CHAPTER IV

RESULTS

4.1 Enzyme Purification

4.1.1 Partics Bteroate Synthase

The result eof -Ei‘mﬁ-f enzyme (the method

described in sectior - H"E\*ign. 4. The purification
was 417 fold, and th.gi 4 £ WA N profiles of the

enzyme from sulfonami: gd sulfonamide-Sepharose

column (II) were sh&an ively. Because the
amount of protein in sulfonamide-Sepharose
column (II) was so little : cuncentration could not be
detected by Lowry_method SN itive coomassie brilliant
blue G-250 metho éj 1? instead. However,
the optical densityfjt soJfium chloride. Figure 4

d4F

shows that 1 mol/l af‘sad1um chlar1de could lower the optical density

of 0.315 uniﬂ wﬂtﬁg Wﬂmfwcﬁiﬁ'lﬂtﬁ's elution profile

shown in figufd 3 was currected for the sndium chloride effect. The
RN IUINIINYINY
conduct@nce ::]ues obtained from the experiment were converted to the
concentration values of sodium chloride by using the standard curve
shown in figure 5. In the second step, the sodium chloride concentra-
tion in each fraction obtained from the first step was converted to the
0D values by using the standard curve in figure 4. In the third step,

the u55g5 values of each fraction was measured, and the mixture



Table 4 Partial purification of dihydropteroate synthase from E. coli

4 Enzyme
grntration

(mg/m] e— ml )

Purification fotal Protein
Step Volume |Concentratim
(ml )
1) Crude cell-free extract 31.2 | 30.0
2) Amonium sulfate 21,0 21.6
precipitation (30-70%
saturation fraction)
3) Sulfonamide-Sepharose 20.8
column (I)
4) Sulfonamide-Sepharose 5.3

column (II)

1 Enzyme unit is defined as the ahount of enzyqe that catalyzes th

AU INYNINYINS

Specific
Activit Total Yield|Purification
~{umt-sfJlr fetivity| (g fold
™ |(units)

protein)

0.199 186.6 100 1

0.358 162.3 87 1.8
21.13 61.54 33 106
83.11 26.43 14 417

= 111V

ormation of 1.0 nmol of DHP
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Figure 2 Partial purification of dihydropteroate synthase from the crude enzyme by
sulfonamide-Sepharose column (I). The gel column was 2.5 cm gmamﬂmﬂ

and 28 cm in height. The fractions 1-118 were eluted with _Wﬁ_ with

the flow rate of 21 ml/hr and the fractign volume of ¥Ri. @ Fractions
\ b Permine oA
119-240gvefl o dVithapuffer 11, and SEFERYion me o 1 was

ibed Enﬂm . 8
>

V)
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Figure 4 The standard cuwﬂﬂmgﬂ?mﬂm:ﬁmﬂl concentration (in 0.2 mol/1 Tris-HCI

buffer pH 8.5) against EEEQE obtained from the coomassie brilliant blue method of protein
determination. The data shown were obtained from duplicate experiments,
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Figure 5 The s andard curve obtgined by plgting of sodigm chloride
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conductance. The data shown were obtained fromduplicate

experiments.
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solution of Tris buffer (0.2 mol/1, pH 8.5) and sodium chloride
(1 mol/1) was used as a blank. The 0D values obtained from the second
step were subtracted from that obtained from the third step. The

resultant 0D values were then converted to the protein concentrations

ein in figure 6.The standard curve

for protein determination I/ p., vas shown in figure 7.

4.1.2 The b whimis - 4 ctrophoresis

The result i s/} of protein

v N Mped in section 3.8) were
L U\Mny proteins were removed
: ? N 1e polyacrylamide gel

electrophoresis p#te, ey o of protein from the

sulfonamide-Sepham.-" last steps of purification.

