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Abstraet: I n  s tudying  inhibitors and  act ivators  of enzymes it  has  often been found t ha t  in- 
hibitors act  as act ivators  when in very low concentrations and t h a t  certain act ivators  (in suitable 
concentrations) show inhibition. Similar results were obtained in the present work in s tudying  
urease from soya bean in the  presence of lead acetate. Lead acetate is normally an  inhibitor of 
urease. I t  was found, however, t ha t  in small  concentrations of lead acetate increase in the  act ivi ty 
of urease occurs. On prolonging the  t ime of the reaction inhibition develops and  still later in- 
crealed enzymatic  act ivi ty  again occurs. The results were elaborated statistically and  are discussed 
in relation to the use of "adapta t ion"  of urease in unfavourable conditions in reaction mixtures  
by  the action of lead acetate. 

Adaptabil i ty is one of the essential properties of life and so far this has 
not  been observed in a non-living system, though modern computers do have 
a certain degree of the capacity of learning. The problem of origin of the pro- 
per ty of adaptabili ty thus still remains unsolved. I t  is interesting to investigate 
whether the adaptabili ty originated only when some system became alive, 
or the property of adaptability is inherent in matter  and is only best displayed 
in a system which is capable of duplication and which has its self-energy 
release system. 

We have repeatedly observed that  when enzymic reactions are studied in 
their natural environment, i.e. when the enzyme is not purified and made 
free from other proteinous matter  with which it occurs in the tissue, it does 
retain a certain degree of adaptability. I f  the enzymes are studied under these 
conditions, it is a matter  of common observation that  the reactivity of the 
enzyme decreases with increased period of reaction and it has been explained 
to be due to the formation of inhibitors in the mixture (Bx~ADUR, CHA~)RA 
1961). However, we (BAHADVR, C~ANDRA 1959) have found that  this decrease 
in reactivity with increasing period of reaction is not  uniform and the enzyme 
once or twice is reactivated before it finally loses all its enzymic property. 
Whatever may be the explanation for such activation after a definite decrease 
in activity, it certainly can be explained by  the simple process of feed back, 
and it can definitely be called an effort of the enzyme to counteract the un- 
favourable conditions created by  the inhibitory substances present in the field 
of enzymic reactions. 
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During our study of the inhibitors and activators of enzymes it has been 
repeatedly observed that  an inhibitor acts as an activator when present in 
very small quantities, and in appropriate concentrations certain activators 
show inhibition. In  case of inhibition after a certain period of lag the enzyme 
will show another maximum of activation before being finally inhibited by 
the inhibitor. 

Such conditions have been statistically investigated and will be reported 
in this paper. Urease from soyabean has been used as the source of urease 
enzymes, and urea as the substrate. The reaction has been studied at pH --~ 6.6 
using lead acetate as an inhibitor (BA~IADUR, CIIANDRA 1959). 

Methods and Results  

Urea solution: 4% solution of urea of A.R. quality was prepared by dissolving 
it in redistilled water prepared from all glass distilling apparatus. 

Urease solution: 0.6% of soyabean powder in redistilled water was prepared�9 
I t  was shaken well and allowed to stand for 1/2 an hour and filtered through 
a cotton plug. The filtrate was used. 

Buffer solution: Phosphate buffer of 0.2 M potassium dihydrogen phosphate 
(B.D.H.) and 0.2 M sodium hydroxide was used�9 

Lead acetate solution: 0.4620% solution of lead acetate Pb(CHaCOO)2. 
�9 3HIO (A.R., B.D.H.) in boiled distilled water was prepared. 

The reaction was carried out in pyrex tubes. Two sets of experiments were 
performed side by side, i.e. one as control and other to study the influence of 
lead acetate on the activity of urease against urea. For each set a series of 
five parallel experiments were performed, whose statistical average is tabulated 
below. 

