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STUDIES ON THE INHIBITION OF HONEY BEE 
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The kinetic constants for the inhibition (I50, Ka, k.^c.lKi, k,, and K a ' values) of honey bee cholinesterasc 
by furadan and its two analogues were determined and evaluated. Furadan proved to be a potent 
inhibitor of honey bee enzyme. All the three carbam ates showed a high affinity for honey-bee ChE. 
The affinity constants ranged from 0 .22  to 2 .6 8 x 1 0 “ " M. There was little variation among the 
carbamylation constants, indicating a minor role for the carhamylation step in the inhibition process. 
The significant variation in the bimolecular reaction constants of the three carbam ates could be attributed 
to the variations in the affinity constants rather than to the carbamylation constants. The average 
apparent affinity constants were, in most cases, comparable with the Ka values and they increased 
progressively with the concentration of inhibitor.

IN TR O D U C TIO N

Eventhough many studies have been under
taken on the inhibition o f chohnesterase 
(ChE) by organophosphates, studies under
taken on the enzymic inhibition by 
carbam ates are relatively scanty.

Carbam ate hydrolysis follows a scheme 
similar to that for the norm al substra te;

k i  k a c  k s

E +  I I L E  .I  ^  E' ^  E 
k—i

(E =  free enzyme, 1 =  free inhibhor, E . i =  
reversible enzym e-inhibitor complex and 
E' =  carbamylated enzyme).

M a in  &  H a s t in g s  (1966) derived equa
tions for the carbam ylation reaction of 
ChE’s :

(I) A t _____  (I)
2 .3 a  log V k2c k 2'

where, (I) =  inhibitor concentration and 
t/2 . 3 A log v =  first order rate constant at 
constant (I). Affinity, carbam ylation and
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bimolecular reaction constants in the present 
studies were derived from the above equation. 
The rate constants for decarbam ylation (ks) 
have been calculated according to the first 
order equation,

In (E '/E o )  =  -kgt 
where E ' =  carbamylated enzyme, Eo =  
uninhibited enzyme and t =  time in minutes.

A study was also undertaken to  find out 
the influence o f substrate concentration on 
the rate o f enzymic hydrolysis under 
conditions of competitive inhibition accor
ding to the linear equation,

v =  Vm — Km (1 - f I /k ,) .  v / S .

M A TER IA LS AND M E T H O D S

Cholinesterasc was obtained from  the heads o f 
Indian honey bee. Apis indica F . and ten heads were 
used per ml o f buffer-saline for hom ogenization. It 
was carried ou t in an all-glass electrically operated 
P o tter- E lvehjem  type hom ogenizer in ice cold 
Tris-H C I buffer (0 .05 M , pH 7.5) containing
1.5 per cent N aC l. The hom ogenates were centri
fuged for 10 m inutes a t 6000 rpm  in a  refrigerated 
centrifuge a t O^C. The supernatants were collected 
in vials and stored at -5"C  until used.

Estim ations o f enzyme activity w ere done by the 
m ethod of E ll m an  et al., (1961) as modified by



S m issaert (1964). Acetylthiocholine (A TCh) and 
d ithionitrobenzoic acid (D TN B ) used for the assay 
were the products o f Sigma chemical com pany, 
St. 1-Ouis, M issouri, U .S.A . F uradan  and its two 
analogues, 3 -O H  carbofuran  and 3-keto  carbofuran 
were supplied by the N iagara Chemical Division, 
F M C  C orporation , M iddleport, New Y ork, U .S.A. 
O th er chem icals used in the present study were 
obtained locally and were analytical reagents o f the 
highest purity.

