CHAPTER V

DISCUSSION

In this research th ckling et al. (1977) was chosen

to use for the purifica nyCiaele synthase from E. coli
strain K12 ATCC 3110 is Jloti M- 2ni 3 rather high
O ix““is one step. Bartels and

Wt least 3000 fold,

purification of 730 f_g
Bock (1983) purifiec

however, this method , purification and the

enzyme obtained still #ficgF e  ﬂ7‘ l}“}ﬂ- -PAGE.

The principle ¢ hh Won method of Suckling

et al. (1977) is affini} W< gel (Sepharose 4B) in the

affinity chromatography is am= 4-dichloro-6-methoxy-s-

triazine (Lang et
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'_w%s 2,4-dichloro-6-

methoxy-s-triazin g A > triazinylagarose

materials (Lang et $f. 19
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attaching ligands to #gggpse employs @yanogen bromide for the activation
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stability due ?n the hydrnl:,rﬂﬂnf the bougd ligands.

1SUNRVINYIAALL

sulfonamide- Sepharose column (I) was affinity chromatography. In a

column, 4-(4-aminobenzenesulfonamido) benzenesulfonylglycine, a
competitive inhibitor (Suckling et al. 1977) was used for specific
binding to the enzyme while the other proteins were eluted

because these proteins could not bind to this inhibitor. Sincé
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the mechanism of action of the enzyme is an ordered mechanism in which
DHPP is the first substrate and PABA is the second substrate to bind to
the enzyme, (Ferone and Webb, 1975; Suckling et al. 1977). Therefore

DHPP was included in buffer I. DTT in buffer I prevents the oxidation

of DHPP. Magnesium ions was use enhance the binding of the enzyme

with the inhibitor since Sw (1979) reported the dependence
of the dihydropteroate_£ 2act? nesium ions. He also

reported that the dialt— — me WS inactive in the absence
of magnesium i . N dent reaction could be
stopped completely !

(2.5 mmol/1). The si

:‘ SWnine-tetraacetic acid
' amine was used to

enhance the binding o ! gF P A \N\yvme.

The method of g JlaaEs Wy the sulfonamide-
Wthod of Suckling et al.
1977). The modification wagee—— =S chloride (0.5 mol/1) was added
(1977) ) 577 ( /1)

in buffer II in t\%

Suckling et al. ( 3“"; .‘ ) of sodium chloride

e *. in the method of

in buffer II was gilih below. -
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enzyme activity was eluted with buffer I and migrated with the unwanted
protein. When the concentration of sodium chloride in buffer I and
buffer II was reduced to 0.2 mol/l, the loss of the enzyme activity with
buffer I was 31%. Thirdly, when sodium chloride (0.5 mol/l) was present
only in buffer I1I, 106 purification fold and 33% yield were obtained.
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Therefore, this method was used in this research. Finally, when the
linear gradient of sodium chloride from 0 to 1 mol/l in Tris buffer (0.2
mol/1, pH 8.5) was used instead of sodium chloride (0.5 mol/1) in Tris
buffer (0.2 mol/1, pH 8.5) (buffer II), the results of 20 purification

fold and 43% yield were obtained. The purification fold was decreased

because the unwanted protei of the enzyme peak was

broadened resulting in of ‘nzyme peak.

Although the ni_g i fication in

sulfonamide-Sepharos; ~ inding between the

enzyme and its inhif g g of the other proteins

with the activated Sg ' W& hese proteins could be

seen from polyacrylam’ \he non-specific binding

may occur from the inte 'ﬂ ;thlvely charged amino

group of the spacer arm, harged proteins. The amino

groups of the free spacer a_ = ally protonated since the

column was perfo P | i 3 r

-

The concelsd® W Je modification in

this research was t# highes
because PHSF unhk@ﬁ o dissolve@h water and it had limited

Ehnd V1) )3 RN Hhodbronanct mst a1so

e kept in a certain limit, if #he iso-propgagol concentrgbion was higher
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Elur results indicated that cysteine, arginine and lysine

culioie aLion »-L',J could be prepared

solubility 1

residues were important for enzyme catalysis. It was possible that
these residues might exist at the enzyme active site. The optimum pH
of the enzyme was 8.55, and the pKa value of sulfhydryl group of

cysteine is 8.3 which is nearl} equal to the optimum pH of the enzyme.



124

Hence, at this optimum pH, cysteine residue would react as both general
acid and general base. At the optimum pH of the enzyme arginine (pKa =
12.5) and lysine (pKa = 10.8) residues would contain the positive
charges while DHPP would contain the negative charges. Hence, the
interaction of the opposite char would render DHPP to bind with these

1 ]
: P #Hovever, under the experimental

amino acid residues at the,

condition in this rese S RS Ka ‘u'" hese side chains in the
enzyme active site mic 2, th g ~ated above due to the
interactions of the. a7/l tive site. Iwai and
Kobashi (1975) repo ‘ ) N ase from S. indica
could be modified byg iMdagent of sulfhydryl
group of cysteine. NN our result in which
dihydropteroate syn modified by PMB. Thus,

cysteine residue migh e active site.

