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Abstract — The neucleotide sequences of the xylA gene encoding f-xylosidase of Bacillus stearother-
mophilus and its flanking regions were determined. Three open reading frame(ORFs) were found,
one of which(ORF1) appeared to code for the B-xylosidase. The 1830 base pair ORF1 encoded
609 amino acids starting from a TTG initiation codon. The molecular weight deduced from the
nucleotide sequence(68 KD) was in agreement with that estimated by SDS-polyacrylamide gel elect-
rophoresis of the purified enzyme(66 KD). The Shine-Dalgarno sequence(5-AGGAGG-3") was found
11 bp upstream of the initiation codon. Further 15 bp upstream, there observed a potential transcri-
ption initiation signals. The putative -10 sequence(CATAAT) and -35 sequence(TTGTTA) corespon-
ded closely to the consensus sequences for Bacillus subtiis RNA polymerase with major sigma
factor. The guanine-plus-cytosine content of the coding region of the xylA gene was 56 mol%,
while that of the third position of the codons was 63 mol%. Based on the comparison with the
amino acid sequences of several other carbohydrate degrading enzymes, two conserved regions,
possibly participating in the catalytic mechamism of B-xylosidase xylA, were identified in 278-298
and 329-350 regions of the translated xy/A gene. The nucleotide sequence of the xylA was found
to exhibit no homology to any other genes so far reproted.
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2 Aol A= B stearothermophilus7} A Abals=,
Ao 8 of4 1 o7 Ryl uprl gl Zlo g
A% 9= Exo-xylanase® H-3F3F 4 9l o9
5ol’t B-xylosidase 4 4F A=} aylA(G)2] F7] A
A& AR T 2 ANE A H g,

Mz 3 g
AFETT A ZelAo|E
A A3 2323 E coli IM109GecAl, endAl,
&yrA96, thi, hsdR17, supEdd, relAl, (lac-proAB), F,
traD36, proAB, laclqgZM15)E AH8-3l¢lcK6). 12]x
B. stearothermophilus xylA A= oF odFof|a] o
- AMEF Zzlivr|=el pMGleoezye] Heg]s)od
AFE-343 2 m(5) subcloning2 $13F vector2% pUC
119(7), = single-stranded DNA ¥2]& $I3} helper
phage £+ MI13K07-2 o] &<itH8).
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AMBUIX] S LT A

sapan|E 22 S 98 E coli Woke o) ol
we}l 50 ug/mi 2] ampicilling 718 LB 8 %](0.5%
yeast extract, 1% NaCl, 1% tryptone), T=+= TB wl =]
(1.2% tryptone, 2.4% yeast extract, glycerol 4 m//],
0.17M KH,PO,, 0.72M K,HPO,& A}-8&}od 37C
ol 4 zleduljofatodr). 12] 0 single-stranded DNA
el 38 E coli 57 A E2] wieke ampicillin®)
A7k 2X YT wi=)(1.6% trypton, 1% yeast extract,
0.5% NaCD& AFHE 37C o} 4] #lel wheoksiedc),

AEBAIY R B

Agarose, lysozyme, TEMED, ammomium persul-
fate, acrylamide, N,N'-methylenebisacrylamide 5--&-
Sigma Co.ol| 4, 22| 7]el At A|ekfF& A9 JdF
o]4b2] A4 AHESIA ).

7+5 A& 849 calf intestinal alkaline phospha-
tase(CIP), T4 DNA ligase+ gt A4 33HKOSCO)
¥+ New England Biolab(NEB), [*S}-0-dATP=
Ammersham(U. K)ol 4] < &}¢ich

DNA sequencing kit< United States Biochemical
(USB) 3|4} #l&<l sequenase version 2.0-& <l
Apg-shed ol

Plasmid DNA2| £2| W HAFE

TelAe]= DNA+ alkaline lysis x| 2lef] o]s] =

2v]= DNAE 52]§ v}-8 PEG(Poly ethyene gi-
ycoD& AH8-3te DNAS A4 247l vhH©@©S
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o|-8-3lo] AA|sir}. 3 21432 Hanahan ¥ (9)e)
b2t F8]3 competent cellsg o] &-3lo] Al x|sbsich

g4 8§ HE

LB A =zl 10 mM PNPX(p-Nitrophenyl xy-
lopyranoside)E 200 W =%, AxA)7) o8 E coli
AlGFE 37T o)At ek 204 7F A1 vl oKstreak cu-
Iture)stod F42] M Adeiy-5 Fabste] hdsieic)
o] WPH L2 B-xylosidase’} PNPXol| 23w 3 ¢)
nitrophenol-& A A sl= Fvf ul-go] ¢4z2]E o] &3
24 AEqe]ch(37).

