal proportions, a visible white precipitate forms.
The methods of immunodiffusion are useful in.res'olving complex pre-
cipitating systems. The now camonly used technique - of double ‘
diffusion in gels was introduced by Cuchterlony (1948). The-fo'lllow—
ing modified method of double diffusion was used in this study. A
1% (w/v) solution of Ionaga.f (Di:f.co) h-ras prepared in P.B.S. at pH 72 ’
and Merthiolate added at a concentration of 1:10,000 to suppress |
bacterial growth. A thin sealing layer of the gel was poured onto
the bottom of a sterile, plastic petri dish. This was followed after
solidification by a further 20 ml. of molten agar to give a final
depth of 4 mms. These gel plates could be stored for 14 days at 4°C.
Three basic well patterns were utilised (fiQur_é ‘2) 4-well and 18-well

Feinberg well cutters (Shandon) were used to make the patterns. The
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7-well pattern, including one central well and 6 peripheral wells,

was cdn:;';tructed using a perspex template and cork borers. Following

application of tl_le ‘well borers, the plugs of gel were reamoved with a

fine needle, however, the sealing layer of gel remained to prevent

. seepage of solutions from the bottam of the well. Antigen solutions

and antisera were carefully layered into these wells according to

the dictates of the experiment.

Immunoelectrophoresis

This technique cambines a preliminary electrophoretic separation

of antigen or antibody followed by double diffusion of the antigen-

antibody system. First described by Grabar and Williams (1953) a
great variety of immunoelectrophoretic methods are now available for
qﬁalitative- and quantitative analysis of irrmmgpfecipitating materials.
The procedure adopted in the present study utilised the micro- .
immunoelectrophoretic apparatus developed by Shandon. The apparatus
consisted of the electrophoresis.tank (after Kehn) model U.77; the

Vokam constant voltage-current power supply and assogiated accessories.

- A 1% Ionagar (Difco) solution was prepared in 0.0S.M. Barbitol
buffer, pH 8.6, and Merthiolate added (1:10,000). The molten agar
was gently poured onto eight microscope slides, fitted into the
Shandon slide tray to a depth of 2 mm. Wells and troughs were cut
on the agar coated slides using the Shandon cutters, in the pattern
indicated in figure 2. The agar plugs were removed using a fine needle
and the appropriate antigen or antibody added to the wells. Electro—
phoresis was carried out in 0.05 M. Barbitol buffer, contact with
the agar slides and buffer being made by means of filter paper wicks.
A voltage of 7 - 8 volts, per an. of agar slide, was applied for 90 -

120 minutes. The gel plates were then taken from the tank and the:



"agar strips removed- from the tmugh pétterns with a fine needle.

Antigen or antiserun was then introduced into these troughs by

means .of a pipette.

Precipitation patterns were developed in a moist -atmosphere at
20°C for 7 ‘days, during which time they were checked regularly for
the development of arcs. The agar plates were then washed in saline

for 48 hours to remove excess unreacted protein.

Photographic records were made of both the immunoelectrophoretic
patterns and the Ouchterlony plates. A scattered light source was
found most effective in differentiating prec_ii:it'ates which, in these
conditions, appeared as white arcs against the dark background of the
plate. A suitable darkground illwniﬁation was J'mprovised' by using a

circular fluorescent light bulb -of 40 om. diameter. This was placed

in the bottom of a box (40 am. square), the interior of which had been

painted black. Oblique illumination was achieved by placing an agar

plate directly over a central opening in the top of the bax. Same

plates, after photography, were preserved in 40% ethanol or stained

with Ponceau S. dye fixative using the following procedure. Whatman
filter paper was placed on the agar surface of the plate and the agar
dried to a thin film at 37°C. The filter paper helped to abserb'
minerals fr;m the agar and.also prevented excessive cracking. of “the
agar as it dried. The plates were then stained wi't;h Ponceau S. in

3% w/v. t.richloraé‘etic acid for 30 minutes. These were then
differentiated by removing excess stainrin several changes of 5%

acetic acid and dried and stored.
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‘The capillary tube agglutination test

The test déscribed by Hudson and Mudd (1935), as modified by
Luoto (1956), was used in this study specifically to test antibody
activity to a particulate antigen, namely fabbit erythrocytes. .
.Capillary tubes, 7 cms. loné with and internal bore of 0.2 mm., filled
approximately with %— antigen and £ test antisera. The tubes were
MVerEed<, erythrocytes uppe;no'st, aﬁd maintained in a wvertical position

in blocks'of_clay. Following incubation for 1 hour at 20°C., the tubes
were viewed under bright illumination for the. presence of floecules,
inciicating a positivé reaction. The highest dilution of serum showing
flocculation of the rabbit ex&thfo(_:y.tes was taken as the end point,
and therlre.ciprocal of this dilution recorded as the titre of the test

serum.

Passive haemagglutination

This is a highly sensitive method for the assay of ant_l.body and
Borduas and Grabar (1953) have indicated that the test is sensitive
enough to dete& 0.003 to 0.006 ug of antibody nitrogen. Red blood
cells treated with tannic acid and protein antigen will specifically
agglutinate in hamologous antiserum. The method used in this study

was based on that given by Stavitsky (1954).

1 ml. of sheep eryﬂ&mytes (Burroughs Wellc:om‘e‘)'.' in“Alsever's
solution were ce-nt'rifuged at 2,500 r.p.m., thel- Alsevers decanted,
and the cells resusé:en&ed in 0.85% sallne This procedu;e_: was repeated
twice and, after washing, the pellet of ervthrocytes was mixed thoroughly
with an equal v_olume of 0.005% (w/v) tannic acid, and left at room
temperature for 10 minutes. The tanned cells were then centrifuged
and given two washes with P.B.S., to remove any unadsorbed tannic acid,

and the final volume adjusted to 2 ml.




‘At this stage, the tanned erythrocytes could be stored at 4°C.
for pericds of twenty-four hours, whilst :préparing the serial dilutions
éf the test sera. The passive haemaggluh_'_natioh test was used in the
preéent study to detect antibody to two antigens namely, bov'ine- serum

. albumin (B.S.A.) and the cercarial antigen of Cryptocotyle lingua.

'0.5 ml. of 5.R.B.C. was added to each of two test tubes, To orie tube
0.5 mls of .antigen solu?ion were added, to ‘the other 0,5 -ml. of
saline, as a control. B.S.A. was used at a concentration of 0.025%
w/v) in saline, and C. lingua antigen at 0.1% (w/v) of freeze‘-driedl
material dissolved in 0.85% 'saline. Both the experimental and control
tubes were left for 10 minutes then, aftér centrifﬁgation, were given
two washes with serum saline (0.85% saline with 1% normal, inactivated
rabbit serum). After the final wash, the volume of the cells was
adjusted to 5 ml with the serum saline. These cells were then ready

for the titration.

Prior to haemagglutination all test sera were ilnactivated at 56°C
for 30 minutes, and adsorbed once with an equal volume of S.R.B.C. for
10 minutes, at room temperature. Haemagglutination was performed in
specially constructed lucite plates (Flow Laboratories, Ltd.) using
micro-pipettes to prepare the double dilutions of sera,and dispense
the coated cells. Each test sefum was taken through é series of
doubling dilutions in serum séline from 1:1 to 1:256. “To each‘-‘-sénm
dilution an equal volume (0.025 ml.) of antigen coated erythrocytes
were added. Tor each serum a control consisting of tanned, uncoated
S.R.B.C. was used. Coated S.R.B.C. were tested against serum saline

alone, and against known negative serum as further controls.

The haemagglutination plate was covered and left at room temper-
ature for three hours, after which time the plates were read for any
cbservable reaction. The presence of antibody produced positive

agglutination that was indicated by the S.R.B.C. forming a thin layer
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of cells across the surface o,f} ‘the U-shaped well. The absence .of
antibody, however, was indicated by the S.R.B.C. pfecipitating into |
a distinct button of cells at the bottom of the well. --,.'.[‘he reciprocal
of that d'illu,tion of serum giving positive agglutination was taken to |

be the titre of antibedy present in the test antiserum.

Immunof luorescence

_ The indirect immunofludrescence.techniqﬁe of Weller and Coons
(1954) was used for the detection of antigen and antibody. ‘The method
‘mayAbe summarised thus: o

Fluorescent anti-gamma globulin
épeci;ic ab
AntIgen
Using this technique it is possible not only to detect the production
of antibody, but also resolve the precise site of its secretion, and
its eventual location on an antigenic organi_sm or tissue. High titre
antisera, namely anti-plaice globulin (raised in rabbits), and anti-
rabbit globulin (raised in sheep), were chemically bound to fluorescein
isothiocyanate (F.I.T.C.). The anti-rabbit giobulin- was obtained
already bound to F.I.T.C. fram Burroughs Welcome, Ltd. Anti-plaice
globulin, however, was labelled in the laboratory using the following

procedure.

Production of anti—plaice globulin in rabbits. Antiserum to plaice

globulin was raised in rabbits using the immunhisation schedule outlined
above. As a high tltre of antibody was necessary, the doub.le diffusion
in agar test was selected, as a relatively insensitive method of anti-
body assay, that Qould only yield positive results when antibody levels
were high. When a suitable antiserum had been raised it was necessary
to 'sal?; out' the gamma globulins fram the senﬁt.l-‘albumir;.' The l-a'tté-r‘

carbine preferentially with the fluorochrames to form highly negatively




cha.rged molecules that may beceme  a source of non~specific fluor-
escence. The method depended upon the reléti-ve insolubility of
gamma globulin in 30 - 40% ammonium sulphate. Accordingly, to 2
volumes of antiserum, 1 volume of saturated ammonium sulphate was
added dropwise. The precipitated globulin was centrifuged at

6,000 r.p.m. and given 2 washes with 30% saturated ammonium sulphate.

