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Nucleotide Sequence of the estl Gene Coding for Bacillus stearothermophilus Acetylxylan Est-
erase. Lee, Jeong-Sook and Yong-Jin Choi*. Gnoduate School of Biofeohnology, Korea Univ-
ersify, Seoul, 136-701, Korea - The nucleotide sequence of the estl gene encoding acetylxylan esterase
I of Bacillus stearothermophilus was determined and analyzed. The estl gene was found to consist of
a 810 base pair open reading frame coding for a polypeptide of 270 amino acids with a deduced
molecular weight of 30 kDa. This was in well agreement with the molecular weight (29 kDa) esti-
mated by SDS-PAGE of the purified esterase. The coding sequence was preceded by a putative ribo-
some binding site 10 bp upsteam of the ATG codon. Further 53 bp upstream, the transcription initi-
ation signals were identified. The putative -10 sequence (TCCAAT) and -35 seqence (TTGAAT) cor-
responded closely to the respective consensus sequences for the Bacillus subtilis major RNA poly-
merase. The G+C content of the coding region of the esI was 51% whereas that of the third position
of codons was 60.2%. The N-terminal amino acid sequence of the Estl deduced from the nucleotide
sequence perfectly matched the corresponding region of the purified esterase described previously. Com-
parison with the amino acid sequence of other esterases and lipases reported so far allowed us to iden-
tify a sequence, GLSMG at positions 123 to 127 of the EstI which was reported to be the highly con-
served active site sequence for those enzymes. The nucleotide sequence of the esfl revealed 55.7%

homology to that of the xyIC coding for the acetylxylan esterase of Caldocellum saccharolyticum.
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A: §-ATCCGTCCATTCATCAGG-3*

B: 5-GTCACTGAATCGTCCTCT-3
Fig. 1. Fine resiriction map of the 2.2 kb insert DNA and
pT7T3-19ESTI vector used in this sequencing experiment.
A: a synthetic oligonucleotide primer used in T3 promoter direc-
tion, B: a synthetic oligonucleotide primer used in T7 promoter
direction, Arrows indicate the length and direction of sequencing
for each fragment used in this experiment.

1 AR ATT CGA CTG CGC TGG AGC AAG GAG GAC AAA AGC TGT TTG CTC ACC 47
4B CTC GAT TTC AAT AGC AAC CTAT TCG GTG ATC CAA TAC ATC GAC GAG CAC 1)
-3 -10

96 GGG CTG TTG GOT GAT TAC CGG ATT TGA TTT CAG AAA AAA AGG AGGtz?C E43
144 0CGC AGC ATG GCT ATG TTA CAG ATC CAA TTT TTC TCG CAA TCG ATG AGA 1391
3 ¥ A M L @ YT ¢ F ¥ s 0 q}s ¥ R 14
192 AGG GAA GTT GG CPC AGC GOG CTG CTC €CC TTA GAC GCC CCG CCG ATT 239
1 R E VvV A L 5 A L L P L b A P P 1 0
240 CCC GAT CAA CCT GAG AMG GAG GTC AMG CCT CTC AAG ACG TTA TAT CTG 2B7
33 P O §© P E X E v ¥ p L kK T L ¥ L 46
288 TTG CAC GGG TAT TCC GGC AAT CAT ACG GAT TGG CTT CAC TTC TCC CGA 335
437 &L K ¢ ¥ & &6 W H T D =W L H ¥® 5 R 62
136 ATT CGC GAA PTG TCC GAT AAMA TAC AAT ATC GCT GTA TTT ATG CCT TCG 383
61 I R E L S ©o X ¥ N I A VvV F H P 5§ 78
184 GGA GAA AAT CAT TYC TAC CTT GAC GAT GAC GAT AAG GGG CAG CTA TAC 431
79 ¢ E W H F§ ¥ L D b E D K & Q@ L ¥ 94
4312 GGG GAG TTC COTG GGA AGG GAA TTG ATT CAT TTC ACA CGC TCG ATe TTC 479
%8 & ® F I © ®R & L I ® F T R 5 K F 110
480 CCG CTA TCC GCA AAT CGC AAG GAT ACA TTC ATC GGT GCA CIT TCG ATG 527
111 P L S A N R KX D T P I €€ ¢ L S5 M 126
528 GGC GGG TAT GGA GCG ATT CGC AAC GUT CTG AAG TAT GOC GAC CAG TTT 575
2 s, Y s A R X G L K ¥ A D Q ¥ 142
576 GGT CGA ATC ATC GCT CTC TOT TCA GUE OTC AT CCT TAC ACC ATT GO 6323
143 ¢ R @ I A L S & A L I P Y T I a 158
624 GGG TTG CCC CCG GGC TAT CAG GAC GCG ATT GOC GAC TAC AAT TAC TAC 6§71
139 &6 L P P € ¥ & D A I A DB Y N Y ¥ 174
672 AAG CGT GTT TTC GGG GAC TIGC AAT CAG OTT CIM GOC AGT GAC AAG GAT 719
7 X R ¥V F ¢ P L N @ L L 6 S D X D 190
720 CCG GAA GCA CTG GTC CGA CAG TTG AAG GAS CAG GGC GCG CCOG ATT CCA 767
181 ¢ €& A L ¥V R Q@ L K E Q@ 6 A P I P 206
768 GGG ATT TAC ATG GCA TGC GGT GAC GAG GAT TTT TTG CTT GAT GTT AAC 815
207 ¢ I Y K A ¢ & D E D F L L D V¥ N 222
B16 CGG OGG TTC CAT GAT TAT TTA ACC CAA GAG GAT ATC CCT UAT CAG TAT a1
223 R R P H O Y L. T @ E D I ¥ H Q@ ¥ 238
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B64 AAGC CAA AGC GCA GGG ACC CAT GAC TGGC AAT TTC TGG AAT GAG CAT ATC 211
239 K E 8 A G T ] b w N F L N E H I 254
912 GGC CCG GCC ATA GCA TGG GCT GTC ATG GAT CTC GAT TCG GTC AAC TGA 959
255 G P A I A W A v N D L D 3 v N * 270

