CHAPTER I

INTRODUCTION

1.1 Properties of Dihydroi | gise

Dihydropteroas o gy (Comw——c) ;s an enzyme catalyzing
— :

the formation of 7,0%C% g .‘ﬂh ?ff?ﬁiﬁvn'E-aminc-d-hydroxy-ﬁ-

hydroxymethyl-7, 8301 Wasaie (DHPP) and p-amino-

benzoic acid (PABA wf tetrahydrofolate

(Brown, Weisman an#®ic gfc JF § E -31 AN\, ™Wwn, 1964; Shiota and

Disrealey, 1961; Riy arbon derivatives of

‘i :I.ﬁ

tetrahydrofolate parigli ffte | ?IFT, of one-carbon transfer

s

reactions for the metal -iiggﬁﬁﬁ?% purines, and pyrimidines.

The reaction catalyzed byFiks/izh nthase is shown in

Y

figure 1. —
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Figure 1 The enzymatic reaction catalyzed by dihydropteroate synthase



Table 1 Characteristics of dihydropterocate synthase from varinus

microorganisms
Molecular | Optimum Ky for PABA
Source
weight pH (mol/1)
8.5 2.5 x 1070

E. coli(Richey and Brown, 1969 ) | Aug i 50,000

Veillonella strain V, (Shi
et al. 1964)

S. indica (Iwai and
Kobashi, 1975)

P. berghei (Mc Coll
and Maren, 1974)

(Ho et al. 1974)

ﬂ;_meningitidis strain b

(Ho et al. 1974)

D. pneumoniae stri A l
(Ortiz, 1970) M

E. coli B S 5206 (Reind

s AU ANYNINGINI

. A HIAINTUAT

(uracil™, Str') (Swedberg
et al. 1979)

8.5

(1.58-3.75)x10™4

7.1 x 1070

2.8 x 10‘5

3.3 x 107°

(0.57 * 0.08x10°°
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reports of Walter and Konigk (1974), Iwai and Kobashi (1975), Richey
and Brown (1969), Suckling, Sweeney and Wood (1977), Sai-Ubol (1983),
and Bartels and Bock (1983). Walter and Konigk (1974) purified the

enzyme from Plasmodium chabaudi to 986 purification fold by using the

following steps : crude extrac

N ium sulfate precipitation,
chromatography on CM-cell pphy on hydroxyapatite,

chromatography on DEAE: — E @1y on Sephadex G-200 and
chromatography on DEbs | i (1975) purified the
enzyme from S. ind == ication fold by using
the following steps ium sulfate fraction,
chromatography on [, ghy on Sephadex. Richey
and Brown(1969) puri; % L B to 52.4 purification
fold by using the fol] c, RNase-treated

extract, 20-70% ammoniu = r_f. ‘ R, W -60% ammonium sulfate

fraction, chromatography W p0 atégr‘aph.v on DEAE-cellulose
and chromatograpti i 7 %"k.ling et al. (1977)

purified the enzysdl -"“ Jn one step by

passing the crude & yme througil suil namlde-S amse column (affinity

column) in wﬁwijﬁwa activat&y/ wéjmgen bromide.
purificationlcbu yl?ﬁf qlnﬁbltur and the

spacer_a re attached to Segharose by ams-triazine ggrivative
e m AU HAAINE VL) vronice.
sai-Ubol (1983) purified the enzyme from E. coli K 12 ATCC 3110 to 209
fold and 7.74% yield by using the following steps : crude extract,
20-60% ammonium sulfate fraction and sulfonamide-Sepharose column
(affinity column) in which the gel was activated by cyanogen bromide.

Bartels and Bock (1983) purified the enzyme from E. coli to at least



3000 fold by using a Sephadex G-100 gel filtration, the affinity column
of oxidized folate-Sepharose 4B and the hydrophobic interaction column
of phenyl-Sepharose CL-4B; however, this purified enzyme shows at least
4 main bands and 10 side bands from ultra thin-layer isocelectric

focusing polyacrylamide gel elect,

oresis (IEF-PAGE).

1.3 Modification of Amig F_Protein by the Modifying

ents

1.3.1 lodoaceg
dryl modification
reagent. However, ghionine and histidine

‘ ‘ pacetamide reacts with
lysine residue at alkaif riagaick EH“Ey ysine residue is

partially unprotonat _,:r:‘ - ‘ ,} mostly with methionine residue

at pH less than 4. IﬂdaacenL:;ﬁgigq Fhostly with histidine residue at near
o g

TR
neutral pH (Glaze[™js o : B
V. Y
1. 3 2 p- -Ch i l. e o:'.

