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ABSTRACT

Derivatives of phenyl-kete bute -
noic acids have been reported to be
inhibitors of pyruvate decarboxylase,

(PDC) -

The inhibition of transketolase, a
thiamine requiring enzyme such as
PDC, by meta nitro phenyl derivative
of 2-oxo- 3-butenoic acid (MNPB) is
reported here. These studies indicate
that the inhibitor binds to the en -~
zyme at the active site. A two step
inhibition was observed, first the
inhikitor reacts with the enzyme on
one site- non cooperative with Mg2+,

and TPP, inhibiting the enzyme, se -
cond in higher concentration of the
inhibitor an abrupt erhancement of

the inhibition takes place. In the
absence of cofactors “he lower con -
centration of the inhibitor caused

an enhancement of activation to 150%
of original enzyme activity followed
by a drop tc a low 50% in 60 minutes.

Higher concentration of the inhibi -

phosphate pathway,

tor produced an inhibition with a
half life that was pronouncely large:
than when cofactors were present
(t%z l.9nuj1VS.t%= 1 min).We conclude
therefore that the enzyme cantains a
regulatory and a catalytic site with
the regulatory site functional, with-
out the aid of cofactors and that the
cofactors are auxiliary for the ac-~
ticn of the snzyme.

The lowering effect of the reaction
half life by the cofactors is due to
the rate enhancement caused by cofac-
tors in the catalytic site of the en-
Zyme .

INTRODUCTION:

Transketclase (EC,2.2.71.1) is
found to be active in several diffe-
rent forms, monomeric, dimeric and
tetrameric, depending on the variety
of organisms. The apo-enzyme requires

2+ 2+ D
Mg or Ca and thiamine pyrophos -

phate (TPP) for its full activity and
the formation of holo-enzyme {1).

The action of transketolase in in-

termediary metabolism 1s in the pentose-

it catalyses two
steps of these reactions which are

the conversion of xylulose-5-phos

rhate to seduheptulose and also the

conversion of fructeose -6-phosphate
to tetrose -4-phosphate. In these re-

actions the transposition of a ketal

group from a phosphate sugar to ano-

ther takes place. Although the mecha-

# This article 1s technically assisted by Soheila Asghari towards

doctoral dissertation.
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nism of the active site of the enzyme
has not been totally known, but the
effect of some a2mino acid residues
such as histidine, arginine and cys -
teine were found to be essential in
the binding of the enzyme to its co -
factors (2-4).

The general scheme of transketo -

lase reaction is depicted kelow.

to be formed between the enzyme and
some of these derivatives (7,8).
Based on the above findings, we un -
der;ook the study of the possible in-
hibitory trends of the enzyme trans-
ketolase, with MNPB.

Although the active sites of the two

enzymes are shown to be different

both in amino acid residues involwved

Mg-TPP H
‘an\ + Hg2f+TPP —_— {?’0
% P
:, %,
@ *
Mg-TPP _ 0
% HO=C-CH,0H —» R—G-Ha+
49 2
@ CH
’%’\ FAUAN
o R [ 0-H
0 — TPP
@+ r-C—h —» MY — 030
H=0~- € —CH,,0H |

. a
H=—C—_:H
by

by Rt
R& - CHDH-CHZOPOBH

R'= -CHOHCHOHCHUHCHZOPDJH‘

CHOH

|
Hiy

- 5/“@]/\@1/
N e (Bo ()

General reaction mechanism of enzyme transketolase with subst-

rates xylulose-5-phosphate and ribose-5-phosphate.

0 OH

9]
tig-TFP [w?
’ i =0,
+HOCH~ d-th-rn —» \‘ i

4 )
A, x
‘o

e
%

It is shown that the enzyme is inhi-
bited by sugar phosphates as well as
inorganic phosphates (5). Some other
compounds such as phenylglyoxal and
butanedion were found to inactivate
the enzyme (6}. Meta ni. ru derivative
of phenyl-keto butencic acid had
been used successfuly with pyruvate
decarboxylase, a thiamine regquiring

enzyme, which catalyses the decar

boxylation of pyruvate to acetalde -

hyde. A dead -end complex was found

in catalysis and the polarity (9), but
similar trends of inhibition were
found in both enzymes as well as di-
fferences that could serve as a use-
ful tonl for the mechanistic studies.