The precipitate was then dissol\}ed in a minimm volume of saline

“and dialysed against the saline to remove excess ammonium sulphate

from the globulin :solution.

C_onjugation of the globulin and fluorescein isothiocyanate. By

measuring the absorbance of the globulin solution at a wavelength ‘
of 280 y, the concentration. of protein in mg. per ml. was approx-
imately calculated. For every mg. of globulin 12,5 ug of F.I.T.C.

was used for conjugation. The F.I.T.C. was dissolved in 2 ml. of

- 0,1 M.Na_HPO,. This sclution (pH 9.0) was unstable and was used

24

within two hours. To the 4 ml. glcbulin sample, 1 ml. of 0.2 M.
Na,HPO, was added dropwise, over a three minute period.- Following
this the F.I.T.C. was added in the same manner, and the pH of the
.Thi=s

solution adjusted to pH 9.5 with drops of 0.1 M. Na,PO

374
solution was poured into a measuring cylinder and sufficient 0.145 M.
saline added to make the volume 8 ml. The reaction was allowed to
proceed at room temperature for 30 minutes and at 49C for.a further

30 mintues. - _ -

The conjugate was restored to a pH 7.2 and excess unreacted
fluorochrome molecules removed, by passing it through a column of
Sephadex G25 (expanded in P.B.S., pH 7.2; 0.01 M. for phosphate,
and 0.15 M. for saline). Sephadex G25 retained molecules up to
5,000 M. wt. (including the unreacted fluorescein), while-,conjugated

globulin, M. wt. 150,000; passes straight through the column and was

collected in 3 ml. fractions. Those fractions containing conjugate _
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were pooled and concentrated: back to the original 8 ml. volume

using Lyphogel particles.

Incubation of the oconjugate against piaice tissue homogenates
renoved any remaining ‘conjugated= nbiecules; that may have aasorbed'
non-specifically onto the tissues. Plaice muscle and liver: was
hamogenised in cold éaline,' frozen to 576°C and then ‘thawed:.‘ The
deposit_ was washe_d twice 1n P.~1§.S‘. and ‘fihally the suspension
centrifuged at 8,500 r.p.m. in a refrigerated centrifuge, in amounts
designed to give 1 ml. of .packed tissue in each caqtrifﬁge tube.
Absorption was carried out by stirring 2 mls. of conjug:ate and 1 ml.
of packed 'horﬁogenate. ‘This was then incubated at 37°C for 45 minutes,
the mixture centrifuged, thé supernate decanted and stored in 0.5 'ml.

amounts at -ZOOC .

Preparation of the tissue for staining. Tissue blocks approximate_ly
2 - 5 mm. -square were prepared and stored in small polythene bags,
and the ends of the bags sealed. These were then 'snap frozen' by
immersing them in liquid nitrogen for 5 seconds. Using forceps,

the frozen tissue was transferred for sectioning or storage at -70%.

- Frozen section cutting. Sections of 5 p thickness were cut on a Slee

rotary cryostat microtame. Sections were removed on coverslips, air-
dried, and immersed briefly in cold, absoluté:acetone:(-20%C)' for

1 minute.

Fluorescent antibody staining technique. Frozen mounted sections were
irrigated witﬁ P.B.5. for 30 seconds. Excess P.B.S. was removed, and
the test serum was added drdpwise to the section and incubated for
30 minutes at 20°C. Following incubation, sections were washed _for
10 minutes in P.B.S. and then treated with the F.I.T.C. anti—globulin

conjugate for 30 minutes. " The sections were washed once again with




'P.B.S. for 10 minutes' and mounted' in phosphaté buffered glycerol on

a clean glass slide.

The sections were viewed under a Vickers .fluorescent microscope
employing a mercury vapour lamp as a u.v, light source. Bright
applégreen flubrescénce 1n a section indicated a positive resuilt,,
i.e. F.I.T;C.-apti-globu'lin conﬁugate had attached to any ‘globulin

on the section. Photographic records were made using the Vickers

‘camera attéchment. Photographs were taken on High' Speed Ektachrome:

Film (A.S.A. 160) using four separate exposures of 30 seconds, 1

minute, 3 minutes and 5 minutes.

Three controls were employed for the indirect fluorescent anti-

body test. These were:-

(a) application of F.I.T.C.-anti—globulin conjugate directly to a-

section;

{b) application of negative serum to the section followed by F.I.T.C.-

“anti-glcbulin conjugate;
(c) application of positive serum, incubation with unlabelled anti-
‘globulin, followed by labelled anti-globulin.

PHYSICAI, METHODS FOR THE SEPARATION OF ANTIBODIES AND. ANTIGENS

Several techniques were used in this study to fractionate and

analyse the complex macramolecular mixtures investigated. The physical

methodé, outlined below, exploited either differences in molecular
weight or net electrical charge of the molecules, as a basis of their

‘separation.
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Zone electrophoresis

In the present -stpxiy;-electrophoresis was pérfomed, on two
inert media, céllulose acetate, and polyacrylamide gel. After -
campletion of the electrophoretic -separation, the zones could be

characterised by the usual physico-chemical or biochemical means.

Cellulose acetate electrophoresis. .In the present study, the

_cawplete 'Millipore cellulose ac':e‘taté eloctrophoresis- system was

used (figure 3). Such equipnent provided a consistency and quality
that aided a ccmparatlve quantitative analy51s .of flSh serum proteins.
A -comprehensive account of this system is given in the Millipore
technical manual (product bulletin PS, 1969), but for the sake of

campleteness; an outline of the method used here is given.

The cellulose acetate slides (Millipore phoroslides) pré—
buffered in 0.075 M. veronal buffer, pH 8.6, were inserted into the
Millipore electrophoresis cell, using the phoroslide forceps. Using
the Millipore cell, a total of eight separations could be achieved |
similtaneously on one run. 0.005 ml. volumes of serum were accurately
applied to the strips by means of the sample applicators which were
gently lowered onto the phoroslides and allowed to deliver their con-
tents for 2 minutes. Following serium application, electrophoresis
was mrfon@, with 0.075 M. veronal buffer in the"oell',-c-ot 100 volts
for exactly 20 ininutes. The slidos were then immersed J_n Ponceau -5
dye fixative for 10 minutes, destained in 5% (v/v) acetic acid, and
air-dried. The opaque phoroslides we_fe cleared in a solution of the
follow:i_ng composition, ethyl acetate (30 volumes) and glacial acetic
acid (70 volumes) and dried in an oven at 40°C for 2 - 3 hours. The
cleared st.rips, with the stained bands of protein, were then ready
for quantlflcatlon on the Phoroscope densitcmeter. This apparatus

converted the pattern of stained strips into graphlcal form, which
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appeared on a fluorescent screen (figuré 3). Moreover, using the

apparatus, it was possible to integrate the peaks and cbtain a

nmneriéai value. for each zone of sta?ined protein, .and thus ’Calcglate
a percentage valie of the total serum protein. For each sepaJ;St'ion' '
‘a permanent grabhical record was made and stpred along with observed

values of each of the resolved protein bands in that separation.

Polyacrylamide électrophoregis. Camplex mixtures of charged molecules

were separated on this gel medium using the Shandon equipment and
following the disé electrophoresis method of Davies and Ornstein (1961).
Only a brief outline of this method is given as full details of it may
be found in Sargent's (1969) book. Three separate gels were, poured
into glass tubes (2.5" long-and 5 mm. inside diameter). These were
the separating gel, the space.r gel and the sampler gel. buring the
nun the protein ran fram the sample gel, through the large pore spaoer
gel and finally concentrated at the interface of the spacer gel and
the small pore separating gel. The proteins then entered the séparat—-
ing gel as a sharp discrete band, this giving much clearer resolution
of the protein bands. Before each sepa.ration-a few drops of bromo-
phenol blue were added to the buffer in the upper cathode well, to
indicate the rate of electrophoresis through the polyacrylamide tubes.
Electrophoresis was performed at 100 volts for 20 - 40 minutes, after
which time the gels were removed fram the tubes and stained-with
naphthalene bléck 12 B (i% w/v in 7% acetic_ acid) for one hour. The
stained gels were then washed for several déy_s in 7% acetic acid
until all excess stain had been removed. The gels were either photo-
graphed aga.mst a white background or quantified by a light absorption
method using the Chrcm)scan equlpment, which prov1des, in a graphical

form, a permanent record of the separation.
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Column: Chramatography

A techhique' of gel- filtration employing Sephadex (-Pt;axmaci‘a'-) .

a modified dextran, was used to separate macroxmlecﬂleslor'l{. the basis
of their molecular weight. The dextran macromolecules. are cross-
linked to give a three—dinensiona_\l network of polysaccharide chains.
Because of the large nmnbe.f of hydroxyl groups, Sephadex beads swell’
oonsidefably in electrolyte solutions, and gels are available that
expand to variable degrees. This fa& is used. in the separation. of
molecules with a wide range of molecular weights. For instance, ‘gels
in which the matrix is the minor ccméonent are used for the fraction-
ation of high molecular weight substances, whereas campact gels are
“used for the separation of low molecular weight compounds. Sephadex
is supplied in the form of minute beads, which has several advantages
in that it imparts good flow and separating properties to chromato-
graphic materials. Three grades of Sephadex were used in this study,

the properties of which are listed (table 4).

. Sephadex gels have the property, as chramatographic material, to
| separate substances >according to tﬁeir molecular weight, and over a
considerable range, the elution volume of a -givén substance is approx-

imately a linear function of the logarithm of the molecular weight.