60 AT GPe P TGC COT CAT CTG OCC CTC AAS AGC AGA GAS CAG GG CCC 1047

1008 AT OGC CGE TTG SOT CCC GCT TCG GGG GOC TCC TCA TTC GAA CCA 'TCG 1055
10%6  PUC AGA TAA AGG AAG AGG ATA CTT GAT CAA ALT CGLG AGG ATT ATY TAC 1103
1104 TAG AAA AAG CAT CGT TF CAG GTT TIT OGT ACC OTT CAC AAT CAT C1I7? 1151

1152 GGT CAT CTT GI'T TAC GOT ATT ATT GCT CAG CAA CAT TTA TTC CTT GGA 1199

1200 TGT GGT TCG GAC CCA ATC GOT CAG CAA TTC GOG TAA TAC GOT CAG AAT P247
1248 CTA CGT GGA GAA CAT ACA CAG GCA AGC TGA ATC TAT ATG CAA AGG ATC 1295
12398 TTA TCG AGL TGT TCC AGA ACC AGG TGG ATG CGG CGA CAC AAT ATG AGC 1341

1344 GAC TAA ACG GGA GCG ATC GCT ATC TCA AMG AMA TTG CGCT TTG CTG GAT 1391
1392 GCC CTG AMAG GCT AMA GTG TCG AAT AAT GAC TCC AGC GAC GGG GTC TTT 1439
L4400 ATC AAM TTG CCC TGG AGA AGG AGC GAC GCT GGT TCA GTT CGG AAA TC iqez

1488 AAC CUG ATC CGA GGA TAA GOT GGG GUT GAT AGA CTT TCT GAA GAA GCA 13335

15836 ©CGA TTT COC ACT CTh TTO TAA CTCG ACC CCC TGA TGA ATC CAC GGA TTA 1583
15B4 TGA ALT TCA GGG TGC GCA TTA TTT GTT TCC ATA CAT CAL CTA TEM GAA 1811
1632 GGC TAG CIT TGS CAC GTT OGT CAA AGC TGA TTC CTT GCT TGC CGT TGO 1679
1680 CAG CGGC GAA AGG ACA AGA GOT QGG ACC AAC COT CCT AAG CTC TCG GGA 1727
1728 AGC CGG TAT TCT TGC TTC GAC CGA TGG GAC CCT GTT AGC AGU CoC ATC 1375
1776 G&TC TOCT GTC GGA TTT GAA AGA TCG GTLC CAA CAMA GMAG CTA TCT GTT CAT 1823
1824 TTC TGA ACC GAT CGC TGA ATT TGG CGA AAT CAC CCA CAT GAT GGC CAA 1871
1872 GCA TAG TAT TTT CIC AGG ACT CAA GOCT AAT TCA ATG GCT TAT TAT CTC 1319
1928 COM GGC TCT GAT TTC GAT GGT GGC GAT TeC CUT GAT SCT CAN GCT T 1968

Fig. 2. Nucleotide sequence and deduced amino acid sequence of the 1965 bp insert in pT7T3 19u-EST1.

