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ABSTRACT

The respiratory pigments and the amino acid
composition of planorbid snails which act as
intermediate hosts for human schistosomes weore comparecd

with those of insusceptible snall speocles,

The absorption spectra of haemoglobins from
different snail species were similar to one another and
closely related to those of mammalian haemoglobins,

The occasional appearance of additional absorption bands -
gsuggested that substances other than the pigment protein
appear -infrequently in snail dlood,

Eieotrophoresis showed that, in general, the
respiratory pigment was the only protein present in the
blood, The mobility of haemoglobin and haemocyanin
plgments was not affected by change in pH, and the rates
of movement of haemoglobins from twelve different cnaill
species were the same, Other proteins occurred occasionally
in the blood of most species examined, and these additional
fractions scemed to form a common pattern in four specles,

The factors determining their appearance were investigated,

llo qualitative differences were observed in the
amino acid content of haemoglobins from differont snalls,

but quantitative differences were demonstrated.



The frec amino acids of snail blood weroe in low

concentration but were qualitatively similar in threce
snail species, which also contained similar bound and

frce amino acids in the digeetive glands and ovotestes,

Australorbis pmlabratus, however, differcd from
Planorbariuvg corneus and Lyrnaea _stamnlis sinoce free

mothionine was found in its anterior tiasuvwes, The
methionine was not present in glabratus snails infected
with Schistosoma mansoni, and they contained lower
concentrations of free amino acids than uninfected snalils.
It was shown that methionine was one of the meventeen
amino acids identificd in the protein of S, mansoni

cercariae,
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GENERAL IITTRODUCTION

The infection of snail intermediate hosts by

schistosome parasites has been studied principally
with regard to the degreé of susceptibility of different

species and strains of snails to various strains of

the parasite, The results of many of 'these investigations
have suggested the physiological differcnces oxist

between snail hosts of different species but, up to the

present, few studics have boen made on the comparative

physiology of these intermediate and related non~

intermedinte hosts.

There are pronounced differénces in the relative

susceptibility of snail hosts to strains of schistosome

species, Stunkard (1946), Cram, Files and Jones (1947)
and Abdel-llalek (1950) were unadble to infect the
Egyptian intermediate host Biomphalaria boisoyi with
niracidia £from a Puerto Rican strain of Schistosona
mansoni, Flles and Cram (1949) also failed to infect
B,_boissyi with Venezuelan or Puerto Rican-Brazilian
hybrid strains of tho parasite, Files (1951) obtained
moderate to high infection rates in Australorbis

glabratus from Puerto Rico with strains of S, mansoni



from Puerto Rico, Surinam and Venezuela but-very low

rates with Egyptian and Brazilian stralns,

On tho other hand, successful infection rates
havo been obtained betweoen snaills and parasites fron
widely separated endomic arcas. Kuntz (1952) infeoted
strains of A. glabratus from Venezuela and Pucrio Rico

with an Egyptian strain of S, mansoni, the infection
rates falling within the range rccorded for the natural
host B, Boissyi. Standen (1952) reported an infection
rate of 82% in A. gla'bratus from Puerto Rico witih

S, mansoni from Egypt.

Considerable differences in susceptibility to

infection of snail species from sinmilar or adjacent
localities have been roported, Barbosa (1958) roviewed

the intermediate hosts of S. nmansoni in Brazil. In sone

aroas Tropicorbis centimoetralis is the only snail which

transmits schistosomiasis but it is a poor host; {he
majority of miracidia are walled off by a cellular
rcaction of tho snail, A small numbor survive and

develop but the life of tho mature sporocyst is short
and few corcariac are produced, Brooks (1953) showed

a similar recaction in Tropicorbis havanensis and he
suggested that successful development of the parasite



was due more to factors related to the miracidium than

to invasion of a snail which was particularly susceptible,
Barbosa showed that A, glabratus is an efficient
intermediate host but A, nigricang is a poor host.

