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Abstract

Under dry conditions, land snails withdraw into their shells closing the entrance with
a calcified mucous membrane called epiphragm and become dormant (aestivate). In
this state, the partial pressure of oxygen gradually falls to low levels whereas the
partial pressure of carbon dioxide rises. We have investigated the effect of
aestivation on the haemolymph inorganic ions, the oxygen affinity of haemocyanin in
the giant African snail, Achatina achatina. After four months of aestivation, they
were 46.35%, 4.19%, 44.60% decreases in haemolymph protein, pH and body
weight respectively and significant increases in haemolymph Cu®* and Ca®', i.e is
161.16% and 75.09% respectively. The increases in divalent ions which may have
resulted from the need to buffer the decrease in extracellular pH during aestivation is
likely responsible for the high oxygen affinity of haemocyanin (43.0% increase) from
aestivating snails through co-operative oxygen binding.

Key words: Aestivation, snail, Achatina achatina, inorganic ions, haemocyanin,
absorption spectra, oxygen affinity.
Introduction their shells, closing the entrance with a
calcified mucous membrane
(epiphragm) and may remain dormant
for many months or even years. Other
behavioural, physiological and

Under adverse environment conditions
many animals enter a state ‘of
dormancy known as aestivation or

hibernation which is characterised by a
drop in body temperature (Hoffman,
1964, Riddle, 1971,Precht et
al.,1973,).

Pulmonate land snails, which
the giant African snail (A. achatina) is
an example of, are capable of
prolonged aestivation in the dry
season (Hodasi, 1979, Umezuruike et
al.,1983). Aestivation is the means
through which these snails survive
adverse life conditions stimulated by
reduced environmental humidity
(Bailey, 1975,1981), extreme
temperatures (Bailey 1981, Barnhart et
al., 1987) and limited food supply
(Little, 1983, Riddle 1983.). During
aestivation, land snails withdraw into

biochemical adaptations are also put in
place|to support long-term aestivation
in th/e snail (Guppy, et al, 1994;
Books, et al., 1997).

A reasonable number of
proteins require a metal ion for their
structural stability or their biological
function. Furthermore enzymes and
other non-enzymic proteins bind metal
ions at sites other than structural or
functional sites. In fact the elucidation
of the three-dimensional structures by
x-ray diffraction is dependent upon
these latter metal sites (Lipscomb,
1980). In haemocyanins (Hcs) for
example, the multisubunit proteins that
function as reversible oxygen carriers
in arthropods and molluscs (Van
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Holde, et al, 1982; Ellerton, et al.,
1983; Van Holde, et al., 1995;) interact
in vivo as well as in vitro with a number
of metal ions. Their active site
consists of-a binuclear copper centre
and binding. of ‘oxygen occurs via a
reversible one-electron transfer from
each copper ion to the ligand thus the
resulting complex is depicted as a [Cu
(1) 02> Cu (II)] complex, where the
peroxide dianion is bound in a n?-n
bridging of mode (Ling, et al., 1994)

Although the chemical structure
of the active site of Hcs from
arthropods and molluscs Hcs seem
quite similar, their molecular
architecture is entirely different and
has been described in reviews
(Ellerton et al., 1983, Herskovits, 1988;
Herskovits, et al., 1991, Van Holde, et
al., 1982; Van Holde, et al., 1992; Van

Holde et al., 1995). Molluscan Hcs are -

enormous having molecular weights
comparable to those of viral proteins
and occur as complex structures called
decamers or multi-decamers (Ellerton
et al.,, 1983; Herskovits, 1988; Van
Holde, et al,1992). The molecular
weight of these decamers ranges from
3.5 — 9 x 10° Da. Monomer units of
decamers with molecular weights of
350 ~ 440 k Da contain seven or eight
domains depending on the species
(Markl, 1986; Burggren et al., 1991,
Van Holde et al., 2001).

In addition to copper, a divalent
cation that plays an important role in
controlling Hc structure and function is
Ca®*. It has been extensively
demonstrated that Ca** (or Mg®") is
required for maintaining the structural
stability of many arthropodan and
molluscan Hcs (Brouwer et al., 1983;
Ellerton et al., 1983, Herskovits, 1988;
Herskovits et al, 1991). Removal of
Ca®* from these proteins at alkaline pH
results in their dissociation into
subunits (Herskovits, 1988; Van Holde
et al., 1982, 1995). In addition to its
structural role, Ca®* also acts as a

modulator of Hc function. {t has been
suggested that increase oxygen affinity
through co-operative oxygen binding in
arthropodan and molluscan Hcs is
conditional upon the presence of ca*
(Markl 1986; Herskovits, 1988; Morris
etal., 1987).

