
- ----

SHORT COMMUNICATIONS 

ETIN Carbonic Anhydrase Activity Versus Acidity in Low 
n ON Yielding & High Yielding Coconut Palms (Cocos

IN 
nucifera Linn.) 

ltent G. PADMAJA*, B. SUMATHYKUTTY AMMA, CHACKO MATHEW,
wt) P. K. RAY & R. SNEHI DWIVEDlt 

Central Plantation Crops Research Institute, Regional Station 
Kayangulam, Krishnapuram 690 533 

Manuscript received 4 October 1979; revised manuscript received 
7 April 1980 

Activity of carbonic anhydrase (CA) was determined in un­
ftrtilized female flowers, one month old and two months old 
buttons from West Coast Tall Variety of coconut. The titratable 
acidity pattern was also studied in these samples. An increased 
CA activity was noticed in the high yielding coconut palms. A 
Ittiprocal relationship was obtained between CA activity and 
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dtratable acidity. The probable role of CA as a key enzyme 
ield l!1lulating the pH of the plant cell has been envisaged. 
iio-

CARBONIC anhydrase (CA) has been reported 
to be present in C3 as well as C4 plants and is 

believed to playa role in the fixation of carbon in 
plantsl'2. Enzyme studies3 conducted in the haus­
Illrium of germinating coconut have revealed the pre­
ICnce of CA in the haustorium. Carbonic anhy­
drase catalyses the reversible hydration of CO2 
thereby making available CO2 for the photosynthetic 
activities of the plant ce1l4'5. 

Earlier studies in OUi' lab0:'atory by Dwivedi et a1 6 • 

indicate a positive correlation between the enzyme 
activity and nut yield of the coconut palm. As a 
Iottow up of this study, CA activity was detennined 
in 3 different stages of growth of the ovary as also 
leir respective rachillae. An attempt has also been 
made to correlate the enzyme activity with the 
ltidity of the buttons and rachillac. 

The experiment was conducted in the West Coast 
'all variety of coconut palms growing in two diffe­

locations, viz. farm area of CPCRI Regional 
KayaD.gu!am and CPCRI, Kasaragod. The 

is a diseased area where as the latt~r is a healthy 
Ten high yielding (> 80 nuts/palm/year) and 

low yielding « 50 nuts/palm/year) coconut 
were selected from each location for the samp­

Buttons (fertilized and unfertilized 
at 3 different stages, viz. just after 

after fertilization and 2 months 
were co~lectcd f rom both sets of 

the samples were preserved in an ice-box. 
anhydrase activity - The CA activity 

in the buttons (both fertilized and 
~1Z00.) by the modified procedure of Dwivedi 

One gram each of the t issues were chilled at 
30 min. The chilled. samples were cut into 

of 0.2M cystein-EDTA solution (pH 6.8-7). 
were then blotted to remove adhering 

<'.nd transferred to the reaction mix­

"' 
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ture containing 2 ml of 0.2 M phosphate butTer, 
2 ml of 0.2M sodium bicarbonate and 0.5 ml of 
0.002 % 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 (lml) was withdrawn 
from these vials and CA activity was determined by 
titration against N/200 HCl using methyl red indi­
cator. The end point was marked by the sudden 
appearance of a pink colour. Simultaneous~~ a 
control tube containing the reaction . mediumhJ ong 
with two drops of 0.2 M cystein/EDTA wi s' also 
incubated and titrated against N/200 HCI to elimi­
nate error due to blank. 

Tifratahle 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 r00111 temp. The extracts were 
filtered through a buchner funnel and the filtrates 
collected in stoppered flasks of 50 ml capacity. Five 
ml each of the clear filtrate was titrated against 
N j200 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.e. the high yielding palms which had a 
greater yielding capacity had greater CA activity. 
An interesting observation was that the high yield­
ing palms wllich 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 in.crease could be obtained. At 
Kasaragod which is a healthy area, the CA activity 
of all the 3 stages of maturity of the buttons and 

T...llLE 1 - CARB::lNIC ANHYDRASE ACTIVITY* IN THE BOTTONS 
AND 	RACHILLAE OF LOW YIELDING AND l-IIGI-! YIELDING COCO­

NUT PALMS AT KAYANGULAM AND KASARAGOD 

[Values, expressed as 1 unit =c mg of CO2/g dlY wt/20 min. 
are, mC:ln of 10 observations] 

