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Identification of Amino Acid Residues Involved in Xylanase Activity from Bacillus pumilus TX703.
Young-Seo Park*. Division of Biotechnology, Kyungwon University, Seongnam 461-701, Korea — The purified
xylanase from Bacillus pumilus TX703 was modified with various chemical modifiers to determine the
active sites 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 assumed 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 presence 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. pumilus TX703
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thiobis (2-nitrobenzoic acid), N-ethylmaleimide, p-chloro-
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9 bandE #UF 4= AN2H o] xylanase 32 4
71 Gl A 583 FAFHR FUT A2 Ve TFig. 1).
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Step Total activity (U) Total protein (mg) Specific activity (U/mg) Yield (%) Purification fold
Culture supernatant 566.4 660.8 0.85 100.0 1.0
Ethanol precipitation 330.8 87.0 3.80 58.4 4.5
CM-cellulose 66.0 44 15.0 11.7 17.6
Sephadex G-50 34.8 2.0 174 6.1 20.5

Hydroxylapatite 10.8 0.21

514 19 60.5
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Fig. 1. SDS-polyacrylamide gel electrophoresis of purified xylanase
from B. pumilus TX703.
1, Molecular weight marker; 2, purified xylanase.
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Table 2. Effect of chemical modifiers on the xylanase activity
Chemical modifier (20 mM) Relative activity (%)
Cys modifying

Journal of Life Science 2005, Vol. 15. No. 4 635

7120 o8t §40 B5ED

et Aol o EagA AFA HELd 71EY
xylang H7}ste] Eao 7| AFAFHLZH H7t 714
o 3 HE5AA) Asjurg oy BABHo] BEH
SEEERLICE LECE PR SRREELEDE
N3 Aese AA/1E AR, ELBHS 94 A
Al7] N-bromosuccinimide$} carbodiimide® A}£3}e] &4
g 4% w 7142 oat-spelts xylang EAEdo] H7}s}
o RFEFP F G409 AFFAYE £HF A Table 30 1}
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we} 48440 24EE ¥ & AT A HAEL N-bro-
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His modifying Table 3. Protection from modifying reagents by interaction bet-
Diethylpyrocarbonate . 42 ween xylanase and its substrate

Arg modifying , Reaction conditions Remaining activity (%)
Phenylglyox.al a3 Control 100
2,3-Butanedione 89 + 05% (w/v) xylan " 100

Trp modifying N-Bromosuccinimide (1 mM) 0
N-Bromosuccinimide 0 + 05% (w/v) xylan 92

Glu and Asp modifying Carbodiimide (10 mM) 0

Carbodiimide 0

+ 05% (w/v) xylan 3
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Fig. 2. The inactivation of xylanase with N-bromosuccinimide.
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A: Purified enzyme in 50 mM citrate-phosphate pH 6.0 was incubated with 0.5 (@), 1.0 (H), 1.5 (A), 2.0 (x), 25 (¢) mM
of the reagent. Samples were recovered by indicated time intervals and then the residual enzyme activity was determined.
B: Determination of the second-order rate constant of inactivation. C: Apparent order of reaction with respect to reagent

concentration.
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shown) ol tryptophano] 712 9] 2o Fojstn trypto-
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Fig. 3. Dixon plot for the determination of the inhibition constant
(Ky) for N-bromosuccinimide on the xylanase activity.
Qat-spelts xylan concentration used were 5 (@), 6.7 (W),
10 (A), and 20 (@) mg/ml.
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hibition rate K99 #A& =4339 < u Fig. 4(B)9 2
of AMHAAE Vet carbodiimided] 93 a4 F4&
o ol EAMHSAS & 5 YN carbodiimided]] o} g
2 ukg-9] second-order rate constant= 27.5 min M’ 2 7
25 At} log Kiws9} loglcarbodiimide]9}9] @7 (Fig. 4(C))
Z5H carbodiimided] FE o) t)3 vhAI= 18602 A
A e o]ZRE &4 1 mol B 2 mold carbodiimide
b W & & UG

A carbodiimided] 93] 48 &49 Kn & Line-
weaver-Burk plot®.2 £A3 A% 13.32 mg/mlE A 4tE
o] N-bromosuccinimideo] 23} $41% &4 9] Knzkd ¥
e AT T A $e #EYE ¢ F YUrHdata not
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dete A& e

