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Urea denaturation and thermal denaturation studies
throw Light on the importance and organization
of the helical structure of collagen fibrils on its
affinmity for bilirubin. These observations may be
of physiclogical significance in view of the fact
that shin provides a semi-solid matrix for the con-
nective tissue. The importance of the role of colla-
gen fibrils s further strengthened by the observa-
tion on the lack of aflinity of gelatin for ®bilirubin
under 1dentical conditions.

The liver conjugate being still in a developing
state may not be able to cope up with all the
bilirubin encountered in neonatal jaundice. In such
a situgtion it is presumable that the skin takes the
man load ¢f free bilirubin employing native colla-
n.n as the binding agent. Collagen thus provides
a matrix for the photooxidation of bilirubin to
relatively  polar degradation products which are
then eliminated “by the kidney.

The author wishes to record his gratefulness to
Dr. C. R. Krishna Murti for many thoughtful sug-
costrons and guoidance.
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MONG the numerous proteins that are to be

found in the crustacean haemolymph, two
particular components have been easily recognized,
when present, owing to their obvious properties—
the respiratory pigments and the coagulable proteins.
The chemical nature and physical properties of
both these proteins have been recently reviewed
by Jenuiaux8, Redmond? and by Grégoire?.

A —  —

* On sabbatical leave (1973-74) from the Depart-
ment of Riology, Laurentian University, Sndbury
P3E 2C6, Ontario, Canada.

The remaining protein fraction has been resolved
into a series of components with different electro-
phoretic properties’,2.4711 12, Although the nature
of these proteins is poorly understood, their electro-
phorelic mobilities in some cases have been used
tentatively In taxonomic studies?.

The aitm of the present investigation is to define
some of the characteristics of haemocyanin and
other blood proteins in a few marine, freshwater
and terrestrial isopods, and to determine if the
haemolymph protein electrophoretic pattern in these
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species has any taxonomic or ecological implica-
tions.

MATERIAL AND METHODS
Animals

AMPHIPODA :

1. Gammarus fossarttm Xech: €9 8-11 mm,
43  10-14 mm, collected from a stream

otiginating from the Niebieskie irédla, an
artifictal lake formed by the Pilica river
near Tomaszéow Mazowiecki (Poland).

2, Gammarus lacustris G.O. Sars: 9@ 13—
15mm, 3 15-18mm, from the peat-
bog near Blonie, Lenczyca District (Poland),
and

3. Gammarus roeseli QGerv. : 09 7-10mm,
33 2-13mm, from the uppermocst reach

of the river Noteé, near Izbica Kujawska,
Kolo District (Poland).

ISOPODA :
1. Asellus aquaticus (L.}: Q2 7-llmm, 23
n

9-13 mm, from ponds and streams i

various localities near the city of Lddz
(Poland),

2. Oniscus asellus 1.: Q9 11-14mm, 23
19-13 mm, from a stock colony maintained
at the Institute of Botany and Zoology (The

University of 1.6dz, Poland) at 21°C and
94-1009 relative humidity, on pieces of
potatoes and carrots,

3. Porcellio laevis Latr.: 09 15-18mm, Jg&
14-20 mmm, collected from the various
parks in the city of Prague (Czechoslovakia),
and

4. Ligia oceanica (L.): Q¢ 20-25pm, 23
1620 mm, procured from under the stones
at the beach near Bologne-stir-mer (France).

The crustaceans were dried on filter-papers for
about one minute, and were bled by the method
of Ahkhanl.

Cellulose acetate electrophoresis was performed
by a slight modification of the method described
by Alikhan'. The following details are of import-
ance : cellulose acetate strips, 11 x 2-5cm; bufler,
veronal, pH 8:6; x, 0-05; current, 2-5mA per
strip ; usually four to five strips were run simulta-
neously ; stain, amido black ; washing in acetic acid :
methanol : water; clearing in bromonaphthalene :
parafllin ot} ; scanning, with Densitomeler ERJI-6S.
Protein fractions were identificd by the criteria
outlined by Decleir and  Vercauteren®, and by
Alikhan and Lysenlo?,

Curr. Sc1.—3.