Gomi and Fujioka ,_, W
et T
the amino and thel 2§

hat the compounds containing
B £Fcting with

idoacetamide. Howdt® £ the substrates (DHPP

and PABA) and the idl 1b1tnr Sullal

the carboxyl ﬁaﬁ ﬁlﬁ%h W j]mdu cetamide. The
reason might Ib mij réjt gmup of the
substrates are attached to the @romatic riegs and the aflaticity might
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Although amino group could be modified by 2,4-pentanedione,

tamide) conddining the amino and

2.3-butanedione and phenylglyoxal (Gilbert III and 0'Leary, 1975;
Glazer et al. 1975: Takahashi, 1968), our results indicated that the
substrates (DHPP and PABA) and the inhibitor (sulfanilamide) containing

the amino groups were unlikely to react with those modifying agents.
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Glazer et al. (1975) reported that, for the protein modification
by iodoacetamide in the presence of mercaptoethanol, the sulhydryl
groups of cysteine residues in protein react most rapidly with iodoaceta-
mide, and the excess iodoacetamide can react further with mercaptoethanol.

In this research, it was found Uy in addition to iodoacetamide, PMB

might react with 2-mercapj

Gilbert III an ®. | that 2,4-pentanedione

does not react with 1 in agueous solution

at pH 9.0 for 48 ho®#® ™ found that 2,4-

pentanedione was u ,ethanol. This result

was agreeable to th

From the ex#i [ ofhe {. -ﬁi a:" tion from all modifying

agents by DHPP and by, ence of DHPP, it was

found that % control ( igher than % control (E +

M + R) or % control (E t+ 2 elZiAss indicated that cysteine,

arginine and lysSw :ﬁ 2> active site.
Y. AX J

The purpusﬁ4 f srmime by sulfanilamide in

L A

the absence of DHPP qfs to investlgate whether sulfanilamide itself in

e e GRS RN PRI A oo

The result inBlcated that sulfag;lamide 1t5elf could not prntect the
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et al. §1977) reported that the action of enzyme 1s an ordered mechanism

in which DHPP is the first substrate to bind to the enzyme and PABA is

the second substrate. Since sulfanilamide has the structure similar to

PABA, it may be possible that sulfanilamide could not bind to the enzyme

unless DHPP binds first to the enzyme. Hence, sulfanilamide itself in the

absence of DHPP could not protect the enzyme from the modifying agentsl
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The optimum pH for dihydropteroate synthase from E. coli K12
ATCC 3110 was 8.55, and the Km value for PABAuméfbund to be 1.30 x IQ‘E
mol/L.Richeyand Brownf969)eported that the optimum pH of the enzyme is
8.5 and the K, for PABA is 2.5;1&'%n1;13he source of the enzyme is
dihydropteroate synthase from E. coli B, the purification fold of the

enzyme is 52.4. Roland et alg Jported that the Ky value for

PABA was(0.57% ﬂ-ﬂf}ﬂﬂ"n?ul ' gite synthase was partially

from a Sephadex G-100

column with a specific /  15h“h“*~A5;1 /mg of protein.

However, the purificat, '"'., Swedberg et al. (1979)

reported that the Ky v f f2. 28N\ n\ l,and dihydropteroate

synthase from E,.co-. oW ) was partially

purified by the methd The purification

fold was not reported.

&

The Ki value for su = ained from this research was

_.r

4_ax1d’mu1f1.nu1ant =70 ified dihydropteroate

-

synthase from E. (¢¥F !5’ Ffd they reported the

-

Ki value for sulfanf{jmide™s " Mg/ 1

L A

The discrepandfaf these resulgs of the enzymatic properties

(opimn o, %ummb&m I B Fricies or the

, the dlfferent sources off the eNzZyMgud and the dlff nt conditions

mum'mmaﬂ

The Aft value and the n values were used for the 1ndicatzun of

used i

the hydrophobicity of p-aminobenzenesulfonamidoalkanoic acid side chains.
The aft values are more reliable than the 1 values because all aft
values of the amino acid side chains are obtained directly from the

experiment (Nazaki and Tanford, 1971), whereas the 1 values of the amino
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acid side chains are calculated from the ¢ values of the side chains of
the other compounds (Hansch and Coats, 1970; Leo et al. 1971). However,
the aft values and the ¢ values of p-aminobenzenesulfonamidoalkanoic

acids have similar pattern.

In this research, it weg  fpund that p-aminobenzenesulfonamido-
1Ty

alkanoic acids exhibitina ritor‘s might contain the

aliphatic side chainSygs Iue of aft or .