Single straned DNAZ| &2

A4k =712) B-xylosidase #32} w28 subclo-
ninggt pUC119 A %3} Zeliol=E 7133 9= E
coli JM109 3= wlj et 20 WS 2 ml 2X YT ul =) o]
€38} helper phage M13K07-¢ #=£ 2% 7} 4%
10° pfu/mie] H == 7} 37C oA wjeksieict

vk 1A|ZF ¥ kanamycin 70 pg/mi-S #H7pskw
AL A 14-18A17F wi kg o} Sambrook 52 4
T2 F8] B o}e} single stranded DNAES &
2] 31 c9).

A2l Mg ZH

d7] Ad HAHE Sequenase version 2.0KitS
o8, Sanger HM{ 9] fzlo] £A3F USB manuale®l
w2} AAlSeich. TampleteZ  double  stranded
DNAE A}8-8 7%+ DNA 2] 05 A&l 04 M
NaOH#¢} 04 mM EDTA &3l89-2 FHrlsled 37C
o 4 307+ *2]35}le] denaturationA]Z] 3~ 0.1 A
o} 3M NaOAc(pH 4.5-55)2} 3 AA EtOHE 7}
&tod 3 F-2]3 DNA 3-5 pge AF£-3lgiv). Single
stranded DNA2| 75 Zslo] d3t wieol] ulu}
+¢]g DNA 1pugs templete® AR£3ledt}. primer
2+ 05pmol® 17-mer universal primer®} 0.35
pmol®] 24-mer reverse primerZ ALEbeich A
vh-$-o] Ext 7} wbg-E-2 80T of|4] 28-7} 71d% &
83 M Ureas E3Hsl+= polyacrylamide gel(40X 44X
0.035 cm)-& ©]&, #7] dFalgic) 7] dFo] Bt
gel-2 10% methanol®} 10% acetic acid 233240
15 #7F ©@7bFo] ureaE AAZ F 7434|713 X-
ray film(Curix XP, Agfa)oll 24417F Ax x& 471
¥ dArsbedct

Computer analysis
93 7] A 2YE] amino acid A€ &t 3=, GC &=,
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codon usage 52 #4E ¥+ Nucleic Acid/
Protein Sequence Analysis(IBI)(1989 version) HE+
DNASIS version 50 program-S o]83l¢ic) =

wlA A g7 Ml opr|At AEE t%-?:
325 v)w, £49317] 918 4= BLAST network
services ¢]-8-3lod NCBI(National Center for Biote-
chnology Information)& &-43}3ic}.

Azt 9 nHE

B-xylosidase FHXI2] &7 M 4%

B. stearothermophilus xylA S+3AE E33}A =
pMG12] 28 Kb 4}3] DNA %8 Hindlll, Pstl, Ba-
mHI¢_2 At}tsled Fig 16 ZA|E o] gl npe} 7hol
600 bpe] HindllI-Pstl w3, 200 bp2e] BamHI-BamHI
o3, 300 bp BamHI-Pst] s+, 1.6 Kb2] Pstl-BamHI
oHl S9 49 dH-E 3'313'r‘ii‘3]r o] Feil A 200,
300, 600 bp ¥H-L 2 AAE pUC1199l A =g}
2 oJr|de AAstAct 2 1.6 Kb g
thx} Smal, Pstl, ¥ BamHIE E2] Ag}sle] <F 300,
600, 700 bp2] a]:ﬂH RS PFT, ool HER
Hincll, BamHL, 2 PsiI-& Aol 2 2]sted 2e] A
Aol ches) HEdon = EJ;: o} 300, 350, 200,
250, 500 bp 52 579 wH-& Feldar olF F7
AgdE 4R, 16Kb stH #HA 7] MAdE& SHA4E
2= 9ledc), ubd Hindlll, Pstl, ¥ BamHIE A28}
28l ¥-2]%F 600 bp, 300bp, 200 bp % 16Kb 4
e M2 FEER] ek ueba A7) zZb g
u‘c}t’}"] 4 20bp ol FEHE v UXE Fig 1d

FA1%F A, B, C A primerE }B-*S]-C’# A4 2.8Kb
DNA :»3_.4 A3k 47] M9dg 2733 cHFig. 2).