Coelho (1957) reported, however, that the A, nigricans

from Rio de Janeiro was completely refractory to

infection by S, mansoni from Belo Horizonte and he
considered that the high resistance to infection -
depended ‘on factors related to the physiology of that
molluscan species, rather than on a geographic

differentiation of the parasite.

'fhese results suggest that differcnces occur in

the physiology of different strains or species of the
intermediate hosts, A miracidium which develops
readily in one intermediate host cannot always adapt
itself to the conditions provided by another potential
host, The survival or destruction of a miracidium
after entering a snail depends upon the harmonious or
incompatible relatlionship of the parasite and host.

Successful development represents the physiological
capability of the parasite to develop in the snail tissues

and the physiological tolerance -of the mollusc for the

parasite (Kuntz 1952), The failure of a parasite to
survive might represent the inability of the parasite




to utilise the physiological conditions in the snail
rather thon a direct immune response by the mollusc to

the presence of the parasite., If a snail reacted
direcotly to invasion by one strain of a parasite, 1t

would probably react in a similar way to other strains,

Similarly, where healthy sporocysts develop alongslde
niracidia which have been walled off by the intermediate
host, the inference seems to bo that a few miracidia
have succeeded in adapting themselves to the snail
whereas the majority have died and been walled off,

The cellular phagooytic reaction of the snail seeuns,
therefore, to be a secondary response to dead or dying
miracidia,

Newton (1952, '53, 'SL, '55) has shown that genetioc
factors are involved in the susceptibility of two

strains of A, glabratus to infection with S, mansoni,
He crossed a highly susceptible pigmented Puerto Rican

strain of A, plabratus with a refractory aldbino Brazilian
strain and obtained susceptidle snails from the progeny
of the Brazilian parents, In snails of the second

filial generation, tissuc reaotions characteristic of

each of the parent populations occurrcd, namely no
vigible cellular reaction to the parasite by the
susceptible stock and considerable cellular reaction by

the refractory stock, with reactions intermedlate between

I



the two. Selected brecding of the progeny produced

a highly susceptible albino strain (llecwton,1955). He
concluded that the Puerto Rican and Brazilian snails
were pgenetically isolated with regard to infection, and

variation in both the susceptibdility of the snail and in
the ability of the parasite to survive and develop

occurred, Demonstration of variation in the parasite
was difficult and Newton could not detect it in the
reaction of miracidia in highly susceptible or highly

reéfractory snails, \hen intermediates, of lower
susceptibility, wore obtained, a more variable set of
conditions was avallable to the parasite and the fate of
the parasites suggested variation in the miracidiaj
Newton could not determine whether this variablility was
due to genetic factors or to the condition of the

miracidia after penetration,

Newton (1953) was able to infeect the Brazilian
8train of A, glabratus if very young snails, 2 ~ 16 days
old, were used, The death rate was very high but the
rate of infection and the death rate decreased with
increasing age, no positives being obtained with snaills
over 5 woeks old (L4~5 mm, in diameter), The young snails
which became infected retained the infection long afier
the age at which they were normally refractory.
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The physiological conditions in a snail will be
genetically fixed, largely in response to its environmental

conditions; different external conditions will probably

affect the physiological state of a snail species in
different ways until strains of the species that are not

reproductively isolated may become distinct from one

another with regard to those aspecots of the internal
physiology which are influenced by the externsl
environment, In a similar way, different physiological
strains of a parasite species may be expected to occur,
since a successful parasite must be adapted, to a
considerable extent, to the environment provided by its
host, As the adaptation of the parasite to its host
becomes more specialised, the parasite becomes more host
restricted and less able to develop successfully in a

different set of conditions,

Infection of snail intermediate hosts by schlstosomes
has indicated probadble physiological differences beiween
The principal American and