4.2 Modification of Dm.r wnthase by the Modifying Agents

4.2.1 ¢ . o
i :“ ‘
The resuljijj or "cs 7 “ciojfithe method described in
section 3.10.1) weri-ﬂuwn in table 5,The resultlndlcated that all the

s S RIR PRI B G o

the posszblc’lﬂmmn acids at tpe active szte may be cysteme arginine,

A ANNTUNNIINYIAY

: 4.2.2 Investigation of the Possible Reaction Between the

Modifying Agents and the Substrates

The experimental method was described in section 3.10.2. The
result was shown in table 6. From the result, the enzyme activities

obtained from thetestandthecontrolconditions were likely to be the
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solflion from each eqiyme purlfzcatiun steps :
~ mmmmwrwmap
1;!J from ammonium sulfate precipitation 70% saturation
fraction)
3) from the sulfonamide-Sepharose column (I)

4) from the sulfonamide-Sepharose column (II)



Talbe 5 Modification of dihydropteroate synthase by modifying agents.

The data shown were obtained from duplicate experiments. The

method was described in section 3.10.1.

dpm (1) ﬂ di (1)
Modifying Agents i Modifying Agents
Iodoacetamide \ Pentanedione
68.5 mmol/1 : mmol/1 0:+ 0
6.85 mmol/1 - ""‘“-1 mmol/1 74 21
0.137 mmol/1 A NN o1 /1 | 670 = 54
Control 719 = 57
PMB
426.24 umol/1 mol/1 1746 = 76
42.62 umol/1 mol/1 1684 + 8
0.852 umol/1 A4 ymol/1 | 1783 + 38
Control A gtrol 1746 + 8
2,3-Butanedione ;' z‘:'i‘_ 1
86.4 mol/1 M . 9.5¢fmo1/1 | 632 £ 3
Control fﬁ 1405 £ 17 Q@ Cuntml 1825 + 64
AUYINYNINED
)

(1) Mean * the deviatiofl from the gu¢

q 189NN UAIINYAY



Table 6 Investigation of the possible reaction between the modifying

agent and the substrates. The data shown were obtained from
duplicate experiments. The experimental details were

described in section 3.10.2.

Modifying l dpm (1) % control
Iodoacetamide 109.2
Control > ' 12 100
PMB - 10 103.0
Control 36 100
2,4-Pentanedione 26 102.5
Control * 17 100
2,3-Butanedione ' + 39 98.6
Control 2080 = 54 100
Phenylglyoxal . t’: 94,3
Control | , . 48 100

“RU mfwamwmn's
qmmﬂrmmmwmaﬂ
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same. Thus, it might be interpreted that the reaction between the

modifying agent and the substrates was not occurred within 15 minutes.

4.2.3 Investigation of the Possible Reaction Between the

Modifying Agents and Sulfanilamide

The experimental me gibed in section 3.10.3. The

result was shown in tahlSesCREFOm 1 ‘;__‘_,f the enzyme activities

obtained fromthe testas et rof Commmmewere likely to be the

same. Thus, it mighi.g gaction between the

modifying agent and Wi within the

incubation time.

4.2.4 Inves g ; -;'*' ETEA,hh jtion Between the

Modifying Agents and [

The experimenta® ‘aaﬂggggggg _ be® in section 3.10.4. The
result was shown in tabls fﬁiﬁi@ﬁ?ﬁ?@ the enzyme activities
obtained fromthe ; ——— .?:3 ikely to be the
same. Thus, it miggs CS m-tion between the

modifying agent and lEPP was not uccurred w1th1n the incubation time.

ﬂlug.lgg‘ Y& ﬁ NE.IQ Il‘émng the

resultwas shown in table 9. The result indicated that 2-mercapto-
ethanol and sodium dithionite might react with iodoacetamide and PMB.
However, 2-mercaptoethanol and sodium dithionite was unlikely to react

with 2,3-butanedione, 2,4-pentanedione, and phenylglyoxal.
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Table 7 Investigation of the possible reaction between the modifying

agent and sulfanilamide. The data shown were obtained from
duplicate experiments. The experimental details were

described in section 3.10.3.