ORF % putative ribosome binding site Z%H

oF 3o 4] ZAAF 28 Kb DNA wdl Ao <37
Mg o] 83}led ATGE translation initiation co-
done.2 3= ORF(open reading frame)S 71443t
A3} 7+ reading frame?) =771 A ZE & 2749
ORFs(ORF2, ORF3)2- 38 5 lthFig. 3). ORF2
(572-2361)+ 5967) eoju|iAto g FAY A FR}&F
o] 67 KD<] polypeptide s %] A|&+H ORF3(966-2361)
L 46570 9] o}w| Ak H-x}ek 52 KD2] polypeptide 2
LAANE ZpR Q) H ARFY EZhAo=
pMG1-P(672-2811 <+ A4ts)3 pMGI1-HB(1-2316
wsd Akgl) o 7% B-xylosidase ¥A3-E& e A
ot Aoy RFA=Egh |2 B-xylosidase #
e M 672 3718 $E5T 23161 17]9
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PRIMER sequence ¢

Al 57 -GOAAGTCAGCCAGGCCACAT-3"
B: 5" -GCCGTCATTCAGGAGAACAL-3"
C: 8" -TCTCATCGGTTCTICTAACGA-3”

Fig. 1. Sequencing strategy of insert in pMG]1.
Arrows indicate direction of sequencing. Abbreviations:
Hd; HindlIll, H; Hincll, S; Smeal, P; Pstl, B; BamHI.

olef Z FF-2] dulile] EFm|ejol S U 5 2l
ok, =gk AR fZie] Fxigko] 66 KDE FA =]
2 v 2(5 ORF3& <+t Bxylosidase FA 27} =
2 Zshthe L A4 o 4 ok vbE ORF24
49+ ORF3Et} $|ZFeog 393 bp o] Az &3 &
Ak G AHA iAo & Bapega e 22
-8 weinh upelr ORF2E B-xylosidase % A2
2} A3} coding regionelg} FA3IAL {4 AHHe] A
AL} wede) A)zbat Hedsl 7HE conserved seque-
nces M-S AUAISHITH

2 A3 ORF29] ATG codonddmZ4%-€f 49bp ¢
Zo] Shine-Dalgarno sequence(SD)E. FAH == AG-
GAGG <97] Mde} #AE #alshgic) o H+-9
7] AL E coliS} Bacillus subtilis®] concensus
ribosome binding site(RBS)2} »w]awrsl] X 23 Table
D), B. subtilis®}= 1570 & 11707F =8t ddct
a2} Bacillusoll A ATGS} RBS Alele] Al
vt o 2 7~14bp AEE B E R 9li=ul ukel(10),
ORF2¢ 7%+ 49bps vehfidch ozl ORF2
A B-xylosidase A2l A coding region©]
ohd 7leAx vl g 7 et weba] AUG o] 9],
Al e ¢} B ¢l GUG, UUG ¥ AUU
-2 initiation codon®.2 7}A3t3r 2.8 Kb DNA$2]
HG7]Ad-Z AN B 43} el AwHE SD A
G2 XE] 11bp oleZFHo X UUG codons =7 &)
s}, TTG codon2- initiation codon o & 3§12 o 2]
ORF1(534-2363)& ORF22} & reading framel =
6097 olmli4l, F3 Ralgke] 68KDe| whAs
Akt 4 Qle ASE A EYU

Hal A xylA FHAF AFEe] N-grt ofu]i 4k A
AL ZAste] wluF-AE  HEA 7]
TTG7} initiation codonel2bil A F G ot L
gv} TTG2} SD sequence Ale]e] AHelep axyiA SD
sequence®}t B subtilis® consensus SD sequence
Alel2] =2 FAMY T-2& w|Fe] Hol TTG~} ini-

GLO 7]
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1 AAGCTTGGCOGAATGACCTGGGOCAGCGACCOGTCLOOUGTGTGEAGCGOOTTCTONCCA 60
61 CGGCACAATAACTOGCGAAGACGGGCTCATCGACGTTAAAATGCAGGCAATAATACGTCA 120
121 TOGGCTOCGTCCCGAGCGLCCCGCTTTCG TGCACATCCTCAGGGCGCACGAGCAGCAAAT 180
181 CGCCGGGCTGCTGCACATAACGTTTGCCACCGACGGTCATCACCTGACTCCCTGCCAACA 240
241 GCAAGTTCACCTCGAACAACGGGTGGCTGTGACGTOGGATACGACCACTCCGGOGTAACC 300
301 GTCCTGCAAATGCTGTGGT AMAGAGTTTAAACGTGAATCATATTGGCAGCAATTTCUGTA 360
361 ACCTGATGCTCTCTGGCCACTCTCATCCTCCGCTCTTCTAGATCGTATCCCOGTCTCACC 420
421 GCTGTGAACGATTTGGATAAATCGATTGGCOGTTTGGACATGGGCGCOCOCCCARAGCCT 480
481 TGTTATAATCAAAGCTAGCATAATCGCTGTCAGTTGAACAGGAGGTAATCAACTTGGGTSE3Y