African schistosomes are confined to Planorbidae snalls,

different snall species,

S, hacmatobium and §, mansoni are restricted to the Bulininae
and Planorbinae respectively. Only one instance 1s
recorded of a Planorbinae snail, P, dufourl, acting as tihe

intermcdiate host of 8, haematobium (Bettencourt and
Borges 1922). In addition, strains of each spccles have
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been shown to vary greatly in their ability to develop
in different potential hosts, It may bo noted herc that

miracidia from an Egyptian strain of S, mansoni will

penetrate the British planorbid Planorbarius corneus

(Targett, unpublished)., Sporocysts were found in these

snalls eighteen hours after exposure but further observations
on the extent of development of the parasite have not yot
been made, This indicates, without considering the evidence
of chemical attraction by the snail, that factors governing
the susceptibility to infeotion can be effective after the ‘

parasite has penetrated a potential host,

Comparative physiological studies of known and
potential intermediate hosts may show what varietion occurs
between snail species and thus what conditions are availlable
to the parasite, These studies may further indlcate
factors which limit the distribution of different strains
and species of schistosomes, Three investipgations into

comparative molluscan physiology are reported in this thesis,



HISTORTOAL REVIEW

There are some interesting comparative studles

on the physiology of intermediate hosts of trematode
parasites. Olivier et al (1953) found a quantitative
difference in anaerobic carbohydrate metabolism between

Dominican and Puerto Rican strains of Australorbis

glabratus. The level of anacrobic metabolism of both
infected and uninfected Dominican snails was higher than
that of the Puerto Rican strain.

The difference in susceptibility to infection with

8 S, mansoni strain of a Brazilian and a Venezuelan strain

of A, glabratus has already been mentioned (Files and
Cram 1949). Newton and Heskins (1953) compared the
sugceptibility of these snajls, and Brazilian albino
mutant and Puerto Rican strﬁins, to sodium pentachloro-
phenate, The Brazilian albino nutant strain was rost
susceptibvle and the Brazilian, Venezuelan and Puerio Rican
snalls increasingly more resistant. Newton and von

Brand (1955) considered that these differences suggested

physiological differences between the strains and they

compared the Brazilian and Venezuelan snails with regard to

chemical composition, polysaccharide formation from
selected carbohydrate diets, merobic and anaerobic

reapiration, and anaerobic survival, They found no

ll,
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significant differences in the inorganic substances, ether
soluble fractions and the nitrogen content of the two

strains, With snails of a similar weight range the sholls
of tho Venezuelan strain were heavier than those of the
Braéilian one, The Venczuelan stock stored about twice

as mich polysaccharide as the Brazilian strain, and, by
feoding the snails on selected food materials, thoy
demonstrated an equal synthesis of polysaccharide in the
two strains, showing that the difference in polysaccharide
levels of snalls maintained on normal diet was not due to
differences in methods of synthesising or storing capaclty.
Both strains had an identical rate of oxygen consumption
but the Brazilian strain produced less carbon dloxide and
survived for rmch shorfer periods under anacrobic conditions,
This was found to”be due to the lower level of stored
polysaccharide. Newton and von Brand considered that

these differences wers genotically fixed by geographical

separation of the two strains,

Olivier (1956) examined strains of A. glabratus
end T, centimetralis to determine their adbility to survive
out of water in the laoboratory., Within each spccies,
snails from different habitats varicd in the length of time
they were able to survive desiccation, and Olivier

suggested that these variations were duc, in part, to
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physiologliecal differences between the strains,

