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late third instar larvae grown at 21°C or at 31°C were
transterred to 37°C for 1 h (heat shock) and then allowed
to recover from the heat shock at 24°C for 1 h following
which their gut and assoclated structures were processed
for X-gal staining as above.

The X-gal staining patterns (reflecting activity of the
hsp70 promoter in this case) in non-heat shocked and
heat-shocked ¢SOD™?/c50D™ homozygous (non-tubby)
and cSOD"/TAM68B heterozygous (tubby) larvae grown
at 21°C or at 31°C are shown in Figure 1. The absence
of any significant X-gal staining in non-heat shocked
tubby as well as non-tubby larvae showed that the hsp70
promoter was not constitutively activated in ¢SO
homozygous larvae, neither in those grown at 21°C nor
in those grown at 31°C. After exposure to 37°C, the
X-gal staining in ¢SOD™" homo- as well as heterozygotes
(see Figure 1) indicated a typical induction of the hsp70
promoter. It may be noted here that the Bg9-dependent
X-gal slaining patterns (in non-heat shocked as well as
heat shock conditions) seen in the present study with
cSOD"” homo- and heterozygotes did not differ from
those seen with Bg9 in wild type genetic background
(not shown, but see Figure 2 reference 14). These results
thus showed that the expression pattern of hsp70 promoter
(absence of constitutive expression but strongly inducible
by TS) was not affected by SOD deficiency.

It may be inferred from these results that although
H,0, is known to induce heat shock genes ', the excess
of O] ions that accumulate in ¢SOD™™ null mutant
larvae”” does not induce heat shock genes; nor does
this excess of O, ions affect the inducibility”of heat
shock genes by TS. Therefore, the observed thermosen-
sitivity of the ¢SOD™” mutant larvae is not because of
a failure of the heat shock response but probably due
to an increased oxygen toxicity at elevated temperature,
analogous to the peragquat semsitivity of the ¢SOD null
larvael ",

1. Philhips, J. P. and Hilhker, A. 1, Adv. Gener, 1990, 28, 43-71.

2. Drummond, 1. A. 8. and Steinhardt, R, A., Exp. Cell Res, 1987,
173, 439449,

3. Kapoor, M. and Lewis, 3., Bivchem. Buophys, Res, Commun , 1987,
147, 904-510.

4 Ropp, Courgeon, A-M, Calvayrac, R, and Best-Belpomme, M,
Can. J. Biochem Cell. Diol, 1983, 61, 456461,

3. Hass, M. A. and Massaro, D., J. Bivl. Chem., 1988, 263, 776-781

6. Pnvalle, C. and Frnidovich, 1., Proc, Narl. Acad. Sci. USA, 1987,
84, 2723-2726.

1. Ferrcira, M., Costa, P., Guerreirro, P, and Rodugues, P, C., Cell
Biol, It Rep, 1992, 16, 19-26

8 Kapoor, M, and Sreenjvasan, G, M., Biochen. Biaphiys. Res.
Commun , 1988, 156, 1097-1102,

9. Cowigeon, A-M, Becker, J., Mdingourd, M., Masonhaute, C. and
Best-Belpomme, M, Free Rad Kes. Conuns, 1990, 9, 147-155.

10, Becker, J., Mesger, V., Courpeon, A-M. and Best-Belpomie, M,
Fur. J. Jiochem, 1990, 189, 553-558,

11, Courgeon, A-M, Rollet, B., Masonhaue, € and Best-Belpomme,
M, Lur J. Beochem, 1088, 171, 163-170.

12 Campbell, 8. D., Hilliker, A, 1. and Piathps, 1. P., Genencs, 1986,
112, 205-215

CURKENT SCIENCE, VOL 66, NO, I, 10 JANUARY 1994

13 Philips, J. P, Campbell, § D., Michaud, D., Charbonneau, M
and Hilliker, A. ], Proc. Natl Acad. Sci. USA, 198986, 2761-2765.