M G2
540 ASA AAT ATA TTT TTT AAC GEG CAT CAC TCT €CG ATG GGA TGT TCG 584

137

1440 GAT GCC AAG CIC AGC GAG GAT CAG AAA TTT ATC GTC GCG CAT GCC 1484
33D A K L S E D Q@ K F I ¥V A H A 37
1485 ATC CGC AGC TAT TAC GGT TCC ACG GAG CTG CTG GAG CAT GAC GGC 1529
311 B S Y Y 6 S T E L L E H D G 332
1530 AAG CCG CTC TGG ATT GIT AAC GAA GGC GAA TAC CGG ATG ATG AAT 1574
333K P L ¥ I ¥ N E © E Y R M M N 347
1575 ACG TTT GAT TIG CTG GTT GAC CAG TTG TTT TAC GAG CIC AAA ATG 1619
48T F D L L VvV D Q@ L F Y E L K M 362
1620 AAT CCC TGG ACG GTC AAA AAT GAG CTT GAC CTT TAC ACC AGC CGC 1664
33N P ¥ T V K N E L D L Y T S R 377
1665 TAT AGC TAT CGA GAT ACG GTT GAT TTC COG GGA GAT GCA ACC GAA 1709

3K N I F F N A H B S P M 6 C S 17 37Y S Y R D T V D F P 6 D A T E 392

585 CCA GTA TTT ACG TTA GGT TAT CCC GGC CAA AGC GGC GGC TTC GAC 629 1710 TAT CCT GGC GGC ATC AGC TTT ACG CAT GAC ATG GGC GTG GCG AAC 1754

8P ¥V F T L 6 Y P 6 0 S G 6 F D 32 3%3Y P G G I S F T H D M 6 V A N 407
630 CIT GAG CTC GGC AGC CCG COG AAC CAA AAC ATC TAC ATT 6GC CTG 674 1755 TOG TTT TCT CTT €CC GGC TAT TCG TCT TAT GAA CTIG CAC GCC ATC 1799
3L £ L ¢ S P P N Q@ N I Y 1T 6 L 47 4085 F S L P 6 Y S S Y E L H A 1 42

675 CAG GAC GAT GGG CAG GAG C6A TAC ColG GCT TTC CCT TTC TTC GG 719
48 O D ¢ Q E R Y R A F P F F ¢ &2
720 GAA GGT CTG GAC GAG CCT GAT CGT TAC ACA ACC GAT GAG AGC GAT 764

1800 GAT GAC TGC TTC TCT CAT ATG ACG CAT GAG CAG CTC GTC AAC TGG 1844
423 b D ¢ F S H M T H E Q@ L VvV N §® 437

1845 GTG CTA AGC GOC ACC GTT TAC GTG CAT CAA ACC AAC GAC CGC GAA 1889
63E 6 L b E R D R Y T T D E 8§ D 77 438V L S A T V Y ¥V A O T N D R E 452

765 TCA GGC TCC AGC GAG CGA CAT TCC GTA CAG CAG CAA GAA AGC GGT 809 1890 TGG CTG GAA CCG CAA CCT GCC GAT TCT GGA GCA AGC CTG GAT AGC 1934

s ¢ 5 B E R H 8 N Q@ 4 E E § 6 9 3% L E P Q@ P A D S§ G A S L D S 467

810 CTC ATC ATT COG TAC AAC CGG GAC GAA ATC GTC CGC CGA TTT GGG 854 1935 ATG GTC AAC CGC GAC CAT CCT GAC CCG TCC CAG CGT ACC GGC ATG 1979

Ve 1 P Y N R B E I VvV R R F G 107 4684 V N R D H P D P 8§ Q R T G M 482

855 GCA GCG ATC GAC GAA TGG CAA OCC GGA GAT TTG ACG TIC CGC CTG 899 1980 ATG GGA CTC GAC AGC TCC COT ACG ATG GGC GGA CCGG AAA TCA CCA 2024

ioda A ¢ D E W Q A ¢ D L T F B L 122 aM ¢ L DS 8§ B T M G 6 R K S P 497

900 ATC TCC CCG TTT GAA GGC GTG {CC GAT CUC GAG ACA GOC ACG GAA 944 2025 CCT ATA CAG CCT GGA CGT CTC GTT GGG GCA AGC GCG GAA CAA CAT 2069