X3} carbodiimidedl] ¢}8 AaftalS doly 7] Y5t car-
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Fig. 5. Dixon plot for the determination of the inhibition constant
(Kj) for carbodiimide on the xylanase activity. Oat-spelts
xylan concentration used were 5 (@), 6.7 (W), 10 (A),
and 20 (4) mg/ml
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Fig. 4. The inactivation of xylanase with carbodiimide.
A: Purified enzyme in 50 mM citrate-phosphate pH 6.0 was
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incubated with 5 (@), 10 (H), 15 (&), 20 (x), 25 () mM of

the reagent. Samples were removed as a function of time and the residual enzyme activity was determined. B: Determination
of the second-order rate constant of inactivation. C: Apparent order of reaction with respect to reagent concentration.
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CIE xylanase22] FAMY

Xylanase= TZ9} o}v|:=4tA Eol 7158 glycoside hy-
drolase®} £&4 GH107} GH11 family2 #F5+=d GHI0
familyol} 43} xylanasee 25 (B/a)s T2E AYT Zf
Boag Az ¢lor GHI1 familyo] £31& xylanases B
Jelly 722 AU e A2 ¢eiA UtH2]. £ xylanase
9] ojm):= At M E<S NCBI Blastp Z2 13 & o] &3}4 data-
baseZ A8 A3} GHI100] &3 xylanases FE Qo

o 02 Y8 #9 xylanases}o) FAMIS Lotr 7] ¢35
o} CLUSTALW program&- ©|-§-3}§ homology alignment&
2443 A%E Fig 6o YeP AT o2 xylanase FAA
B Ao AL-&d B. pumilus TX7039] xylanases} 7} 64
Ao} ¥ xylanase Hordeum vulgare isozyme X-13} X-II
2 77} 39%9) 38% 9 opnliito] FUHL 1 gl
2 Clostridium thermocellum (31%)2} Dictyoglomus thermaphilum
(28%) & Q) xylanase =22 fAMdo| Eokeh vlmEt 8 F

1 MDKER-SFLHHSFNR GENGQENLMWRKEAD DRISEERQRDLVINV TNGERRPIAG----=- =—=========== 1EV z:mxmmﬁxcm 72
2 MGAFRLRTEPRSAAV FVHGAPAGVDVKVMD LEVYPVDHKARFKQL KDRTDRARKRDVILK LGTPAGAGAGAAASV RVVQLDNAFP 43 90
3 MGAFRLSTEPRSAAV YVQGAPAGVDVKVMD LRVFHADRKARFTQL RDKTDRARKRDVVLE LGAATGA-----ARV RVVQLDNSFPRATCI 85
4 GISPLTGEALLRADV NRSGKVDSTDYSVLK RYILRIITEFPGQGD VQTPNPSVTPTQTPI PTISG--—- -NAL RDYAEARGIK (944 533
5 GNPAVCDAREPGFAD VAVYLLSHNNQRRCT RIWPNSIWWE----- ~-—----=———---= -VFRDD--FDIGAAV 53
6 LILLTFSLGFLKEEA KGMEIPSLRE----- —--==-== - -VYRDY--FTIGRAV 49
A ittt LIGCVSSFESQ---- -DVPLRVLAE--——~- —-———---- ~ -KLNIHIGFAR 44
8 GRGVLGLGATLSTPP TAHAAESTLG----- —-—-==-===-=c-- -AARAQSGRYRQTAI 60
Substrate binding site