Ancther ion found in the
haemolymph of snails is H*. It has
been proposed that the most probable

_trigger of the molecular events
associated with aestivation - induced
metabolic depression in snails appear
to be the decrease in intra or extra-
cellular pH caused by elevations in the
partial pressure of carbon dioxide
(Busa, et al., 1984; Burton et al., 1987;
Guppy, 1994; Scholnick, et al., 1994.).
In order to compensate for this
haemolymph acidosis, snails mobilize
inorganic (mineral) salt to increase
both the levels of circulating divalent
cations.

Ca?* and other divalent ion salts
are among the mineral salts mobilize
during aestivation. In view of the
important role that divalent cations
play in controlliing Hc’s structure and
function which in most cases is by far
the most important if not the only
protein present in the haemolymph of
snails (Ghiretti, 1966), it is surprising
that literature available to date shows
no attempts made to study the
physical properties of Hc from A
achatina during aestivation. At
present, work has been done on Hc
from other animals by investigating the
dissociation- association of Hc, oxygen
affinity and Ca®" binding by Hc from
these active animals (Brix, 1982;
Brouwer, e al, 1983; Morris, 1986;
Morris et al., 1987 Herskovits, 1988).

We have studied variations in
haemolymph inorganic ions and
changes in some physical properties
(absorption spectra, and oxygen
affinity) of Hc from active and
aestivating A. achatina.
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Materials and Methods

Tris [tris (hydroxymethyl) amino
methane] was purchased from B.D. H
Chemical Ltd. Poole, England. All
other chemicals and reagents used
were of analytical grade.

Adult land snails (A. achatina)
were bought from the local market and
kept inside a cage covered with wire
mesh at an appropriate humidity (80%
relative humidity and temperature of
25 — 27°C). The snails were fed for a
week with fresh leaves of Telferia
occidentalis after which they were
randomly assigned to one of two
groups (50 snails each). One group
continued to receive adequate supply
of fresh leaves and water and the
other group of snails were induced to
aestivate by being transferred o a dry
cage without food and water. The
snails were allowed to aestivate for 4
months and before the starvation
(aestivation) period, each snail was
weighed to determine fed body weight.

Isolation of A. achatina Hc: Snails
were washed de-shelled and their
individual haemolymph collected by
punctuating the pervisceral
haemoceal. To facilitate collection, the
snails were placed on small funnels
containing filter papers. The crude
haemolymph was centrifuged for 3 min
in a cooling box (4 °C) at a speed of
1000g so as to precipitate solid
particles.

Measurement of inorganic ions in
the haemolymph: Sub-samples of
haemolymph taken from individual A.
achatina were analysed first for pH
using a pH meter, and then for Ca®'

and Cu®" using an atomic absorption
spectrophotometer (Buck Scientific
200 — A) at 422.6 nm and 465 nm
respectively. The concentration of He
was determified by a modified Lowry
method as described by Schacterle

and Pallack, (1972). When necessary
the haemolymph collected from snails
was diluted 10 times with 0.05 Tris HCI
buffer.

Results

Absorption  spectroscopy: Al
absorption spectra were recorded with
1 cm cells on a Pye Unicam.
spectrophotometer S.P. 8 - 100.
Samples were diluted with- 0.05 Tris—
HCI containing 20mM Ca®*.  The pH
of the buffer was ‘that of the
haemolymph in its natural ¢ondition i.e.
pH 7.5 for Hc from aestivating snails
and pH 8.0 for Hc from nonaest ivating
snails.

lonic concentration: The measured
concentrations of Ca* and Cu®" in the
haemolymph varied significantly (p <
0.05) during aestlvatlon The mean
values for [Ca®] and [Cu®'] in, the.
haemolymph of active A. achatina
where 8.31 + 1.15mM and 1.03 +
0.17mM respectively (Fig. 1 a — ¢). ~
After 4 months of aestivation, the
concentrgtions of these ions hadks
increased significantly to: Ca® 1455+ -
0.89mM and Cu®* 2.69 + 0.55mM.
This gave percentage increases of
75.09% and 161.16% respectively.

The concentration of
haemolymph H* (pH) did not vary
much when compared to the other
ions. Haemolymph pH was 8.15
+0.16pH units for nonaestivating and
7.75 * 0.14pH units for aestivating
snails. This gave a marked drop of
4.19%.

