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Abstract — Essential amino acids involving in the catalytic mechanism of the B-D-xylosidase of
Bacillus stearothermophilus were determined by chemical modification studies. Among various che-
mical modifiers tested N-bromosuccinimide (NBS), p-hydroxymercurybenzoate (PHMB), N-ethylma-
leimide, 1-[ 3-(di-ethylamino)-propyl]-3-ethylcarbodi-imide (EDC), and Woodward’s Reagent K(WRK)
inactivated the enzyme, resulting in the residual activity of less than 20%. WRK reduced the
enzyme activity by modifying carboxylic amino acids, and the inactivation reacion proceeded in
the form of pseudo-first-order kinetics. The double-lagarithmic plot of the observed pseudo-first-
order rate constant against the modifier concentration yielded a reaction order of 2, indicating
that two carboxylic amino acids were essential for the enzyme activity. The p-D-xylosidase was
also inactivated by N-ethylmaleimide which specifically modified a cysteine residue with a reaction
order of 1, implying that one cysteine residue was important for the enzyme activity. Xylobiose
protected the enzyme against inactivation by WRK and N-ethylmaleimide, revealing that carboxylic
amino acids and a cysteine residue were present at the substrate-binding site of the enzyme

molecule.

Xylang hemicellulose®] FAF-22 2}dA H-X
2ko| cellulose T+&S 2R3t 9= cellulose £#]
oF2 %23 biomass Ao FJriEls oleK1). o]
9} 7k& xylane B-14-D-xylopyrano-side & %A
Z A Z+E9] thekdt SAALS AL e W
EAg spabrxe] BYvidfelti2). 1 EE xy-
lang E&Ho2 #437] YA xylanases} B-
D-xylosidase} 78 xylan #siA] FE Aol = 7HE-
g} 22 § A(debranching enzymes)7} B33l 7o
2 #al=a Yrk3).

B AFAAE 7+ xylan H3A A4F A2
el obef Aakske 43 xylan BdE EE,
Bacillus stearothermophilus 2. A% o] & #ad
SRS E. coliol]l S2dste] 2 Aol dRE o)n
B33 v} 9)tH4-6). 3 B B. stearothermophilus=
exo-xylanase 2 {5 F Sl 4% B-D-xylosi-

Key words: p-D-Xylosidase, Bacillus stearothermophi-
lus, chemical modification, WRK, N-ethylmaleimide,
carboxylic amino acids, cysteine

*Corresponding author

daseE A4 Ql5& #lst &4 ik FHA
ol 37|Mg-e AY FAste] vl acid catalystE
A= B § 49 catalytic sites A 3= conser-
ved amino acid sequence?] &A% &l ¥ 1g w}
UTKHT-9).

28} lysozymed} cellulase 53 28 o} car-
bohydrase2h= x4 2 xylan2] biomass*} o &
A2l 1 F8 A% B33 xylan 3l A A4, 53
B-D-xylosidase®] &4 2H&-7)z2t3} F3dd Adt< =
3] AgkEle] gleH6).

wetr] B Aol X B. stearothermophilus B-D-
xylosidase®] &42}4-712F WA= &4 BAo] 2
g} 715 #A AYRE 3 7x dFEA B OB
D-xylosidase &A1+ #&d¥ o}v|x4t 37 & 3hehA
ZAl(chemical modification) ¥2 o]&, ®Asl3 1
As}E ®Wwstazt ghoh

Mz W ody

ARB #F 3 AISE



Vol. 22, No. 6

B-D-xylosidase Al Bacillus stearothermo-
philus xylA A7 F249YRE A2y Selir|sal
pMG1-E 7}R|3L Q= E. coli JM109(recAl, endAl,
gyrA96, thi, hsdR17, supEdd, (ac-proAB), F, traD36,
proAB, laclqgZM15) #3524 &4 M4 2 A &
28] AHAl= AR @)l Abedt HPHel wl AA]s)
At