Tt has been reported that one of

the sites on TK seem to have less

arfinity for TPP, and the catalytic
function may be assigned to only one
site (10),The binding of TPP with the-
requlatory site of TK, had not only

shown to have a minor catalytic
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effect but i1is mestly effective in
prevention of active site fermation
after the divalent ion had been added
(10).

The active site of the two enzymes
have also different polar characte -
ristics, PDC's active site seems to
be hydrophobic with some tryptopha -
nyl residues, which are effective in

TPP binding to the enzyme (11).

EXPERIMENTAL PROCEDURES:
MATERIAL
Transketolase, ribose-5-phos -

phate. xylulose-5-phosphate , thia-

mine pyrophosphate (TPP), triose -

phosphate isomerase (TPI}, glyceral-
dehyde dehydrogenase and NADH were

purchased from Sigma chemical Co.all
the inorganic <alts used were analy-
tical grade purchased from May and

Baker and Merck Co. the m-nitro phe-
nyl -2 oXo 3-butenoic acid was syn -
thesized according to the procedure

by Roushdi (1z2). Cary 118 spectro-
photometer were used through the ex-
reriments.
Thereactionswerestartedat25°é,
The inhibition studies were carried
out in two different stages, first
the direct interaction of the enzvyme
and MNPB were studied from the time
dependent increase in the absorption
band at 276 nm both in phosphate and
in bicarbonate buffer at pH=7.5. The
reacticon mixture contained 0.1 M
phosphate or bicarbonate buffer,

M in inhibi-
1

PH=7.5 which was lxlOn3

5

tor and ! mM in both TFP and Mg2+and
contained 5 u/mg-18 u/mg of enzyme.
The blank contained all the compon -
ents except the enzyme. From the in-
crease in absorption with time, a
first order trend was observed inbi-
carbonate buffer which was treated
according to the classical Guggen-
heim plot (13).

A

<0

- A
t

log—F—
A_- B,

= -k/2.303.t

Am=infinite absorption (Abs.at the end
of the reaction)
At=absorption at time t

A°=initial absorption at zero time

-k/2.303=the slope of the line at the

At interval
Second, the coupled reaction proce -

dure of de-la Haba (14) was applied

using MNPB as the inhibitcor. The out-

line of the reactions are as follows:

TK
Rib-5-p+Xlu-5-P ———— seduhep -
+

s

Mg2 TPP

tulose -7-P+G-3~P

TP
G-3-P ?ﬁ_—ml—" O.H.A. 3-P
GDH
GDH +
D.H.A.-3-P g ————* G-3-P+NAD
NADH

The activity measurements were ca-
rried out using the change in absor —
bance of NADH at 34C nm converting to
NAD+.The reaction mixture contained
2.5 units of enzyme in 300 ¢l of 0.1
M bicarbonate buffer. TPP and Mg2+
concentrations were kept at 0.1 mM.
The enzyme incubation was carried ocut

for 15 minutes at room temperature.




Iran.J.Chem. & Chem.Eng. Nos.10 & 11,1988.

Pure Res.

250 M1 of this solution was then in-

cubated with S0 yl, of 0.22 M of ri-

bose-5-phesphate for one hour. Ali -

guots of 50-100 ®1 of the inhibitor
solution was added at this stage and
mixed. 25-50 p1 of this mixture was
then added to 0.5 ml of 0.1 M bicar-
bonate huffer at pH=7.5 and 0.5 ml of
£ -NZDH soluvtion (0.2 mg/ml in bicar-
bonate bhuffer), 100 Pl of 20 mM. xv -
lulose-5-phosphate and 10 f1 of en -
zyme mixture {(GDH/TPI) (1/5th, dilu-
ted with 0.1M bicarbonate buffer)
were all mixed and added to the cu -
vette

The change in absorption was moni-
tored at 340 nm against a blank which
contained bicarbonate buffer, TPP
and Mg2+ in concentrations similar to
the test cuvette. All the reagents
used were 1in excess except the en-~
zyme which was kept at a rate contro-
1lling concentration. In these reac-
tions the pure enzyme activity was
determined at different time inter-
vals. The inhibitor sclutiocons were
included in each subseguent runs ex-
cept that these sclutions were added
to the reaction mixture after 75 min,
of initial incubation time. The fi-
nal inhibkitor concantrations ranged

between 5.8-29.5 x 10‘4 1.