F o r the determ ination of I 50 values, the enzyme 
(0.1 ml) and inhib itor (0.1 ml) were incubated at 
30"C for a period o f 30 m inutes. Then a reaction 
m ixture o f 1.5 ml was constituted by adding to the 
above m ixture 0 .3  ml o f buffer-saline, 0.5 ml o f 
D T N B  and 0.5 ml of ATCh (1 x 1 0 —“ M). A 
reaction  m ixture with buffer-saline instead of 
inh ib ito r served as control, while one w ithout 
enzym e and inhib itor was used as blank. The change 
in the optical density was recorded after an interval 
o f 5 m inutes. T he I 50 values were derived from  the 
e / E '  — 1 /(1 ) graphs (where E ' =  percentage o f 
inhibited enzyme, e =  percentage^of enzyme remaining 
active and (1) =  inhib itor concentration).

In  the experim ent to find ou t the carbam ylation , 
affinity and bim olecular reaction constants, 0 .1 ml 
enzyme was allowed to  react with various concen
trations o f inhibitors in a  total volume of 1.3 ml 
for 30 seconds, a fte r which a  0.2 ml m ixture o f 
A TC h and DTNB was added. A reaction mixture 
with buffer-saline instead o f  inhib itor served as 
control.

For reactivation experim ent, 0.2 ml o f enzyme and 
0.2 ml o f inhibitor producing about 70 per cent 
inhibition were incubated at 30"C for ha lf an hour. 
The euzym e-inhibitor m ixture was then diluted to 
5.0 ml and the increase in optical density was 
m easured for an  hour a t regular intervals in the 
presence o f 1 x 1 0 -’ M ATCh and DTNB. A control 
w ithout inhibitor showed a constant hydrolysis rate 
during the period of observation.

In the experim ent to study the influence of 
substrate  concentration on the rate  o f enzymic 
hydrolysis, the reaction m ixture contained 0.05 M 
T ris-H C l buffer pH  7.5, 1.5 per cent NaCl,
3 .3x10-*  M D T N B  rind the desired concentrations 
o f  inhib itor and substrate  were sim ultaneously added 
followed by 0.1 ml o f enzyme. The volume o f total 
reaction m ixture am ounted to 1.5 ml. A reaction 
m ixture w ithout inhib itor served as control while 
one w ithout both enzyme and inhibitor was kept on 
blank. T hs Micrease in inbioition was rncasurjd at

one m inute intervals until the steady state condition 
was achieved.

RESU LTS AND D ISC U SSIO N

All the param eters o f inhibition obtained 
in the present study are given in Table 1.

The I50 value is the inhibitor concentration 
in moles per litre required to  give 50% 
inhibition when the inhibitor is incubated 
with enzyme for 30 minutes. The low I50 
values clearly indicate the high susceptibility 
o f  honeybee ChE to carbam ate inhibition. 
This observation was in agreement with the 
results o f E l- A z iz  et al. (1969), who also 
reported an extremely high susceptibility o f 
honey bee to  carbam ates. The order o f 
inhibition was furadan >  3-O H  carbo- 
fu ra n > 3 -k e to  carbofuran. The differences 
am ong the Ijo values obtained for the three 
mhibitors are not significant. The results 
gave a clear p roo f for the high inhibitor 
potency o f furadan towards insect ChE.

Since the affinity constant K a measures 
the ability o f the enzym e-inhibitor complex 
to dissociate, the lower the numerical value 
of this constant, the more effective the 
binding a t the active site o f the enzyme. 
From  the data it is apparent tha t 3-keto 
carbofuran showed the highest affinity for 
honey bee ChE, while there was a I2-foId 
increase in the K a value with furadan and 
a 25-fold difference with 3-O H  carbofuran. 
So the order o f carbam ate inhibitors in 
the descending pattern o f  affinity for honey 
bee ChE was 3-keto carbofuran, furadan 
and 3-O H  carbofuran. The iiihibitor const
ants of 3-keto carbofuran clearly indicate 
that the selection of a synthetic carbam ate 
for commercial use as an insecticide is 
largely dependent on its Ijq value than on 
its affinity constant.