1)
dpm{

Modifying A % Control
Iodoacetamide 85,5
Control 100
PMB 104.4
Control 10 100
2,4-Pentanedione 101.9
Control 13 100
2,3-Butanedione 104.9
Control 100
Phenylglyoxal . 111.6
Control 1] - 186 4§45 100

SAUBINBNINGANT
RINNTUNRINY I



Table 8 Investigation of the possible reaction between the modifying
agent and DHPP. The data shown were obtained from duplicate
experiments. The experimental details were described in

section 3.10.4.

(1)

Modifyin dpm % Control

lodoacetamide + 81 100.4
Control + 45 100
PMB + 42 109.5
Control + 31 100

+ 26 88.0
1472 + 18 100

2.,4-Pentanedioned

Control

2,3-Butanedione 1820 + 44 111.9

Control + 25 100
Phenylglyoxal e+ 4 113.4
Control = W74 + 46 100

AU NEMENGIN S
AN IUAMINYAE
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Table 9 Investigation of the possible reaction among the modifying

agent, Z-mercaptoethanol and sodium dithionite. The data
shown were obtained from duplicate experiments. The

experimental details were described in section 3.10.5.

R 2-mercaptoethanol and sodium dithionite, E = enzyme,

M

modifying agz

't']ll'll'lil:\]:|I

Modifyind

476 = 3
lodoacetamide 186 = 7

1587 + 19

1387 + 11
PMB 464 = 15

1598 = 27

50 + 16
AL 91 + 17

- = ——

2,4-Pentanedionfdd

e HEINENTUNEING 2

a] 14 \‘?‘ 9% a¥d]

i\

Phenylglyoxal 2 EM 338 £ 10
3 E 962 + 5

(1) Mean % the deviation from the mean
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4.2.6 Protection of the Enzyme from the Modifying Agents

4.2.6.1 Protection of the Enzyme by DHPP, and by

Sulfanilamide in the Presence of OHPP

The method was described in section 3.10.6.1. The

results were shown in table 'O0@¥ @ gle 11. Both DHPP and sulfa-

‘ ive modifying agents, for
example, for the enzyms — D e tamide (table 10), DHPP
could increase the emMm gy 'H;’”“E“% Sron76.3% and sulfanilamide
| I ‘ *,j-'me activity from 4.5%
to 80.0%. The res | zyme also indicated

that the amino aci

F
J

$ zyme by DHPP and by
Bt ) ¢

Thawns ashy i) 3-10.6.2. The

¢, and lysine may be
Sulfanilamide in the Absenc .

result was shown &Z8 ) that sulfanilamide

itself (in the abselbl} of R U protedl] the enzyme from PMB.

F} = QAR PR Synthase and
L] . Tl
tor Constant (K;) for p-Aminobenzene-

FERASAUNIANGIA Y

.3.1 Study of the General Properties of Dihydropteroate

Synthase
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Table 10 Protection of dihydropteroate synthase from the modifying
agents (iodoacetamide and PMB) by DHPP and by sulfanilamide
in the presence of DHPP. The data shown were obtained from
duplicate experiment. The experimental details were

described in section 3 Jf

b.1.
E = enzyme, M =_8 R = 2-mercaptoethanol

and sodium df*;,-_ . s 2 amide

PMB
Tube No. (1) | Enzyme Activity
(%Control )
1) E4M 10.6
2) E+M+R 26.1
3) E+R (control) 100
4) E+M+R+DHPP 96.8
5) E+R+DHPP 100
(control)
6) E+M+R+DHPP+I 97.9
7) E+R+DHPP+I 1l]ﬁ& 100 o/ 972+19 100
tcantmnﬂytl’] YNIN '1ﬂ‘$

