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ABSTRACT. Several SH group modifying chemicals were used to characterize the eight cysteine residues of cabbage
PLD. 5,5’-dithiobis(2-nitrobenzoate)(DTNB) was used to titrate the SH group of cysteine residues . Based on the optical
density at 412nm due to the reduced DTNB, 4 SH groups are found to be present in a native PLD while 8 SH groups
in the denatured PLD whose tertiary structure was perturbed by 8M urea. The results imply that among the 8§ cysteine
residues of PLD, the half(4) are exposed on the surface whereas the other half are present at the interior of the enzyme
tertiary structure. The PLD was inactivated by SH modifying reagents such as p-chloromercuribenzoate(PCMB), iodoac-
etate, iodoacetamide, and N-ethylmaleimide. At the addition of dithiothreitol(DTT) only the PCMB inhibited PLD activ-
ity was recovered reversibly. The micro-environment of the exposed SH group of cysteine residues was examined with
various disulfide compounds with different functional groups and we found that anionic or neutral disulfides appear to
be more effective than the positively charged cystamine for inactivating the PLD activity. The effect of redox state of
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cysteine residues on the PLD activity was further explored with H,O». The oxidation of SH groups by H»O> inhibited
the PLD activity more than 70%, which was mostly recovered by DTT. From these results, we could confirm chemically

that all the cysteine residues of PLD are present as in their reduced SH forms and the 4 SH groups exposed on the surface

of the enzyme may play important roles in the regulation of PLD activity.

Keywords: Phospholipase D, Sulthydryl Group, 5,5"-dithiobis(2-nitrobenzoic acid)(DTNB), p-chloromecuribenzoate(PCMB)
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sulfate(SDS), 5,5"-dithiobis(2-nitrobenzoate)(DTNB),
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Table 1. Titration of SH group in PLD with DTNB.

Reaction condition Reagent added Absorbance at 412 nm [SH*(uM) [PLD]®(uM) [SHJ/[PLD]®
native PLD 0.174 12.79 3.04 421
Ca® effect CaClL5 mM 0.166 12.21 3.04 4.02

EGTA 1 mM 0.172 12.65 3.04 4.16

SDS 0.5 % 0.199 14.63 3.04 4.81

denaturing urea 8 M 0.185 13.60 1.52 8.95
guanidine-HCl 6 M 0.182 13.38 1.52 8.80

*SH concentration was calculated from absorbance of TNB™ (=13600 M'cm™). *Protein was determined by Bradford protein
assay. ° The ratio means the number of SH group per PLD molecule.
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Fig. 1. Time-course of PLD inactivation by PCMB. Effect of
PCMB was examined with 0.52 uM PLD for different peri-
ods of incubation time in 0.01 M KH,PO, buffer (pH 6.5) at
37 °C. The concentration of PCMB: control (O); 5 uM (@);
10 uM ( [J); 20 uM (). At the end of 15 min incubation
period the mixtures were treated with 0.5 mM dithiothreitol
for 5 min. The residual activity was determined as described
in Experimental section.
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Fig. 2. Effect of iodoacetate and iodoacetamide on the PLD
activity. The reaction was carried out with 0.52 pM PLD for
30 min in 0.01 M KH,PO, buffer (pH 6.5) at 37 °C. lodoac-
etate ( O ); iodoacetamide ( @ ).

Table 2. Effect of various disulfides on the activity of PLD.?

rlo

120

100 4

ity

-
(=]
T

(=23
o
T

£
o
T

Percent of control activ

n
o

0 1 . L
10 15

Concentration (mM)
Fig. 3. Effect of N-ethylmaleimide on the PLD activity. All
reactions were performed under the same conditions as pre-
vious experiment. The varied time of pre-incubation was
examined: 30 min ( A ); 60 min ( A ).
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A€ PLDE AHE-3F Aol Afrslol o]zt 2=t
=}, PLDE] SH77} &4 A6 28 ErlAdso
W Fa3] Axe] 2= odSAdA ZE sHY| WY
AleF2 PLDell Hi3t v]&Ad 3}t a37) of glojof &
7ol

FEdol| e SHZ9 9] 3ES 58 Rejn
7% theldstel = FEAES o]-83te] L ukeA
S AESGS. 2 A= Table 20 314 2
E5 57)12] tho]ds}e] == DTNBE- £3 ethyl disulfide,
cystamine, 2-hydroxyethyl disulfide, 3,3"-dithiodipropionic
acid 522 ®F PLD| 4L AAAA. oF 30%
Aol 35 HelFE A2l 45 Al9]stal o
£ tho| Ao =52 7l 50% 7Fe] v s &
5 Bof Fr}, o] o] A ubg-E7Isel A kA
35 9 AlzERRle] SAsh} AdE HA] o v
Azle] =5 W} pLDeR] WhgAle] Aol A& %
L glet. o] A= Aol Fed3h= SHY| F9]
of] FH e 5l 27]9] EA) 7 A& Al L gl

RSSR Molecular formula |[RSSR] Inhibition(%)
5,5’-dithiobis(2-nitro-benzoic acid) [SCsH3(NO,)CO,H], 1 mM 52.5
cystamine (SCH>CH,NH,), 100 pMm® 304
2,2’-hydroxyethyl disulfide (SCH.CH,OH), 1 mM 493
3,3’-dithiodipro- pionic acid (SCH-CH, CO,H), 1 mM 52.6
ethyl disulfide (SCH2CHjs), 1 mM 54.3

*The reaction was performed in 0.01 M KH,PO, buffer (pH 6.5) for 15 min at 37 °C. The amount of PLD used was 0.52 uM.

"The maximum inhibition was obtained at this concentration.
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Fig. 4. Effect of HO> on the PLD activity. H,O, was pre-
incubated for 15 min and after that DTT was treated for
another 15 min. The remaining PLD activity was determined
as previously described.
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