Sephadex G200 chromatography. A columh, vertically.mounted,. 100" cms.

long with a diameter of 1.5 cm. was packed with Sephadex that had been
previously swollen in buf_fér for 48 hours at roam temperature. The
buffer used both for the swelling of the gels and the chromatographic
separation was 0.1 M Tris-HCl pH 8.0 with 0.2 M Na Cl and 0.02% sodium
azide to prevent microbial growth in the column. After packing, buffer
was eluted 'through the column for 48 hours. Prior to the separation,
the buffer was allowed to drain to the level of the gel and buffer

flow stoppéd. The material to be separated, usually in 1 ml.- volumes,




Table 4. Listing properties of the grades of Sephadex.
o FRACTIONATTION' RANGE
SEPHADEX PARTICLE ;‘?D /voggn;s f T
TYPE DIAMETER () sﬁpgmbm Peptides and | Dextran
o : -glcbular protein
Sephadex - _ 1 _ _
G25 Medium 5 - 150 4-6 1,000 - 5,000 1,000 - 5,000
Sephadex _ | _ ' _ 4 -
G100 Medium | 40 - 120 15 - 20 4,900 ;so,qoo | 1:000 ~ 100,000 |
| 1
ggggadex 40 - 120 30 - 40 5,000 - 800,000 | 1,000 - 200,000
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was '-carefull-y layered onto the column and allcwed to run into. tiq_e gel.
) Folldwing»this, the reservoir at the head of ‘the oolmm1_v»;as filled
with 200 ml. of buffer and the runccmnenced Proteins eluted’ from
the colum were measured by their absorbance of -a u.v. light source
(280 p wavelength), using L.K.B. (S\veden')"‘scamﬁng equipment fitted
to a chart recorder. The fractions were collected in-an L.K.B.
fraction collector, preset to change tubes -every 15 minutes. The
flow rate of buffer through the colum was adjusted to 15 ml. per
ﬁour so that each fraction contained approximately 3.8 ml volumes
(figure 4). By reference to the peaks of a chart. recorder graph,
.fractionated_ proteins fraom the original sample could be obtained of
known elution volume. To obtain yalues of the aéproximate molecular
weights of eluted proteins, the following procedure was followed.
Firstly, the void volume of the colum was éstimated using blue
- dextran. The elution volumes of four protein standards was noted. |
These proteins were: bovine serum albumin, human immunoglobulin G,
salmen immunoglobulin M, and human haemoglabin. A calibration graph
. was then plotted using the value % (Ve = elution volume of protein;
Vo = void volume of ocolum) of each standard protein against the log.
of the molecular weight. From the calibrated graph the unknown
molecular weights of proteins fram any separation could be calculated. '
Assay for antibody activity was carried out on pooled fractions of |
protein correspo'nd%ing to the relevant peak on -the "'graph‘. Pocled
fractions were first dialysed against distilled water, lyophilised,

and stored until required for testing.

D.E.A.E. column chromatography. Columns (50 x 1 am.) were packed

with D.E.A.E. (diethylamino-ethyl cellulose) previously swollen in
0.01 M phosphate buffer, pH 7.2. Serum samples were fractionated
as for G200 Sephadex gel. However, as this is an ion-exchange gel,

at the slightly alkaline pH used, the albumins were bound to the

"
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column and the globulins passed through. ‘This method was used, B

therefore, to extract gamma-globulin from serum samples-.-.

‘Analytical Ultracentrifugation

Sedimentation velocity measurements were perfommed in an M.S.E.
Analytical Ultracentrifuge. . Sedimentation coefficients were deter-
mined at 55,000 r.p.m., at 20°% .' The sedimentation of the protein
peak was viewed with Schlieren optics, and the rate of sedimentation .

(Sag w) was calculated using the following formula:

2 -= 2""’ EE"I 2
w 60

The protein was centrifuged at one concentration only, lO‘mg/ml,

and the sedjmentation coefficient was not corrected for concentration.



58
Chaptef 3

SEROIOGY AND IMMONOLOGY ‘OF PIAICE AND
SELECTED HETEROSOMATA. EXPERIMENTS AND RESULTS

Before undertaking a study of the potential immunity of ;plaice to N
- their parasites, it was considered necessary to investigate their basic
serology and immmology. By studying the irmune response of plaice td
specific antigens, under defined conditions, it was hoped that the
information gained would aid in the evaluation of the role of immmity
in the more cawplex host-parasite relationship. Furthermore, as '0'-
group plaice were used extensively in this project, it was necessary

£o determine their immune canpetence, as there is little or no informa-

tion on the immunology of these young fish.

Experiment 1. Serum.protein patterns of 'O'-group and adult plaice.

’Whilst investigating the basic electrophoretic pa£tems of plaice sera,
a qualitative difference was noted between the 'O'-group and adult fish,
taken as two years old or more. Serum samples of all age groups
captured in February, 1973 were campared electrophoretically and the
results recorded in table 5. Five fractions designated I, II, III, IV
and V were separated on the cellulose acetate strios (figure 5). The’
largest fraction, designated II, corresponds to the albumin on comparable
mammalian serum separations. A small percentage of the serum protein
migrates diffusely ahead of fraction II and is called fraction I.
Fraction III is not alwairs ccxfpletely obvious and occasioﬁally is
indistinguishable from fraction II. Fraction IV corresponds to the
point of serum application and is usually well defined in all plaice
sera. A small amount of protein migrates cathodically. and, where this

is cleérly separated fram IV, is called fraction V.







Table 5. Camparing the serum protein patterns of 'O'-group and
édult plaice following electrophoresis on cellulose acetate strips.
All fish were captured in February, 1972. Fish'nos. 1 - §.are 'O'-

group and nos. 6 — 12 are adult plaice.

PERCENTAGE OOMPOSITION OF
PIATCE ‘SERUM FRACTIONS
FISH No. - . ‘ )
I II' - III ‘ v v
1 5 46 0. | 28 1
2 - 2 73 10 15 ——
3 4 53 23 20 —4—
4 5 56 24 15 ——
5 16 52 16 16 0
6 11 48 26 15 —f—
7 3, 8 66 11 11 1
8 9 74 —f— 15 2
9 2, 10 55 15 13 5
10 4, 12 51 | 19 14 —}—
11 10,14 | 46 9 21 ——
12 4, 13 56 13 13 1
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Generally, the adult fish differed from the juvenile '0@'-groups
in three respects (table 5). First, . the adult plaice display a

more cawplex pattern with smaller fractions appearing in' the gamma-

' micjraﬁng proteins. 'Secondly,, fraction IIT is quite clear in adults

whereas it is not aiways‘ discernible in 'O'—group plaice. Thirdly,

in the sera of gdulit fish, the pre-albumins or fraction I, often give
rise to two distinct protein bands. Apart from the stated differences,
ho»evér, both 'O'-group and -adult plaice have very similar electro-
vhoretic pattérns. The results presented here suggest that the

protein patterns of plaice serum elaborate with maturity.

In general, elec&ophoresis of plaice serum on cellplose acetate
revealed five major fractions. Greater resoluticn of the sera, however,
was gained by using polyacrylamide gel as the inert base for electro-
phoresis. Electrophoresis on a comarative basis; was performed on

sera numbers 9, 10, 11 and 12 using both methods. The results (figure 6)

illustrate the improved resolution using the polyacrylamide gel. Eight

major fractions of serum number 10 are cbvicus, camared with the five

fractions cbtainable cn cellulose acetate.

Experiment 2. The serum proteins of 'O'-group plaice cauwpared with

three other species of. Heterosamata. Electrophoretic patterns on

cellulose acet_:'ate strips were obtained from two specimens of each of
the following fish: plaice, sole, flounder and turbot. These were

quantified an the Millipore densitameter, following staining and

- clearing of the strips. The fast, anode migrating fraction, discernible

as the most intensely staining band, has in all cases been designated
as fraction II. Apart from this, no hamwlogy ofl the protein fracticns
is implied in the numbering of the fractions fm the four species
(table 6 and figure 7).
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‘Of the four species, plaice and flounder are the most closely

related in their electrophoretic patterns. In both cases, fraction
IX is preddrdlmnt camprising at least 50% of the total serum protein.
A difference nevertheless is indicated by the slightly elevated levels
in the fraction III of plaice serum. In both cases there is a -srnali
percentage of cathode migrating protein which fon;ms a diffuse band,

not as readily distinct as the other fractions.

The electrophoretic pattern of turbot serum protein patterns is
quite distinct fram plaice in the greater elaboration of the slow, and
cathode migrating protein. ‘The sole possesses the most distinctive
pattern of these four heterosomatous species. A notable feature of
their electrophoretic separations is the relatively lmer proportion

of fraction II.

Although the species Mestigatﬁ above illustrated broadly similar
electrophoretic patterns, a further experiment was necessary to determine
" whether the serum proteins of these flatfish shared cammon antigens.
First, a high titre antiserum to plaice serum was produced in rabbits.
The anti-plaice serum was placed in the central well of an ’acjar diffusion
plate and allowed to diffuse against the sera of selected.species in the
peripheral wells (figure 8). The plalce antiserum reacted with all the
heterosamatous species except turbot, and all positive sera showed
reactions:of identity Wlth the plaice serum (table 7). A negative

result was obtained for the dogfish serum.

Experiment 3; Immunoelectrophoresis of plaice serum. Pooled serum fram
three adult plaice was subjected to electrophoresis for 200 ‘m.'Lnutes at
100 volts, 10 mamps. Following the initial separation rabbit anti-
plaice serum was lairered into the troughs, and the gel plate left in a
moist atnesphere for 48 hours. From the results (figure 9) it is

possible to discern at least 7 major camponents. 6 of these are anodic







rﬁigrating;,, whillst there is clearly one camponent migrating slightly

towards the cathode in the position of -a slow B~ or ¥-glcbulin.