J8lal, diethylpyrocarbonate(DEP), N-acetylimi-
dazole, N-ethylmaleimide, N-bromosuccini-mide
(NBS), 1-[3-(di-ethylamino)-propyl]-3-ethylcarbodi-
imde(EDC), Woodward’'s Reagent K{(WRK), phenyl-
glyoxal, phenylmethylsulfonyl fluoride(PMSF), chlo-
ramineT, 2-hydroxy-5-nitro-benzylbromide(HNBB),
p-hydroxymercurybenzoate(PHMB) 2] enxyme
modifierd ¥]Este] & Aol AR dHFE-2] A
ok& Sigma ALEHFE 4% Aot

&2 §4 5F U oud Y

10 mM  p-nitrophenyl-B-D-xylopyranoside(pNPX)
2-98(0.06 M <t4F $H5 £, pH6.5) 0.1 midl| 542
FA8og Arislal 45C o4 207 ARl F
04M Na,CO; &9 2ml& FH7}sto] wb-g A =2]4]
Al A4nke-e sl A= p-nitrophenolg 405
nmol| 4] B} 4 #2ksto] 187k 1 umole®] p-nitro-
phenol- 2 AAE + v &4%FS lunit2 EA&
% TH10).

ciul 21 z}eke. hoyine serum albumin$ (3 <t
W2 A28k Lowry W(11)E o] -&-3k3ich

31515 4=Al(chemical modification)

H|&Ade] 79.3 unit/mgel A4 B-D-xylosidase 5l
of 54 2F44E o]4¥ ZHE modifier YAHGFE
A 7Fsl2(Table 2 %) A-2ol4 30871 vb-8-A| 7] %
2led &0 FAES =2 a4 ghAlel| FHpHgl 338
= obr| 2 Ab 2} 7] & }.ltﬂa}oﬂb}

Chemical modifierti] &3t 4 2 §A3} vhs9
kinetics © &4 &4 A Lar}t T3] WRKe} N-
ethylmaleimide medifier -9 #H7l ¥=&5 &
A 20487 FAMEES A7 A b AHH2R A
85 A3, Hrlexet qbEAI e wE A AIAE
w41 wlasteict

Levy =(12)el &3l 47] vF-5-2] pseudo-first or-
der rate constant(kN)+ B} A7kl w}E Zo] & A4
gAdo]l thghs plot dle] doix& ALl 7]&7]
2R AR gk w2 g A BEAE whkEe
active enzyme + n[ modifier | ~>inactivated enzyme

637

(D3} 728 Ale g Y §+ 9o k' modifier?]
xwd o H-dHeZ kK'=k[modifier]" (IDE }
E’r’é o ook oeba AL el log e #
o 23 logk'=log k+n log [modifier | (IID)=. 1.2
”‘: 7 9t} of7|A] n< reaction order®4A AL
B34 modifier §F F-x2eol] 83 AEE A
0}“].5:";} 2718 EAE Glebdy] gk T4

S g el of G FAle 7|27 2R
L?‘?}l I Qlth

7|80l &t 4 B & (enzyme protection) F}
ZX . B-D-xylosidase2] 2 7|& F2] sl xylo-
biose E #F F%7} 100 mMe] EHEE &4 5yl
Az}, 154 v|g] ¥-eg-A1Z] F WRK(10 mM)£} N-
ethylmaleimide(5 mM)E #H7}stx2 2087t HE-g-A|7]
A 58 P02 Ated g4 FAS FHA]3led 7| A
oz B4 ¥3 AaxE FARsledrth

A g0l o|X|= EEN2 FE AL Cysteine,
sodium thiosulfate, sodium sulfite, sodium citrate
So] s1YAE HE %7} 10mMe] HEE 52
& Aol o]] 2] 7}3]._1_ 3057} Aéﬁf.oﬂ A al-g A];?] -2 :A;}-o:‘
Bx 84S A, Ao A A= s of
3o zAreisch