Table 1 (Fig. A & B) 

Decomposition of urea without and with 0.7 ml. and 1.4 ml. of 0.4620 % concentration of lead 
acetate solution 

So 0.20 rots 20--40 mrs ] 40--60 mrs 60---80 mrs 80--100rots Difference between 
�9 the titre values at 

Control 
(Statistical average) 
With 0.7 ml. of lead 
acetate sol n 
(Statistical average) 
Statistical Remark 

Control 
(Statistical Average) 
With 1.4 ml. of lead 
acetate sol n 
(Statistical average) 
Statistical Remark 

1.54~=0.081 

1.82=t=0.037 
Significant 

1.22=t=0.040 

1.24=}=0.071 

1.00~-0-010 

1.90~= 0-070 
Significant 

1.36-4-0.040 

1.40-4-0 
Insignificant Insignificant J 

1-82:j:0.022 

0.38~:0.037 
Significant 

1.52~0.020 

0.82:j: 0.037 
Significant 

1.00~: 0.010 

1.96=]=0-012 
Significant 

1.12:J:0.020 

0.18~0.020 
Significant 

0.30t0-010 

0.844-0.012 
Significant 

0.48-t-0.037 

0.12~0.020 
Significant 



88 K. BAHARUR, I. SAXENA 

Table 2 

S. Difference between 0--20 mrs 60 '80 mrs 80--100mts No. the titre values at 

I 
35 ~ C 

I I  
33 ~ 

IOIOI C 

1) 
Control 
(Statistical average) 
(2) 
With lead acetate 
(Statistical average) 
(3) 
With lead acetate 4- 
-}- 8-hydroxy 
quinoline after 
40 mrs 
(Statistical average) 

Statistical 1 & 2 
Remark 1 & 3 

(1) 
Control 
(Statistical average) 
(2) 
With lead acetate 

C (Statistical average) 
(3) 
With lead acetate + 
+ 8-hydroxy quino- 
line after 40 mts 
(Statistical average) 

Statistical 
Remark I 

l & 2  
l & 3  

(1) 
Control 
(statistical average) 
(2) 
With lead acetate 
(Statistical average) 
(3) 
With lead acetate + 
+ 8-hydroxy quino- 
line after 40 mrs 
(Statistical average) 

1"36=L0"330 

1'204-0 

l'20-j= 0'057 

20--40 mrs 40--60 mrs 

2"56~= 0"033 2"86~0'066 

2'964-0'033 0"93=t=0"066 

!2-334-0-087 1-864-0.066 

Insignificant Significant 
Insignificant Insignificant 

1.104-0 

1.304-0.057 

1.82=[=0.047 

2-074-0.045 

1.804-0.057 1.20=t: 0.024 

Significant 
Significant 

1.44-0 

1.354-0-050 

1 

1.524-0.047 

1.80=[=0.040 

1 .60 t0  1-404-0.040 

1.364-0.088 

1-734-0.068 

1-66=[=0.066 

0'504-0.057 

0.664-0.088 

0'20=t=0 

Statistical 1 & 2 Insignificant Significant Significant Insignificant Significant 
Remark 1 & 3 Insignificant Insignificant S ~  Significant Insignificant 

1 

1.50=t=0.04 

1.604- 0.040 

1.374-0.007 

1.404- 0.05 

1'674-0.047 

1.254-0.080 1"30~= 0.040 

1.72• 

0"92=t=0'024 

Significant [Insignificant Significant 
Significant Significant Significant 

I 

2.10=t=0.040 1.50-V0.040 1.025=0.022 

0.95• 1.75• 0.604-0.014 

1'524-0'024!1"604-0.057 0.624-0.047 

Significant Insignificant Insignificant 
Significant Insignificant I Significant 
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The  react ion mix tu re  contains 16.6 ml urea, 6.6 ml urease, 6,6 ml buffer,  
and  redisti l led water ,  while in ano ther  case toge ther  wi th  all the  above  the  
requisite a m o u n t  of  lead aceta te  was also added.  The to ta l  vo lume of  the  sets 
was made  equal wi th  the  help of  redisti l led water .  