Variations in thé 'ohemicdl compositiion of rrfuous of
snalls have becen demonstrated tWright 1959, Wright and
Claugher 1959). | Chromatographic anaiyaes of rmucus from
different snail species rcvealed substances of unknown
chemical nature, which fluoresce in ultra-violet light,

and the patterns produced showed relationships and
differences between species of Lymnaea. Differences were
also found in the pattems of mucus obtained from speciles
of Bulinus, Wright (1960) described variations in patterns
obtained from races of Lymnaea peregra and stated that

these variations occur most f£requently near the edge of a
specics range, 1ile further suggested that new trematode-

snall relationships are likely to occur in this region,

assuming that variations in other characteristics are also

most likely on the fringe of a specles range,

Von Brand and Files (1947) investigated the effect
of infasction with S, mansoni on the physiology of A. glabratus,
Infection produced no significant change in the fat
conterit or oxygen consumption of these snails but the
polysaccharide content decreased, Histochemical studies
showed that infected snails contained less glycogen in
the muscles than uninfected ones, In some spccimens

the tubules of the digestive gland had lost all thelr




glycogen, but in others the glycogen had disappeared
fron the epithelial tissues, Reduction of glycogen was
aloo observed in the ovotecstes, due primarily to the fact
that infected snalls contained fewer developing eggs.

Tho amount of galactogen in the albumen gland did not
appear to be significantly altered.

Sporocysts had a low glycogen content but the
amounts prescnt in cercariae were variable., In mature
cercarince the greatest amount of polysaccharide was found
in the tail stem, Von Brand and Files wore unable to
determine the factors which produced the decrease in
polysaccharide content but they suggested that 1t was due
either to an impaired carbohydrate digestion, to toxic
action by the parasite, or to deprivation of the snaill by

the parasite of essential nutrients.



PROTEINS AND AMINO ACIDS OF
ONAIL BLOOD
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Proteins and Amino Acids of Snail Blood

In'troductichmz

The blood system of planorbids has vory fow vesscls,
thoe gnail tiscues being bathed directly by the circulating
bloéd. Schistosome sporocysts are thus exposed to the
blood duriﬁg part, ot least, of their development, A
comparative study of tho composition of blood of
different onail specles soccmed a loglical preliminary to
investigation of the physiology of intermediate and non-
intermediate hosts,  Abdel-Malek (1955) found that
schistosome miracidia penetrated blood spaces and connectlve
tissue beneath the eplderm and developed into mother
sporocysts in these reglons, The daughter sporocysts
liberated from the mother sac wore carried by the blood,
the majority settling in spaces between the vascularised
tubules qf the digestive gland and acini of the ovotecstiocs

to continue their devolopment to maturity.

Protelins contained in snail blood arc known to
function as buffers (Prosser et al 1952), thelr effectivencss
being due to the fact that each protein molecule may have
several acld-binding groups. A difference in {the blood
proteins could, therefore, produce different degrees of
buffer action and in consequence a variation in the

inorganic constituents of the blood.



The pigment protein also provides blood collolid
(Redfield 1934). The level of blood protein, therefore,

helps t0 maintain osmotic equilidrium with the environment,
and the blood system, in its role as a general medium whose

constituents are important in the maintenance of theo

atable internal environment of the mollusc, must play

some part in determining the external environment of

the developing schistosome parasite.

The blood proteins were also excmined to determine
their possible taxonomic value, There is a need for
clarification of the taxonomy of intermediate hosts of
schistosomes, and examination of blood from specles
distinct from on‘a another might indicate whether blood
characters could be of value in settling some of the many

problems of classification.

Previous wWork

Baker (1945) and Pan (1958) have described in
detail the circulatory system of planorbid snails, It

consists of a heart, arterial and venous systems and blood
sinuses, The arteries branch freely and Pan (1958)
considers that blood is forced into loose vascular
connective tissue, After bathing the tissues the blood
collects in blood sinuses which have no limiting wall ond
these merge with veins which also have no definite wall.