123¢ s P F E &6 ¥V P I P E T A T E 137 98P 1 Q@ F 6 R L ¥ G A S A F Q@ H 512

945 GAG CAG CTG COG TTC GCG €16 ATCG CCT GCT GTG CTT (LA GAG ATC 989 2070 CTA TTT GCC GGC AAG AGC TOG GCG GCC TAT GTA GCG ATG GAG AAG 2114

13 4 L R F A L M P A V L A E 1 152 B13L F A G K S ¥ A A Y V A M E K 827

990 ACG GTG GAC AAT ACC CGG GGA ACG TCA AQG CGC AAA GOC TTC TTT 1034 2115 CTG TTT CGT GAC AAC GGC COC AAA TOG GOG GCT GCA CTG GCC GGA 2159

18T v b N T R 66 T S T R K A F F 167 286L F R D N G R K S A A A L A G 542

1035 GOC CTG CAA AAC AAC GAT CCT GTC AGC GOC ATC CGC CGT TTG GAA 1079 2160 CGA CAA CCG GAG CTT GGC GOC GGC ACG ATT ACT TCC CAT CTG CTG 2204

168G L &€ N N D P v § A [ R R L E 182 43R @ P E L & A 6 T I T S H L L 557

1680 GAC GTA ACG GGC GGC CGG ATT TGC GGC ATC GGC CAA GGT CGC CAT 1124 2205 CCC GGC GOT ATA TTC CAG COG TCA TTC AGG AGA ACA ATG ACT (CA 2749

183p v T ¢ 66 R I € 66 1 6 @ G R H 197 58P G G I F @& P S F R R T M T P 572

1125 ACC GCC ATT GCG COA GCG ATC CGC GAT TAaC CAG CGC CGG ATT TTT 1169 2250 AGA TCA TCC CTG CGA TCG AGG GTC TTA TCT TCC CGC TAT ACA CCG 2294

18T A I A R A { ® D ¥ @ R R | F 212 573R 8§ 8§ L R 8§ R V L $ S R Y T P 587
170 TaC GAT GOA ATC GAT TCT CAA GCC AAA GGT TCC GGA AAA CCT CCG 1214 2295 GAT GCG AAG AAG CGC TGG ATC CAA ACG GOC GAT TCG GTG CAT ATA 2339
213y b 6 1 D S Q@ A K G S G K P P 227 S8 D A X K R ¥ 1 @ T A D S V H 1| 602

1215 GTT TGO CCT TGG TOC GUT AGG GCG GTG CTT ATG GAT ACC CCG GCC 1259 2340 TTG CGG CGC TGT CCA CGC ATT TGA ACACGGTGCTTCAGCCGGGCATCTGCC 2330

228V % P ® S G R A V L M D T P A 242 603L R R C P R 1 =

1260 GGC GAG AAA GUC ACT TAC CGC TIC GGC CTC 1GC TTC TAC CGC CEG 1304 2391 TGTTCGAGGACGGOGGCTCGAAGCTGTLCTCAACGAGCAACAACTCTTGGCTCAGCAAAA 2450
2436 E K A T Y R F 6 L ¢ F Y R P 257 2451 TTTATCTCTGCCAGTTCATTGOCCGTOGCATCCTTGOCCTTETCTGGGACGAACSGGGEC 2510
1305 GTT CGT CAC AAC CGG AAT CGA TGC TCC TAC TAC TAT TCG CGC TAT 1349 2511 AAGCCGCCGATGOGGCATGTGGCCTGGCTGACTTOOGAAGC COAMCGCTTACGEAGCTGG 2570
2%¢Y R H N R N R C S Y ¥ Y S R Y 92717 2571 AGCGACCAGATGATGGCCGGCGTGATTTGCGGTAGCOGGTATTATCCGTGCGGTGTAACG 2630
1350 TTC GCG AAC ATC GAA GAA GTA GCT GAG TAT GCG TT4 GCG CAA TTT 1394 2631 GCGATTTTGTGGCTGGATGAGAAATAAACCOGCCGGUAACACAATTAAGGAGCCCTTAGS 2690
223F A N I E E V A E Y A L A Q F 287 2631 GCCOGGOCTTTCOCGTTATACGTCGCTGCGGGCOGCCTCATTOLGCCCOGCATCGTTCEE 2750
1395 AC C0C AAG CTG GAG GTL GOU CGC CAA GCC GAC GCG CTT GTG AAC 1439 2751 TTCATACAAGGCCTCATCUCTGGATTGAACAGCTCCTGCAACGOGATATCCGAGOCTGCA 2810
788N R K L E ¥V A R Q A D A L V N 302 2811 G