Effects of aestivation on the body
weight and haemolymph protein:-
Body weight and haemolymph proteins-
are one of the parameters that are
most clearly affected by aestivation
(Fig. 2a and b). The mean body
weight and haemolymph protein. .
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Figs. 1a — c summarises the changes in
haemolymph Ca®*, Cu* and H'
respectively when snails aestivate for 4
months

concentration of active A. achatina
were 109.25 + 7.39g and 13.96 +
0.83mg/ml  respectively. After
aestivation, these valves dropped to
60.55 + 12.06g and 7.49 + 0.82mg/ml
respectively.  This corresponds to
44.60% and 46.35% drop in body
weight and haemolymph protein
concentration respectively.

Absorption spectra: The absorption’
spectra of oxyhaemocyanin from
nonaestivating and aestivating snails
are shown in Fig. 3a and b
respectively. The spectra from both
Hc show bands at wavelengths that
are typical of molluscan Hcs. The
normal protein band that occurs
around 280nm is at 290nm for
nonaestivating and at 279nm for
aestivating snails. The copper bands
that usually centered at 340nm and
570nm occur at 332nm and 556nm for
aestivating and at 338nm and 556nm
for nonaestivating snails.

The spectroscopic ratio 338:
290nm for nonaestivating and 332:
278nm for aestivating snails’ Hc are
informative of the oxygen saturation of
the Hc molecules (Gielens et al., 1975)
and can serve as a measure for the
oxygen binding at copper sites. The
values calculated, 0.35, for
nonaestivating and 0.50 for aestivating
snails (fig. 3c) show that Hc from
aestivating snails has a higher affinity
for oxygen than Hc form
nonaestivating snails.

Discussion

The 44.60 % drop in body weight was
smaller than the ones observed in
other pulmonate gastropods after 132
days of starvation by Russel-Hunter
and Eversole (1976) who reported
weight reduction of about 50%.
Emerson and Duerr (1967) also
reported weight reduction 62% in their
studies. The greater weight losses in
these studies may have been due o
experimental conditions since high air
temperatures and low  humidity
increase water loss through
transpiration and thus increase weight
loss. Weight loss in A. achatina during
4 months of aestivation was also
probably due to the use of a large
amount of the energy reserves stored
in the digestive glands. However,
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Fig. 2a and b: Effects of Aestivation on
body weight and protein concentration
respectively

Williams (1970) reported that weight
loss during longer periods of
aestivation is due to autophagy, which
involves the use of animals’ own
tissues as a source of energy.

Hc makes up 90 - 95% of
haemolymph protein in snails (Ghiretti,
1966) and the 46.35% drop in
haemolymph protein in A. achatina
during aestivation is most likely due to
decrease Hc concentration. The
reduction in protein levels during
aestivation may be attributed to its
degradation to amino acids and finally
keto acids and ammonium ion, by the
process of transamination and
oxidative deamination. The keto acids
if  produced may  enter the
gluconeogenic pathway to produce

snails during aestivation. Cu*"

glucose. The excess amino acid
nitrogen from ammonium ions may be
utilized in the biosynthesis of purines
and other nitrogenous wastes, which
are excreted during arousal. The
amino acids may also be used for
other processes like sexual maturation
(Williams, 1970).

The haemolymph pH of 8.15 + 0.16 pH
units obtained for nonaestivating A.
achatina is comparable to 8.5 + 0.1 pH
units obtained for nonaestivating A.
fulica (Akintola et al., 1971)) and 8.02
pH units obtained for nonaestivating
Lymnaea truncatuia (Pullin 1971). The
decrease in haemolymph pH of
aestivating A. achatina is also
comparable to the 3.83 % drop
obtained for aestivating Helix aspersa
(Scholnick, et al., 1994).

The decrease in haemolymph pH
is probably caused by an increase in
the partial pressure of carbon dioxide
in the haemolymph of snails as a result
of epiphragm formation  during
aestivation (Barnhart, et al., 1987;
1988). In order to prevent the resulting
respiratory and metabolic acidosis
during aestivation, the snails raise the
concentrations of haemolymph, Ca* in
the haemolymph (Busa, et al., 1984;
Burton, et al, 1987). Thus the
concentration of haemolymph Ca®* is
apparently always high in the snaiis
with the main physiological role being
to compensate acid-base disruption
during aestivation.

