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Identification of Amino Acid Residues Involved in Xylanase Activity from Bacillus alcalophilus AX2000
by Chemical Modifiers. Park, Young-Seo. Division of Biotechnology, Kyungwon University, Seongnam 461-
701, Korea, Type Culture Bank of Korea, Seongnam 461-701, Korea — The purified xylanase from Bacillus
alcalophilus AX2000 was modified with various chemical modifiers to determine amino acid residues in the
active site of the enzyme. Treatment of the enzyme with group-specific reagents such as carbodiimide or N-
bromosuccinimide resulted in complete loss of enzyme activity. These results suggested that these reagents
reacted with glutamic acid or aspartic acid and tryptophan residues located at or near the active site. In each
case, inactivation was performed by pseudo first-order kinetics. Inhibition of enzyme activity by carbodiimide
and N-bromosuccinimide showed non-competitive and competitive inhibition type, respectively. Addition of
xylan to the enzyme solution containing N-bromosuccinimide prevented the inactivation, indicating the pres-
ence of tryptophan at the substrate binding site. Analysis of kinetics for inactivation showed that the loss of
enzyme activity was due to modification of two glutamic acid or aspartic acid residues and single tryptophan

residue.
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Table 1. Purification of xylanase from B. alcalophilus AX2000.

Total activi Total protein Specific activi . Purification
Step O v (nfg) P R v Yield (%) o
Culture supernatant 1278.3 738.2 1.73 100.0 1.0
Ethanol precipitation 912.2 148.9 6.13 71.4 3.5
CM-cellulose 3345 12.6 26.55 26.2 15.3
Sephadex G-100 1253 2.8 44.75 9.8 25.9
Hydroxylapatite 69.2 0.8 86.50 54 50.0
Sephadex G-75 433 0.4 108.25 34 62.6
1 2 (kDa) Table 2. Effect of chemical modifiers on the xylanase activity.
Chemical modifiers (20 mM) Relative activity (%)
Cys modifying
66 Iodoacetic acid 21
5,5’-Dithiobis (2-nitrobenzoic acid) 19
N-ethylmaleimide 43
45 p-Chloromercuribenzoic acid 76
Lys modifying
Pyridoxal-5’-phosphate 45
24 Acetic anhydride 81
2,4,6-trinitrobenzene-1-sulfonic acid 37
Ser modifying
18.4 Phenylmethylsulfurfluoride 92
14.3 His modifying
Diethylpyrocarbonate 94
Fig. 1. SDS-polyacrylamide gel electrophoresis of purified Arg modifying
xylanase frot_n B. alcalophilus AX2000. 1, Purified xylanase; 2, Phenylglyoxal 65
molecular weight marker. 2,3-Butanedione 57
Trp modifying
phoresisE AA|3F A3} ¢F 40 kDa2) EAlES A wd N -Bromosuccinimide 0
bandZ &alet 4> SIx12w ol xylanase FAA] A7) Glu and Asp modifying
Carbodiimide 0

Aol A 3 A TAdE ALz vepde(Fig. 1).
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Table 3. Protection from modifying reagents by interaction
between xylanase and its substrate.

Reaction conditions Remaining activity (%)

Control 100
+0.5% (w/v) xylan 100
N-Bromosuccinimide (0.5 mM) 0
+ 0.5% (w/v) xylan 94
Carbodiimide (2.5 mM) 0
+0.5% (w/v) xylan 7

o o8 sahriA|e] Asfinkgez e S48 0] B
RS Falghe s sekpart E40 7144 F-9lol
24 Agehs Z7EE Felale. EAagA S 9 A3
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£ 5218 o 7] 4l oat-spelts xylans EA-g-Ho) 27}s)
o] X¥3t §- o] AERAS 43 23 Table 3l v+
EP ute} Zro] carbodiimide® ARE-3te] EAE E8A4 )
AFEE o 714 ArrE 540 EAEE wRER] &3}
gict. o] glutamic acid T aspartic acid 2717} 713 4
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FH7F obd Se AP L BAFE Aotk M-
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(xylanase-N-bromosuccinimide),
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tryptophan 717} 4ol 8 7HE AS 4 4 s+

g SRk Al] ol A EA Ak Ao K, TS
Lineweaver-Burk plot®2 ZA gt 23} 3.58 mg/mlZ A4k
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300 717ke] F7MeHE & 4 9lsivh(data not shown). o]
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o whe} 7|A-e A stert gl wet Kagkel $7Fsk
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8
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Fig. 3. Dixon plot for the determination of the inhibition
constant (K;) for N-bromosuccinimide on the xylanase activity.