Fig. 2. Nucleotide sequence and deduced amino acid sequence for the 2.8-kbp insert in pMG1. Putative Shine-

Dalgarno (S.D.) regions andinitiation codon, and putative catalytic residues are underlined. The translational termi-
nation is indicated by an asterisk (*).
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tiation codon® 7psAo] wi$ =2ov ulelx] ORF1
o] AlA] coding regione}2til di¥c)

AAZ McLaughlin (1103 Moran S(10)-&
gram-positive 472} 7% translation initiation #&
€7 #aAsi4 SD sequence®] ARAL] F2AL
Fxstn gle &3 McLaughling - S. aureus B-
latamase -F3 22l UUG codon® =& &82 co-
don¥} anticodon A}e}2] <F3t base pairingS 165
rRNA$} SD sequence Afele] 7}glh ”iﬁ;%}&ﬁ] i
& F7) wFeletxr FASA gle] & xid it
ZF2] TTG initiation codong H¥HZ 3] F1L S{lﬂr.

Putative promoter sequence®t transcription ter-
minator

22 ORF1 SD sequence® & YH2o] of7] A
3-8 B. subtilis RNA polymerase major sigma factor
consensus promoter AG#} v]ws] B A3 35 ele-
ment+= TTGTTAZ 67 7] & 4747} A x5 -10
elementt CATAATE 67) g7 & 57§ €77} o
2% 37 ¢JtHTable 2). v} &z} ¥ 957 9=
e FEo nprTS promoterdts= Z zbo]E vE}

' lgic-m -2000 E’
ORE 1 MW (KD»
QRF 2 "
t | 67
ORF 3
Xy i | 52
pMGHP i:’
{—? i.-_""""""""""' 1
r;d (—) pMGI-HB 8
| |

¥ig. 3. Diagram showing ORFs and selected subclones
with a qualitative evaluation of xylosidase by chromoge-
nic indicator plates.

Kor. | Appl. Microbiol. Biotechnol.

Wi 3l = B osubtilis] A9 -35 regiond} -10 re-
gion Ale]2] Agl= dubHd oz 17~19bp(13)& X
TEHIA e} B oayld 48] A$ 14 bpE e]$
T promoter F%9l 7o 2 A7) B2 7 ol
L H%ZIDP B. pumilus B-xylosidase %A} promoter

% -35 region3%} -10 region A}el2] 7]z} 14 bpel
Hasa 9lvi12).

* & ORFle] 3-gdt B-Fx F-As] Bgtor} p-
independent transcription terminaterE {133 whil

stem-loop T+3(13)+~ HHE 4 g}

G+C g2ko] dim

ORF12] G+ C &8ke 56%, codons] A =, =
Wobble position 23712] G+ 3=k 6392 AL
Hick dubd o g AliF genomed GC ¥, £3)

Wobble position®] GC e} Ao A A8 2
Lo vlE Al AFEAE Jepr gtk 24
Barzb et 50C AF9 A H{LrE Ad 2
B. stearothermophilus2) xylA F32}2) GC ek o4
Table 30| FA]=o] gl+ Hvl2} 7tol moderate ther-
mophile . 775-2] GC &sF H2N & ez
ool GC & 3 A8 2kt AAE o) Z3)
SR L1 4= TR 3 1= )

Codon usage

xylA R A 3l o] §-5 2 Q)= 7} codong] o] &
HE 5 KA &t E coli 73-5-9F w)s] Bgtc) Table
49} 7ro]l E myiA A ¥ GC FEH56%) 7
HAEE EALRE codon® AW 77 G 22
Csl codon-g X353l #8kol E colie] A9} &3]
chZ Holet b=l e 71e} codond] Al H)
T E coli®l #$eb zA oh==x) ¢kl 2o}

Table 1. Nucleotide sequences of putative ribosome binding sites

Organism Nucleotide sequence Reference
E. coli CTAGTGGAGGAAT 10
B. subtilis AGAAAGGAGGTGATC 10
B. stearothermophilus xviA GAACAGGAGGTAATC This study
B. sublilis 16S rRNA JUCUUUCCUCCACUAG ¥ 10
Table 2. Promoter sequences in Bacillus sp.
Gene -35 Region -10 Region | spacer length Referencew
B. subtilis major o factor consensus sequence TTGACA TATAAT 17-19 10
B. stearothermophilus nprT TTTTCC TATTTT 13 14
B. stearothermophilus xylA TTGTTA CATAAT 13 This study
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Table 3. Comparison of GC content of the B. stearothermophilus xyld4 gene with those of other genes of thermophile
and methophile -