This latter protein was extracted from whole plaice-serum by the

_follcming procedure. Saturated.ammonium sulphate (SAS) was added to

pooled plaice serum to a concentraticn of 332. The precipitated
protein was washed and subjected: to immunoelectrophoresis. When

developed against rabbit anti-plaice serum, only one arc developed;

‘in the same position as the cathode migrating protein fram the whole

plaice serum (figure 9).. -

Experiment 4. The antibody resgoﬁse of plaice to_the parental

administration of bovine serum albumin (BSA). As a preliminary

experiment, plaice were subjected to multiple injections of BSA and
tested at reqular intervals for antibody production usirig the passive
haemagglutination (PHA), and Ouchterlony techniques. Fish were divided

into experimental groups as listed below:-

(a) 10, 'O'-groups and' 5 adults at 10%.

(b) 20, 'O'-groups and 5 adult fish at 20%.

Over the 40 day experimental period all fish received four
inoculations of antigens on days 1, 10, 20 and 30.° The first J_njec—
tion of BSA was incorperated into F.C.A. and ‘thereafter.-‘“was»,a-d'ministered
in saline alone. Adult fish were injected intraperitoneally with 10 mg
BSA on each occasion-,"whilst the 'O'—grbup fish were given 1 mg of BSA
per :Lnj’ection.h Tests for antibody were éerfomed on days 10, 20, 30 |
and 40 respectively. Because of their small size 'O'-group fish were
terminally bled when tested for antibody, whereas individual adults

could be continuously screened over the 40 dayé.
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None of the fish held at 10°C produced antiboedy to BSA over the
40 day period. At 20°C, it was possible to detect antibody activity

in moderately high titres in adult and 'OQ'-group plaice (table 8)..

In the adult fish tﬁe onset of antibody production occurred by
day 20, in 2 of 5 plaice. By day 30, all surviving fish had detectable
- antibody to BSA with one: fish having a titre of 16. Unfortu’nately_, it
was not possible to screen the adult plaice sera on day 40 using the
PHA technique. Antibodies, however, were not detected during the 40

days using the precipitation in agar technique of Ouchterlony.

. '0'—group plaice did produce antibody by day 30 as detected by
PHA, but no precipitins to BSA were noted using the Ouchterlony
technique (table 8). '

Experiment 5. The antibody response of plaice to parental administra-

tion whole calf serum (W.C.S.). Following the limited success of the

initial experiment it was hoved to demonstrate the production of ore-
cipitating antibody by the administration of W.C.S. Plaice were

divided into the following experimental groups:-

(a) 10, 'O'-groups at lOOC.
(b) 25, 'O'-groups at 20°C.

(¢) 5, adults at 20°C.

'0'~-groups and adults received 0.1 mil. and 0.5 ml. bvolumes of
undiluted W.C.S. respectively on days 1, 10 and 20, the first dose
being incorporated into F.C.A. Detection of antibody was by means
of the Ouchterlony technique, tests being made on days 1, 10, 20, 30
and 40 using the hamlogous antigen. Titres of test sera were deter-
mined by plating them against serial dilutions of W.C.S. The
reciprocal of the antigen dilution giving visible precipitation was

taken as the titre for that serum.







Table 10. The production of precipitins in'adult plaice to whole

calf senm (W.C.S.) at 20°C.

DAY |  ANTIBODY TITRES OF TEST FISH Nos. 1~5
1 2 | 3 4 | s
1 0 o 0 0 o
10 o] 0 0 0 0
20 1 1 1 N N
.30 16 * 4 4 *
64 * | 64 8 *
(*) indicates fish dead

(N)

indicates a positive reaction with neat antigen

73
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Both '0'-group and adult plaice 'showed a good response to the

calf serﬁm antigen at 20°C. 1In both cases precipitins were detectéd‘

on day 20 and titres increased ﬁn’til day 40 when maximm titres.of

64 in adults and 32 in juveniles were recorded (tables'9, 10 .and

figures 10, 11). A correlation between the period of antibody induc-

tion and ambient temperature was evident in the 'O'-group plaice.
Precipitins were not seen in plaice held at 10°%c until day 30, whereas

higher precipitin titres were cbvious on day 20 in plaice held at 'ZOOC.

Experiment 6. The antibody response of '0'-group turbot to parental

administration of W.C.S. at 20°C. To ocanpare the precipitin production
of another 'O'-group species of Heterosamata, 15 juvenile turbot were

given weekly injections of 0.1 ml. of W.C.S. Precipitin production

~ was tested on days 1, 7, 14 and 21 using the Ouchterlony technique.

The induction period of precipitin secretion was between days 14 - 21

at 20°C (table 11).

Experiment 7. Partial characterisation of plaice: anti-W.C.S. antibody.

(a}) 2 - Mercaptoethanol (2 - ME) sensitivity. Immme serum was

first diaiysed againstl 0.2M, 2 - ME for 12 hours and then against |
physiological saline for 24 hours. Serum thus treated, and untreated
immune serum, were then pipetted into the wells of an Ouchterlony plate
and allowed to diffuse 'against the hamlogous antigen. A line ‘of

precipitate formed between the W.C.S. and normal immme plaice serum,

* but not between the antigen and 2 ~ ME treated plaice serum. This

indicated that the 2 - ME had, at least partially, reduced the fish
imminoglobulin, making it ineffective as a precipitin.













(b). Immmoelectrophoresis. First, inmme plaice serum was

separated eledtrophoreticélly and then allowed to diffuse against calf
serum diluted 1:1 with saline. After 24 hours a single arc of precipi-

tate was seen in the B nligrating area (figure 12).

Secondly, calf serum was separated by électrdphoresis followed by
diffusion against plaice anti-W.C.S. serum. At least three antigen-
antibody reactions were evident, indicating that the piaice had secfeted
specific antibody to more than one of the protein classes of the calf
serum. - No lines of precipitate formed in.the regions of fast migrating |

protein, supporting the view that B.S.A. is a poor immmogen in plaice.

(c) Colum chromatography. 1 ml. of plaice antiserum was fraction-

ated on a 90 x 1.5 am. colum of Sephadex G200. The serum separated into
three major peaké., designated A, B, and C (figure 13). Fractions corre-
sponding to the highest protein concentrations of each peak were pooled,
dialysed against water and freeze dried. After reconstitution in saline
the proteins of peaks A, B, and C were then tested by agar gel diffusion
against W.C.S. Only protein from fraction A precipitated with the test
antigen. By reference to the elution volumes of standard proteins of
known molecular weight, eluted on the same colum, the molecular weight
of the protein.from fraction A was calculated to be approximately
850,000 - 950,000. The molecular weight of plaice anti-W.C.S. precipitin

therefore falls within the range of that of human IgM.

Experiment 8. The immme response of '0'-group plaice to parental

administration of rabbit erythrocytes at 15°C. This experiment was

designed to investigate whether plaice could produce agglutinating
.an'tibody to a particulate antigen and also to test for an anamnestic,
- or secondary response to the antigen. Twelve 'O'-group plaice,

maintained at 15°C, were given 0.2 ml. intraperitoneal injections of a




253 suspension of rabbit erythroéytes in saline. Two further
control fish were injected with 0.2 ml. of saline. Fish haemagglut-
“inins were assayed using the capillary tube methbd, with the. antibody
titre being taken as the ‘reciprocal of the highest serum dilution

causing visible agglutination of the erythrocytes..

Three fish were'tested for antibody on day iO, following the
first injection, and a further three tested on day 20. Of the six
remaining plaice, three received further 0.2 'ml. injections of the
erythrocyte suspension and three were given 0.2 ml. injections of
saline only. 20 days later, on day 40, the ranaini-ng'six plaice. were

tested for haemagglutination activity.

Controls tested on day 20 and 40 respectively were negative.

The fish receiving erythrocyte suspehsions, however, clearly responded

with the production of haemagglutinins.

Antibodies were evident on day 10 in 2 of 3 plaice tested.
There was no appreciable increase in the titres of those fish given
a single injection of erythrocytes. In plaice that were given a
second dose of antigen, however, thére was a suggestion of a heightened

antibody response on day 40 (table 12) .
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Chapter 4
IMMUNE. RESPONSE OF PLAICE TO TISSUE PARASITES.

EXPERIMENTS AND- RESULTS

" Following the preliminary work on the immune response of plaice,
attention was directed to the role of the immune system in disease.

The three selected tissue parasties, namely Crywtocotyle lingua,

_Rhipidocotyle johnstonei- and Trypanosama platessae are considered.

The life cycles- of these species are diagrammatically represented

in fiqure 14.

CRYPTOCOTYLE LINGUA

Cryptocotyle lingua infections in young plaice have already been

used in the Plymouth laboratory by Iddon (1973) to study host reacticn
to parasitic infection. The parasties have been routinely maintained
by storing infected L. littorea (figure 14). In thg present study the
humoral antibody response of plaice to C. linqua metacercariae was
investigated by experimentally infecting them with known niumbers of

infective cercariae.