The react ion was carried out  a t  p H  6.6 and  at  35~ tempera ture .  The  
samples were wi thdrawn at  20 minutes  intervals.  The l ibera ted  ammonia  f rom 
the  decomposi t ion of  urea  was t i t r a t ed  against  N/25- -H2SO 4. 

The react ion was carried out  in three  sets, i.e. 1st set was control,  2nd set 
wi th  0.7 ml of  lead aceta te  and in the  3rd set 2 ml of 8 -hydroxy  quinoline was 
added af ter  40 minutes  to the react ion mix tu re  containing 0.7 ml of  lead 
aceta te  initially. The  react ion was carried out  a t  p H  6.6 and at  three  tempera-  
tures, i.e. 35 ~ C, 33 ~ C and 30 ~ C. The  samples were wi thdrawn at  intervals  of  
20 minutes.  The  l iberated ammonia  f rom the decomposi t ion of urea  was 
t i t r a t ed  against  N/25--H2SOr For  each set a t  different t empera tu res  a series 
of 4 parallel exper iments  were per formed whose stat is t ical  average is t abu la ted  
In  the Table  2. 
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D i s c u s s i o n  

Lead acetate in concentrations higher than studied here acts as inhibitor 
for urease from soyabean. In small concentration of lead acetate, i.e. when 
0.7. ml of the lead acetate solution is present per 38.8 ml of the enzyme sub- 
strata mixture, lead acetate acts as a definite activator during the first 40 mi- 
nutes of the reaction. During the next 20 minutes, i.e. between 40 to 60 mi- 

FIG. 3. 
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nutes, lead acetate acts as a definite inhibitor. But  the enzyme again adapts 
itself to its unfavourable condition caused by the presence of lead acetate, 
and the urease is modified to work faster than the control sample. This activa- 
tion observed between 60 to 80 minutes is not permanent, after this period 
lead acetate acts as inhibitor again. This time the urease is unable to counteract 
the unfavourable influence caused by the presence of lead acetate and is 
permanently inhibited. These changes in the enzymic activity of urease have 
been observed in all the five similar mixtures and on statistical consideration 
these changes are significant, as shown in Table 2. 

On statistical considerations it is further indicated that  if a little higher 
concentration of lead acetate is used, i.e. if 1.4 ml of the lead acetate solution 
is present per 38.8 ml of the reaction mixture, the inhibitory influence of lead 
acetate is more pronounced and the enzyme shows only mild adaptability 
(Fig. B). 

However, if a very small quanti ty of lead acetate is present in the reaction 
mixture and the experiments are performed keeping a number of similar 
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mixtures and the results are considered statistically to decrease any possibility 
of error, even then the adaptability of the enzyme is observed. Thus, if only 
0.7 ml of the lead acetate is present per 38.8 ml of reaction mixture, the enzyme 
conveniently adapts itself to its unfavourable influence, and in its efforts to 
adapt  to this unfavourable influence it becomes a better enzyme than the 
control one in urea decomposition (Fig. A). 

In order to see whether the acti- 
vation in the enzymic property cau- 
:sed by the lead acetate is perma- 
nent  or it is only when lead aceta- 
te is present in the reaction mixture, 
8-hydroxy quinoline was added in ~ zo  

the reaction mixture after 40 minu- 
tes to remove the excess of lead ace- 
ta le  present in the mixture. I t  was ~ 1,5 
observed tha t  the activation of the 
enzyme is continued for the next 
20 minutes and this effect is best 
observed at  33~ (Fig. 2), while at  ~ ~ 1,0 

(Fig. 3) and at  35~ (Fig. 1) 30~ 
i t  is not so pronounced. This shows 
tha t  the enzyme is modified during ~ o,5 
its effort to adapt to the unfavou- ~. 
rable condition caused by the presen- ~- 
ce of lead acetate in the mixture, and 
this modified enzyme remains active 
even after the lead acetate is remo- 0 
ved from the mixture. 

