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Abstraet: In studying inhibitors and activators of enzymes it has often been found that in-
hibitors act as activators when in very low concentrations and that certain activators (in suitable
concentrations) show inhibition. Similar results were obtained in the present work in studying
urease from soya bean in the presence of lead acetate. Lead acetate is normally an inhibitor of
urease. It was found, however, that in small concentrations of lead acetate increase in the activity
of urease occurs. On prolonging the time of the reaction inhibition develops and still later in-
creaged enzymatic activity again occurs. The results were elaborated statistically and are discussed
in relation to the use of “adaptation’ of urease in unfavourable conditions in reaction mixtures
by the action of lead acetate.

Adaptability 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-
perty of adaptability thus still remains unsolved. It is interesting to investigate
whether the adaptability 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. If 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 (BAHADUR, CHANDRA
1961). However, we (BAHADUR, CHANDRA 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 (BAHADUR, CHANDRA 1959).

Methods ahd 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: 0-69%, of soyabean powder in redistilled water was prepared.
It was shaken well and allowed to stand for !/, 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.

Lead acetate solution: 0.46209, solution of lead acetate Pb(CH,COO), .
. 3H,0 (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 9, concentration of lead
acetate solution

oo | Difforence botween | .20 mts | 20—40 mts | 40—60 mts | 6080 mts [80—100mts
o. the titre values at
Control
(Statistical average) |1-5440-0811-004+0-0101-824-0-022 |1-004- 0-010, 0-30+-0-010
1 With 0-7 ml. of lead
acetate sol™
(Statistical average) |1-824-0-037}1-:90+0-070 | 0-38--0-037 { 1-961-0-012 } 0-84--0-012
Statistical Remark Significant | Significant | Significant | Significant | Significant
Control
(Statistical Average) | 1:22--0-040|1:3640-040 | 1-52-+£0-020 | 1-124-0-020 | 0-484-0-037
2 | With 1-4 ml. of lead
acetate soli
(Statistical average) |1-244-0-07111-404-0 0-82-4+0-037 | 0-18+0:020 | 0-12+0-020
Statistical Remark Insigniﬁcantilnsigniﬁca,nt Significant | Significant | Significant
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Table 2
S. | Difference between | o 90 45 | 20— 40 mts | 40—60 mts | 60—80 mts | 80—100 mts
No. the titre values at
1)
Control
(Statistical average) |1-36-+40-330!2-564-0-033 |2:86--0-066, 1-364-0-088 ] 0-50+-0-057
(2)
I With lead acetate
35° C| (Statistical average) | 1:204-0 2:96+0-033 | 0-93--0-066 ; 1-734+0-068 | 0-661-0-088
(3)
With lead acetate +
+ 8-hydroxy
quinoline after
40 mts
(Statistical average) |1-20--0-057 | 2-334-0-087|1-864-0-066 | 1-664-0-066 | 0-20--0
Statistical 1& 2 |Insignificant| Significant | Significant |Insignificant| Significant
Remark 1& 3 Insignificant Insignificant| Significant | Significant | Significant
I
(1)
Control
(Statistical average) |1:104-0 1.824-0-047 | 2:1040-040 | 1-50+4.0-040 | 1-02-£0-022
2)
II | With lead acetate
33° C| (Statistical average) |1:304-0-057|2-0740-045| 0-951+0-028 | 1:75+0-050 | 0-60--0-014
(3)
With lead acetate --
+- 8-hydroxy quino-
line after 40 mts
(Statistical average) |1:204-0-024 | 1-80£0-057 | 1-524-0-024 { 1-60L0-057 | 0-6240-047
Statistical 1&2 Significant | Significant | Significant |Insignificant|Insignificant
Remark 1& 3 | Significant |Insignificant| Significant |Insignificant| Significant
J
(1)
Control
(statistical average) 1440 1.5240.047| 1.724-0.047| 1.504-0.04 | 1.404+0.05
x| 2
30° C With lead acetate
(Statistical average) |1-35--0-050 1-804-0-040 | 0-921-0-024 | 1-604-0-040 [ 1:67--0-047
(3)
With lead acetate 4
-+ 8-hydroxy quino-
line after 40 mts
(Statistical average) |1-40+0-040|1-604-0 1:30£0-040 | 1-375-0-007 | 1-25--0-080
Statistical 1& 2 |Insignificant| Significant | Significant |Insignificant| Significant
Remark 1& 3 |Insignificant|Insignificant] Significant | Significant Insignificant
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The reaction mixture contains 16.6 ml urea, 6.6 ml urease, 6:6 ml buffer,
and redistilled water, while in another case together with all the above the
requisite amount of lead acetate was also added. The total volume of the sets
was made equal with the help of redistilled water.