Whenever tequired, peaks of individual protein
bands were measured from densitometric tracings of
the cellulose acetate strips by means of a polar
planimeter. These units were converted to
percentage of the total number of wunits for the
entire protein pattern, and expressed as such.

RESULTS

As is obvious from Fig. 1, the haemolymph from
almost all species showed four distinct bands of
various mobilities, Fraction 1, a dense, fast
moving band, when denatured by heat, displayed
distinct peroxidase activity. This was considered
to be the respiratory pigment, haemocyanin. This
haemocyanin fraction was always followed by a
relatively smaller band (fraction 4, in Fig. 1),
which gave a negative lipoprotein, but a positive
glycoprotein rveaction.

I

-0y &
- NW a

4
3
2
1

N W ©

PN

3
2
L

A B C D E F 6

Fig. 1. Cellulose acetate electrophoretic pattern
of the haemolymph proteins in various amphipod
and isopod species. 1, haemocyanin; 2 and 3, apo
subunits of haemocyanin; 4, glycoprotein; A,
GCammarus fossarum: B, Gammarus lacustris ; C,
Gammarus roeseli; D, Asellus aquaticus; L,
Oniscus asellus; F, Porcellio laevis; and G. Ligiaq
oceanica.

The remaining two bands (fractions 2 & 3) could
not be identified with certainty, However, on the
basis of their molecular weights {(Alikhan & Lysenho,
unpublished data), they have been regarded as apo
subunits of haemocyanin.

The data on the haemolymph profeint measure-
ments in various species (Table 11) revealed that
major part (about 82-96¢7) of the plasma proieins
in  these species is formed by hacmocyamn.
According fo their plasma haemocyanin contents,
these seven species fall roughly into two categoties ¢
category 1, comprising of G, fosarent, Oniwus
asellus and P. luevis, and category 2, formed by
(7, lacttriy, G, roeseli, A, oaquaticus and by
l.. wvceanicd,

Females i all  species,  in general,  contained
relatively mate hacmocyanin thun did the mates,
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TARLE 1

Haemolymph coloration in various spccies
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Ganmmarus fossarion
to air

Gamnrrus lacustris
Gammaris roeself

A Qquaricus

Coloration scale

T ey ~— e

binish-yellow, turning blve when txrosed

Yellowish-green, dirty green, dirty bl e
yellow, yellowish green, green

colourless, pale, yeillow

bl

Usual colour

J——
ke —

blue

brownish-green

green

pale vellow

O. asellus colourless, pale yellow pale yellow
P. {asvis light yellow, dark yellow light yellow
L. oceanica colourless, yellow velow

[—

TABLE U

Relative concentration (in percentage) of haemolymph
proteins in various species

- ] e

Species Haemocyanin Gilycoprotein
Gﬂn;m:zrusfm ariin 05-60+7-8 44 +1-2
Gammarns facustris 8§3:52+4-4 16-4 405
Gammarus yoeseli 8339369 166 -+0'9
Asellus aquaticus 81-30+3-1 187 40-7
QOniscus aselius 93-5 +1+7 6-5 +0-2
Porceilio laevis 04-2 +1-9 58 +0-2
Ligia oceanicg .. 85-76+5-1 14-2 +0-9

g ol e

Average of 30-36 samples in each case -+ ﬁS.E.

DISCUSSION

The blood in members of the class Crustacea is
an important medium for the transportation of ions
and molecules involved in energy metabolism. As
a consequence, the composition of blood supply
an important information on the physiological and
pathological state of these animals.

The haemolymph proteins in several amphipod
and isopod species have previously been analyzed
using cellulose acetatel’il. The result of these
studies demonstrated the presence of a maximum
number of five ptotein fractions: a glycoprotein, a
hbrinogen, a heteroagglutinin, an apohaemocyanin
and the haemocyanin. In the present studies, the
presence of fibrinogen and heteroagglutinin could
not be demonstrated. WNevertheless, the present
studies did show certain intraspecific differences, in
spite of the fact that there were large variations
among the relative contents of the various proteins