Oat-spelts xylan concentrations used were 0.25 (@), 0.5 (W), 0.75
(), and 1.0 (®) mg/ml.
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Fig. 2. The inactivation of xylanase with N-bromosuccinimide. A: Determination of the second-order rate constant of inactivation. B:

Apparent order of reaction with respect to reagent concentration.
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Fig. 4. The inactivation of xylanase with carbodiimide. A: Determination of the second-order rate constant of inactivation. B: Apparent

order of reaction with respect to reagent concentration.
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AlZbe] Ao mel Al 2AFE 4 4 sl
carbodiimide®] %%} inhibition rate K;2}2] HAE T4
a2 W Fig. 4A)s Ze] AAAAE Jeb car-
bodiimideol] ©]8F FAo] A2 i o] BAMESYS o
4 212 [6], carbodiimideel] <3+ 4=2]4k-8-2] second-
order rate constant™ 0.28 min ‘M 'Z A ArE g}, log
Kiobs 2} log[carbodiimide]©}2] 4] (Fig. 4(B))ZFE] car-
bodiimide®] =of] gt RS 2.28F A4S =)
°o]ZHE &4 1 mol¥ 2 mol® carbodiimide’} W8-S
& AUl

A carbodiimidedl] &8 £4]
Lineweaver-Burk plot®2. &4J3} 44— 21.64 mg/mlE Ak
o] N-bromosuccinimidesl] 2]3] A% 49 K, 3
H|WElA-E AT sl AR 2 FEYS 4 5 Usich(data
not shown). o] AMJ oju|xAl Z17]¢] glutamic acid X
aspartic acid 2717} tryptophan 2F7]8} v|wsled 7|4 o
gk 2 3H o] g F2 RS ou]de, o] AHZEE
glutamic acid B aspartic acid 2717} 713 ZH3H$el &
g7 e A eZ FE3ch

=3} carbodiimideod] &3 A 3|WA& Aot R 7| 93]
carbodiimide?] =& 9&lsled Hl-¢E£EE A3 F
Dixon plotZ 23 23} xylanase: carbodiimides] £
s RAAA Asukae e AdEHE o2 et
aspartic acid-} glutamic acid®= 7|2 ZAH-9|7} obd A
22 hlggon e K= 0.74 mME AAE
(Fig. 5).
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Carbodiimide (mM)
Fig. 5. Dixon plot for the determination of the inhibition
constant (K;) for carbodiimide on the xylanase activity. Oat-

spelts xylan concentrations used were 0.5 (@), 1.0 (H), 1.5 (A),
and 2.0 () mg/ml.
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AHAE dolH 7] $]8te] CLUSTAL W programe o]-&3ed
multiple amino acid homology alignment® 2}A 3t A==
Fig. 6ol VlERISIEh. o328 xylanase oA B ol A}
43 B. alcalophilus AX20002] xylanase$} 7}AF F-AFA
o] ¥ xylanase¥ alkalophilic Bacillus strain N137 -
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Fig. 6. Alignment of amino acid sequence of xylanases. The conserved amino acid residues in all xylanases compared in the study were
boxed and the glutamic acid and aspartic acid among the conserved residues were shown as asterisk and the tryptophan residues were
shown as reverse triangle. 1, B. alcalophilus AX2000; 2, alkalophilic Bacillus strain N137 (63%); 3, Geobacillus stearothermophilus No.21
(60%); 4, Geobacillus stearothermophilus T-6 (60%); 5, Aeromonas punctata ME-1 (56%); 6, Bacillus sp. BP-23 (54%); 7, Thermobacillus