The reaction was carried out at pH 6-6 and at 35° C temperature. The
samples were withdrawn at 20 minutes intervals. The liberated ammonia from
the decomposition of urea was titrated against N/25—H,SO,.

The reaction was carried out in three sets, i.e. 1st set was control, 2nd set
with 0.7 ml of lead acetate and in the 3rd set 2 ml of 8-hydroxy quinoline was
added after 40 minutes to the reaction mixture containing 0-7 ml of lead
acetate initially. The reaction was carried out at pH 6.6 and at three tempera-
tures, i.e. 35° C, 33° C and 30° C. The samples were withdrawn at intervals of
20 minutes. The liberated ammonia from the decomposition of urea was
titrated against N/25—H,S0,. For each set at different temperatures a series

of 4 parallel experiments were performed whose statistical average is tabulated
In the Table 2.
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Discussion

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-
strate 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-
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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 quantity 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- FIG. B.
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
the reaction mixture after 40 minu-
tes to remove the excess of lead ace-
tate present in the mixture. It was
observed that the activation of the
enzyme is continued for the next
20 minutes and this effect is best
observed at 33°C (Fig. 2), while at
30°C (Fig. 3) and at 35°C (Fig. 1)
it is not so pronounced. This shows
that the enzyme is modified during
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 L | | [ T
even after the lead acetate is remo- 0 20 w0 60 8 10
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Each experiment was performed in (REACTION AT TEMPERATURE —35°C)
a series of five similar mixtures and
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 study are known.
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V prab&hu studia inhibitor a aktivitort enzymi bylo éasto zjilténo, Ze inhibitor plisobi jako
aktivéator, jestlife je ve velmi malych koncentracich a jisté aktivatory (ve shodnych koncentra-
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cich) vykazujf inhibici. Podobné vysledky jsme ziskali pfi studiu uredzy ze sojovych bobu v pfi-
tomnosti octanu olovnatého. Octan olovnaty je normélné inhibitor uredzy. Bylo viak zjisténo,
%e v malych mno#stvich octanu olovnatého nastavé zvySeni aktivity uredzy. ProdlouZenim doby
reakce nastdvé mhibice a je§t8 pozd&ji opét zvydeni enzymatické ativity.Vysledky jsou statisticky
zpracovany a jsou diskutovany ve vztahu k uréité ,,adaptaci‘‘ uredzy na neptiznivé podminky
v reakéni smési zpusobené octanem olovnatym.

K. Baxaaye, U. Carcena, Xumudeckoe ortmeeHHe AJIIaxabalcKOro yHUBEPCHTETA,
Amnaxabag, Wugusa: [IpucnocoGurensHocrs sH3uMoB. — Biol. Plant. 7 : 86—92, 1965.

IIpu usydeHuH MHruGATOPOB M AKTHBATOPOB YH3MMOB 4acTo Habmomaercs, 9T0 MHTHOH-
TOPHL -— IPHCYTCTBYA B MAJEX KOAMIECTBAX — JeHCTBYIOT B KaYecTBe AKTHBATOPOB, W OIpe-
JeJieHHEIE aKTHBATOPHI (B MOAXOIAMUX KOHIIEHTPAaAX) OKasuBaoT narnbunmnio. [lomxobubic
Pe3yabTaTH Mbl NOJIYUWIH M3ydasd ypeasy ¥3 com B IPHCYTCTBHHE ameTara CBUHIA. AIleTaT
CBHHIA HOPMAJIbHO ABJAETCH WHTHOUTOPOM ypeashl. ¥ CTAHOBJIEHO, OJHAKO, YTO B MAJBIX
KOJIMYeCTBAX ameTaTa CBUHITA MMeeT MecToO NOBLIIIeHHe aKTHBHOCTH ypeassl. B pesysbrare
VAIMHEHNS BpPEMEHM PeaKIHd HACcTymaeT HHTHOMONA ¥ eule Io3/Ke OITh NOBHIICHWE
DHBMMATHYECKOH aKTHBHOCTH. Pesdyibprathl cratucrHdeckn obpaboransl m ocympanTca
B CBASH ¢ onlpefesleHHOMN «afanranuei» ypeassl Ha HebraronpuaTHLIe yeloBHA peaKIuoHHON
¢MeCH, BRI3BAHHEIE ANETATOM CBHHIA.