The concentration of
haemolymph Ca®*" increased by
75.09% as the snails become dormant.
This increase is similar to the results of
Porcol et al., (1996) who observed
similar changes in the Mg?'/ Ca®* ratio
during 6 months of aestivation in Helix
aspera.

Cu®* was the most extensively
increased ion in the haemolgmph of

in the
haemolymph of snails exist in 2 forms;
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Fig: 3a & b: Absorption spectra of
oxygenated haemocyanin from snails.
Protein concentration, 0.16mg/mi U.V
region & 5.27mg/ml visible region in pH
7.5 (aestivating snails), 8.0 (non
aestivating snails) Tris. buffer
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Fig: 3c. Histogram of changes in oxygen
affinity of haemocyanin as snails
aestivate for 4 months

bound Cu®" at the active site of Hc and
free Cu?* dissolved in the haemolymph
(Brouwer et al, 1983).From our
results, the large increase in the [Cu?"]
is due to increases in free Cu®
resulting from the break down of Hc
into its constituent amino acids. The
free Cu®* together with Ca®* may help
to offset metabolic and respiratory

" acidosis by buffering the extracellular

fluid and haemolymph (Busa, et al,
1984; Burton, et al., 1987).

Ca? ions are usually released
from reserves located in the shell as
calcium and magnesium carbonates.
Shell thinning during prolonged
starvation results from the release of
mineral salts (mostly Mg and Ca) from
the ostracum and hypostacum
(Williams, 1970; Burton, 1972,) where
they are transported to the
haemolymph and other cells.

From fig 3a and 3b, the absorption
spectra of Hc from nonaestivating and
aestivating snails differ only in the uv
region. The bands of 290nm and
278nm  for  nonaestivating and
aestivating shails respectively
correspond to the transfer of charges
in aromatic amino acids found in the
Hc molecules (Wetlaufer, 1962). The
bands at 388nm and 332 nm for
nonaestivating and aestivating snails
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respectively correspond to the transfer
of charges from histidine residues
found in the Hc molecules to bound
oxygen molecules while the bands at
556nm correspond to the transfer of
charges from bound oxygen molecules
to Cu®" in the Hc molecules (Ling, et
al1994). These differences
demonstrate that during aestivation
there are electronic changes in
apohaemocyanin that affect the
transfer of charges within
apohaemocyanin and between
apohaemocyanin and its ligands
(copper, calcium and oxygen). These
changes may be caused by the
oligomerization of Hc during
aestivaton or by the drop in
haemolymph pH. That s,
oligomerization leads to the
disturbance (masking) of tryptophans
and tyrosine residues in Hc. While an
increase in Ca®’ binding to Hc (due to
pH drops) also leads to an increase in
oxygen binding. These changes
therefore affect the ftransfer of
electrons within the Mc molecule.

In relation to oxygen affinity it has
been known for years that Ca® and
other divalent ions affect the structural
and functional properties of Hc
(Herskovits, 1988; Van Holde et al,
1995). The presence for Ca®" in the

haemolymph stimulates the
oligomerization of Hc and the
cooperative  binding of  oxygen

molecules to Hc. Therefore the
increase oxygen affinity in Hc from
aestivating snails probably resuits from
a higher cooperativity of oxygen
binding as a result of increased
haemolymph  Ca®  concentrations
(Morris, 1986; Morris et al., 1987).

In conclusion, our findings in A.
achatina after 4 months of aestivation
show that during aestivation
haemolymph [Ca®"] and [Cu®'] are
raised so as to buffer drops in
haemolymph pH. The increase [Ca®']
and [Cu®] helps to stabilize the

functional properties of Hc by
increasing its affinity for oxygen
through co-operative oxygen binding.

References

Akintola, A. and Hussain A. (1971).
Multiple forms of Haemocyanin of
Achatina fulica. Comp. Biochem.
Physiol. 40A: 113 — 118.

Bailey, S.E. R. (1975). The seasonal
and daily patterns of locomotor
activity in the snail  Helix
aspersa Muller, and their relation
to environmental variables. Proc.
Malacol. Soc. London. 35:
43 - 45 _

Bailey, S.E.R. (1981). Circannual and
Circadian rhythms in the snail
Helix aspersa Muller, and
the photoperiodic control of
annual activity and reproduction.
J. Comp. Physiol.  142:89-94.