Kongkiattils o concentration required

for 50% inhibitiom 2 zenesul fonamidoalkanoic
acids. The crude . coli K12 ATCC 3110
was used as an end I:ﬁd values of these

compounds and the K g g | g -

The relationgl fhe J_ - Kj of p-aminobenzenesul-

fonamidoalkanoic acids ,li_ﬁi ™ non-linear relationship was
also observed between 1 L’J"’; i oyl and N‘-pyridyl sulfonamides

(Miller et al. SN -
Vs :.‘ J
Foye et aff PeCt i sodium 4-aminobenzene-

¥

sulfﬂnamldeethanethi‘psulfate and sﬂdium 4- aminabenzenesulfunam:dapra-

poeinios SUURIPRMGIN BT T o n s

in the hydrofdobic nature of ‘;hese sulfnnamides did nut change the

NI A NN

stra eisseria gonorrhoeae. This result was inconsistant with our

result in which an increase of the hydrophobicity of the aliphatic side
chains of p-aminobenzenesulfonamidoalkanoic acids would decrease the

enzyme inhibitory activity. This inconsistency might be resulted from
the different sources of the enzyme and the different kinds of sulfonamides.
The thiosulfate compounds used in the experiment of Foye et al. posses

the negative charges and these charges might play more important role
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than the hydrophobicity in binding of the compounds to the enzyme , In
addition, only two compounds were tested, therefore the relationship
between the hydrophobicity and the inhibitory activity can not be

concluded.

Thijsen (1977) studigaly -le of the hydrophobicity of the

o-phenyl derivative of & jropionic acid in the interaction
with dihydropteroate - o | 3. He found that the Ki

values of «-phenys jcid and g-p-amino-

benzoylpropionic "“h- ydrophobicity of these

two compounds dc the interaction with

the enzyme.

Summary

1. Dihydropte, coli strain K12 ATCC 3110

was partially pur:f;eﬁ b ;‘ | steps : crude cell-free extract,

ammonium sulfa 5)r t*‘. fraction), sulfonamide-

Sepharose colungZ@ R} lumn (II). The purifi-
cation was 417 i} and 1o memmmmmeeen aingl]l However, the polyacry-

lamide gel electropMgmgsis pattern gpowed at least 6 bands of proteins.

Thz uptimUﬂ wﬂ"} wm;jswﬂﬂﬂﬁm T
ﬁqﬁaﬂ‘ﬂﬁﬂﬂ HRAINBAQY =

42
residies of cysteine, arginine and lysine.

3. The Ky, value for PABA was 1.30 X 1ﬁﬂ%1!1ﬁhe Ky values for
N- (p-aminobenzenesulfonyl) glycine, N- (p-aminobenzenesulfonyl) tyrosine,
N-(p-aminobenzenesulfonyl) alanine, N- (p-aminobenzenesulfonyl) phenyla-
lanine, H-{p—aminabenzenesulfnnyl} methionine, N-(p-aminobenzenesulfonyl)

leucine and N-(p-aminobenzenesulfonyl) valine were 4.0 x ID“S, 13.8B x 10'5,
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=5 and 100.0 x 10~° mol/1

23.5 x 107>, 24.0 x 107>, 49.3 x 10™>, 84.0 x 10
respectively. The K value for sulfanilamide was 4.8 x 107>, mol/l. All
the compounds exhibited competitive inhibitors.

4. The 1/Kj values for p-aminobenzenesulfonamidoalkanoic acids

had the non-linear relatior the hydrophobicity values (aft or

m). The 1/Ki value fd iesulfonyl) glycine in which the aft

and the 1 values fo ﬂ;a~ in of this compound equal to

zero was the higs It was found that the

1{Ki values wers were between 0-1500

cal/mol or the - units. However, the

1!Ki values wers ft values were between
1500-2500 cal/mol gn 1.5-2.63 units.
Therefore, the hyd, xﬂ s may play an important

role in the enzyme i

Suggestion
1. It ;, - i1 slightly increased
when the aft va,‘;s Vi e affino acid side chains of

L A

p- ammnbenzenesulfen&:dnalkannic as,n:fs were between 1500-2500 cal/mol

or 1.5-2.0) 8 A B)V) FWN B Fresurronanidoatkanoic

acids in wilch the aft valu%f or the 1 values of amin acid side chains
ARARIATUUATINY Y o o
furtfer study to see whether these compounds can exhibit the potent
enzyme inhibitors.
2. In the experiment, only one series of inhibitors was tested.
Thus, the different series of inhibitors should be tested to find out
the relationship between the inhibitory activity and the hydrophobicity

of the side chains. This study might lead to the general conclusion of
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the effect of hydrophobicity on the enzyme activity, and the most
suitable hydrophobicity might be obtained.

3. It was found that the active site of dihydropteroate synthase
may contain the amino acid residues of cysteine, arginine and lysine.

Therefore, the irreversible inhigigrgrs might be obtained if the

inhibitors posses the gro: zact irreversibly with those

amino acid residues i
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