Each experiment was performed in 
a series of five similar mixtures and 

FIG. B. 
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statistical calculations show a definite significance of the results. This behaviour 
of the enzyme is very similar to the process of adaptability in the living systems 
and the adaptability is an inherent property of matter  which can be observed 
in bigger molecules if suitable reactions for their s tudy are known. 
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V prdb~hu studia inhibitorfl  a aktivs enzymd bylo 5asto zji~t~no, ~e inhibi tor  pftsobi jako 
aktiv~.tor, jestli~e je ve velmi malych koncentraclch a jist6 aktivfitory (ve shodn~ch koncentra- 
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cich) vykazuji inhibici. Podobn6 v~sledky jsme zisksli p~i studiu ure~zy ze sojovs~ch bobfl v pfi- 
tomnosti octsnu olovn~tdho. Oetan olovnst~" je normAln6 inhibitor ureAzy. Bylo v~ak zji~t6no, 
~,e v msl~ch mno~stvlch oetanu olovn~tdho n~stAvA zv~enl aktivity ures Prodlou~enlm doby 
reskce nsst~v~ !nhibice s jest6 pozd6ji op6t zv~eni enzym~tick6 ~tivity.V~sledky jsou statisticky 
zprscovAny s jsou diskutovAny ve vztahu k ur6it6 ,,adaptaci" ureAzy na nepHzniv6 podminky 
v reak6ni sm6si zpflsoben6 oct~nem olovn~t~m. 

K. BAXA~Yt', H. CAI<CEHA, X~tM~qecKoe oT~ezlenne A ~ a x a g a ~ c ~ o r o  y~HBepcuTeTa,  
A~c taxaSa~ ,  I4H~H~: Hpncnoco6uveJmnOCTb unan~lom - -  B io l .  P l a n t .  7 : 8 6 - - 9 2 ,  t 9 6 5 .  

IIpH H a y q e n ~  n}IrnS~IwopoB ~ aKwnBawopon 3H3HMOB qacwo Hag~IIOjIaewca, ~ITO I~IHF1/IOH- 
wopLI - -  npncyWCTBya R ~a~b ix  KO~nqecwBax - -  ~Ie~cwBymT B KaqecwBe aKw~IBawopoB, n onpe -  
/~eJ~eHHLIe aKT~Bawopl, I (~ n o J I x o j ~ n l g x  lfOHt~enTpaI~nax) oi~aabmaiow ~ n r ~ 6 ~ m ~ m .  I Io~I06nue 
peayJIbWaW~I Mht 1]o~yqHr n a y q a n  y p e a a y  u5 cort B npucyTcTBUI~ allewawa cBnni~a. AIIewaw 
r tIopMa~IbHO ~IBJI~IeTC~I I/IttFI/I~I4TOpOM ypcaaM.  ~dTCTaHOBJIeHO, o~HaI~O, qTO B MaJIMX 
I<O~nqeCTBaX al~eTaTa r gMeeT MeCTO HOBHmeItge al~THBHOCTII y p e a a u .  B pe3yahTaTe  
y 2 ( a n n e n g g  BpeMeHg peaKi~nrt ~acTynaew I4HF1461/IKH~I I~I ente  no3me  OIIgITb noBt,iiiieH14e 
aUagMaTgqect~oI4 aKTnBttOCTH. PeayJ~hTaThI r o~pa~OTaHM I~ o6cyTK~alOTCH 
B CB~a~ C onpe~eaeHnof t  <~a~Ianwa~neh~> y p e a a ~  I~a ~eS~aronpnawH~ie  y c a o m i ~  peaKil~OnHOf~ 
CMeCH, BI~I3BaHH/aIe aIIeTaTOg CBI]'HI]~a. 


