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Activity of carbonic anhydrase (CA) was determined in un-
fitilized female flowers, one month old and two months old
nttons from West Coast Tall Variety of coconut. The titratable
widity pattern was also studied in these samples. An increased
(A activity was noticed in the high yielding coconut palms. A
iciprocal relationship was obtained between CA activity and
diratable acidity. The probable role of CA as a key enzyme
ngulating the pH of the plant cell has been envisaged.

ICARBONIC anhydrase (CA) has been reported
'~ to be present in C,; as well as C,; plants and is
klieved to play a role in the fixation of carbon in
flints”’2.  Enzyme studies® conducted in the haus-
1 jum of germinating coconut have revealed the pre-
stice of CA in the haustorium. Carbonic anhy-
ﬂmse catalyses the reversible hydration of CO,
hereby making available CO, for the photosynthetic
ditivities of the plant cell*’s.

Earlier studics it our labor atory by Dwivedi et alf.
iidicate a positive correlation between the enzyme
vity and nut yield of the coconut palm. As a
llow up of this study, CA activity was determined
i3 different stages of growth of the ovary as also
¢ respective rachillae. An attempt has also been
e to correlate the enzyme activity with the
ity of the buttons and rachillae.
experiment was conducted in the West Coast
lill variety of coconut palms growing in two diffe-
Wit locations, viz. farm area of CPCRI Regional
Aition, Kaya.ngulam and CPCRI, Kasaragod. The
15 a diseased area where as the latteris a healthy
8. Ten high yielding (>80 nuts/palm/year) and
L low yleldmg (<50 nuts/palm/year) coconut
ms were selected from each location for the samp-
2 purpose. Buttons (fertilized and unfertilized

e flowers) at 3 different stages, viz. just after
wiing, 1| month after fertilization and 2 months
fertilization were collected from both sets of
and the samples were preserved in an ice-box.
mic anhydrase activity — The CA  activity
determined in the buttons (both fertilized and
ed) by the modified procedure of Dwivedi
One gram each of the tissues were chilled .at
30 min. The chilled samples were cut into
of 0.2M cystein-EDTA solution (pH 6.8-7).
mples were then blotted to remove adhering
stein and transferred to the reaction mix-
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ture containing 2 ml of 0.2 M phosphate bufler,
2 ml of 0.2M sodium bicarbonate and 0.5 ml of
0.0029; bromothymol blue indicator and contained
in a wide mouthed glass vials. The mixture was in-
cubated at 0-4°C for 20 min. The vials were then
immediately exposed to room temp. to arrest the
enzyme activity. Aliquot (Iml) was withdrawn
from these vials and CA activity was determined by
titration against N/200 HCI using methyl red indi-
cator. The end point was marked by the sudden
appearance of a pink colour. Simultaneously a
control tube containing the reaction mediumga long
with two drops of 0.2 M cystein/EDTA was™ also
incubated and titrated against N/200 HCIl to elimi-
nate error due to blank.

Titratable acidity — One g each of the finely cut
tissues from both set of palms was weighed into
clean dry mortars, macerated well with a little acid-
washed sand and extracted with 50 ml of double-
distilled water at room temp. The extracts were
filtered through a buchner funnel and the Afiltrates
collected in stoppered flasks of 50 ml capacity. Five
ml cach of the clear filtrate was titrated against
N/200 sodium bicarbonate using phenolphthalein as
indicator. To eliminate error due to blank, 5 ml
double-distilled water was also titrated.

The results of the study indicated a positive corre-
lation between CA activity and yielding capacity of
a palm, i.c. the high yielding palms which had a
greater yielding capacity had greater CA activity.
An interesting observation was that the high yield-
ing palms which had greater CA activity had low
acidity where as the low yielding palms which had
lower CA activity had greater acidity (Tables 1 & 2).
The activity of CA progressively increased with the
maturity of the buttons (Table 1) where as in the
rachillae, no steady increase could be obtained. At
Kasaragod which is a healthy area, the CA activity
of all the 3 stages of maturity of the buttons and

TaBLE 1 — CARBONIC ANHYDRASE ACTIVITY* IN THE BOTTONS
AND RACHILLAE OF LOW YIELDING AND HIGH YIELDING COCO-
NUT PAaLmMs AT KAYANGULAM AND KASARAGOD

[Values, expressed as 1 unit == mg of CO,/g dry wt/20 min.
are, mean of 10 observations]

Kayangulam Kasaragod
Description of sample Low High Low  High
yielder yielder vyielder yielder
Unfertilized female flowers 5.96 10.56~ 5.43 10.94a
Buttons (I month after
fertilization) 10.23  11.46¢ 6.68 15.49a
Buttons (2 months after
fertilization) 11.31 13.32¢ 7.67 17.36*
Rachillae (from unfertiii-
zed female flowers) 2.8 8.13b 2.90 4.78
Rachillae (from 1 month
old buttons) 7.36  7.62¢ 2.80 5.86%
Rachillae (from 2 months
oid buttons) 7.03 7.480 2.80 5.37=

*Low yielding Coconut plams were compared with high
yielding plams for analysing statistical significance.
0.05; ¢ < N.S.