LA

PMB is an ﬂrgipic compounds of mercury. It was reported that

o R ANEN N AT

(Boyer, 1954; Qbnesch and. Benesch 1962; Deme Trautmann and Chatagner,

T ARSI ANE T
undisso ated mercaptides has been used extensive or estimation

of the amount of the sulhydryl groups both in small molecular thiols

and in proteins (Boyer, 1954; Benesch and Benesch, 1962; Deme et al.
.1971).



1.3.3 2,3-Butanedione

2,3-Butanedione reacts with the amino group of arginine side
chains (Riordan, 1973; Glazer et al. 1975). Riordan (1973) studied the
modification of arginine, lysine, and an equimolar mixture of these
two compounds at pH 7.5 by 2,3-bf+ jedione. He reported that (under

|
the same conditions) lysin #F#5, and its presence does not

@ 2,3-butanedione. His
g by 2,3-butanedione
based on amino acid, ,3-butanedione
modifies only argin, N\ pwever, Takahashi
(1968) stated that 7, \ it with e-amino groups
of lysine residues. mmarized that 2,3-
butanedione readily re . the relatively high
concentrations required _V:ié;—if ’v-x ation of the protein.

For the SPECif1C1t¥£50qui?i sdione, Riordan (1973) reported

that the spectra g™ Ly i{9 carboxypeptidase in

the region from 20§ 4 RCJis result would tend

to rule out the pns.l TT—— --utan-;; ne with phenylalanine,

_ mlmmﬂﬂiWHﬂns
.:wfm AN LR PR 1M

reported the specificity of reaction of phenylglyoxal with arginine.

tyrosine, or tr ptnphdﬁ

Of all amino acids, only histidine, cysteine, tryptophan, asparagine,
glutamine, glycine, and lysine react with phenylglyoxal to the extent

of more than 10% in 24 hours at pH values between 5.5 and 9.0. These



amino acids react with phenylglyoxal much more slowly than arginine.
Lysine is almost unreactive at pH 5.5 and 7.0, however, it can react

with phenylglyoxal to the extent of 20% at pH 8.0 and 9.0 in 24 hours.

1.3.5 2,4-Pentanedione

Gilbert III, and 0'Leayy! ), studied the modification of

enzyme by 2,4-pentanedicns \ ¥ hat 2,4-pentanedione reacts
with primary amines at 3o § — o (N_alkyl-4-amino-3-
penten-2-ones). Sel - and arginine side

,4-pentanedione. The

modification of 1y®% hort-time reaction

at pH 9.0, and the ##d° oured by long-time

reaction at pH 9.0.
“u‘L gated the possible
reactions of 2 4-pentan di ‘:;jggggi hmitio acid side chains of
proteins by studying the w7 ontanedione with the

appropriate modelps -pentanedione does

V., ,*"d
not react with phen ] O = aqueous solution at

pH 9.0 for 48 hﬂurs. ‘Bllbert I11, and ﬂ'Leary [19?5] concluded that

oSN NI ARG e o

modify arglniﬂ" very slowly at'Plgher pH.

RIAIIUURITNYAY

Glazer et al. (1975) reported that the derivatives of sulfonyl

fluoride react only with cysteine and serine. The chemical evidence
for the reaction of PMSF at cysteine residue in papain is indirect.

However, the strong chemical evidence for the attack of PMSF at serine



residue in chymotrypsin (Gold and Fahrney, 1964) has been confirmed by
the X-ray crystallographic structure of tosyl-chymotrypsin prepared

from tosyl fluoride.

1.4 Mechanism of Action of Sulfonamide Drugs

The relationship of  gtructure of medicinal agents

to their biological acti! = problem of science, and
sulfonamides have pla - ind n] -~ — | rent understanding

of this relationship.