Initial tes{:s on the sera of wild plaice indicated a restricted
nurber had detectable precipitins to C. lingua antigen. In March 1973,
a total of 23 adult plaice were tested using the'Ouchterlony technique
and of these, only 2 formed precipitates with the C. lingua antigen.
The precipitating activity of these sera was abolished by 2 - ME treat-
ment. Unfortunately, even after concention of the Me serum with.
Lyphogel, it was not possj_ble to produce detectable arcs of precipitation

using immmoelectrophoresis. It is possible, however, that the
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I. Cryptocotyle lingua 2. Rhipidocotyle johnstonet

Littorina littorea - Bivalve. Sp. 7 e
cércariae g cercariae
eggs ‘} eggs

. . c | [
PLAICE PLAICE ‘
(metacercariae) : ‘(progenetic metacercariae)

r

Herring Gull ————|

3. Trypanosoma platessae

Mariné Leech, Sp. ?

|
|

PLAICE—-

Figure I4. To show the life cycles of the selected parasites
utilised in the present study.
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precipitins detected were specifically secreted antibiodies to.€. lingua

as the two fish giving positive reactions were lightly infected with

C. lin metacercariae.
L. Hngqua

In 1973, in this laboratory, Iddon conductedi a series of experinents‘
where previously uninfected plaic_e,, approximately 11 months old, were
subjected to weekly .infections of 800 cercariae per’ fish. 'I'hé plaice
were maintained at 18°C and received a total of eight of these weekly .
exposures. Three weeks after the final exposure each fish ‘was chalienged

with 2,500 cercariae.

On the termmination of this experiment, a number of the fish were

~ bled and the sera tested for antibody to C. lingua using the passive

haemagglutination (PHA)} and Ouchterlony technicques. Mucus samples were
also testéd f;)r the presence of precipitins using the Ouchterlony tech-
nique. Unfortunately, due to the small size of the plaice, it was not

possible to collect sufficient serum and mucus from each fish to employ
the full range of antibody tests on each individual.

A total of 9 fish sera were tested with PHA, in which the erythro-

cytes were coated with the soluble C. lingua antigen. Of these one

experimental and the uninfected control fish proved negative. Seven

experimentally infected fish had antibody titres ranging fram 1 to 64
(table 13). 8 of 12 infected plaice displayed detectable precipitins

in the serum as indicated by the agar gel diffusion method of,'OLicimterlOny
(Table 13 and figure 15). Using the latter technique; no precipiﬁiﬁs’
were detected in the mucus of 14 plaice, although the sera of 5 of these
did have detectable antibody. The mucous samples collected, however,
were not very concentrated and this,added to the relative insensitivity

of the Ouchterlony method, possibly accounted for the negative results.

Following this initial work, further experiments were designed to

investigate the effects of temperature and levels of parasite infection




. Table 13. The results of immmological tests performed .on '0' group
- plaice experimentally infected with a total of 9,000 cercariae at 18%.

CODE NO. OUCHTERLONY TEST PHA
OF PLAICE - TTTRES
SERUM MUCUS
R 1 N.D. - N.D.
R 2 + - 4
R 4 , - ' N.D.
R 5 + . . - N.D.
R 7 N.D. - N.D.
R 8 + - N.D.
R 9 | N.D. | - N;D.
R 10 + ~ N.D. 64
R 12 +  N.D. | N.D.
R 13 N.D. | - N.D.
R 14 N.D. - | 18
R 15 - N.D. . 'N.D.
R 18 N.D. N.D.. 2
B 2 N.D. N.D. | 4
B10 - - -
B13 | - - N.D.
B 14 | w.p. N.D. 1
B2 . | - - N.D.
G 6 + - 8
C 11-: ' - - -

(4) indicates response to antigen
' (-) indicates no response

N.D. indicates test not done.
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" on the humoral response of plaice. Adults were preferred for these
experiments as it was poséjbie to screen them continucusly for the

presence of serum antibodies. Also, adult fish provided sufficient

amounts of immine serum for immnochemical analysis of anti- C. lingua

antibodies.

Experiment 9. Effect of temperature con the imune.response of plaice

to C. lingua infection. 25 adult plaice, of mixed sexes and acprox-

imately the same length, were divided into three experirr’merifal groups.
6 plaice were held at SOC, 13 plaice: were held at 15°C and 6 plaice
maintained at 25°C. Two fish in each of the three groups were kept
as uninfected cont_rols.. The remainder received doses of 1,000
cercariae per fish on days 1, 10, 20, 30 and 40. The fish were tested
for anti- C. lingl_ia precipitins on days 20, 40 and 80 respectively,
using the Ouchterlony technique. In addition, an electrophoretic
analysis was carried out on the plaice held at 15°C. ©On day 1, and
at the termination of the experiment on day 80, pooled serum of the
control and experimental fish were campared following electrophoresis
on cellulose acetate strips. Quantitative estimates of the olaice-
serum protein patterns were cbtained by scanning the strips in the

Millipore densitameter.

None of the plaice nﬁintMed at 5°C showed an antibody’response
to C. linqua. Fish held at 25°C, however, gave a positive precipitin
response on day 20. Unfortunately, these fish died on day 34 of the.
experiment due to aerator failure. Fish held at 15°C showed a good
response to C. lingua, 3-out of 11 plaice producing precipitins within
40 days (table 14). At day 80, 5 of the surviving 8 plaice had low _

“levels of antibody to the parasite, 3 of the fish being negative.

Camparisons of the serum albumin/glcbulin ratios, determined after

electrophoresis of the pooled sera, indicated a change during the




‘Table 14. The antibody response of plaice exposed to repeated

~infections of C. lingua administered at 10 day intervals at 15°C.

il ,
DAY NOS. POSITIVE NOS. TESTED |

I

ANTIBODY TITRES
OF POSITIVE FISH.

20 o. ‘ 11

y o
40 3 1 11 . N, N, N
*80 5 : 8 N, N, N; 1, 1

Table 15. The electrophoretic patterns and albumin/globulin (A/G) -
ratios of plaice infected with C. lingua at 150C, and uninfected

controls.

SERUM FRACTION . A/G
DAY | POOLED SERUM _ I
t{rx | | v
1 | Experimental-|20 |58 | 8| 24 4— | 2.12
1 | control 15|50 14| 214— | 1.80
80 | Experimental [ 3 [ 62 | 11 |.24 4— | 185 -
80 | control 1168 9| 22 1| 2.0
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course of C. lingua infection over 80 days (table 15). In infected
fish there was :a discernible rise in the glabulins with a parallel
decrease in the albumin. In contrast, controls disélayed a reversal

of this trend with slight increases in albumin levels.

Experiment 10. The immune response of -plaice to-.a single infection

with 10,000 C. lingua cercariae. 15 plaice, between 15 - 20 am. long,

were divided into groups of 5 and 10 and held at 52 and 20A0 respectively.
On day 1, all fish with the exception of two controls from each group,
were placed into individual tanks and subjected to 10,000 cercariae

each over 6 hours. Infected and uninfected control plaice were tested
periodically for antibody on weeks 2, 4 and 8 following infection.

0.1 ml. samples of blood were removed from efach fish, and ‘the sera

tested against C. lingua antigen using the Ouchterlony technique.

At 5°C no precipitating antibody to C. lingua was detected in
the experimental or control fish over the 8 weeks. Visual examination
of the fish indicated that there had been_ limited development of the
metacercariae at this temperature, as very few of the typical black

cysts were evident.

At 20°C, onset of antibody production occurred in one .fish by the
fourth week.' By the eighth week all 6 surviving fish produced detectable
antibody to C. lingua. In contrast to infected plaice at 5°C, £he 6
plaice at 20°C displayed massive infections of metacercariae. Antibody

was not detected in the control fish at 200(:.

The 6 antibody producing fish were bled terminally, 9 weeks after
initial infection, the sera fram these pooled and concentrated from .6
to 2 mi. with Lyphogel, before prdceeding with the following immunolog-

iE_:al tests. Positive plaice antiserum proved sensitive to 2 - ME

treatment, Serum incubated with 2 - ME failed to precipitate with the
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€. _lingua antigen, whereas untreated control serum gave positive

reactions in Ouchterlony tests.

* Immuncelectrophoresis. Serum was 'eljectrophorétically separated
and concentrated C. ]v_ingge'l antigen containing 5 mg. protein per ml.
allowed to diffuse against it on the agar slide. After 48 hou-rs, a
single faint arc of precipitation developed by the central well,

indicating a molecule of B-mobility (figure 16).

Column chramatography. 0.75 ml. of the concentrated, pooled

serun was passed dewn a column of Sephadex GZOO, dirmensions 100 x 2 ams., .
using the methods outlined in Chapter 2. Three major peaks of protein
were noted and antibody activity to the he]minth antigen was only

associated with the first eluted protein fram the column.

Experiment 11. The biological activity of plaice anti- C. lingua

imunoglobulin. Previous observations had indicated the potent toxicity

of immune plaice serum for live C. lingua cercariae. The following
experiment investigated this effect in more detail. To each of five
microscope slideé was added one drop of seawater _obntaining 50 cercariae.
One drop of the following was added tb five slides:

1. Anti C. lingua serum from plaice.

2. Normal plaice serum.

3. Anti- C.- linqua serum fraom rabbit.

4. Normal rabbit serum.

5. ‘Seawater.
The slides were maintained in a moist ._atmosphere at lSOC, and viewed

after 5, 30 and 60 minutes.
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The' cercariae survived over 60 minutes . in both the immune ‘anld
‘normal rabbit' serum and' the seawater. In serum from normal,; uninfected
plaicé, precipitates formed around the cercariae after 30 minutes, but
all parasites were moderately active over the 60 xm'nﬁtes. The innnﬁe
plaice serum totally immobilised all cercariae within 5.minutes. Many
of the cercariae had sloughed off their tails and were :surrounded by

visible precipitat_e .