Description 	of samplc 

Unfertilizcd female flowers 
Buttons (I month after 

fertiliza tion) 
Buttons (2 months after 

fertilization) 
Rachillae (from unfertili­
zed female flowers) 

Rachillae (from 1 month 
old buttons) 

RachilIae (from 2 months 
old buttons) 

"Low yielding Coconut 

Kayangulam Kasaragod 

Low High Low High 
yielder yielder yielder yielder 

5.96 10.56' 5.43 10.94· 

10.23 11.460 6.68 15.49a 

11.31 13.320 7.67 17.36" 

5.31 8.13b 2.90 4.78" 

7.36 7.62° 2.80 5.86· 

7.03 7.480 2.80 5.37'" 

plams were compared with high 
yielding plams for analysing statistical significance. 

P values : a < 0.01; b < 0.05; e < N.S. 
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rachillae of the low yielding and h~gh yielding 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 11.t Kayangulam which is a diseased area 
where most of the palms are suffering from root 
(wilt) disease, no significant difference could be 
obtained in I month and 2 month old buttons and 
their respective rachillae. 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 th~ rachillae wh~ch 
inhibit the CA activity thereby leadlllg to a lowenng 
of the active enzyme concentration. This is further 
supported by the Button/RachilJae graph of ~A 
activity Fig. 1. This clearly indicates that the hIgh 
yielding and the low yielding palms. at Kasaragod 
definitely have a higher Button/Rachlllae rattO when 
compared to those at Kayangulam. Although the 
exact role of CA is not known, the data show that CA 
significantly influences the yieldi~g capacity of the 
palm. Experiments conducted III sp1l1ach clllor?­
plasts7 have showed that the enzyme has a catalytIC 
role in making CO2 available for RUDP carboxy­
lase, a key enzyme of the photosynthetic pathway. 
As soon as ferrilization is over and a series of meta­
bolic reacLions set in, the activity of CA also in­
Creases thereby making available CO2 and/or HCO; 
necessary for the reactions of the plant cell. As has 
been demonstrated with spinach chloroplasts8, the 
permease action could not be demon~trate~ with 
coconut. However the reciprocal relatLOnshlp bet­
ween CA activity and acidity may be due to the fact 
that CA probably favours the accu.mulation of 
HCO; in the high yielding palms which have a 

TAIILE 2 - TOTAL ACIDITY" IN THE BUTTONS AND RACHILLAIl 

OF LOW YIELDING AND HIGH 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 
yielder 

High Low High 
yielder yielder yielder 

Unfertilized female flowers 
Buttons (1 month after 

fertilization) 
Buttons (2 months after 

fertilization 
Rachillae (from unfertilized 

female flowers) 
Rachillae (from 1 month 

old buttons) 
Rachillae (from 2 month 

old buttons) 

25.93 

28.08 

22.518 

7.138 

6.879 

6.99 

'20.727 0 33.718 27.566· 

22.047" 39.418 31.079b 

19.630 39.614 30.652a 

5436b 11.363 9.9920 

5.0640 10.583 8.9920 

3.988a 9.926 7.578b 

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

P Values; & < 0.01; b < 0.05; • < N.S. 
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greater photosynthetic activity. Studies 
in Chlamydomonas reinhardi by Grahman et 
also demonstrate that cells which were grown in 
where CA was present showed a much 
change when compared to those grown 
where CA activity was least. The 
ratio of CA activity of the low yielding 
Kasaragod and Kayangulam followed a linear 
However the B/R graph of the high . . 
at Kasaraged showed a linear pattern 
month and a steep rise was obtained in the 
month. The rise was not so marked for the 
yielding palms at Kayangutam. The rapid 
in CA activity (Fig. 1) with a concomitant 
in the acidity is therefore a predisposing factor 
the yield of the palm. Studies conducted in 
chloroplasts by Everson and Graham10 have 
th tt the effect of CA was to counteract the 
induced pH changes. The results of the 
study indicate a similar role for CA in 
As the pH of the pl"nt cell is an important 
regulating the physiological and biochemical 
cesses of the cell . the above studies lead to the 
clusion that CA apart from the rolo in 
also is a key enzyme regulating the 
cell by favouring the reversible hv(lratlOJ1-<1eIl1l 
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 

