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experiments, where pmx-r donors were ireated with
acridine orange and acriflavin, wbich resulted 1n
elimination of this {actor (under publication),
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CHANGES IN THE PROTEIN CONTENT OF THE MATERNAL AND EMBRYONIC TISSULES OF
THE VIVIPAROUS SCORPION HETEROMETRUS FULVIPES DURING GESTATION PERIOD

V. SUBBURAM anp T. GOPALAKRISHNA REDDY*
Department of Zoology, Arnamalai University, Annamalainagar 608 103, India

ABSTRACT
Changes in the protein content of the maternal and embryonic tissues of Heterometrus fildvipes

have bezn followed during the gastation period.

The protein content of the hepatopancreas of the motherincreases upto the 4th stage, followed
by a dccrease upto 6th, subsequent to which, a gradual increase is observed upto the time of
parturition. The hacmolymph protein 2lso increases upto the 4th stage, beyond whith a steady
decrease continues upto parturition. The pedipalpal muscle shows no marked changes in the protein

content,

A continuous increase of protein is noticed in the embryos throughout the gestation pertod.
However, wren expressad per gram wet weight a s cline is recorded tetween the 4th and Sth stages,
A comparison of the patiern of variations of proteins in the maternal tissucs with that ¢f the embryos
fends no support for the supply of protetns from maternal stores to any sigaificant extent,  Luubryo.
nic Tequirements are suggested to be met by the dictary proteins of the mother direetly,

INTRODUCTION

HL pattern of vartations in the protein content of
the maternal and ecmbryonic tissues of viviparous
formsisstudied only in 2 fow insect'=Pand in mammaly¥,
Storage of nitrogen by the maternal anmmal during
pregnancy is known in mammals,  Supply of proteins
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to the embryos in the form of albumin, transferzin and
y-globulin through yolksic splanchnopleure is alyo
well  documented™?,  As in maninils,  storgee of
proteins dutmg pregnancy and ulilization at times ¢f
incrersed embryonic reguirements of maternal  slar-
vaton is hpewn 10 insects abo” 3,

Conversion of amino acids 1o other  fornts of
storage material to sustain the enbryonic development
s alho Rnown amongst uisevis',  But for theye fow
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instances of viviparous forms, no inverfebrate has been
imvest-gated from the point of sview of maternal and
emhryonic relationships with reference to  proteins,
In this investigition the changes of proteins in different
tissues of the preznant scorpion, Heterometrus fulvipes,
and 1t5 embrvos are studied at Eight ditferent stages of
embryonic developments and also after parturition
(NInth stage).

MATERIALS AND M ETHODS

Scorpons collected from near the foot of Tirumala
Hills were kept in suitable vivaria containing molst
sand. Cochroackes were provided as food ad [ib,

Haemelymph, hepatopancreas, pedipalpal muscle
and the embryos were obfained from gravid females

Change, in Protein Content of Viviparous Scorpion H. fulvipes

C#rfem
Science

at appropriate stages of the gestation period as reported
earlier’® and the total protein content was estimated
in each, employing the method of Lowry er /11, In
view of tte occurrence of marked diurnal rbythm of

activity in the scorpion H. fulvipes'? all the esti-
mations were catricd out between 8-10 A M.
RESULTS AND DISCUSSION
The data are presented in Table I. The protein

content of the hepatopancreas of the mother increases
upto the 4th stage followed by a decrease upto 6th,
subsequent to which a gradual increase is cbserved
upto the time of parturition. A steep decline appears
by about a week, after parturition.