14 Lakhotia, S. C. and Singh, A, K, J Gener, 1989, 68 129-137.

15. Lis, J. T, Simen, ). A, and Sutton, C. A., Cell, 1983, 35, 403-410.

16. Lindsicy, D. L. and Zimm, G. G, The Genome of Drosophila
melanogaster, Academic Press, San Diego, 1992

ACKNOWLDGEMENT. 1 thank Dr John P. Phillips, Univ, Guelph,,
Ontario, Canada, for kindly providing the ¢SOD" B red/TM3 stock.

Received 27 January 1993; revised accepted 4 September 1993

Oviducal gland of planktonic copepod,
Heliodiaptomus viduus Gurney-—a new
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The occurrence of a distinct oviducal gland at the
posterior end of the oviduct in the freshwater
planktonic copepod, Heliodiaptomus viduus is reported
for the first time. This gland forms an elastic sac within
itself, which is filled with secretory materials. The
elastic sac and its secretion svbsequently form the
ovisac. This paper reporis on the histology and his-
tochemistry of this gland. The oviducal gland of H.
viduus resembles that of cirripedes ia its structure and
function. This gland performs the functions of a
crustacean spermatheca by holding the released eggs
for internal ferfilization as well as the embryonic
development till naupliar stage.

THE secretory epithelial cells lining the oviduct as well
as accessory sex glands provide materials for the ex-
tracellular envelops of the released eggs to serve a
protective and nutritive role to the female gametes.
Among female crustaceans information on the occurrence
of such glands, their physiological and biochemical
aspects s still scarce. Occurrence of such a gland is
reported so far only in some cirripedes’. We report
here, for the first time, the presence of an oviducal
gland in the freshwater planktonic copepod Heliodiap-
tomus viduus. The histology and histochemstry of thus
gland have also been investigated in detail.

In H. viduus a paic of oviducts ariginate from the
anterolateral aspects of the ovary and after giving rise
to anterior diverticulae, run posteriotly and atb the cnd
of the prosome lead into oviducal glands (Figure 1)
This gland which occupies the lateral aspects of the
posterior segment of the prosome measures 12627 and
76 £3 1 in length and width respectively and continues
as the distat part of the oviduct to open W the extertor
by the common female reproductive pore,
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Figure I. Diagram to show the posiion ©of component parts of

reproductive system of edult female Heliodraptomus vidiees from the
dorsal side.

Histological studies reveal that the wall of this gland
is multicellular and thick (I12.5y) when compared 1o
the other parts of the oviduct; the cells are cuboidal in
shape, highly glandular and arranged in 3 to 4 tiers.
Secretion of this gland produces an elastic sac within
itself which 1s elongaie or oblong (Figure 2). It is
observed that when the oviduct contains previtellogenic
oocytes, the elastic sac i1s found attached to the inner
wall of the oviducal gland all over its surface. As the
oocytes get fully developed the elastic sac detaches
from the wall of the oviduct and released into the distal
part of the owviduct, located Iin the genital segment,
where 1t holds the eggs for internal fertilization. After
fertilization of eggs, the elastic sac transforms into
ovisac in which fertilized eggs are enclosed (Figure 3).

The results of the histochemical tests are presented
in Table . The wall and content of the oviducal gland
give positive reaction to acidic and basic proteins besides
showing positive reaction to Millon’s test DMAB and
PFS tests indicating the presence of tyrosine, tryptophan
and disulphide groups. However, reaction to ferric-
ferricyantde test is negative suggesting the absence of
SH group. Though glycogen and mucopolysaccharides
occur both in the wall and content of the oviducal
gland, as revealed by the PAS test, intensity of the
reaction is higher in the content than the wall. The acid
mucopolysaccharides are characterized as phosphated

g2

Figure 2. Veriical section of oviducal gland (% 160). es. elastic sac;
Odg, oviducal gland.

and sulphated in the wall while the content also showed
the presence of carboxyl group. Presence of acidic and
neutral mucins is also indicated in the gland by the
positive seaction to alcian blue PAS test. Tests for lipnd
on the wall of the oviducal gland indicate negativity
whereas the content of the gland shows positive reaction
to acidic and phospholipids.