E. UMAPATHY, K. S., MANIMEGALAI & P. GOVINDARAJULU 

Division of Endocrinology, Department of Physiology, Post­
piduate Institute of Basic Medical Sciences, Madras 600 042 

lIanllScript received 11 December 1979; revised manuscript 
received 25 January 1980 

Testosterone propionate (TP) 1 mg/100 g body wt was ad­
~ered tQ adult male rats and its effect on lipids of accessory 
III glands was studied. Short and long term studies were under­
IIbI to find out the early and late responses. TP was found to 
_ se the tot~1 lipids even in one day treatment in all the 
IImsory gland tissues, which was due to its preferential stimu­
IIdon of phospho- and neutral lipid synthesis. 

THE importaTl';e of lipids and lipid fractions in 
sperm maturation is well established. Recent 

taearch has implicated the epididymis as a major 
1OIII'Ceof substrates- which can support the metabolic 
w:tivity of maturing sperms. Glyceryl phosphoryl 
choline (GPC) has been suggested as the secretory 

.uct of the holocrine cells in rat epididymis2. 

,tt el al. 3 proposed tl' ..at GPC is formed from 
JI!ospholipids in epididymis. Lipids have been 
_ ested to have a protecting effect on the sperma­
tozoa, by split ejaculate studies4• Previous studies 
aveshown a distinct lipid distributory pattern in 
m ous accessory sex glands5 and prelLmlnary studies 
kve shown signi1icant hormone-lipid inter-relation­

in a.ccessory sex glands6 , 7 • The present study 
fa series of experiments conducted to under­

lipid ho;-mone inter-relation in accessory 
Initial fluctuation of lipids has been 

in one day experiment and prolonged infiu~ 
been visualized through 7 day experiments 
the administration of TP. 

male albino rats (100-110 days old, 190­
wt) of Wistar strain were used in the 

investigations. The animals were divided into 
of 10 each. The fi.f.3t group served as control 

only the vehicles (Pea nut oil). The 
group was treat.;d with Testosterone pro­
(TP) (I mg/ IOO g body wt) for a day. The 

group was treated with TP (I mg/l OO g body 
for 7 days. 

The animals were sacrificed by cervical dislocafon, 
24 hr after the administration of TP in the case 
of group II animals and on the 8th day in the case of 
group III animals. Caput, cauda epididymides, 
seminal vesicle an.d prostate (all lobes) were removed 
immediately, freed from adhering tissues, rinsed, 
blotted and weighed accurately on a torsion baIznce, 
for further processing. 

Experimental procedures regarding the extj'action, 
identification and estimation of lipids h2.ve already 
been reported9• The results were treated for statis­
tical significauce using the students 't' 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 ep:'didymis 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. HO'wever, 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 both in short, (P < 0.0 I) and 
long, term (P < 0.001) t reatment, triglycerides were 
increased. Long term treatment led to;) an increase 
in phosphatidyl choline (P < 0.02) in seminal 
vesicles. In prost'lt~, triglycer~des were accumu­
lated in both short (P < 0.001) and long term treat­
ments (P < 0.001). Phosphatidyl choline (P < 
0.001) phosphatidyl 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 studies in 
any of the tissues . 

As evidenced in our earlier studies7 , testosterone 
had a differential effect on the two segments of 
epididym;.s . The differences in the response may be 
due to the differences in their stmcture and funs­
t ions. The metabolic activities in the epididymal 
tissue as well as epididymal spermatozoa have been 
shown to be different in different regions of epidi­
dymis9. It is also suggested that caput pi' imarily 
serves as a conduit in addition to its role in sperm 
matLlr2.tion10. while cauda functions as a store house 
for spermsll. Much of the lipid changes (both 
neutral and phospho) that take place in sperm were 
reported to be essentially in caput12, and it has been 
reported that sperms collected from caput contained 
more phospholipids thaa that of cauda13. Not only 
the tissues exhi.bited regional variations in their 
(meta.bolic) activities but the responsiveness to andro­
gen as wei! as its threshold of requirement for the 
maintenance of the different cell organelles in the 
epididymis also seems to be difli~rentl4. 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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