1 WYANEPERGKITYEE ADAMINFADRHQLFV FWEVEDANPS %ms:. —————— PNHE 154
2 NTSVIQKPA--FLDF K WYHTEVQQGQLNYAD ADALLAFCDRLGKTV CVEWSVDEDVQQ |WVERNL--- - - - NKDQ 172
3 NTTVIQNPA--FVDF WYHTEAQQGQLNYAD ADALLDFCDRLGKRA ICVFWSTDGVVQQ |WVENL-~—~~-~ DRDQ 167
4 NYPFYNNSDPTYNSI FDALQPRONVFDFSK GDQLLAFAERNGMQM TLIWHNG--NPS |WLTNG-- - -NWNRDS €17
5 TSRIVDS----AADL PINTQPSEGVFTFEQ ADKIADFAARHGRKL LVWHNQ--TPD FEAPGGGPAGRET 137
6 SHLNIYH----YENL K WEVIHPKPYVYDFGP ADEIVDFAMRNGMEV TLVWENQ--TPG BG-——— -~ TRDE 127
7 WSLPDAER---YMEV WDTIHPERNRYNFEPF AEKHVEFALKNDMIV VWHNQ--LPG [WLTGQ- -~ -EWSKEE 125
8 AAGRLSDST--YTSI IDATEPQRGQFDFSA GDRVYNWAVQNGKEV TLAWHSQ--QFY SL~~~--- SGSD 140
1 VYEAMKKRLEHAGNH HG---SFFR----- D d VvIS--Y--GEHHAYR 231
2 LRSAMQSRLEGLVSR HG-——RFFR----- D N| VECGNDENATPERYA 254
3 LRSAVQSRIQGLVSR HG-—--RFFR----- D N| VECGNDPNATPERYA 249
4 LLAVMENHITTVMTH DDSG-NGLRSSIWRN IEDLGP--K-SNAVFE 702
5 LLRRMRDHIHAVAGR ADEGEQWLRASKWHD ~EC--NP-ARRDRII 222
6 ILARLREBIKEVVGH SDNPNEFLRRAPWYD -LE--DP~-IRKRERAY 212
7 LLNILEDHVKTVVSH FR SDS--GTYRESIWYR IEE-IN--AKSNFVY 209
8 IEN--WIWAKTQAVY 226
1 SHPA----VRGVLMA 314
2 AHPA----VEGIVFW 336
3 AHPA----VEGIVFW 331
4 QVQANNY-RELMKIC 783
5 ERQAELY-EQLFSLY 309
6 ERQAQLY-KEAFEIL 299
7 RRQAEVY-RRIFEIC 288
8 CLGITVWGVRDTDSW 314
1 NEWTTQRVERTDANG 362
2 -ONAWLVDADGTVN- KEWRKTDARGNFDGDG 383
3 -KDAWLVDADGTVN- REWKTDARGNVDNA- 377
4 -FVMWGFTDKYTWIP —- mmmmmmme e e GTFPGYG--- —- NPLIYDSNYNPKP 825
5 -VTFWGAADDYAWL~ RNWPLLFDAQHRPRE 354
6 ~VTFWGVADDYTWL- EDYPLLFDRNHNPRR 344
7 --1LDNPAVRA---~-— —IQFWGFTDRKYSWVP ~~-—--wes-emmm= e=-wsemm———————= ———««GFFRGYG--- -- RALIFDENYNPKRP 330
8 RSGDTPLLFNGDGSK RPAYSAVLDALNGGS QOWTYTDAGEFRVYG 404
1 HBVKCPAFHGTYEIRI GKENKMLRQQTIELD 409

2 NFRFRGFYGRYVVEV 427

- R 377

4 --AYNAIKBALMGY- 837

§ --AFRRVVRTAGAER 367

6 --AFWEIVKF----- 352

7 --CYFAIRELMEERL - 346

8 NRCLDAGGTGNGARV QIYSCWGGDNQEWRV NSDGTIVGVQSGLCL DAAGTGNSTPVQLYT CSYADNQRWIVS 476

Fig. 6. Alignment of amino acid sequence of xylanases. The conserved amino acid residues in all xylanase compared in the study

were boxed and the glutamic acid, aspartic acid, and
reverse triangle.

tryptophan residues among the conserved residues were shown as

1, Bacillus pumilus TX703; 2, Hordeum vulgare isozyme X-1 (39%); 3, Hordeum wvulgare isozyme X-II (38%); 4, Clostridium thermocellum
(31%); 5, Bacillus sp. D3 (30%); 6, Dictyoglomus thermophilum (28%); 7, Thermotoga neapolitana (28%); 8, Streptomyces thermoviolaceus

(27%).
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ANE o]FA tryptophan Z7]& Trp146 3fugto]l HEH T
40} ©] tryptophan 27|17} B4 J|AAFH- N Hos}
I Y3 BRHATE EF 4 o imake Asp'”, Asp™,
Asp™, Asp™’g} GIu'™, Glu™o] ZE xylanaseold HEE
I YE ALE Yeht o] & 6719 44 ofu|=At 3] Fo
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