Experiment 12. The immune response of plaice to parental administration

of C. lingua antigens, at 20°C. 8 adult plaice between 15“— 25 am. long
and 20, 'O' groups were given single intraperitoneal injections of

C. lj_nﬂ.a antigen incorporated in F.C.A. '0' group plaice received

0.1 ml. injections containing 1 mg. of ;pro'teiri and adults were given.
0.5 ml., equivalent to 5 mg. of protein. 'O' group fish were terminally
bled on days 10, 20 30 and 40 and the sera tested using Ouchterlony
technique. The individual adult fish were contihuously scrémed‘ for
antibody production at 10 day intervals over the 40 days. The results
(table 16) indicate that C. linqua extracts were successful in invoking

a precipitin response-in juvenile and adult plaice.

Precipitins were detected in 50% of the adult plaice within 10 days
of the first injection, and on day 30 all fish proved positive. Only
four fish survived wntil day 40, three of these being:gositive-and one
negative. Antilsody titres were uniformly low during the 40 days, only

two fish achieving titres of 4.

'0' groups secreted antibody to C. lingua antigen between days
10 and 20, and by day 40, three of five tested fish proved positive
for precipitins. The serum antibody titres of these juveniles was

not measured.
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Table 16. (A) The antibody response of adult plaice to. intraperitoneal

injections of C. lingua antigen at 20%.

DAY [ NO. POSITIVE | NO. TESTED ?ﬁ%gﬁ‘gﬂ 1
' 1)
0 8 l N, N, N, 1
20 8 ‘N, N, N, N, 1
0 5 N, N, 2,l4, 4
10 4 1, 4, 4.

(B) The antibody response of -'0'-groups to intraperitoneal injections

of C. lingua antigen at 20%.

DAY | NO. POSITIVE

ANTIBODY TITRES

NO. TESTED OF POSITIVE FISH

10

- 20

5 Not done
5, | n o
5 n "
5 | "o

Table 17. The specific staining characteristics of soluble and

insoluble C. lingua antigens, separated by polyacrylamide gel electro-

phoresis.
LCRYPTOCOTYLE ANTIGEN
STAIN STAIN SPECIFIC FOR: SOLUBLE T INGOL.
1. Amido Black Protein - + +
2. Toluidine Blue | Acid mucopolysaccharide + +
.Nuclear protein : ;
3. P.A. Schiffs | Carbohydrate bound - +
proteins o
4. Sudan Black Lipoprotelins ' - +
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Experiment 13. The partial analysis of C. lingua antijens; Following
the demonstration of antibody production in the plaice to C. lingua,
it became necessary to evéluate the antigenic nature of the parasite.
The following techniques were used to ascertain the numbers and bio-

chemical nature of the functional antigens involved.

Immuncelectrophoresis. C. lingua cercariae were disintegrated in

PBS, pH 7.2 and the soluble and insoluble antigens prepared as-previOUSly
described. Antisera to these were produced in rahbbits by the administra-
tion of multiple injections of the soluble .and insoluble. antigens incor-

porated into Freund's Incomplete Adjuvant. When sufficiently high

titres of antiserum had been produced to both antigens; the rabbits

were terminally bled.

Both soluble and insoluble antigens were separated by electrophoresis |,
and allowed to diffuse, on the agar slides, against their hamologous
antisera. At least five antigen-antibody systems Qere evident in the
soluble C. lingua preparation, one of these antigens clearly migrating
towards the cathode (figure 17). The insoluble antigen contained only

one antigenic constituent, which appeared to be fast migréting towards

the ancde (figure 17}. To check that there was no Cross-reactions between
soluble and insoluble antigens, they were subjected to electrophoresis

and diffused against their heterclogous antisera, i.e. ﬁnnuﬁoelectro—
phoresis of soluble antigen against antiserum to insoluble antigen, and
vice versa. No lines of preci?itate were evident on either of the

immuncelectrophoresis plates, indicating that the insoluble and soluble

preparations did not share common antigens.

Specifib staining of C. lingua antigens. Insoluble and soluble

antigens were prepared at a concentration of 2.5 mg per ml. and
separated electrophoretically using polyacrylamide gels. Gel rods of

separated soluble and insoluble antigen were stained with the following







specific stains: amido black, toluidine blue, periodic acid Schiffs .
(PAS) and Sudan black. All gels were destained and the resulting

patterns photographed (figure 18).

Although both antigens stained with general protein stain, Amido"
black, they differed qualitatively. The insoluble fraction displayed
three bands, whereas. the soluble antigen had a minimum of 10 such
bands. The insoluble antigens, however, posseSsed a greater number of

.prptein types with poéitive .reacti.ons for acid mﬁcopolysaccharides, |
nuclear proteins, carbchydrate bound proteins and lipoproteins
(table 17).

Fluorescent antibody staining. As the previous experiments had

indicated two separéte antigen groups in C. linqua, it was hoped to
demonstrate, by fluorescent antibody metheds, the location of soluble
and insoluble antigens within the cercariae -and metacercafiae. Frozen
sections of the metacercariae and cercariae were treated with rabbif
antisera to the insoluble and soluble antigens, and following this

with anti-rabbit gldabulin linked to FITC.

Results :Lndlcated that all preparations tested in this way
fluoresced under U.V, 1igl'it. The specific fluorescence in the cercar-
lae and metacercariae tended to be confined to the tegument with duller
generalised fluorescence within the parasites. The body ‘wall of meta-
cercariae treatéd with anti-insoluble antibody was chserved to fluoresce
more strongly than the anti-soluble preparations, but, unfortunately, no
photographic records illustrating this qualitative difference could be

cbtained.

To evaluate where antibody fram immune plaice serum may localise on
the cercariae and metacercariae the following experimentr was performed.

" Encysted metacercariae were sectioned in situ in tissues of infected









'0' group plaice. These sections and heat killed cercariae were

treated with anti~ C. lingua serum from immune plaice. ‘A'_'L*l'prerpara—

tions were then washed and treated with rabbit -‘antiv-p_laice, g’lob‘iilih

conjugated to FITC and viewed for f_luores,ce'nce.-

"Both the cercariae and metacefcariae fluoresced with- a bright

_apole green colouf, indicating that the plaice antibody had attached

to sites on the.parasite (figures 19, 20). Fluoresé:ehce was abserved

‘on the cercariae. Sections of metacercariae in host tissue emitted

dim fluorescence, with the parasite tegument fluorescing more intensely
than the inner tissues (figure 20). Fluorescence was also recorded

on the inner cyst wall of parasite origin.
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RHIPIDOCOTYLE JOHNSTONEI

Between July and Septembet, 1972, several catches of '0' group
plaice were taken from Broadsands Bay, South Devon. A large majority

of these fish were heaVLly 1nfested with Rhipidocotyle johnstonei;

" the metacercariae of which live progenetically in the muscles and

connective tissue of the host (figure.21). The lack of cyst wall
around the parasite, the noticable host cellular reaction_ahd the

large numbers of R. johnstonei infesting young plaice, all suggested

that the parasite might provoke a pronounced immunological response

(figure 22).

In September, 1972, 10 '0' groups with heavy infections of

R. johnstonei {on average 42 per fish) were terminally bled and their

sera tested for antibody using PHA and precipitation in agar techniques.

All fish gave weak precipitin bands against R. johnstonei antigen, on

Ouchterlony plates. The antigen coated erythrocytes used in PHA, however,
gave non-specific precipitation and results were, therefore, d13caraed.
Such non-specific precipitation can be the result of coating the tanned
bibod cells with too great a concentration of antigen, or the use of
impure antigen. The crude antigen extract of hamogenised parasites

used here,vyas therefore considered partly responsible for tﬁe incon;

sistency of the results.

Following these initial observations and the theoretically promising
nature of this host-parasite system, it was decided to study, in more
detail, the infection and immune response of plaice over a set period

in 1973.

All fish used in this study were collected from Broadsands Bay,
from June to December, 1973. From June to Octcber it was possible to

take a sample of at least 50 fish, but in the colder months of November
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and December only 8 and 23 fish, respectively, were caught. Measure-

- ments of the weight and lehgth of all fish were recorded each menth

and their mean values calculated (table 18). ‘The nurbers: of meta-

cercariae per fish were determined, using the method of Matthews
(1973), by placing the plaice on a lighted stand and counting directly
the numbers of parasites. The average numbers and range of parasites

each month were noted as were the sea temperatures.

Each month a randam sample of 10 fish were tested for precipitating

antibody to R. johnstonei, using the (juchterlony method, the nurbers

giving a positive response being noted. All data oollected is sumar-
ised in table 18 and figuré 23. A regular, monthly histological exam-
ination of the plaice revealed that, althoughr immature metacercariae

were in evidence in July, the mature egg producing form was not noted

until early August.

In May the plaice were too small to be bled for antibody tests,
but thorough investigation of their musculature failed to reveal the

presence of any parasites. R. johnstonei appeared in snall‘ nunbers, on

average three per plaice, in July, but no antibody to the parasite

oould be detected at this early time. By August, when 'O' groups had

- grown to an average length of 6.2 amn., one fish had a maximum infection

of 120 cercariae and on average fish were infested with 31 parasites
each. Antibody was not evident, however, until September when 4
plaice gave precipitin reactions with the hamologous ahtigen. In
Octcber, when plaice were of avérage length 9.6 an. and infested with
an average 37 metacercariae, all of the tested fish were positive
(figﬁre 24). A similar result was obtained in November,when 87% of
the test fish were positive for antibody. Unfortunately, it was not
possible to obtain blood samples from plaice captured in December as
they died during transport to the laboratory. A record of the:i.rrsize
and pafasite infestation was taken, however, to camplete the records

for 1973.
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To summarise, after approximately eight weeks from the initial

~ infection, 40% of the fish produced precipitating antibody to the

parasites. Four weeks later, in mid-Octaber, -100% :.of the plaice

had anti~ R. johnstonei precipitins.