. % G+ C the third
Strains Gene % G+C base of codon Reference
Moderate B. stearothermophilus xylA H6 63 this study
thermophile | B. stearothermophilus neural protease 58 72 14
a-Amylase 50 57 15
Tyrosyl-tRNA synthetase 54 70 16
Extream( T. thermophilus Isopropylmalate dehydrogenase 79 89 i7
thermophile
Methophile | B. subfilts Neutral protease 44 42 18
Subtilisin 46 41 19
B. amyloliguefactens Neutral protease 46 49 20
Alkaline protease 49 46 20
average of 64 E. coli genes 53 55 21
Tahle 4. Comparison of codon usage frequency
CODON %AGE CODON %AGE CODON %HAGE CODON %AGE
TTT-Phe 2.5% (1.3) TCT-Ser 1.1% (1.3) TAT-Tyr 2.0% (1.0) TGT-Cys 0.3% {0.4)
TTC-Phe 2.3% (2.2) TCC-Ser 2.0% (1.5) TAC-Tyr 2.5% (1.5) TGC-Cys 0.7% {(0.5)
TTA-Leu 0.5% (0.7) TCA-Ser 0.8% (0.4} TAA-** 0.0% TGA-*** 0.2%
TTG-Leu 1.0% (0.9) TCG-Ser 1.1% (0.6) TAG-*** 0.0% TGG-Trp 1.5% (0.7)
CTT-Leu 1.3% (0.8) CCT-Pro 1.6% (0.5) CAT-His 21% (0.7) CGT-Arg 1.3% (3.1)
CTC-Leu 1.0% (0.8) CCC-Pro 1.0% (0.3) CAC-His 05% (1.2) CGC-Arg 3.4% (2.0)
CTA-Leu 0.3% (0.2) CCA-Pro 0.7% (0.7) CAA-GIn 2.1% (1.0) CGA-Arg 1.3% (0.2)
CTG-Leu 3.0% (6.8) CCG-Pro 2.5% (2.5) CAG-Gln 2.0% (3.2) CGG-Arg 1.6% (0.2)
ATT-lle 1.3% (2.2) ACT-Thr 0.5% (1.1) AAT-Asn 1.0% (1.0 AGT-Ser 0.0% (0.3)
ATC-Ile 26% (3.7) ACC-Thr 1.5% (2.4) AAC-Asn 2.6% (2.8) AGC-Ser 2.8% (1.4)
ATA-lle 0.7% (0.2) ACA-Thr 0.7% (0.3) AAA-Lys 1.6% (4.1) AGA-Arg 0.3% (0.1)
ATG-Met 2.3% (2.8) ACG-Thr 2.6% (0.8) AAG-Lys 1.1% (1.3) AGG-Arg 05% (0.1)
GTT-Val 1.1% (2.9) GCT-Ala 0.7% (2.6) GAT-Asp 3.6% (2.5) GGT-Gly 1.5% (3.8)
GTC-Val 1.3% (1.2) GCC-Ala 3.3% (2.2) GAC-Asp 3.0% (3.0) GGC-Gly 4.6% (3.1)
TA-Val 0.8% (1.8) GCA-Ala 1.0% (2.3) GAA-Glu 2.8% (4.9) GGA-Gly 1.8% (0.4)
GTG-Val 1.5% (2.2) GCG-Ala 2.8% (3.2 GAG-Glu 31% (1.8) GGG-Gly 0.5% (0.6)

The number in parenthesis represents the condon usage frequency of E. coli(36). Three asterisks represent trans-
lation termination codon.

drolases)®] Z2F-&7]2ted 19 d|E A el modelE o] &
o Jei22). &, HEWL #-$ Glu-358} Asp-52 At
717} Fuf whSof] A BA|Gh= UnbAQl A)-elz)

Putative catalytic site2| amino acid sequences®| Zafukgof o Zlp F5 HhE-E Evisla e
H| 12 RAes BnEa ivK22). AAlE A F71x] Hasx

&zl hen egg white lysozyme(HEWL)(22)3} taka- 2= B AE cellulasest amylasese] ol 39
amylase= %2 A+ A3 2 Fvi r{zfe) A HY 471 A ofe| Al A7) 7E A BEE 0} gl on](23).
Flod gl o} & sh3E w3 A A(carbohydrate hy- I, Morosoli o2 Cryptococcus albidus®] xylanase