Tarie I

Protein content in the maternal tissues and embryos at different stages of development during the gestation period
of the viviparous scorpion Heterometrus fulvipes

Values represent the mean =+ S.E. Number of observations (N) is given in parentheses,
Maternal tissues Embryo
Stage — ———t — ~ ~ -
{appronimate age in Hepatopancreas Muscle Haemolymph mgs/embryo  mgs/gram wet wt,
months given in mgs/100 mgs mgs/100 mgs gms/ 100 ml
parenthesis) wet wi, wet wt,

1. (1) 15-884-0-408 14-711-0-4061 4.284-0-208
(14) (16) (20)

2. (2) 16-4010-450 13:34-00-338° 4:8440-183 0-0194+0-001 25-004-1-00
(16) (13) (30) (2)

3. (3) 17-60-40-387 13-6540-329 7-9540-654° 0-04340-001® 41-594-1-30Q°
13 (16) 17 3)

4, {5) 19-1640:584% 12:961+0-355 9.75+0-605 0-078-+0-002"  49-254-1-06°
(11) (14) (12) @)

5. (7) 17:37+0-760 1244 4-0-372 6-55+0-297" 0-156+0-005"  21-8040-64°
(13) (14) (16) (4)

6. (8) 14-094+0-498°%  12-2940-322 5-5740-471 0-3194-0-004> 27:074+0-29°
(10) (135) (12) (10)

7. (9) 14-8840-555 12:1540:420  4-19+0-048° 0-581+0-006" 33:46+0-77"
(15) (12) (14) (8)

8. (10-11) 17-894+0-566° 15-0240-171°  4-09+0-038 4-1604+0-539Y  60-9142-58?
(11) (10) (10) (%)

9, 13-844-0-785% 14-08+0-574 4.:1540-042 6+ 79404852 70-73-+-0-36°
(11) (6) (8) 4

* New born young onet and maternal animals about a week afler parturition are considered to correspond

to the ninth stage of development.

°p < 0:05;

> p < 0-01,
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The changes in the protein content of the pedipalpal
muscls of the maternal animal are not highly marked,
excepting for a gradual decline from the st stage up to
the 6th followed by a steady increase unti] a level com-
parable to the 1st stage is reached by the end of gesta-
tion. Even after parturition (stage 9), the protein
content is not altered in the muscle.

The haemolymph protein content increases from the
1st stage to the 4ih stage of the embryonic development,
From then onwards, it decreases upto the final stage
and remains unaltered till about a week after parturi-
tion. A continuous increase of protein 1S noticed In
the emhryos throughout the gestation period. How-
ever, when expressed per gram wet weight a de¢line
is recorded between the 4ih and 5th stages.

Proteins and amino acids are generally not stored
to any appreciable extent as reserve metabolites in a
pormal adult organism. Retention Of nitrogen on a
significant scale is observed only during pertods of
tissue growth, childhood and pregnancy'®. Mammals,
when provided with adequate food materials, complete
their pregnancy with a mnet gain of nitrogens-??,
Storage of proteins by mammals is normally regarded
as a prelude to meet the requirements of the foetus
during the last few weeks of pregnancy as well as future
lactation®, Storage during pregnancy and utilization
at times of need is known in insects also->, The vivi-
parous insect, Diploptera punctata, 1s known to store
proteins in the fat body during pregnancy! which Is
available to the embryo during starvation or when
fed with protein free diet®. Tobz and Davey?® have
reported the accumulation of protein in the fat body
and oenocvtes of the adenotrophic viviparous insect,
G. austeni, for providing amino acids to the milk glands
where larval nutrients are synthesized.

In the present study also, it is obssrved that the
scorpion, H. fulvipes, stores proteins in its hepato-
pancreas as well as in the haemolymph as indicated
by an increasc upto the 4th stage of the embryonic
development. This iIs probably, a preparatory siep
to meet the protein requirements of the growing emhryo
and the mother during pregnancy. The subsequent
decrease in the haemclymph proteins throughout the
gestation period suggests the possible transport to the
embryo, where the protein content of the whole embryo
continuously increases. Ilepatopancreas, on the other
hand shows a decline in protein ¢ontent only upto the
6th stapge followed by a gradual increasz upto parturi-
tion, The decline indicates utilization either for encrey
release or for incorporation in the embryonic tissues
or for conversion into other Torms of resesve foods,
In view of the steep decline in the protein content/
gm wet wt, of the follicles with the embrycs belween
the 4th and Sth stages and only a shght incredse between
the Sth and ath stages, the dechine n niced i the mater-