Sulfonamides ide (p-aminobenzene-

sulfonamide). The o 7 J | L. % the numbering system

4
HZ"
p-Aminobennnad IR bogtred as a dye for
— "
industrial use (Gel&dm MJind Jacobs (1919)
prepared one azusul amide anureere al this ympound has anti-

1
Duexk (1935a, 1%BBb) showed that a dye, 2 ,4 -

bacterial property. Déme | ]
diaminnazo&niﬂﬂanﬂmgm El:l:l a @d as a
thér‘apeutic age?l'!t for the treat#ent of Pneyspcoccus and tococcus
e ARAGANSUUNIIN BT o

synthetic p-aminobenzoic acid completely reverses the bacteriostatic
activity of sulfonamide in vitro against many bacteria, and he
postulated that sulfonamide interferes with the utilization of PABA in
the enzyme systems necessary for the growth of bacteria through its

similar structure. The antagonist effect has also been demonstrated



in vivo (Mc Illwain, 1942: Muir, Shamleffer and Jones, 1942). From the
study of the inhibitory action of sulfonamides on enzymes in folate-
synthesizing systems in bacteria (Shiota et al. 1964; Ho et al. 1975;
Ho et al. 1974; Thijssen, 1973; Brown, 1962; Ortiz and Hotchkiss, 1966;
Mc Cullough and Maren, 1973), prgyrgoa (Ferone, 1973; Mc Cullough and

Maren, 1974), and plants & wki, 1968), it is concluded

that sulfonamides ShOwmmmmmSRCtoriZammemuctivity by competing with

PABA for the bindingee =i hldr e ——ynthase.

Bell and RETUT: arabolic relation

between bacteriost®¥ic Wi their respective

pK, values, and thalfo bacteriostatic

activity increases Yy pf the sulfonyl group

of a Hi-substituted S & Wth ionic and molecular

species are responsible#® 1_;;' - {W8:y. Breuckner (1943) and

Cowles (1942) proposed anZEZkiiish lanation that the sulfonamide

molecule exClus i ——— ;%ﬁ ible for the

L

3 v ;
bacteriostatic acT=yi = can readily

penetrate the bact&®al cell. However, the Be™ and Roblin theory is

- .7 | WO [
o A N T e e
dialkyl sulfogpmide inMibit DAP"syn S ILf¥ee extract and
Al TRy
theiriii:isia 0 Sti ;iJa t p 4

Seydel (1968) summarized the structure specificity of the

activity of sulfonamides as the following :
1. The action of sulfonamides is antagonized by PABA

containing an amino group in the 4 position of the sulfone group.
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2. Exchange of the amino group of sulfonamides by H-, HO-,
RO-, HOOC-, 2" Sﬂ-, alkyl, or halogen substituents causes loss of
activity or results in compounds which are not antagonized by PABA.
Hq-derivatives are active if the free amino group is obtainable either

hydrolytically or enzymaticall

3. Exchange of % for other ring systems

decreases the inhibite
4. gezene ring are mostly
inactive; however, . _
5. Exchag '.‘_ /%% 1;!: .- o, -CN, -SO5H, -AsOgH,,
~NH-CO-CHy, or -NOgfef JF ffn e i IRNNNONNS . The activity
maintains in some ci gfs gFf 4'-f J'Z'ia" if the sulfonamide
group is exchanged fgq f B :'-‘: EH-E CEHd'”Hz' -S—S-EEHd-HHE,
-SU-SD-CEHd«NHE, -S-{EiJ" = : -ED-HHE, -EG-CEHa-R, or
—PG{GH}Z.

4.1 sulfonamido group
FJ

6. Simull

-

described in 2 ar y ipounds .

Sulfﬂnamld nnt unly can cumpete with FRBA for the binding

site on the (¥ m! ﬁnrm an analog.
Bock Eﬂ.{ﬁmstudied the actmn o 2!]I!:I]ﬂnut:tht;:-:n:azt.'nvlas: in both
cell- ct a
radmﬁwe pro ucﬁﬂ1 mun‘!ﬁqu{ﬂjﬁﬁ of the

chemically synthesized analog, N -3-(5-methylisoxazolyl)-N -{? 8-
dihydro-6-pterinylmethyl) sulfanilamide. Swedberg et al.(1979) showed
that dihydropteroate synthase from E. coli is able to catalyze the
formation of a dihydropteroate analog from DHPP and sulfathiazole.

Roland et al.(1979) showed that dihydropterin-sulfonamides are product
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inhibition of dihydropteroate synthase; however, to obtain substantial
inhibition of this enzyme by dihydropterin-sulfonamides in vivo, higher
concentrations of these compounds are required than those which are
attainable intracellularly. Therefore, the inhibition by dihydrop-

terin-sulfonamides of dihydropten _synthase may not be physio-

logically significant.