Hisel A9+ CAC codon¥.t} CAT codonel | =&
HIE g ol8x3 Qe EAS Hol 9o
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Table 5. Amino acid sequence alignment of conserved regions

Organism or protein® | sequence Reference
35 44 52

HEWL FESNFNTQAT . NRNTDGS... TDY 25
331 338 349

An.(glu) PEDTY YNG.. NPWFLCTFAAAEZQ 26
342 350 362

B.f.xylB SEDFYSLTD. NTGFLRLEKLRPEA 27
320 328 337

B.fendl GETSATNRN. NTAERVEKWA .DY 28
355 362 369

B.f.xynA NEKPLIWS.. NIGCAKPAY..DE 29
325 335 343

B.p.xynB [ECTRLAQLNWNTCSMQFV...EE 12
278 288 298

B.t.xylA EEVAEYALAQFNREK.LEVARQADA This study
329 339 350
LEHDGKPLWIVNEGEYRMMNTEFDL
458 466 475

Ct.celA QEVVNYCID. . NLKYLRCMR..DF 30
418 427 436

C.txynZ GEALLRADV, NRSGKVDS..TDY 31
130 138 149

C.t.celB TEGGHPLLDL.NLKYLFCMR..DF 32
376 384 395

C.t.celD DEEYLRDFE. . NRAAQFSKKEADF 33
408 418 427

C.s.xynB REVFVERIDEYNANPEKRVWL. . EM 34
244 254 263

T.r.CBH II LECINYAVTQLNLPNVAMYL..DA 23

K.f. 586 596 605

B-glucosidase GEWETEGYDRENMDLPKRTN..EL 35
33 42 50

Sc.EG 1 NESCAEFGNQ . NIPGVKN.. . TDY 25

“Abbrewviations: A.n., Aspergillus miger; glu, glucoamylase; B.1., B. fibrisolvens endoglucanase 1, xylosidase; B.p.,
Bacillus pumilus xylosidase; B.t., B. stearothermophilus; C.t., Clostridium thermocellum endoglucanases; C.s., Caldo-
cellum saccharolyticum xylosidase; T.R., Trichoderma reeser cellobiohydrolase II; K.f., Kluvveromyes fragilis; S.c.,
Schizophyllum commune endoglucanase [

A Fdgt A Fo) 7]zt o3 xylan2 23 Cle FEXEMe FAKY

ghar ook ®Hwslar gloh24). et & xlA 1 B. stearothermophilus xviA w72l ¢37] 492
Azp AHEe] opnlal S A7) HEWLS 95 199314 10-“%1 #z7b=| 8] 2+F data bankel T
712 BpEE e A4 wlw Pl Wsich = DNA 7] M7 8laes) 2 A3t /A 71
Table 59} 7ro] xpiA HES F HH-ol 4] conserved s “4 1218 w3k ¢ glodel gk 432 AHEe] o}
amino acid sequenced WA 7 3lgjom EF nl A Ajede] AL w olslo 4] A gl catalytic re-
Glu-2783 Asp-298 °3 -2 Clostridium thermocellum gion® 2 FAx= o] - Ado] HEX L&
endoglucanase 8l+= 2271 o}u]= it & 8747} 5 U3l mogog E g Salije] ol w]i= ciuwldo

| =]

H B-xylosidase®] ZFv| F-9d 7}sAdo] & Ftelt v Hog BH¥loRy AFomsde oA Ky
A2l il 9l =39 =F & FARRe] AR “:,-Ag.% :g
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~r&H &t xylan ¥3l 54 Bacillus stearothermo-
philus®) B-xylosidase 3=k 7] AdE 2A,
F-45todc), P gylA A= 1830 bpe] ORF& 714
609 olulx ARS- 2] A| &} TTG~*—“‘3- transiation i1nitia-
tion codon®.5. &3l 2= ZHe®E FEAMERch A7)
Ao 2 RE FAg F3512) A2 A 68 KDE
SDS-polyacrylamide gel #7] %5 HAEZRE 4=
3 Bzleke6 KD) 2k o 2=y} Initiation codon
11bp %o Shine-Dalgarno sequence® FA x|+
5-AGGAGG-3'7} gl=g]ar 31 bp Wif-%‘-d]wc promo-
ter® FAHE & d7] Ajdo| £ s -10 sequenc
(CATAAT)2} -35 sequence(TTGTAA)= Bacillus su-
btilis RNA polymerase major sigma factor®] conse-
nsus sequence®} =& A S vehd oL glo}, gk
wlA A28l GC gFeke 56%°] ™ codon?] AW A
3719] GC =& 63% % 224 Aol GC H=e
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