16,



There are no blood cells as such and the pigment,
hoemoglobin or erythrocruorint, is dissolved in the plasma,

Nuclecated amoebocytes, which appoar to function
as phagocytes, have, however, been observed in small numbers

in the circulatory and connective tissues,

The haemoglobin, like all blood pigments which are
dissolved in plasma, has a high molecular weight.
Svedberg (1933) suggested that large molecules such as
these were composed of many unité, cach of moleculer weight
approximately 34,500, Svedberg and Pedersen (1940),
obtained an isoelectric point of 4,77 for the haemoglobin

of Planorbis corneus (syn. Planorbarius cornecus) and
calculated, from the scdimentation constant obtained with
an ultra-centrifuge, that the molecular weight was

1,559,000,

Wright and Ross (1959) oxamined the proteins of
the blood of Australorbis glabratus by horizontal

clectrophoresis on cellulose acotate membrane strips uoing

0.02l1 barbitone buffer solutlons as electrolytes. In most

* Keilin and Hartree (1951) compared the physico-
chemical properties of vertebrate and-invertebrate
blood pigments and showed that the distinction made
between haemoglodbin and erythrooruorin was not valid.
The snail blood pigmont will thereforc be referrcd
to as haemoglobin.

17



samples the only profein band visible was haemoglobin,
but with snails 7-10rm. diameter they obtained separation
of other bands, the best separation occurring at pil 11.6.

Sorby (1876) compared the positions of spectral

absorption bands for vertebrate hacmoglobin and
oxygenated haemoglobin from Planorbis, lle obtained

maxima for vertebrate haemoglobin at 581 mi. and 545 m.,,
and at 578 mu, and 542,5 mu, with snall blood. 1e
stated that, even if these figures wers not absolutely'
correct, the absorntion bands from Planorbis hacmoglobin
wore clearly moro near the blue end of the spectrum,
Anson et al (1924) examined blood from Planorbis corneus
with a spectroscope and found that the absorption maxima
for oxyhaecmoglobin was 574.6 mu. and the maxirum for

carboxyhaemoglobin was 570.8 i,

Only isolated data are available of the functions
of the blood haemoglobin by direct studies on snails, the
functions of rcspiratory pipments being largely deduced
from rcesults obtained with shéils containing haemocyanin,

Leitch (1916), Fox (1945) and Prosser et ol (1952, review)
showed that haemoglobin in Planorbis appeared to function

in oxygen transport primarily at times of yhysiolugical
stress due to hypoxia. Oxygen carried in solutlon was

normally sufficient for the animal down to a water tension

18,
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of 7.7% oxygen, and Leitch estimated that the oxygen

held by the pigment would last three minutes during anoxila,
Borden (1931), howevor, cstimated from data of the oxygen
capaclity, volume and oxygen consumption of the blood, that
oxygen held by the haemoglobin would last oightoen minutes

during anoxila,



A Spectrophotometry of Snall Blood
a) Method for obtaininm blood

The snails wero dricd thoroughly by blotting with
filter paper. The shells of flat spocies wore picrced

on the 1nside of the innermost whorl and, if the blood did
not run freely, the snoil was eased back in the shell with

a small plece of filter paper. This was dono carefully
as the snnils bleecd easily through the foot and the blood
becomes contaminated with rmcus., Blood was obtained

from snails with & spire by pilercing the tip of the spire,
the snall boing eased back into the shell in a similar
way, if necessary, Small specimens of each type were
plerced and bled on the stage of a low=power dissectiing
microscope. The blood was collected with a fine Pasteur
pipette. 8nail blood does not clot and the colour varilcs
according to the amount of haemoglobvin present, which in
turn depends on the conditions under which the snails havo
been maintained, It is usually bright red but the colour
deepens when snalls are kept in water of low oxygen

concentration.

'b) Preparation of blood derivatives
{12 Oxyhacmoslobin

Undiluted blood was oxposed to air for at loast

one hour,

20.



( 2) Carboxyhacmoglobin.

Coal gas was bubbled: through undlluted blood

£or one hour,

( 3 ) Cyanmethacmonslobin

Blood was diluted with soveral volumes of a
reagent preparcd by adding 1l.0g. sodium bicarbonate,
50 mz. potassium cyanide and 200 mg. of potascium
ferricyanide to one litre of distilled water. (Wootton,

personal commnication).