Sulfonamide not ®..1f alone for the

treatment of bacteria® G e be used together
with another antimi Tl g gl ®Mment. The examples
ethamine in the

unctive therapy of

sulfamethoxazole with gy JF ghama Aol ent of chloroquine-

Nazaki and{ Mnd (“‘lhﬂblﬂltj’ of the

amino acid by soluld® ‘[ y data, they
calculated the free Mlkrgy troRERNERCs 0] from water to
aqueous ethanol and didkamse solutions.@JtThe free energy of transfer

e s oo W ERIVIEIN 3 W BL derces o

solute i in gmng from water to €ny other sgdvent, at theggame mole

fracti ’»{Wl A TOUUBII NEAR o o

amino acid side chains (aft) is obtained by subtraction of the AFt for
glycine from aFt for the amino acid in question. The values are shown

in table 2.



Hydrophobicity scale for amino acid side chains.
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Table 2

Amino acid Side chain group aft (cal/mol)
Glycine -H 0
Alanine —CHQ‘ 500
Methionine ' 1300
Valine 1500
Leucine 1800
Tyrosine 2300
Phenylalanine 2500

Leo et al. (19/1 Jief: drophobic substituent

is the d:"vatlve of a parent moleculsd P

H-

e LI ININ WRANG e

sulfonamidoalkMoic acids are quwn in table 3.

e 3ma~mm HANANBIRY-

activity and hydrophobic substituent constant (n) of many

sulfonamides. They found that the n values of meta and para

derivatives of sulfanilanilides are correlated with the inhibitory

nu
activity of the compounds against Pneumococcus, Friedlander's Bacillus
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Table 3 = value for the amino acid side chain of p-aminobenzenesulfo-

namidoalkanoic acids

(1)

p-Aminobenzenesulfonamidoalkanoic acids Side chain group| =

N- (p-aminobenzenesul fonyl) -H 0.00

N- (p-aminobenzenesulfon; -CHy 0.50

N-(p-aminobenzenesulf ~CH,-CH,-5-CHq 1.45
N- (p-aminobenzenesulfo-, “?Hz‘CHa 1.30

CHq

N- (p-aminobenzenesi, -CHE-CH-CH3 1.80

-I.‘.HZ—@—{]H 1.96
£ H2@ 2.63
Y]

N- (p-aminobenzenesul for

H-[p-aminubenzen;ﬁh"
v

Jid Coats (1970) and Leo

(1) The = Zlues are reporced by Hanshd
et al_(1971)
ﬂ '[JEI'J‘VlEIWiWEI'Iﬂ?
and E. coli « values of substitutash N'-benzoyls@¥fanilamides

e BEXVTEEIL ik [T

gram-negative E. coli and gram positive Mycobacterium smegmatis. The

hydrophobicity of all the sulfonamides except for the para derivatives
of sulfanilanilides plays a definite role in the inhibitory acitivity
of the compounds. The = values of the para substituents of
sulfanilanilides play practically no role in the inhibitory activity

against Pneumococcus.
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Miller et al.(1972) studied the relationship between the
hydrophobic substituent constant (=) of the two series of substituted
sulfonamides [H1-pheny1 and N’—pyridyl] and MIC (minimum inhibitory
concentration) values for the inhibition of the growth of E. coli. They
also studied the relationship between the = values and Ieg (concentra-

or the inhibition of

tion required for 50% inhib'

dihydropteroate synthase gf found that there is no

linear relationship belr “_-aye, Kauffman and

Suttimool (1982) studisg &07 sodium 4-aminoben-

zenesul fonamidoethane? Masoenzenesul fonamidopro-
panethiosulfate and 4. g ] 13 | OMNpyl bromide on
dihydropteroate sy A P G A\ 't; Neisseria

il AN\ Wrobic nature of the
sulfanilamide structurd® ¢  } 2L | Iﬂ"w‘lhibitﬂry activity

against this enzyme.

1.6 The Research( Mg  #u .

V: ‘ :rdl
p-Aminobenz:sts =i group of sulfanila-

mide derivatives, were chasen for study in thls Tesearch because each

compound cnnﬁﬂuWﬂl mﬂ? solubility of
ropho

the compound & water. In additiun the hy values of the

B LD ) (1200
ship beifyeen the hydrnphub1clty and the inhib ac gainst

dihydropteroate synthase can be studied.

The purposes of this research are :

1.6.1 To study the inhibitory activity of p-aminobenzene-

sulfonamidoalkanoic acids against dihydropteroate synthase partially
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purified from E. coli so that the role of the hydrophobicity on the

inhibitory activity of the compounds may be obtained.

1.6.2 To study the modification of amino acid side chains in
dihydropteroate synthase so that the possible nature of the enzyme

active site may be obtained. n1l
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