RTASN SHRTTINYA Y
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Table 11 Protection of dihydropteroate synthase from the modifying agents (2,4-pentanedione, 2,3-butanedione,
and phenylglyoxal) by DHPP and by sulfanilamide in the presence of DHPP. The data shown were

obtained from duplicate experiment. s \ Py details were described in section 3.10.6.1.
E = enzyme, M = modifying agent, R -emmmmiipipetmmmpd sodium dithionite, I = sulfanilamide

2 ,4-Pentanediorg , f ‘i:-\- Phenylglyoxal
nee o, dpm (1) [ Enzyme 2, i) \ Nme Activity dpm )| Enzyme Activity
(% Cont;

\ % Control) (% Control)

1) E+M 5624 59.8 210£10 19.7
2) E{control) 55529 100 100 106634 100
3) E+M+R+DHPP 1216213 LY ) 3 104.4 975430 83.8

BEUIMNE, | s | s
fInetay | |

4) E+R+DHPP(control) 122026

100

o fa
5) E+MR+DHPP+I 849+59 F’}MEJ']V'
6) E+R+DHPP+I(control) ?9221?1wfllaq ﬂ"s

(1) Mean £ the deviation from the mean

ol
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Table 12 Protection of dihydropteroate synthase from the modifying

agent (PMB) by DHPP and by sulfanilamide in the absence of
DHPP. The data shown were obtained from duplicate
experiment.. The experimental details were described in

section 3.10.6.2.

E = enzyme, M R = 2-mercaptoethanol and

sodium dithi

AN o Enzyme Activity
Tube: P DO (%Control )

1)
2)
3)

4)
5)

6)
7)

E+M+R
E+R (

E+M+R
E+R+D

E+M+R
E+R+1

11.9

26.7
control) 100
+DHPP 83.3
HPP (control) 100
+I ;; Y] 15.2
{contrnl T 100

“#i ii Wﬁ"ﬁ’%’ NeINS
qmmmmumwmaﬂ
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4.3.1.1 Study of the Effect of the Incubation Time

Enzyme Activity

result

enzyme

on the

The method was described in section 3.11.1.1. The

was indicated in figure 9 which shows the linearity beiween the

activity and the incubatign, time.

4.3.1.2 o= of the Enzyme Concentration

Enzyme Activitiyc— _ =

result

enzyme

result

,--_ iy —
The 2" bR tion 3.11.1.2, The

was indicated ': '2f' '"ﬁhﬁ‘i'* linearity between the

activity and®th: PR N
by (i3 ’ I.IH". \

| ¥ i ..-;% H \% otimum pH

The fie' &F .5.,-?1{5:__ ‘ gtion 3.11.1.3. The

s | N2l
was indicated T Jour ‘;IFh AWws the optimum pH at 8.55.

A

, ﬁ,;ﬁ? ghe Optimum Temperature
i45)3.11.1.4. The

result was indica Eﬂ; optimum temperature
at 42° c.

Constant (Kg)
for PABA

 ARIRNTAAMINGINY

s shown in figure 12. The K value for PABA was 1.30x 10" 6mol/1.

This Km value was determined by regression analysis with the correlation

coefficient (r) value of 0,9995,



pmol /1
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AULININENLINT
Fi 9 Plot of dihydropt “;elﬂt?ag?cgliﬂwg;!?ﬂ:ﬂﬂjriﬁl} and the incubation time. The data

shown were obtained from duplicate experiments. The experimental details were described in section
J.A2.1.
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Figure 10 Plot of dihydropteroate synthase velocity (amol DHP occurred/1/min) and the amount of enzyme. The
data were obtained from duplicate experiments. The experimental details were described in section —
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4.3.2 Determination of the Inhibitor Constant (K.) for

p-Aminobenzenesulfonamidoalkanoic Acids and Sulfanilamide

The method was described in section 3.11.2. The results were
shown in figures 13-20 and table 13. In the case of sulfanilamide,
N-(p-aminobenzenesulfonyl) glyci M-{p-aminubenzenesulfcn}rl.} alanine,