There appears to be no counterpart for the oviducal
gland and the elastic sac among other copepods studied
so far. Histochemical tests indicate the direct involvement
of the elastic sac secretion in the formation of ovisac.
In some copepods such as Calanus finmarchicus® and
Epilabidocera amphitrites® there is no ovisac formation
and eggs are released directly into the water. In
Diarthrodes cystoecus' an ovisac is released from the
oviduct; however, the presence of an oviducal gland,
as reported 1n the present study has not been found.
The oviducal gland of H. viduus resembles that of
cirripedes®. In the cisripedes Pollicipes pollicipes.
Balanus balanus and Semibalanus balanoides the elastic
sac formed by the oviducal gland holds the eggs in the
mantle wuntil they pget fertilized. In Semibalanus
balanoides the females become receptive for mating
only after the formation of elastic sac.

In H. viduus mating may stmulate the release of
elastic sac from the oviducal gland into the distal part
of oviduct, where fertilization of the eggs takes place.
It also appears that mating precedes all subsequent clutch
formation in this species. Embryonic development up
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fable 1. Histochomical reactions for proteins, carbohydrates and

hpids in the oviducal gland of H. viduus

Tests Wall Content To detect
Mercuric oromophenol ++B  ++B General protein
bluc
Agqueous bromophencl
blue (ABB) ++B 4++B Basic proteins
Deamination + ABB = = Removal of amino group
Ninhydrin Schiff ° ++B +4++B Amino group
Toluidine blue {TB) ++B ++B Acdic protemn
Methylation + TB - — Removal of acidic group
Millon's test +B ++B Tyrosine
Bromination +
Millon’s - — To block OH group
P-Dimethyl amino-
benzaldchyde (DMAB) +B + D Tryptophan
40% Formalin + DMAB - - To block tryptophenyl
group
Methyl green pyronin
G (MGDP) +G - RNA
10% cold perchlonc
acid + MGP - To extract RNA
Ferric-ferricyanide
{FFC) + PB - S H Group
Mercuric chloride +
FFC — — To block —SH group
Performic acid Schiff +M +M 8-S group
Thioglycollate + PAS - - To block -5-S group
Feulgen's +M - DNA
Schiff alone - - Free aldehyde
Periodic acid Schaff +M +~+M  Glycogen, 1.2.glycol,
(PAS) Unsaturated fatty acid, and
acid mucopolysacchandes
Diastase + PAS +M +M  Removal of glycogen
Acetylation + PAS — — Removal of 1,2 Glycol
Deacetylation + PAS +M + M 1,2 glycol group
Best Carming + + Glycogen
Alcian blue critical
elecirolyic
concentration (CEC) .
0.2 M MgCh + ++B Carboxylated mucosub-
stances
04M MgClz — + Phosphated mucosub-
06 M MgClz - s stances
08M Mp(Cla — - Sulphated mucosubsta-
nces
Toluidine blue (TB) at
pH 2 - + Sulphated mucopolysac-
chandes
pH 4 = ++B Phosphated and cusboxy-
pH 6 + ++B lated
mucopolysaccharides
Benzidine 1est
{Bragcca-curt) = +1 Sulphated group
Chitosan = - Chinn
Sudan black B (SBB) = + Bb General hpids
Chloroform/Methanof +
SBB - — Removal of hpds
Oif red O - + 1 Neutral hipds
Nile biluc sulphate — +B Acidic and necutral lipids
Acsyd hacmatin - +R I’hosphohpids

B, blue, BY, bluish black; G, green; M. magenta; R, red, —, absent,
I, doubitul, +, ++, degrees of posiive fedction intensity

to naupliar stage also takes place in the ovisac and

then its wall ruptures to rclease the nauplii.
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Figure 3. Verucal section of urosome and ovisac (x 100). Os, ovisac.

Thus the oviducal gland of H. viduus is a distinct
part of the oviduct which shows changes in accordance
with the oocyte maturation and ovisac formation.
Presence of this gland in this species as well as its
resemblance to the oviducal gland of cirripedes indicate

that the freshwater diaptomids are more specialized than
their marine counterparts in this regard.
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