Subsequent dilutions of all derivatives were made

with N ammonia solution,
150

(c) Hethod

Proliminary readings wore made on a Unicanm S,P.
600 spectrophotometer using 2 mm, cuvettes. The
majority of results were, however, obtained with a

Unican 8.P, 500 spectrophotometer fitted with a hydrogen
discharge lamp, using 1 cm, ouvettes.

Readings were made over the wavelength range
220-600 mi, at intervals of 5 or 10 mi,, except in regions
of peak absorption when the smallest intervals that werc
convenient, 0.5 or 1.0 rm,, were used, For the longer
wavelengths blood was diluted It or 10 times and diluted
further for shorter wavelengths, up to 500 times being

21,
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necessary in the ultra-violot rangoe.  Tho dilutions were
adjusted to keep tho readings within the optimum recording

range of the instrument, 20-80% transmission. The

blank solution wags N ammonia solution.

150
Rosults weroc rccorded as optical donsity ond, from

thegse, extinction coofficlients were calculated as follows:s

T = 10C€CL T = transmission
d=«]logT d = optical density
d = ecl e = extinction coefficicnt
0 = d ¢ = concentration

o 1l = width of cuvette

The concentration of haemoglobin was oexpressod
as milligrammes of iron per cent, This standard was used
to ensurc, as far as possible, that the concentration
referrcd only to the hoemoglobin since the irone-
containing haem portion of this molecculo produces the
important absorption pocaks.

Iron determinations werc made using the method
devised by Wootton (1958) for estimation of iron in
blological matoerial by spectrophotomoetry of forric

perchlorate, A sample was heated on a hotplatc with
AnalaR nitric acid until a browm or yellow mobllc liquid
resultcd, AnalaR perchloric acid (100) was added to
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the cooled solution and the mixture evaporated to dryness

over 1+ - 2 hours. The residue wos dissolved in 10
perchloric acid by boiling gently and, after cooling,
water was added to make the final solution N, perchloric

acid., A permancnt standard was prepared by dissolving
500 mg. of pure iron in 60 ml, of AnalaR nitric acid and

100 ml. of water and diluting to ono litre. A volume of
thic stock stondard was evaporated to dryness with 1ON
perchloric acid, The residue was dissolved in 1O
perchloric acid and diluted to a normal solution with

viater.

The blank was N. perchloric acid and readings were
made on a Unicam S.P., 500 quartz spectrophotometcr at

240 mu, using 1l cm, silica cuvettes. The optical
density was found to be proportional to the iron

concentration up to a density of 0.8.

Rather than rely on Wootton's single standard,
a rangoe of standards was prepared containing 0.2 - 1.0 mg,
of iron/100 ml., to give a truec calibration curve. Samples
of 0.1 - 0.4 ml, of blood were uscd for estimation of iron
in snail hacmoglobin, to give a £inal volume of 10 ml, of

ferric porchlorate,

Dorivatives of haemoglobin from four spcocies,



Australorbia glabratus, Planorbarius corncus, Bulinus

{Bulinusl tropicus angolensis and Bulinus (thaonainl

globosus, were preparced,

(d)* Results

Tho waveolengths of maximum light absorption for

derivatives of the four species of snails are given in
Table 1, with results for two derivatives of memmalian
haemoglobin (Lemberg and Legge 1949) included for
comparison, Flgures l-3 show absorption spectra for

the three derivatives of haemoglobin from A. plabratus
and W (Targett 1959). The absorption peaks
obtained in the visidble region of the spectrum (=400 mu,)
. for each species were constant within 1 mi,, the limit

of accuracy of the spectrophotometer in this region, A

single pecak for the carboxyhaemoglobin derivative of

B(B) tropicus anpgolensis showed a greater range for the

position of the wavelength of maximum absorption, and

this is recorded in the Table, In the ultra-~violet region
the positions of the individunl maxima were slightly more
variable and the peaks recorded for each derivative in
Table I are those which occurrsd most frequently. The
ratterns of hacmoglobin maxima shown in Tabvle I ocourred

regularly during many exominations of different samples
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of blood, but, in addition, other small absorption peaks
were present in the ultra-violot in each species (Table II).