N- (p-aminobenzenesul fonyl nd N-(p-aminobenzenesulfonyl)

valine the plotsof 1/ SN +he intersection of the -three

sho ™, :
-
% T vales

lines was at the same i e lineswere between 0.9814

and 0.9995. Inthe cCz=g onyl )tyrosine, N-(p-amino-

benzenesulfonyl Jmet: leucine, the
plots of 1/vversus [14 SWNOI of the three 1ines was
nearly atthe sam W) in the results were the
mean values nbtaiﬁer Boints. The r values for the

‘ inobenzenesul fonamido-

alkanoic acids and sul] i wl' ompetitive inhibitors.

N-(p-aminobenzenesulfonyls e most potent inhibitor

because its K (g il B £ )\~ (p-Aminobenzene-
| 'Y

sulfonyl) glycint ‘d more inhibitory

T _
activity than sul®™nhilamide. N-(p-aminobenzersdulfonyl) valine was the

M 3112 01121 [ 1112 S
SRS A SRl EA R o

this compound equal to zero was the highest value in

the curve. It was faundl that the 1/Kj values were decreased when
the aft values were between 0-1500 cal/mol or the values were between
0-1.5 units, however, the 11’K1 values were slightly increased when the

aft values were between 1500-2500 cal/mol or the ¢ values were between

1.5-2.63 units.



were obtained from duplicate
0.2, 0.4, 0.6, 0.8 and 1.0

Figure 13 Dixon plot of 1/v against [sulfanss®
experiments. The concentratiore® _ :
mmol/l. The concentrations of MG/, A\ , 19.89 umol/1 (II) and 27.84
wmol/1 (III). The experimental &7 .-; A, i in section 3.11.2. Ky for

AutIneninens
MIANTAUNINGAE
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Figure 14 Dixon plot of 1/v against [N- (weff

N Wycind. The data shown were obtained

from duplicate experimentsS. ve-aminobenzenesulfonyl) glycine were

0, 80, 160, 240, 300 and 360 ! WN\%s of PABA were 11.36 wmol/1 (1),
19.89 pmolf1 (II) and 27.84 umol/iN Mrimental details were described in
section 3.11.2. Ki for -,rrs:_.::;;é,,_;».- glycine obtained from the graph was

-5 (A 'S
4.0 x 107 mol/1. 9

AutIngningns
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Figure 15 Dixon plot of 1/v against [K-4f

~\ vI) tyrosing. The data shown were obtained

from duplicate experiments. : '_ ‘- \ N-(p-aminobenzenesulfonyl) tyrosine were
0, 160, 320, 480, 640 and B Jp2 \ trations of PABA were 11.36 wmol/1 (I),
19.89 ymol/1 (II) and 27.84 w «-‘ \ axperimental details were described in

section 3.11.2. Kj for " bl E2R i 1.rrn::nsim: obtained from the graph was
3.8 x 107 mol/1. Z X

AUEINGNTNYINS
RIANTUARIINYA Y
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FIGURE 16

[N - (p - Aminobenzenesulfonyl ) alanine]
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Figure 17 Dixon plot of 1/v against [N-(pf Micnylalaningl  The data shown were

obtained from duplicate experimgfitf ' 3 W Ns of N-(p-aminobenzenesulfonyl)

phenylalanine were 0, 0.2, 0.4, & ‘ s 0%/1. The concentrations of PABA were

11.36 wnol/1 (1), 19.89 wwol/1 (I1) S
LTI

described in section 3.11.2. (A4S

201/1 (III). The experimental details were

4)fonyl) phenylalanine obtained from
i AL
the graph was 24.0 x 107> mol/'g

AUt Inenineng
MIANTANNINGAE



-

€ %01

E x

~ (1)