O~ YU WN = QO ~J O U WN WO~ oY WN QO ~J oY W QO ~J oYUl WM

Ny U W

———————————————————————————— MGGNQRELLSLSKAYEDLFTGAAVNHFTID~
————————————————————————————— MNQQLNIPNLYEIYKDFFHIGAAVNSKTLE-
——————————————————————————————— MCSSIPSLREVFANDFRIGAAVNPVTLE-
——————————————————————————————— MNSSLPSLRDVFANDFRI GARVNPVTIE-
——————————————————————————————— MPTEIPSLHAAYANTFKIGAAVHTRMLO-
——————————————————————————————— MSTEIPSLSASYANSIFKIGAAVHTRMLO-
MGNPAVCDAREPGFADVAVYLLSHNNQRRCTRIWPNS IWWEVFKDDFILII GAAVIT SRTVD-
—————————————————————— MRCLIVCENLEMLNLSLAKTYKDY{FKIGAAVITAKDLEG
* v

SELSLLEKH KFEHIQFKENQFOFE YVDKLVS Y SERY GHQLRGRIILTWHNG
SEKELLKKH KFELLQMEQGNENFITQADKLVAFANE HNMKIRGHTLIVWHNQ
BQQSLLIRH KFEHLQPEEGRFTFIDIAIKSSTSPFSS-HGVRGHTLVWHNQ
MQKQLLIDHVNS|T FEHLOPEEGKFTFREADR IVDFACSHRMAVIRGHI[LIVWHNQ
SEGEFIAKH FEETHPEEDRYSFEAADQIVDFAVAQGIGVIRGHIILIVWHNO
TEGEFIAKH FEEV EHEYTFEAADEIVDFAVARGIGVRGHTEVWHNQ
SAADLLRAQ PINTQPSEGVETFEQADKIADFAAKHGKKLRGHI[LVWHNQ
VHRDILLKH FENIHPFEQRYNFEEVARIKEFATKNDMKLRGHIFIVHWHENQ
v * *

IFKAPERKEMNRDLLLG D AT SoxkcEFLRASP
NSD{GTQVNRETL L D DDSEYLRKSK

P DSQGHFVGRDVLLE] D EGSEWLR|SST

P DGQGHFVSRDVLLE] D EGNELLRPSK
DTS|FAPASRELLLS D KTDLFMRDTK

I DAS[IGTASREMMLS D KTDLIMRDTK
P APGEGPAGKETLL D EGEQWIRASK
p DKNGEEASKELVIF] D KTEKLLRESN

v *

EEDII DFIDYRHR HEADP}%%LFYNDYN E DKIYTLVKDMLEKDVEI HEHI
DIIGEDFIAKAHEHAHOADPNASILFYNDYN i ERIYRLVKSLLDKDVHIHEVG
QIIGDPDFIQQAHLYNHEADPERLLFYNDYN] i EKIYTLVKSLRDKGIPIHEIG
QIIDDFMEQAHLYAYEADPDALFYNDYN] b EKIFALVKSLRDKGIPIHGIG
ELVGEDYLLOAFSMAHEADPNALLFYNDYN] K EKIYNLVRSLLDKGAPVHGIG
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3 e ofuxAl A7) 9870E o] Foll A tryptophan

FL NNQTKEAYWR

PORVFLE
PKPAFWR
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338
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7 Tp®, Trp®s, Trp!®, Trp'S2, Trp®, Trp™®, Trp'™* &
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£ 5 8he] A7 540 71AAN9 | Fedial gl
a 3‘1-1;,_]—5]93\1;].. w3}l AFAl olu] A Al-LS- Aspm, Aspm,
Asp'™, Asp™. Asp™® Asp®®, Asp?®st GIuY, Gu'Y,
Glu**, Glu*¥o] 2= xylanasedl| A BEH T gl= Ao2
yeht o] 11709 A ofm| Al 7] ol 2719 o
XA A)7E BAne] Fuiglel] sl ol Ao &
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HAN7HA] xylanase?] AdH-9lol A8 AF7} o33 AT
ZlEol o3 H31=3) =, Bandivadekar 51 Chainia
sp2] xylanaseoll:= 37§9] tryptophan 3717} 3P o] %F
715 oA she] A7t 714 8] Ajel FpAolet B
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Dictyoglomus  thermophilum[12], Thermotoga neapolitana
[21] 5eIME glutamic acid7} xylanase®] Zoiitglel] 2]
ok HarsEe] E el Y3 AAE vepidH. £
AT B4 opxAle M=oz 2g3h= 3}t
A A E AHE-8led xylanase®] FAF-HE AL F
stoled Hoh Aoz A48 RAE AAs] S8
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