Howover, since these occurred only infrequently they were

not considered typical of the absorption spectra of the
haemoglobins,

( 8 ) Comment

The spectrum of hacmoglobins depen'ds on the
derivative examined and the structurc of the prosthotic
group and protein portion of the molecule (Lemberg and
Legge, 1949). Variations in the prosthetic groups of the
molecule produce more marked spectrophotometric diffcrences
than differences in the protein portions since most
organic substances absorb light at wavelengths below 250 3
the avsorption of light of longer wavelengths 18 usually
associated with the presence in the molecule of
unsaturated linkoges (Fruton and Simmonds, 1956)
Porphyrins, which form the prosthetic groups of
mammalian haemoglobins, have a characteristic form of
spectrum 4in tho visibdle region (40O - 650 mu) although
the absorption maxima may vary with different prophyrin
groups,

The results indicate the similarity in positions
of the maxima for invertebrate and vertebrate hacmoglobins,

and the form of the spectrum for snail haemoglobins,

29.



TABLE 11

Absorption maxima which occurred occasionally
| during snectrophotometiric exxnminations

Oxyhacmoglobin | mi
A, glabratus - 282
B(P) globosus 265 -

Carbo emorlobin
A. glabratus

Cyanmethgemosglobin
A. glabratus - - - - 358 -

P, corneus 265 - - - - 370
P, globosus 2604 - 302 32, 359 -
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Figures 1-3, is very similar to that obiained with

marmalian haemoglobins (Lemberg and Legge 1949) showing

a high Soret band (412<20 ma), Oxy- and carboxyhaemoglobins
also show the two bands characteristic of mammalian

haemoglobin in the ultra-violet region, although the
maxima at the longer wavelength are significantly higher
in the snail species (346-348 mi) than in mammalian

blood (330-340 mu),

Absorption bands in the ultra-violet, bolow LOO mu,

may bo modified by the protein portion of the molecule
(Lemberg and Legge 1949). The different snail specles
showed soms apparent differences in the position of maxima
in this region (Table I), but the wavelengths of maxirum
absorption obtained with different samples of blood from

one specoies also varied, and the results obtained for the

different species overlapped, indicating that these

variations were not significant,

Comparison with mammalian haemoglobins indicates
that the small absorption band at 500-502 mu was duo to a
small amount of methaemoglobin (Lemberg and Legge 1949).
This peak was never obtained with blood from B(P) mlobosus.,

The occasional appearance of other absorption bands

in the ultra-violet region (Tabdle II) suggests that
substances other than haemoglobin occur sporadically in the



blood. Amino acids gonerally sbsorb light below 250 ru.
although phenylalanine, tyrosine and tryptophane show
absorption bands at 260, 270 and 280 mu, respectively,
and the presence of these substances would produce peaks

in this region (Fruton and Simmonds 1956)., Since the
protein portion of the haemoglobin molecule can modify the
absorption spectrum below 400 mu. of prosthetic groups,
these additional bands, which always produced only small

peoks, may have been due to proteins, other that haomo-

globin, in the plasma,

The results show the close similarity between iho
spectra of the different snail species and mammalian
haemoglobin, Since the spectral pattern is produced

largely by the prosthetic group of the molecule, it is clear

that the porphyrins of the snail haemoglobin aro qualitatively
similar to one another and to the porphyrin groups of

marmalian blood,



B Electrophoresis of Snaoil Blood Proteins

ITntroduction

| Early investigations of snall blood were concerned
with the properties of the blood pigment and did not

consider tho possibility of other proteins in the blood.
wright and Ross (1959) showed, however, that under certain

conditions, proteins other than haemoglobin could occur
in blood of A. glabratus,