835

nal hepatopancreas between these stages may not be
due 10 incorporation into the emhryon’c t'ssue. It is
likely that much of it is utilized for energy release and
or conversion into other forms of reserves. Conversion
of amino acids to lipids has been reported in the insect,
G, morsitanss,

The embryonic growth and development Is accome
panied by a gradual and continuous increase of protein
content of the wiole embryo, Such a trend, is reversed
hetween 4th and 5th stages, woen the protein content
is expressed per gram wet weight of the embryo,
appe-ring paradox'cal. Nevertbeless, it is betwezp
these stages, that certain important structural modi-
fications are not.ced in the divert'cular wall leading to
a transfcrmation from a thick fleshy condition to a
thin and more elastic condition accompanied by accurmu-
lation of fluids within the diverticulum, Such changes
in the divert'cular wall and the accumulation of fluids
might account for the actual decline of proteins between
the 4th and 5th stages. The increase in the protein
content per gram wet weight upts 4th stage may include
more of the diverticular component than of the embryo.
It is actually form the 5th stage onwards that the
embryonic part of tissue is observed to predominate
over the diverticular tissue, Conszquently, the gradual
increase in protein content from 5th stage onwards
can alone bz taken to represent the rate of increase

of embryon’c proteins.

The increase in the protein content of the hepato-
pincreas from the 6th stage onwards upto parturition
is indicative of an active synthesis, which is perhaps
compznsatory for the drain observed during the preced-
ing stages and preparatory to meet the demands of
the postparturition period for about a week, when the
maternal scorpion does not feed, This view is sup-
ported by the fact that the protein content of the hepato-
pancreas decreases after parturition.

The increase in ths protein content of bath miternal
hesatopancreas and the embryo {rom the 6th stage
onwards, suggests that the developing embryo derives
its proteins directly from the maternal diclry sources
without forcing a drain on the veserve stores-in the
maternal tissucs,

In insects, proteins arg not transferred as such from
the maternal hocmolymph to the embeyo, but are
synthesized from the maternal sources in special vrgans,
such as the drood sac in D, punctata®® and the milke
elands in G. morsitans® and G, ansteni’, The putrients
are then sucked orally by the embryos? 1?0 In I ful-
vipes, the transfer of prote.ns fo 1be emibryo through
the appendix, is demomtrated (unpublshed),  Hlows
ever, it 1s not clear whetber the profeins are trans-
ported as such from the mother or after resynthesis
and modification in the end pivee vf the appendis,
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AUSTRALIAN SCIENTISTS CLAIM NEW LASER ADVANCE

Australian scientists have found a new method of
boosting the power of lasers which they believe could
have a major impact on the future development of
fusion energy. The process involves the use of an
electron beam to boost the power of a laser 10 between
a hundred and a thousand times that of a conven-
tional laser.

The new laser process is based on theoretical work
begun by Prof. Hora in 1962 and developed experi-
mentally during recent years by the ANU group.
Last year the ANU group carried out a crucial experi-
ment in which a laser beam was fired into low-density
plasma to produce an emission of high-energy ¢lectrons,
In the past six months the group has been trying to
find the conditions to reverse the process—to fire a
beam of free electrons into a laser beam, so ampli-
fying the beam.

This type of laser is called 2 non-linear force-free
clectron laser and it could provide very high-power,

high-intensity laser beams which are between a hundred
and a thousand times more powerful than conventional
lasers, The system could provide 3 new way of con-
trolling nuclear fusion, to provide a source ¢f clean,
cheap and virtually unlimited energy. The latest
results show that the laser radiaton from the new
system could accelerate thick blocks of plasma very
efficiently for compression and use in nuclear fusion.

It is believed that this scheme for laser fusion is
more efficient and could achieve fus‘on with less energy
than another free-electron laser fusion project being
developed at the Stanford University in California.

Prof. Hora presented an account of the work at an
international conference in Venice, Italy, in December
1978 and Dr. Hughes reported the team’s findings
at a conference in Florida at the same time. In
March 1979 a report of their experimental work was
published in Physical Review Letters.