Barnhart, M.C., McMahon, B.R. (1987).
Discontinuous carbon dioxide
release and metabolic
depression in dormant land
snails. J. Exp. Biol. 128: 123 —

138.
Barnhart, M.C., McMahon, R.B. (1988).
Depression of aerobic

metabolism and intracellular pH
by hypercapnia in land snails
Otala lactea J. Exp. Biol. 138:
289-299.

Brix, D. (1982). The adaptive
significance of the reversed Bohr
and Roots Shifts in blood from
the marine gastropod. Buccinum
undatum J. Exp. Zool. 221: 27 -
36.

Books, S.P.J. and Storey, K.B. (1997).
Glycolytic controls in aestivation
and anoxia. A comparison of
metabolic arrest in land and

marine  molluscs. Comp.
Biochem. Physiol. 118 A: 1103
- 1114,

Brouwer, M., Bonanventure, C., and
Bonanventure, J. (1983). Metal -
ion interactions with Limulus
polyphemus and  Callinectes

Bio-Research

Published June 2004

ISSN 1596 - 7409



Hacmocyanins characteristics snails

122

sapidus Haemocyanins:
Stoichiometry, structural and
functional  consequences  of
calcium (11}, Cadmium (ll), Zinc
(I and Mercury (II) binding.
Biochemistry. 22: 4713 — 4730.
Burggren, W., McMahon,B., and
Powers, D. (1991). Respiratory
physiology  of  blood. In:
Environmental and metabolic
animal physiology. Prosser, E. L.
(ed). Wiley — Liss Inc. (4™ ed) pp.

437 — 508).
Burton, R. F. (1972). The storage of
calcium and magnesium

phosphates and of calcite in the
digestive glands of the puimonata
(Gastropoda). Comp. Biochem.
Physiol. 43A: 655 — 663.

Burton. R.F., Shirley, M. and Douglas,
A. M. (1987). Some effects of
injected magnesium chloride in
the snail Helix aspersa:
Narcosis. Magnesium
distribution and responses to
infused potassium. Comp.
Biochem. Physiol. 86A: 113-136.

Busa, W.B. Nuccitelli, R. (1984).
Metabolic regulation via
intracellular pH. Am. J. Physiol.
246: R 409 — R438.

Ellerton, H.D., Ellerton, N. F. and
Robinson, H. A (1983).
Haemocyanin. A Current
perspective. Prog. Biophys. Mol.
Biol. 41: 143 — 248.

Emerson, D. N., and Duerr, F.G,
(1967). Some physiological
effects of starvation in the
intertidal prosobranch, Littorina
planoxis. Comp. Biochem.
Physiol. 20A: 45 — 53.

Ghiretti, F. (1966). Molluscan
haemocyanin. In: Physiology of
Mollusca. Wilber. K.M. and
Yonge , C. M. (ed) vol. 2.
Academic Press. New York. pp
233 — 245.

Gielens. C., Preceux, G., and Lonrie., R.
(1975). Limited trypsinolysis of
B-haemocyanin of Helix pomatia;
Eur. J. Biochem. 60: 271 — 280.

Guppy, M., Fuery, C.J., and Flanigan,

JE.  (1994). Biochemical
principles of metabolic
depression. Comp. Biochem.

Physiol. 109B: 175 - 189.

Herskovits, T.T. (1988). Recent aspects
of the subunit organisation and
dissociation of haemocyanins
Comp. Biochem. Physiol. 91B:
597 - 611.

Herskovits, T.T. and Hamilton, M.
(1991). Higher order assembilies
of Molluscan Haemocyanins.
Comp. Biochem. Physiol. 99B: 19
- 34.

Hodasi, J.K.M. (1979). Life history of
Achatina  (Achatina) achatina
(Linne). J. Mollusc Stud. 45: 328
- 339.

Hoffman, R. A. (1964). Terrestrial
animals in the cold: Hibernator.
In: Handbook of physiology.

Section 4: Adaptation to the
environment. Washington D.C.:
ACS; 379 - 403.

Lazaridou -~ Dimitriadou, M., and
Sauders, D.S. (1986). The
influence of humidity,

photoperiod and temperature on
the dormancy activity of Helix
Lucorum L. (Gastropoda,
Pulmonata) J: Mollusc Stud. 52:
180 - 189.

Ling, J., Nestor, L.P., Ezernuszewicz, R.
8., Spiro. J.G., Fraczkiewicz, R.,
Sharma, K.D., Loeha, T.M., and
Sander-Loehr, J., (1994).
Common oxygen binding site in
haemocyanin from arthropods
and molluscs. Evidence from
Roman Spectroscopy and normal
coordinate analysis. J. Am.
Chem. Soc. 166: 7682 — 7691.