Cysteine modifier2 Xa{F2loff D|X|= cysteine
o] 1t &H | Cysteine &5 FFFE7} 5mMo|
e 5y Aifde Hryh 157k vlg] BhEAIF
% N-ethylmaleimide(b mM)& #7|sle] 2057} nh
LAV A 55 FFHe® Aol a4 A4S FH3
ojc

Carboxylic amino acid modifier2| X{&|& zjof| 0|
%|= carboxylic amino acid®] &3 £& : Carboxy-
lic amino acid®l aspartic acid®} glutamic acid #t
78 #HF FE7F 10 mMe] HYEE 5] 8489
A7bsled 187 wlg] wbgA17] & WRK(10 mM)E
A7lsle] 208-7F ¥R3A|7IHA] 5E FHHe R Ak

AL 2L EFAsHct
gzt % DFE

4 HA|

E. coli IM109/pMGle] A Absl= B. stearothermo-
philus B-D-xylosidase2] A= HAH(8)o] A=§ H
# el el ammonium sulfate 23, DEAE-Sepharose
CL-6B ion exchange chromatography % Sephacryl
S-200 gel filtration chromatography %2 ©hAE
A AR &) Table 1ol EA|=o] gl vt Fho
FF o oF 12v] AHA, rjFdAde] 7939 AA A



G38 Kor. ] Appl. Microbiol. Biotechnol,

Table 1. Summary of purification of the f-D-xylosidase from E. coli JM109 (pMG1)

————————
S,

Volume Total Total Specific Recovery Purification
Steps (mf) protein activity acivity (%) (fold)
(mg) (unit) (unit/mg)
Culture broth 4,000 1,857 12,455 6.7 100 1
Ammonium
sulfate 10.5 483 3,477 7.2 279 1.07
fractionation
lon exchange 70.3 143 1,114 7.8 8.9 1.16
chromatography
Gel filtration 0.31 0.75 59.5 793 0.5 11.8

chromatography

Table 2. Effects of chemical modifiers on the B-D-xylosidase activity

it
O

Inhibitor Residual

Chemucals Target amino acid concentration  activity  Incubation buffer (50 mM)
(mM) (%)
Diethy! pyrocarbonate His 10 100 potassium phosphate (pH 6)
N-Acetylimidazole Tyr 10 100 potassium phosphate (pH 7)
Phenylmethyl-sulfonyl fluoride Ser 5 100 potassium phosphate (pH 7)
Phenylglyoxal Arg 5 100 sodium acetate (pH 6)
N-Bromosuccinimide Trp, Cys, Tyr 1 §; sodium acetate (pH 6)
Chloramine T Met 5 100 sodium acetate (pH 6)
2-Hydroxy-b-nitro-benzyl bromide Trp 5 100 sodium acetate (pH 6)
p-Hydroxymercury-benzoate Cys 0.5 10 sodium acetate (pH 6)
N-Ethylmaleimide Cys 10 5 sodium acetate (pH 6)
Woodward’s Reagent K Asp, Glu 10 10 Mes/NaOH (pH 6)
EDC Asp, Glu, Tyr, Cys 10 20 Mes/NaOH (pH 6)
2F e ¥ AA Ai= SDS-polyacrylamide  #Jsir= A3 &4 Asjg ubz| ‘i‘t‘;w %ﬂ‘?* 2. Mo}
gel W7 AEPADOD ¥ B Az} qhal chmd  NBSS AHEIL cysteine 1719 Aol 1l
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oluli- Al Ak7]o] EE.2 olo} MWolr) Table 20 % ojAe] Aas T Al W B stearothermo-
Als]e] ¢l nvle} #eo] E 7 4+ NBS, PHMB, N- philus B-D-xylosidases ;-4 olv]lAF %H7] Fof] A
ethylmaleimide, WRK % EDC 5 5%2] modifiere histidine, tyrosine, serine, arginine, methionine %
elsi Avt Ao #Ale] HH3MA AslHE ¥ 7]el tryptophan 52 &4 #Hie] A Ao glo]shz
modifierel 2}slA]+ HA <dsks wrz] ¢rglc) ta+> At7]elw cysteine® aspartic acidv} glutamic
NBS+= cysteine R olifz} typtophano]i} tyro-  acide} -2 carboxylic amine acid %7]7} 2 &4