Electrophoresis, under varying conditions, of blood

from snails would give quantitative comparison of the
protoins present in the blood, In addition, it would
indicate whether there wore any differences between tho
haemoglobin pigments of different snails, The rate of

movement of a protein in an electrical field depends, in
part, on its clectrical mobility which in turn is governed

by the number and type of ionisable groups in the amino

acid side-chains., These groups are also important
physiologically since they can bind inorganic ions (Fruton
and Simmonds 1956) and the mobilities of the hacmoglobins
might indicate whether any differences in the ion-binding
properties of the moleocules ococurred, The examinations
would further indicate whether blood protein characters

could bo of use in taxonomic studies of the snails,

53



3k

a) Collection of Yblood

Blood samples were obtained by the method previously
described for the speotrophotometric analyses, except
that the collection was made in finely drawn capillary
tubes., Since only very small quantities werse rcquired 1t
was not necessary to kill the snails and, frequently,

samples of blood were taken from a single snail over a

reriod of many weeks,

b) Prelimina experiments

1) Hanginge strip paper electrophoresis .

Methods

0.025 ml, samples of human serum and blood from
A, mglabratus and P, corncus were applied separately to
5 cm, wide strips of Whatman 3 MM. paper. The strips
were irrigated in standard vertical type electrophoresis
tanks (see Block et al 1958) for 6-8 hours at 5 milliamps/
strip. Two series of experiments were performed, one with
0,051 barbitone buffer at pH 8.6, the other with 0.1 acetatle

buffer at pH 5.2 (AppendixII), The strips were stained
with Azocarmine B (Appendix I'),

Resul ts

At pH 5.2 the snail haemoglobins barcly moved from
the point of ap‘plicb.tion and formed rather irrcgular bands,

At pll 8,6 some movement occurred and a single dense spot,
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which tailed %o the origin, appeared, When conmpared
with human serum, in which theup globulin band remained
at the point of application, the snail haemoglobins had a
mobility similar to “q globulin,

(2) Horizontal paper electrophoresis

Apparatus
This consisted of a small electrophoresis tank

with separate buffer and electrode compariments and &

bridge holding a 5 om, width paper. Ourrent was supplied

from o constant current power-pack. The buffer was 0.05U
barbitone solution pH 8.6 (Appendix II) and the strips were
stained with 1% light green in 1% acetic acid, Azocarmine D
or 1% nigrosine (Appendix I),

Method

The buffer chambers woere filled to approximately
the same level and the tank equilibrated for one hour with
o strip of filter paper on the bridge., Strips of Whaiman
3 MM paper, 2.5 X 20 cm., were soaked in buffer solution
and samples applied eithor with the strip in position on
the bridge or to blotted strips before they were placed
in the tank.
0 - 4 em, from the centre on the cathode side. 0,005 ml.

The point of application was varied from

samples of baboon serum and snail dblood were applied from



graduatcd pipettes, The sotrips were irrigated for
3"“ hours at 0,5~1,0 ma,/cml

Results
Application of scmples 2,5 cm. L£rom the contre

with a curront of 0.5 ma/cm. for 3.75 hours gave good

gsoeparation of serum proteins but snail hacmoglobin moved
very little. The greatest movement of snzil haemogloblin
occurred with an applicaticn point 4 cm, from the cenire,
with a current of 1 ma/em for 3 hours, The haemopglobin
formed a strong spot 2-3 cm. from the point of application

but there was consideradle tailing,

These results suggested that oclectrophoresis on

paper was unsuitadble for separation of snail blood proteins,

c) Final technique - liorizontal clectrophoresis on
cecllulose acotate membrange strips.
Apparatus

The clectrophoresis tank developed by Kohn (1957
and 1958) as a micro-technique for separation of seorun
proteins consists of two outer buffer chambers each
connected by wicks to one of two innor electirode chambors,
The four compartments arc filled with buffer soluilon,

The ccllulose acetate strips rest on an adjustablo bridge

and are tensioned by oirip holders which are lined with
filter paper, the filtor paper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>