©

i4ﬂ-
()
(m)

-K4 ) 2 4 6 8 v 12 14 1ex16%
mol /|

[N -(p - Aminobenzenesulfonyl ) phenylalanine]
FIGURE I7

145"



Figure 18 Dixon plot of 1/v against [N-(p-zf ,.‘ N ioninel. The data shown were

obtained from duplicate experimegloff #i f-f‘.'?; \\§s of N-(p-aminobenzenesulfonyl)

methionine were 0, 0.2, 0.4, 0.8 ﬂ? g ® The concentrations of PABA were
11.36 wmol/1 (I}, 19.89 wmol/l (11}, ﬁ‘ Pol/1 (III). The experimental details were

described in section 3.11.2. £A g€ )fonyl) methionine obtained from

=0 yt_ gy
the graph was 49.3 x 107" mol/T5
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Figure 19 Dixon plot of 1/v against[N-(p-2

— \ sycing. The data shown were obtained

from duplicate experiments. (p-aminobenzenesulfonyl) leucine were

0, 0.6, 1.0, 1.4, 2.0 and 3.0 Nions of PABA were 11.36 wmol/1 (1),

19.89 pmol/1 (II) and 27.84 wmol/l —ij__ erimental details were described in
section 3.11.2. K; for N-(p-ChlEEEEEE. 1 r e obtained from the graph was

84.0 x 10”2 mol/1. A iy

AULINENTNYINS
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Figure 20 Dixon plot of 1/v against [N-(p-8m: ilinel The data shown were obtained

from duplicate experiments. The 4 Q g-aminobenzenesulfonyl) valine were

0, 1,2, 3, 4 and 5 mmol/l. The ¢ A were 11.36 pmol/1 (I), 19.89 pmol/l

(I1) and 27.84 pmol/1 (II1). The @ ‘, laMs were described in section 3.11.2.

Ki for N-(p-aminobenzenesulfomul)

-4

o jf° graph was 100.0 x 107 mol/1.
V., x/

ﬂUH’J\WHVﬁWH'\ﬂ‘)’
qmmnmum'mmaﬂ
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Table 13 Summary of the Kj valeus for p-aminobenezenesulfonamidoalka-

noic acids and sulfanilamide.

p-Aminobenzenesulfonamidoalkanoic Acids ( m:iflj
N- (p-Aminobenzenesulfo 4.0 x 1ﬂ'5
N- (p-Aminobenzenes! S 3.8 x 107>
N- (p-AminobenzendSt N - S— 23.5 x 107
N-(p-Aminobenzencs : 24.0 x 1U'5
N- (p-Aminobenze gl g 49.3 x 107°
N~ (p-Aminobenzergffl! 84.0 x 107°
N-(p-Aminobenzens 100.0 x 1D'5
Sulfanilamide f 4.8 x 107>
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Figure 21  Plot of Mik; for prorererenzeiesul follfnidoalkanoic acids

vﬁus aft‘ﬂues of the dide chains of p-aminobenzenesulfo-
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H (p-Aminobenzem®sulfonyl) glycine
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= N-(p-Aminobenzenesulfonyl) methionine

4 = N-(p-Aminobenzenesulfonyl) valine

5 = N-(p-Aminobenzenesulfonyl) leucine

6 = N-(p-Aminobenzenesulfonyl) tyrosine

7 = N-(p-Aminobenzenesulfonyl) phenylalanine
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Figure 22 Plot nf f ) BeLfglamidoalkanoic acids

versus 1 *alues of the 51de chains uf p-aminobenzenesulfona-
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N-(p-Aminobenzenesulfonyl) valine
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N- (p-Aminobenzenesulfonyl) methionine

N- (p-Aminobenzenesulfonyl) leucine

N-(p-Aminobenzenesulfonyl) tyrosine
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N-(p-Aminobenzenesulfonyl) phenylalanine
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