IJnforEunately, due to the small volumes of sera availa_ble from

. infeéted fish, it was not possible to fully characterise the immuno-

glcobulins by standard immunochemical prbcedures. " The sera were,

however, sensitive to 2-ME treatment, untreated immune serum retain-

ing its precipitin activity with R. johnstonei antigen.

Experiment 14. The effect of ambient temperature on the humoral anti-

body response of plaice to R. johnstonei. Ten fish collected in July

when there was no detectable antibody to R. johnstonei, were selected

for the following experiment. The fish were divided into two equally
sized groups and maintained at 5°C and ZOOC, respectively. These were

maintained under constant conditions of diet and temperature until

" September, when they were campared immmologically with wild, infected

plaice; Accordingly, in September, when 40% of the wild plaice were

positive for anti- R. johnst_:onei antibody, the plaice at 5% and 20°%C

were bled and their sera tested for antibody using the Ouchterlony
technique. The results (table 19) suggest that an antibody response
to the parasite was temperature dependant. All of ‘those -at-20°%C
producéd a posit-;ive antibody response, whereas those maiht;';tined at 5°C
were negative. -The wild plaice, that had existed at temperatures _
approximately between the two experimental values, displayed only a

40% response.

Experiment 15. The determination of R. jcohnstonei antigens. In

order to elucidate the nature of the antigen{s) of R. jchnstonei,
the indirect fluorescent antibody test was us,éd, to locate the areas

of specific binding of plaice antibody onto the parasite. Whole
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-metacercariae were dissected out | frdn' fresh.ly killed hosts and given
several washes in saline. These were treated with immmne .serum from
infected plaice, washed. and then fihally immersed in- rabbit ‘antir—'plaioe
globulin linked to FITC. The metacercariaé were viewed under U.V.

light using a fluorescence microscope. Where the fluéresce.nce was’
sufficiently intense, a photograph was taken as a permanent reocord.
" Frozen sections of metacercariae, in situ in plaice tissue, were

treated as above and viewed for fluorescence.

In the sections and whole metacercariae bright apiale—green fluor-
escence was noted within specific areas of the parasite. In the whole
metacercariae (figure 25) the fluorescing tissues were identified by
Matthews as prepharyngeal and prostate glands, both of which tend to
secrete materials into the surfounding host tissues. Slighter green
fluorescence was also noted on the general external surface of the
metacercariae. Unfortunately, ladi of parasitic material, heavily
infected plaice only being available three to four months a year,
pfecluded a more thorough investigation of the biochemical nature of

the parasite antigens.

The strong fluorescence of the glandular material confmned thaﬁ
the functiocnal antigens involved in prowvoking immunoglobulin production,
were of a secretory nature (i.e. E.S. or excretory - secretorj agnfigens) .
Therefore, live metacercariae were cultured in vitro in an attempt to
collect E.S. antigens. Approximately 40, mature metacercariae were
washed several times in 0.85% saline. Théese were then traﬁsferre’d to
5 ml. of sterile plaice ringer and maintained at 10°%C  for 72 vh-ours.

No attempts were made to"keep the culture sterile, but gross bacterial
contamination was not noted and all parasites survived over the.three

' day pericd.



1o
The plaice ringer medium was concentrated to 0.5 ml. volime
and plated against a known positive hamologous antiserum 6nw'an_'
Ouchterlony plate. No JiﬁEQ‘Of precipitate appearedbetween the .
: ES (?) -antigen ‘and plaice antiserum, f‘olilodi_nq fhis,-, the protein
concentration of the E.S;- antigen was assayed and found to be less

than 1 ng. of protein per ml. It was, therefore, concluded that -

the negative result was caused by the use of a too dilute antigen.
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PROLEPTUS OBTUSUS

During the course of the present study, results presented by
Baldo and Fletcher (l973)!demonstfated‘the presence of C-reactive
protein. (CRP) in the sera of norinal, healthy plaice. Theylfurther
showed that plai¢e CRP precipitated in agar gel wiﬁh extracts .of

bacteria, .plants‘ and: in\}ertebrates including helminths. As
indicated in the present study, plaice have been shdown to produce

precipitatinq'antibody to the helminths C. lingua and R. johnstonei.

It was considered relevant, therefore, to further investigate the

importance of CRP with regard to helminth antigens.

Delipidated -antigens, containing at least 10 mg. of protein

per ml. were prepared from the following species: Proleptus obtusus,

Ascaris suum (Nematoda), Hymenolepis diminuta {(Cestoda) and Fasciola

hepatica (Tranatoda)i Sera was obtained fram 9 adult plaice between
25 ~ 35 am. long, ard allowed to diffuse in agar gei plétes against
each of the 4 antigens. In addition, similar tests Qere made on two
dogfish with heavy inféctions of the spiuroid neﬁatode P; obtusus.
None of these test fish displayed any precipitin activity with the

A. suum, H. diminuta and F. hepatica antigens. Sera from 7 of 9

plaice did, however, develop lines of precipitation with P. obtusus
antigen, witain as little as 12 hours. Neither of the two dogfish

sera precipitated with the P, obtusus antigen.
Further investigations were carried but to determine whether
. the precipitin activity of plaice sera to P. obtusus antigen was.
due to CRP_or'a naturally occurring antibody. As reactivity to
the antigen was evident in a large percentage of plaice, it was
poésible to collect the relatively ;arge volumes_of positive sera

necessary for immunochemical investigation.
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10 ml. of pooled serum was ‘concentrated to 5 ml. with Lyphogel.
This sample was found adequate for analysis by immmnoelectrophoresis,
column chromatography, ultracentrifugation and 2-ME sensitivity

tests, given in order below.

Immunoelectrophoresis. Serum, separated electrophoretically on

agar gel slides, was allowed to diffuse against the P. cobtusus
antigen, introduced into the troughs. Conversely, antigen ‘was
subjected to electrophoresis and allowed to react with the plaice

serum.

Precipitates developed within 24 houré. the separated serum
forming an arc of precipitation very near the central well, which
corresporded to a protein of slow B8 mobility, similar to the IgM
of mammals. The nematode antigen, following eiectfophoresis,
formed only cne arc of précipitation with the plaice serum and

appeared to migrate as a fast B (figure 26).

Column Chromatograrhy. 2 ml. of the concentrated plaice serum were

passed through a 90 x 1.5 an. column, packed with Sephadex G200.
Three major protein fractions were eluted from the column (figure
27) , but probably due to the relatively large volume of serum

applied there was not a sharp resolution of the peaks.

The following fractions were pooled into three groups, correspond-
ing to the peaks of the three eluted proteins:- A included fractions
14 and 15; B fractions 20 and 21; C fractions 26 and 27. These were’
then dialysed against distilled water, lyophilised, and reconstituted
in saline to a concentration of 5 mg. of dried material per ml. The
pooled proteins of pesks A, B and C were then tested for antibody
activity againsf P. obtusus antigen using the Ouchterlony technigue.
Fractions B and C gave no visible precipitates with the nematode
antigen, whereas the first éluted, macroglcbulin, fraction A visibly

precipitated with P. obtusus antigen.







Table 20. To :show. the‘ approximate ‘ca*lcula'tion of the molecular

welghts of plaice serum prote_ms separated cn Sephadex GZOO, by

reference to the elutlon volumes of standard proteins,

Void volume of column (Vo) is 45 ml.

morm sromeny | Vo O Vg
(ml.) (V) o i ‘
Human IgM _ 37.5 0.83 | 5.95 | 900,000
Human TG 52.5 | 116 5.26 | 180,000
Bovine serum 0.0 | 1.55 4.78 | 60,000
albumin ; * !
Plaice fraction A |  37.5 0.83 5.95 | 900,000
Plaice fraction B | 50.0 1.11 5.46 | 290,000
Piaice fraction C || 67.5 1.50 4.82 66,000
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An approximate valué for the molecular weight. of prbté‘ins in
fractions A, B and C Wa;s'-ca’lculated by runnlngstandard proteins
through the column, namely, human IgM, human IgG_; and bovine serum
albumin (BSA). It can be seen that (table 20) human IgM and plaice’
’s;erum fraction A had approximately the 'same elution volume, with
the latter having a calculated molecular weight of ai:proximately

900,000

'Analyticazl Ultracentrifugation. To obtdin a more accurate estimation

of the molecular weight of fraction A, its sedimentatior coefficifent
was calculai':ed following high speed centrifuéation. A single, pure
protein fram fi‘action A was obtained by first running plaiée ‘sera
through DEAE Sephadex in PBS at pH 7.2, and then passing it down
G200 columns. Protein from the first, eluted macroglobulin peak was
dialysed against distilled water. and freeze dried, until 15 mg. of
material was obtained. The hanogeneity of the protein was tested by

polyacrylamide, gel, electrophoresis.

5 mg. of lyophilised material was dj;ssolved in 1 ml. of 20I‘ mM.
phésphate buffer, pH 8.0 and centrifuged at 55,000 r.p.m. for 30
minutes. The sedimentation of the protein peak was viewed with
S&lierm optics (figure 28). From the observed rat’e' of sedimentation

an uncorrected Sw2

0 value of 19.628 was obtained.

2-Mercaptoethanol Sensitivity. The precipitin activity of ‘plaice

serum to P, obtusus, was abolished following incubation with 2-ME.
Control sera dialysed against saline retained precipitin activity

against the antigen.