A general perusal o f the carbam ylation 
con:;tants (k;.-) indicate tha t these indices 
did not differ sig.’Hficantly. The otdcT o f
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T able 1. Inhibition constants for honey bee cholinesterase by various 
carbam ates. Each datum  is an average o f five replicates.

SI.
No. Inhibition constant

1. P "  value
2. Affinity constant, K a
3. C arbam ylation constan t, k^c
4. Bimolecular reaction constant, Kl.

5. D ecarbam ylation constant, k;,
6 . Half-life value, t o-s
7. Average apparent affinity constant,

K a'

Inhibitor

Furadan 3-O H  car- 
bofuran

3-keto
carbofuran

U nit

1 .77 1.90 3.35 X 10-»M
2.68 5.56 0 .22 X lO -'M
2 .80 4.92 6.09 m in -‘
1.40 0.88 27.10 X IO 'M - '

min->
0.0016 0.0030 0.0030 m in-'

433 231 231 minutes

2.01 13.30 16.70 X  lO'-'M.

kic o f honey bee ChE was 3-keto carbo
furan >  3-O H  carbofuran >  furadan. A 
subsequent study with house sparrow and 
ra t C hE’s (data not presented in this paper) 
also showed only an insignificant difference 
am ong kzc values, probably indicating a 
m inor role o f the carbam ylation step in the 
overall specificity o f  each enzyme source to 
various carbam ate inhibitors.

From  tiie data it would be clear that the 
bimolecular reaction constants, Ki, varied 
am ong themselves for all the three carbam ate 
inhibitors. The Ki o f honey bee ChE for 
furadan was almost double than that o f its 
hydroxy analogue while for 3-keto carbo
furan, it was about 30 times higher than 
tha t for 3-O H  carbofuran. The differences 
in the Ki values would largely be a ttribu t
able to the variations in the Ka values 
rather than to the k ,̂. values.

The decarbam ylation constants (ks values) 
obtained in the present studies are less than 
those reported with eel ChE by  W il s o n  
et a i ,  (1960). The ks value is liable to  be 
affected by various experimental conditions 
like the source of enzyme, assay, inhibitor, 
substiate concentration, tem perature, pH  
etc. Tlic result.^ reported in the present 
inve^f'gation may also be taicen tc  suggest 
the probable d'lierence iii the chemical

bondage in the honey bee carbam ylated 
enzyme which form s a hindrance for the 
inhibitor moiety to separate out from  the 
enzyme part. This difference in ks value 
of honey bee enzyme could also be inter
preted to indicate the difference at the active 
site o f the enzyme.

The half-life values o f the different 
carbam ylated enzymes were calculated using

the equation, to-5 =  The carbamy-

lated enzyme o f honey bee with furadan 
took about 7 hours for recovering 50 per cent 
of its original enzymic activity while those 
with the two other analogues regained their 
half-activity after about 4 hours. Hence 
the higher to.5 value with insect ChE can be 
considered as an attribute for a good 
insecticide.

The average apparent affinity constants 
(K a') as coined by D a.v ies  et a i ,  (1970) were 
obtained from the experiment in which the 
inhibitor was added sim ultaneously with the 
substrate. K a and K a ' values of furadan 
for honey bee ChE were alm ost equal. 
Thsre was a 2-fold difference in 3-O H  
carbofuran and a 76-fold difference in the 
case of 3-keto carbofuran.

In conclusion, it may be poiated out that 
the results obtained in the pre-cnt studies



suggest tha t furadan and its analogues are 
competitive inhibitors a t low concentrations 
(below 10-6 M) and the inhibitions could be 
predicted by invoking the mechanisms 
proposed by M a in  & H a s t in g s  (1966). A t 
higher concentrations o f the inhibitors, some 
other mechanism is also enforced. The 
deviation observed at higher inhibitor 
concentrations could perhaps be easily 
explained on the basis o f allosteric inhibition.
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