The re-
mainning enzyma activity was then
assayed at different incubation

times. These experiments were repea-
ted without the presence of TPP and

Mg2+.

RESULTS AND DISCUSSION

1-DIRECT enzyme-inhibitor binding

studies

The direct spectral binding studies
of MNPB-TK at pH=7.5 and at 276 nm
were carried out in bicarbonate and
phosphate buffers.A time derendent

increase in absorption was observed
which was more detectable in bicar-
bonate buffer than in phosphate. The
blank containing bicarbonate, TPP and
Mg2+ showed an 2bsorbance which was
deducted from the samprle absorption
at each stage of the reaction. The
change in -absorption obeyed a first
order trend in bicarbonate buffer,
thus using the Guggenheim plot the
inhibition rate constant was obtained
(k= 8.36x10° s 1.
Tn phosphate buffer the increase did
not fellow a first order trend and
the Guggenheim plot for the firstor-
der reaction produced a well defined
curvature that indicated a possible
reaction between phosphate and the
active site of trancketolase (Fig. 2).
This effect has been reported before
{(6,14) .

The 1imiting values of "k" in phos-
phate buffer using the initial time

interval gave a value of k=3_99x10_3

s indicating the interference of
phosphate ion with the binding of en-
zyme and the inhibitor.It was sugges-
ted that this binding may be due to
the interaction of phosphate ion with
pyrophosphate binding locus on the

active site (15).
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?-Binding studies of TK-MNPB by
coupled reactions

Based on the observations obtained
from the direct binding., to acer-
tain further, that the binding was
directly effective in inhibition,
we used coupled reaction technique,
In these studies the percent active
enzyme, after each period of incu-
bation with MNPB was evaluated.This
comparison was made with the active
enzyme after similar periods of in-
cubation without the inhibitor (Fig.
2).

After one hour of incubation with
ribose -5-FP and on the following in-
terval of 2 to &5 minutes the enzyme
activity did not change irrespective
of the presence or the absence of
cofactors. (Figs.2,3) The activity
of enzyme when incubated with 100
and 200 mM concentrations of MNPB
decreased up to 30 minutes incubation
and then increases of 10-20% were
abserved following that interval (Fig.
2). This may indicate that in the
lower inhibitor concentration the in-
hibitor may detach itself from the
enzyme after such periods.

In higher

MNPB concentration (300~50C0 mM) the
enzyme activity decreased with time
and remained unchanged on ilonger in-
cubaticon times. In the absence of
cofactors and in 100 mM of MNPB the
enzvme activity increased to about
150% of its original value in the

first minutes of incubation and then

17

decreased to about 50% of its initial
activity after &0 minutes. (Figs.3,5).
In higher MNPB concentration the in-
hibition took place obeyving the same
trend as in the runs with cofactors

present but with ahalf-life that was

comparatively larger.

1.9 min V8. &, = 1 min).

L

(t12 =
The rate of inactivation of Transke-
tolase by varying concentration of
MNPB could be estimated from the
slope of the plot of log% of the re-
maining activity in early phase of
the reaction {(up to 30 minutes) with
respect to time({Figs. 4,5)-the loga-
rithm of the rate constant of inac -
tivation, wversus log(l) for the con-
centrations of inhikitor ranging