P values : 2 < 0.01; © <
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rachillae of the low yielding and high vielding palms
was found to be highly significant (Table 1). However
as far as the acidity is considered, a significant diffe-
rence could be obtained in the unfertilized female
flowers and 2 months old buttons while the 1 month
old buttons showed a significance at 5% level only.
However at Kayangulam which is a diseased area
where most of the palms are suffering from root
(wilt) disease, no significant difference could be
obtained in 1 month and 2 month old buttons and
their respective rachillac. But the CA activity of
the unfertilized female flowers was highly significant
although the rachillae showed only little significance.
It can be inferred from this that at Kayangulam, as
the growth of the buttons progresses some metabolic
changes occur in the button and the rachillae which
inhibit the CA activity thereby leading to a lowering
of the active enzyme concentration. This is further
supported by the Button/Rachillae graph of CA
activity Fig. 1. This clearly indicates that the high
yielding and the low yielding palms at Kasaragod
definitely have a higher Button/Rachillae ratio when
compared to those at Kayangulam. Although the
exact role of CAisnotknown, thedata show thatCA
significantly influences the yielding capacity of the
palm. Experiments conducted in spinach chloro-
plasts” have showed that the enzyme has a catalytic
role in making CO, available for RUDP carboxy-
lase, a key enzyme of the photosynthetic pathway.
As soon as fertilization is over and a series of meta-
bolic reaciions set in, the activity of CA also in-
creases thereby making available CO, and/or HCOjy
necessary for the reactions of the plant cell. As has
been demonstrated with spinach chloroplasts®, the
permease action could not be demonstrated with
coconut. However the reciprocal relationship bet-
ween CA activity and acidity may be due to the fact
that CA probably favours the accumulation of
HCOj; in the high yielding palms which have a

TABLE 2 — ToTAL ACIDITY* IN THE BUTTONS AND RACHILLAE
OF LOW YIELDING AND Higa YIELDING CocoNUT PALMS AT
KAYANGULAM AND KASARAGOD

[Values, expressed as 1 unit = mg of sodium bicarbonate;
100 mg dry wt, are mean of 10 observations]

Kayangulam Kasaragod
Description of sample Low High Low High
yielder yielder yielder yielder
Unfertilized female flowers 25.93 20.727¢ 33.718 27.5668
Buttons (1 month after
fertilization) 28.08 22.047¢ 39.418 31.079®
Buttons (2 months after
fertilization 22.518 19.63¢ 39.614 30.6528
Rachillae (from unfertilized
female flowers) 7.138 5436 11.363 9.992°
Rachillae (from 1 month
old buttons) 6.879 5.064¢ 10.583 8.992¢
Rachillae (from 2 month
old buttons) 6.99 3.988s 9.926 7.578b

_*Low yielding Coconut palms were compared with high
yielding palms for analysing statistical significance.

P Values : » < 0.01; » < 0.05; ° < N.S.
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Fig. 1 — The Button/Rachillae graph of CA activity &
acidity

[A;— Low yielder (Kayangulam); B, — High yielder (Kay
gulam); A; — Low yielder (Kasaragod); B, — High yi
(Kasaragod)]

greater photosynthetic activity. Studies conduct
in Chlamydomonas reinhardi by Grahman et
also demonstrate that cells which were grown in g
where CA was present showed a much larger §
change when compared to those grown in 5% (4
where CA activity was least. The Button/Rachil
ratio of CA activity of the low yielding palm
Kasaragod and Kayangulam followed a linear pat
However the B/R graph of the high yielding p2
at Kasaraged showed a linear pattern upto
month and a steep rise was obtained in the set
month. The rise was not so marked for th
yielding palms at Kayangulam. The rapid in
in CA activity (Fig. 1) with a concomitant de
in the acidity is therefore a predisposing fac
the yield of the palm. Studies conducted
chloroplasts by Everson and Graham!® have
thit the effect of CA was to counteract th
induced pH changes. The results of the p
study indicate a similar role for CA in coconuf
As the pH of the plent cell is an important fi€
regulating the physiological and biochemical
cesses of the cell, the above studies lead to the
clusion that CA apart from the role in CO,
also is a key enzyme regulating the pH of the

cell by favouring the reversible hydration-dehyd
tion reaction.