sinecl| = 288 4 gl modifier® e R|ar 9lovt  #HAde]| FAgF &S 3he W4 oln|Ab Ak
(14) + B-D-xylosidase+ tryptophan3} tyrosineef| =t HES 12 ¢ glodrl)
Eolxorg za-sl= HNBB2} N-acetylimidazoleol]
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Fig. 1. Effects of Woodward’s Reagent K on the (3-D-
xylosidase activity.

5 u of the enzyme solution in 0.05 M Mes/NaOH buf-
fer (pH 6) was incubaed with WRK 1n the final concen-
trations of 4, 5 and 6 mM, respectively.

A-A: 4 mM @@ 5 mM H-W 6 mM
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Fig. 3. Kinetics of inactivation by Woodward’s
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Fig. 2. Effects of N-ethylmaleimide on the pB-D-xvlosi-
dase activity.

5wl of the enzyme solution in 0.05 M sodium acetate
buffer (pH 6) wasincubated with N-ethylmaleimide in
the final concentrations of 0.3, 0.4 and 0.5 mM, respec-
tively.

H-0: 03 mM, -@: 04 mM, A—4A: 05 mM
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Reagent K and N-ethylmaleimide.

K values for each modifier concentrations were obtained from the slopes in Fig. 1 for WRK and Fig. 2 for

N-ethylmaleimide.
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Table 3. Effects of reducing agents on the B-D-xylosi-
dase activity

Reducing agent Residual activity

(10 mM) (%)
None 100
Cysteine 103.3
Sodium thiosulfate 101.2
Sodium sulfite 86.5
Sodium citrate 98.9

Each reducing agent was incubated with 5 w of the
enzyme solution for 30 min. and then assayed for the
residual enzyme activity.
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Fig. 4. Protection of the p-D-xylosidase by xylobiose.
Xylobiose (100 mM) was preincubated with 5 @/ of the
enzyme solution in 0.05 M sodium phosphate buffer
(pH 6.5) for 1 minute and then mixed with either 10
mM WRK or 5 mM N-ethvimaleimide.

O-0C: 10 mM WRK, @-@: 10 mM WRK-+100 mM
Xylobiose, [1-U1: 5 mM N-ethylmaleimide, WH—M: 5
mM N-ethylmaleimide + 100 mM xylobiose

Table 4. Protection of the p-D-xylosidase by xylobiose from chemical modification

Residual activity (%)

Incubation time (min)

Woodward’s Reagent K (10 mM)

N-Ethylmaleimide (5 mM)

xylobiose xylobiose xylobiose xvlobiose
0 mM 100 mM 0 mM 100 mM
0 100 100 100 100
o 33 62 36 76
10 23 49 30 65
15 17 44 28 63
20 17 42 28 54

Xylobiose (final concentration of 100 mM) was preincubated with 5 W of the enzyme solution in 0.05 M sodium
phosphate buffer (pH 6.5) for 1 minute and then WRK (10 mM) or N-ethylmaleimide (5 mM) was added.
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Table 5. Reduction of modifier effects by carboxylic amino acids and cysteine

Incubation time (min)

Residual activity (%)

Woodward’s Reagent K (10 mM)

N-Ethylmaleimide (5 mM)

Aspartic acid Glutamic acid Cysteine
0 mM 10 mM 0 mM 10 mM 0 mM 5 mM
0 100 100 100 100 100 100
5 56 78 56 72 21 97
10 44 68 44 60 19 86
15 39 59 39 55 18 77
20 35 55 35 52 16 70

Aspartic acid (10 mM) or glutamic acid (10 mM) was preincubated with 5 w/ of the enzyme solution in 0.05
M Mes/NaOH buffer (pH 6.0) for 1 minute before the additioon of WRK (10 mM). Cysteine was used in the

case of N-ethylmleimide (5 mM).
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