Lipscomb, W.N. (1980). Structures and
functions of metalloproteins. In:
Methods of Determination of
Metal lon Environments in
Proteins (Darnall, D. W., Wilkins,
R.G. Eds.) pp 183 - 210.
Elsevier/ North- Holland, New
York.

, /
Bio-Research

Published June 2004

ISSN 1596 - 7409



Lukong, C. B. and Onwubiko, H. A.

123

Little, C. (1983). The colonisation of
land: origins and adaptations of
terrestrial animals. Cambridge
University Press. pp 32 — 61.

Markl, 1. J. (1986). Evolution and
function of structurally diverse
subunits in  the respiratory
protein, haemocyanin, from
arthropods. Biol. Bull. 171: 90 —
115.

Mortris, S. (1986). The regulation of
haemocyanin  oxygen affinity
during emersion of the crayfish
Austropotamobius pallipes.,|: An
in vitro investigation of the
interactive effects of calcium and
L-lactate on oxygen affinity. J.
Exp. Biol. 121: 315 - 326.

Morris, S., Bridges, C. R. and
Grieshaber, M. K. (1987). The
regulation of  haemocyanin
oxygen affinity during emersion
of the crayfish Austropotamolius
pallipes, |I: The dependence of
Ca*" - haemocyanin binding on
the concentration of L-lactate. J.
Exp. Biol. 133: 339 — 352.

Porcol. D., Bueno, J.D., and Almendro,
A. (1996). Alterations in the
digestive gland and shell of the
snail Helix aspersa Miller
(Gastropoda, pulmonata) after

prolonged starvation. Comp.
Biochem. Physiol. 115A. 11 -
17.

Precht, H., Christopherson, J., Hensel,
H., and Larcher, W. (1973).
Temperature and life. pp 688 —
710. Springer-Verlag, Berlin.

Pullin R. (1971). Composition of the

haemolymph of Lymnaea
fruncatula the snail host of
Fasciola  hepatica. Comp.
Biochem. Physiol. 40A: 617 —
626.

Riddle W.A. (1983). Physiolagical

ecology of land snails and slugs.
In: Mollusca. W. Russel -
Hunter (ed). Academic press
New York vol. 6. pp 431 — 461.
Russel-Hunter, W.D., and Eversole,
A.G. (1976). Evidence for tissue

degrowth in starved freshwater
pulmonate  snail  (Helisoma
trivolvis) from tissue carbon and

nitrogen  analysis. Comp.
Biochem. Physiol. 54A; 447 -
4453.

Schacterle, G.R., and Pallack, R.L.
(1972). A simplified method for
the quantitative assay of small
amounts of proteins in biologic
materials. Analyst. Biochem. 51:
654 — 655.

Scholnick, D.A., Snyder, G.K. and Spell,
A.R. (1994). Acid-base status of
a pulmonate land snail (Helix
aspersa) and a prosibranch
amphibious  snail  (Pomacea
bridgesi) during dormancy.  J.
Exp. Zool. 268: 293 — 298.

Umezuruike, G.M., and lheanacho, E.N.
(1983). Metabolic adaptations in
aestivating giant African Snails

(Achatina achatina). Comp.
Biochem. Physiol. 74B: 493 -
498.

Van Holde, K.E. and Miller, K.J. {1982).
Haemocyanins. Q. Rev. Biophys.
15: 1 - 29.

Van Holde, K.E. and Miller, K.J. (1995).
Haemocyanins. Adv. Prot. Chem.

47: 1~ 81.
Van Holde, K.E. and Miller, K.J and
Decker, H. (2001).

Haemocyanins and invertebrate
evolution. J. Biol. Chem. 276 (1):
15563 — 15566.

Van Holde, K.E. and Miller, K.J., and
Lang, W.H. (1992). Molluscan
haemocyanins, structure and
function.  Adv. Comp. Environ.
Physiol. 13: 257 — 300.

Wetlaufer, D.B. (1962). Ultraviolet
spectra of proteins and amino
acids. Adv. Protein chem.. 17:
303 - 390.

Williams, F.E. (1970). Seasonal
variations in the biochemical
composition of the edible winkle
Littorina litorea. Comp. Biochem.
Physiol. 33B; 655 - 661.

Bio-Research

Published June 2004

ISSN 1596 - 7409