The authors are thankful to Shri P. T. N.
for having statistically analysed the data,
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Testosterone & Accessory Sex Gland Lipids
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stosterore propionate (TP) 1 mg/100 g body wt was ad-
listered to adult male rats and its effect on lipids of accessory
s was studied. Short and long term studies were under-
gﬁnd out the early and late responses. TP was found to
e the total lipids even in one day treatment in all the
gland tissues, which was due to its preferential stimu-
llon of phosphc- and neutral lipid synthesis.

HE importance of lipids and lipid fractions in
sperm maturation is well established. Recent
h has implicated the epididymis as a major
¢ of substrates- which can support the metabolic
of maturing sperms. Glyceryl phosphoryl
(GPC) has been suggested as the secretory
t of the holocrine cells in rat epididymis®.
et al® proposed that GPC is formed from
olipids in epididymis. Lipids have been
sted to have a protecting effect on the sperma-
by split cjaculate studies?. Previous studies
own a distinct lipid distributory pattern in
 accessory sex glands’ and preliminary studies
shown significant hormone-lipid inter-relation-
accessory sex glands%?. The present study
of a series of experiments conducted to under-
the lipid hormone inter-relation in accessory
nds. Initial fluctuation of lipids has been
ed in one day experiment and prolonged influ-
been visualized through 7 day experiments
ing the administration of TP.
male albino rats (100-110 days old, 190-
g body wt) of Wistar strain were used in the
investigations. The animals were divided into
ps of 10 cach. The first group served as control
ceived only the vehicles (Pea nut oil). The
group was treated with Testosterone pro-
(IP) (1 mg/100 g body wt) for a day. The
group was treated with TP (1 mg/i00 g body
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The animals were sacrificed by cervical dislocation,
24 hr after the administration of TP in the case
of group II animals and on the 8th day in the case of
group IIT animals. Caput, cauda epididymides,
seminal vesicle and prostate (all lobes) were removed
immediately, freed from adhering tissues, rinsed,
blotted and weighed accurately on a torsion balance,
for further processing.

Experimental procedures regarding the extraction,
identification and estimation of lipids have already
been reported®. The results were treated for statis-
tical significance using the students ‘¢ test. The
calculations were computerised in IBM-1620 com-
puter and statistically evaluated.

Administration of TP resulted in changes in lipid
parameters of accessory sex glands in both short
and long term treatments which. are depicted in
Table 1. In caput epididymis an increase in trigly-
cerides (P < 0.001) was seen in long term groups.
TP had a profound influence on lysophosphatidyl
choline and sphingomyelin (P < 0.001) in short
term groups. However, in long term treatment
phosphatidyl ethanolamine and phosphatidic acid
were elevated (P < 0.001). In cauda epididymis,
phosphatidyl choline (P << 0.01) and phosphatidic
acid (P < 0.001) were decreased in long term group.

In seminal vesicle botn in short, (P < 0.01) and
long, term (P < 0.001) treatment, triglycerides were
increased. Long term treatment led to an increase
in phosphatidyl choline (P < 0.02) in seminal
vesicles. In prostate, triglycerides were accumu-
lated in both shoit (P < 0.001) and long term treat-
ments (P < 0.001). Phosphatidyl choline (P <
0.001) phosphatidy! ethanolamine (P < 0.05) and
phosphatidyl inositol (P < 0.01) showed an increase
in long term group.

Total, free and ester cholesterol were not signifi-
cantly altered in either short or long term studics in
any of the tissues.

As evidenced in our earlier studies?, testosterone
had a differential effect on the two segments of
epididymis. The differences in the response may be
due to the differences in their structure and func-
tion®. The metabolic activities in the epididymal
tissue as well as epididymal spermatozoa have been
shown to be different in different regions of epidi-
dymis®. It is also suggestad that caput primarily
serves as a conduit in addition to its role in sperm
maturation!®, while cauda functions as a store house
for sperms!. Much of the lipid changes (both
neutral and phospho) that take place in sperm were
reported to be essentially in caput'?, and it has been
reported that sperms collected from caput contained
more phospholipids than that of cauda!®. Not only
the tissues exhibited regional variations in their
(metabolic) activities but the responsiveness to andro-
gen as weil as its threshold of requirement for the
maintenance of the different cell organclles in the
epididymis also seems to be different!4. These diffe-
rent factors could have contributed for the differen-
tial response observed in the present study.

The phospholipids have shown characteristic alter-
ations in the two segments of epididymis. This may
be due to more GPC synthesis seen in caput than in
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