— n o

These differences have
the physiological state of the

within the same species.
been related to
animali-2 10,

The result obtained in the present study clearly
shcws that in its haemolymph protein composition,
G. lacustris 1s somewhat identical to G. roeseli on
the one hand, and A. aquaticns and L. oceanica on
the other. Morphologically, G. fossarum and
G. lacustris have been considered to belong to the
same so-called “pulex-group”™, while G. roesell,
as well as A. aquaticus and L. oceanica, fall into
morphological categories far removed from G. lacus
iris.  The implication here is that the similarity
in the protein compositions in G. lacustris and
(. roeseli could be duwe to their ecological affinity.
Both of these species, along with A. aguaticus and
L. oceanica, have been considered as euryoxybionts3
In relation to other Gammarus species, since they
can withstand variations in the oxygen tension of
their environments. G. fossarton  (like Oniscus
and Porcellio), on the other hand, lives only in
well aerated medium, and as a consequence is
regarded as polyoxybiontS, This sttuation is also
reflected by the “saprobiont system™, defined by
Breitig®, Under this system, G. roeseli has been
defined as a f-mesosaprobiont, and G. fossarum
as a poligosaprobiont, implying again that in their
oxygen and other life requirements, these two species
differ from each other.

Similarly, the ©protein composition similarity
between O. asellus, P. lgevis and G. {fossarum
imply similarity in their habitat and oxygen require-
ments. Both O. asellus and Porcellic laevis are
terrestrial species, and as such are wunable to
tolerate any variation in the oxygen tension of
their environments. A. qgsellus, a closely related
species to P. laevis, 1s an e-mesosaprobiont, which
again places it in the category of G. lacustris.



Vol. 43, No. 5
March 5, 1974

Wieserll also contends that the haemolymph
protein compositions in a given species are affected
by its ecological position. According to him, the
relative haemocyanin content of the haemolymph
tends to become more stable as the species
acquires more terrestrial habitat. However, this
hypothesis needs further verification.
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MORPHOGENESIS IN STEM-CALLUS TISSUE OF CITRUS GRANDIS IN LONG-TERM
CULTURES—A BIOCHEMICAL ANALYSIS

H. C. CHATURVEDI, A. R. CHOWDHURY anp G. C. MITRA
Tissue Culiure Laboratory, National Botanic Gardens, Lucknow

ABSTRACT

Stem-callus tissue of C. grendis, in long-term cultures, differentiated into two types of
tissues : type-A, which was compact-nodular and slow growing and type-B, which was friable

spongy and fast growing,

In a medium containing 0:25 mg/1 BAP 4 0-1 mg/l1 NAA

4+ 300 mg/1 ME, the type-A tissue produced numerous shoot-buds and shoots, whereas the
type-B tissue did not, The two types of tissues also differed in respect of their nitrogen, protein,

free amino acid and sugar contents.

INTRODUCTION

HERE are several reports1-3 of the gradual loss

of the regenerative capacity of plant callus
tissues grown in vitro for a long time. Some
workerst-T have studied the changing cytological
conditions in the tissue during its prolonged culture
and the correlated loss of its regemerative capacity.
However, " since callus tissue of wvaried ploidy
including haploidy are known 1o differentiate
organs and plantletsS-19) and those with abnormal
polyploid chromosome numbers, to form abnormal
shoots6, 1t appears that besides cytological altera-
tions, some biochemical changes in the tissue during
its prolonged culture may also be involved in the
phenomenon of the loss of its morphogenetic
potentialitly, It seems that the latter aspect has
not bheen studied so far, though some analyses of

Cyrr. Sci.-—4

free amino acids in in vifro-grown tissues have
been madell-12, In the present investigation.
certain biochemical changes in long-term culture
have been studied with a view to find out any
coitelation between the metabolic changes in the
tissue and the loss of its regenerative capacity.

EXPERIMENTAL PROCEDURE

Composition (in mg/t) of MS medium. a variant
of Murashige and Skoog’s medium’®, where it
differed  from the ler, was: 150 NH,/NQO,,
1500 KNO,, 400 CaCl,. 150 KH.PO,, 360 MgSO,.
THLO, 10 thiamme-HCL 2:5 pyridoxine-HCY, 2.8
nicotinic acid, 0.1 folic acid. 0-t riboflavin, 0-1
biotin, § ascorbic acid, 50,000 sucrose and 7000
agar,  Stertlization  procedure and  other  cultoral
condilions were as reported eartice¥s, Stea-callus
tissue of C, grandis wius maiataimed in MS mediunt