~ 2.95x10 °

-4
from 5.9x10 M was cal-

culated and drawn (Fig.6). The Plot
showed a linear trend for the lowest
concentrations of the inhibitor,1l00-
200 mM and produced a 450 angle which
may be indicative of one site kinding
with the inhibitor and is equivalent
to n=1 (6).
Higher ceoncentrations of the inhibi-
tor (300-400 mM) produced a secon—
dary linear portion with n=3-4.
In the absence of cofactors, the
lowest concentration of the inhibitor
(100 mM) caused an enhancement of the
rate to about 150% in about 2 minutes
followed by a drop to a low 50% after
60 minutes (Fig.5). These observation
may signify that the inhibicor, in

lower concentrations can induce a po-
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sitive effect by its attachment to
the regulatory site of the enzyme en- log - -
hancing the rate of catalvsis for the j; \}\\ " =
substrate. For such regulation the * - =
cofactors may aot actively take part. 2 ;\{ -
Similar result has been obtained witi, ; e -
PDL and Phenyl pyrvate derivative= 1o \\3 L]
Jordan and Coworkers (38) have shown ;f 8 .\\
that pyruvate can cause delay of in- Iy 4 * -
hibition against phenyl pyruvate de- %;
rivatives and this effect had been S 2 AN
assigned to the allosteric properties I £ (min)
of the PDC and the role of pyruvate 200 400
as a positive effector. It could bs Fig(l) Plot of log (A_- At);Am: pro -
concluded that the inhibitor binding duct absorbkance at the end of
is aided by cofactors, causing a fas- the reaction; At= absorbance
ter rate of inactivation and/or the of product at time "t" , vs
cofactor are taking an active part on time.The slope of the line
the formation of the dimer; the spa- equals{k/2.303)reaction in
tial arrangement due tc a possible phosphate buffer, m :reaction
dimerization, a condi’.ion prerequisit in bicarbonate buffer, @ .
for the activity, that is caused by 100 B
cofactors could be destabilized by _a
the inhibkitor causing a faster rate :E 80 \
of inactivation. § 60 H \\\\\,ﬂ___——#.////‘/,.
Abreviations: o ;

£ 4o
Transketolase ; TK & &
Pyruvate decarboxylase ; PDC % 201 ¢——y ¢ 4 +
Meta nitrophenyl-Z2-oxo-32-butenoic ; t{min)
acid ; MNPB 20 49 60
Rikose~5~phosphate ; Rib-5-p: Triose Fig(2) Per cent TK remaining activity

phosphate isomerase=TPI
Thiamine pyrophosphate ; TEP: Gly -
ceraldehyde dehydrogenase=GDH

Xylulose-5-phosphate ; Xlu-5-p: De-~

hydroxyaceton-3-phosphate=D.H.A.3-p

Seduheptulose-7-FPhosphate ; seduhep-
tulose-7-p
Glyceraldehyde-3-phosphate ; G-3-p
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at different time intervals
with respect to the concentra-
tion of the inhibitor (MNPB)in
the presence of TPP and Mg2+.
The lines refer to the follo-
wing (MNPB) concentrations; 100
M, m; 2000M, @ ;

300mM, W ;

400mM, & ; S00mM, € ;
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remaining activity
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log (% remaning activity)

80
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———— A
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20 40 60

Fig{3)

Per cent TK remaining activity
vs.time for different inhibi-
ter (MNPB) ,concentrations.TPP
and Mg2+ were not included in
the reaction mixture.Using the
original stock concentrations,
the lines refer to the follo-
wing MNPB concentrations; 100
mM, W : 200mM, @ ; 300mM, v ;
400mM, & ;

Fig(4)

Logarithm of per cent remai -
ning activity wvs.time for 4if-
ferent concentrations of MNPE,
in the presence of TPP and
Mg2+.The slope of the lines in
the early periods of the reac-
tion is equal to the inacti -
vation rate constant,Inhibitcr
concentrations based on stock
solutions used were; 100mM, M;
200mM, @ ; 300mM, A ; 400mM ,
¥ soomM, 4 ;

i

t(min)

10

Pig(s)

Logarithm of per cent remain-
ing activity vs. time for dif-
ferent concentrations of MNPR
in the absence of cofactors
The slope of the line 1n the
early pericds of the reaction
is equal to the inactivation
rate constant for inhibiteor
concentrations; 100mM, M ;200
oM, g ; 300mM, A ; 400mM, ¥ ;
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Fig

-log (1)
(6) The change of logarithm of in-
activatien rate vs. the loga-
rithm of the inhibitor con -
centrations;:; In the presence

of cofactors, ® ; In the ab -

sence of cofactors, @ ;
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