Tests for CRP. Three Ouchterlony plates were prepared, where positive

plaicé serum was allowed to diffuse against P. obtusus antigen. Lines
of precipitate developed in 24 hours. One plate was immersed in one -

of the: following solutions: = (1) 5% sodium citrate; (2) 0.1 M EDTA




’ 118

in PBS, pH 7.2; . (3) PBS, pH 7.2. Thése~wefe’left for 12 houts

- at room temperature and viewed for the.preéence Of;preéiyitates,

None of the precipitates dissolved, in the three solutions. - Baldo

and Fletcher (1973) have shewn CRP precipitates redissolve in

EDTA and sodiumcitrate. It was considered, therefqre;tthét‘the
anti-nematode precipitin regorded‘here wasénotHCRPvand’tﬁat from

the evidence preseﬁted, it closely resembléed the igMﬁof_nanmals

~and other fish.
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TRYPANOSOMA PLATESSAE

Morphology. As a basis for the experimental studies T. platessae was

briefly redescribed to include details previously amitted by other

workers. Scale drawings ‘were prepared of 15 individual trypa.nosorre|s

fram twe host fish. On average, T. platessae measured 50 u in total
length, including a free flagellum of 13.6 p (table 21). Variations
in size were slight and there was no evidence to suggest polymorphism

in this species.

In Giemsa stained, blood smears, T. platessae generally assumed

a coiled shape (figures29, 30). The oval nucleus is situated consider-
ably nearer the anterior tip than the posterior, with the prominent

kinetoplast situated 1.6 y from the posterior extremity.

Seasonal incidence of T. platessae. In order to maintain consistency

in sampling, all plaice used in this study were 2 - 5 years old and

obtained fram one trawling ground, namely Looe Bay. Previous study of

T. platessae had suggested that infection of younger fish, less than
two years old, was extremely limited and that also distribution of the

parasite may vary with geographical ioca_tion_ of plaice. Moni:hly

| samples of at least 20 fish were examined for T. platessae, and the

percentage numbers of infected plaice recorded from January - Decenber,

1972. The results of.these observations '(‘figure 31) indicate.a ‘seasonal

fluctuation in the incidence of T. platessae in the plaice stock at Looe.

Peak levels of infection were reached in March when 20% infecticns
were recorded, following which there was a gradual decline until, in
July, no infected plaice were noted in a sample of 28. As winter pro-
gressed the numbers of infected fish increased to 14% by October. In
figure 31, the infelcion levels are. plotted against the average sea
tanperaturés for Plynbuth waters as supplied by the Meteorological

Office. This shows a possible correlation of infection with ambient




Table 21, To show the :norph&retric records of T. platessae.

Body length

Flagellum length -

Total length

width at nucleus

Width of undulatim';\ ménbrane

Distance of kinetoplast from posterior tip
- Distance of nucleus from. anteridr tip

Distance of nucleus frqn'posterior .tip

Muclear index N.P./N.A.

Nucleus length

Nucleus width

Mean:
(microns)

- 37.3
13.6
50,5
2.6
1.0
1.6
12.6
24.2
1.9
2.6

1.6

Range

_ {(microns)
35.8 - 38.4
_:io;o-—'15.2
48.4 - 58.2
2.0 - 3.2
0.5 - 2.5
1.0 - 2.0
11.5 - i4.7
23.6 - 26.7
1.6 - 2.2
2.0- 3.2
1.0 - 2.1
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: temperétures,-highest infection levels of 20% coinciding with the
lowest sea temperatures. Conversely, the lowest infection levels _

'inuJuly ocorresponded to some of the highest sea temperatures..

{Distribdtfon_Of T.. platessae through thé age classes of plaice. A

total ofl47l‘plaice were sexed, -aged and  screened for trypanoscmes

and of these only 25 were infected. In all cases, the.nUmbers of‘ _
frypanosomes occurring in the blood was very low and varied fram
approximately 100 - 5,600 organisms per ml. of blood. A hotable
feature of the results is the discontinuocus distribution of infected -
fish through‘the age classeg. In fisﬁ under 19 ans;-in length, only
0.7% of the plaice were infected. The incidence increased dramatically,
however, in older fish of approxihately 2 - 4 years of age (téble 22).
fhe failure to record any infections in fish 40 - 49 ans. long may have

the result of the low numbers sampled.

The x2 test was applied to the data of table 22, using the null
hypothesis that trypanosome infected plaice were evenly distributed
through the age groups. A value of 115 for x2 was obtained indicating
that the null hypothesis had a probability of 0.001, or stated other-

wise there was a 99.9% certainty of unequal distribution.

T. platessae seemed to be equally distributed among the sexes as

is indicated by the fact that 8% of 123 males, and 6% of 202 females

were infected with the flagellate.

Exp. 16. Passage of T. platessae in the plaice. In order to facilitate

the maintenance of T. platessae in a laboratory system, experiments were

initiated to determine whether the parasite could be passaged from one
plaice to another. A source of infected fish was limited because of the

low levels of infection encountered in the wild and, because of this, it
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Table 22. Total figures for the distribution of Trypanosoma:

Qlatessae through the age classes of Pleurcnectes platessa.

. . Length Total nos. Numbers Percentage |
Approximate age | .o ) examined | . infected | infected
0O-lyears | 0-9 | m6 | 1 0.7

1-2 | 0-19 | 26 o 0
' . ' it
2 -3 20 - 29 148 . 14 | 9.4
3-4 30 - 39 121 10 8.5
| 4plus 40 - 49 28 o o0
Totals’ 47 25

Table 23. To show the establishment of experimental infections of

T. platessae in plaice maintained at 10, 15 and 20°C.

DAYS . NUMBERS OF PLAICE INFECTED AT FACH TEMPERATURE
AFTER
INITIAL 1% 15°%¢ 20°C
INFECTION {— ,
No. Exam.)No. Infected|No. Exam. {No. Infected|No.Exam. | No. Infected
0] 2 -0 4 - 0 4 0
5 2 o 4 o] 4 1
10 2 0 4 1 4 1
20 2 1 4 2 4 1
30 2 1 4 2 3* 1

* 1 plaice dead



was not possible: to obtain sufficient parasites for all the

originally intended experiments.

Trypanosames were cbtained by terﬁd.nally b}_.eeding infected 'adult
fish. Blood from these was stored in heparinised bottles at 4%c.
Generally, blood from intected fish was injected intraperitoneally
into uninfected reéipient fish, previously screened for the presence

of trypanosomes. Blood samples from recipient adult fish were taken

at regular intervals to.check for the presence of T. platessae. 'O

groups were terminally bled, however, when screened for infection,

because of their small size.

In a preliminary experiment, '0' groups received approximately
40 parasites each, by intraperitoneal injection of 0.1 ml. of infected
blood. Two fish were examined every five days over a 20 day period.

At no time were trypanoscmes detected in any of the plaice.

In view of these results, further experiments were carried out to
investigate the effects of ambient temperature and site of inoculcation

on the establishment of T. platessae in the plaice.

Experiment 17. The effect- of temperature upon the establishment of

T. platessae. 13 fish were divided into 3 groups of 3, 5 and 5 and
héld at temperatures of lOO, 15° and 20°C, respectively. - In.each group
one control fisl’-l was given 0.2 mls. of saline. All experimental plaice
were injected with 0.2 ml. blood containing approximately .350 trypano—

sanes.

Samples of blood were taken from the fish at reqular intervals
over a 30 day experimental period. The results of these experiments
(table 23) indicated a limited success in establishing this.parasite

at all three temperatures.,
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'Experiment 18. Effect of introducing T. platessae directly. inte blood -

stream .of plaice at ‘159C, 2 routes of entry were chosen for injection
of trypanosames, namely intfacardiac and intravenous foutés, ‘Five adult
plaice were injected directly in the heart with 0.1 ml. of infected
blood, and ene control received 0.1 ml. of saline. A further 6 fish

were treated in the Same manner except that injeétions were given in

. -the caudal vein.

All fish were examined every 5 days over: the. period of the
experment Of the plaice injected via the cardiac route, trypanosomes
were detected after 15 days when 1 of 4 recipient plaice was positive,
and after 25 days when 2 of t‘r‘1e 4 were found to harbour trypanoscmes.
The control was always negative. None of the 4 fish j_rij‘ected intra-
venously were found positive over the 25 days. The location of the
caudal vein during injection was difficult and it is sug’g%zsted that
the nagative results noted here were due to the failure of ‘trypanosm\es

to directly enter the blood vessel.

Experiment 19. Observations of T. platessae in 2 naturally infected

.plaice maintained at ISOC,. There has been no previous investigation

into the course of infection of T. platessae in plaice. The aim of
this experiment, therefore, was to determine any flucfuat_:ions- ‘in the -
numbers of trypanosames in the blood of naturally infected,fish. Two
plaice, with known infections, were examined at 5 day intemals-fc_)r

25 days. Trypanosomes were detected in both fish on all occasions
they were examined. There appeared to be no cbvious increase in their

nunbers with consistently low parasitaemias being observed.

At the termination of the experiment one plaice was killed and the
following tissues removed for histological investigation: liver, kidney,
spleen and muscle. Giemsa stained, smear preparations were taken from

each tissue and examined for the presence of trypanosames. For more
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detailed investigai:ion fixed material was embedded' in wax and sections
of this exaﬁined. Trypanosames were not -detected 'in any of the above

preparations.

Experiment 20. Passage of T. platessae into different species of

Heterosamata. In view of the low parasitaemias and difficulty of passag-

ing T. platessae from one plaice to another, it was considered ‘that
plaice may riot. be the natural host of the pérasite. For this reason
it was decided to. attempt to transfer the trypanosome from plaice to
.other closely related species, namely: turbot (4 recipient fish),
flounder (2), sole (4), dab (1), brill (3). All the recipient fish
used in this experiment were 'O'-—group between 6 =~ 10 aus. long which
had ‘pre{riously been found clear of trypanosames. In addition to these

2 uninfected 'O'-group plaice received injections of T. platessae to

act as a positive control. All fish were injected intraperitoneally

with 0.1 ml. of infected blood and tested for the presence of T