Putative promoter sequence (-35 region, -10 region), Shine-Dalgamo (SD) sequence, N-terminal sequence (1), and catalytic residues (2)
are underlined. The translational termination codon is indicated by asterisk (*).
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SD sequence®} initiation codon AF¢]<] 7??4 o
o] 2 w 2 mRNA+ vi$ &-84<l translation
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sequenced] &8 &aldk 4 9o}

TCCAAT®] ¢37] H2-& 7}%] Pribnow box® -5+
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sequencest 671 F 47fe] <dr|rt A= du
(Table 2 #2).

&+ po-
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estl F32ke] Gy Mod B ofd G+C T
51%, 12} 3 codon®] ¥ A & wobble position®] G+
C ¥ZE 60.20% 9=t

aluld o 2 A|F A2 G+C &3k 53] wobble po-
sition®] G+C X332 11 A2 #HA A5 2=t ¥
g A FAZE e e AR Qlek(14). o]}
Al sted 22 (moderate thermophile) °og BREHIA
Sl B. stearothermophilus 072 estl wAHA] G+C
-egraél: 3 Al Table 33 71»0] Alz] A8 :r-;z% L. ole] Al
I A A F3E = 2 X5 U

Codon usage
oo estl FAA} Halel glolA] 2+ codon®) o]-&- w)
S5 E coli 45%-(21)¢F vl sl ¥kt Table 48} 3ol
61.2%% AF=%! wobble positon®] H]Eﬂfﬂ == G+C &

E88 codond) AHA 771 G
& Ko ot

A_L-]__-_g_g]__}'—_r_ o) ‘5"—2]

—1 ‘L_ (zﬁ] COdOHE

Gene Nucleotide sequence References
B. subtilis o-amylase AAAUGAAGGGAGAGG 9
B. subtilis 3-lactamase AACGGAGGGAGACG 9
B. stearothermophilus xylA GAACAGGAGGTAATC 10
B. stearothermophilus xynA TCTGAGGAGGAACAT 11
B. stearothermophilus estl AAAGGAGGAACCG in this study
E. c¢oli consensus CTACTGGAGGAAT 9
B. subtilis consensus AGAAAGGAGGTGATC 9
E. colil6S 1RNA 3-GAUGACCUCCUUA-Y 9
B. subtilis 16S TRNA 3-UCUUUCCUCCACUAG-S 9
Table 2. Promoter sequences in Bacillus sp
Gene -35 Region -10 Region Spacer length References
B. subtilis 67, consensus TTGACA TATAAT 17-19 9
B. subtilis pen TTGCAT AATACT 17 9
B. subtilis veg TTGACA TACAAT 17 9
B. subtilis tms TTGAAA TATATT 17 9
B. stearothermophilus npr'T TTTTCC TATTTT 18 13
B. stearothermophilus xylA TIGTTA CATAAT 13 10
B. stearothermophilus xynA TTGACC AAGAAT 19 11
B. stearcthermophtus estl TTGAAT TCCAAT 17 in this study
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Table 3. Comparison of G+C content of the B. stearoth-

Table 4. Comparison of codon usage frequency
ermophilus estl gene with those of other genes of ther- e e e e

. A CODON # % AGE CODON # T AGE
mophile and mesophile . .
TTT-Phe 4 15% (13%) TAT-Tyr 7 2.6% (1.0%)
| g P O+Cat oo TTC-Phe 10 3.7% (22%) TAC-Tyr 8 3.0% (1.5%)
Strains Gene GaC the third base erence TTA-Leu 4 15% (0.7%) TAA-*** 0 0.0%
of codon TTG-Leu 7 2.6% (0.9%) TAG-*** 0 0.0%
Extreme Isopropylmalate CTT-Leu 6 22% (0.8%) CAT-His 7 2.6% (0.7%)
thermophile ~ dehydrogenase 79 89 14 CTC-Leu 6 22% (0.8%) CAC-His 2 0.7% (1.2%)
I. thermophilus CTA-Leu 2 0.7% (02%) CAA-GIn 4 1.5% (1.0%)
Moderate Xylanse (xynA) 53 64 11 CTG-Leu 5 19% (6.8%) CAG-Gln 8 3.0% (3.2%)
thermophile  B-xylosidase (xy/A) 56 63 10 ATT-le 9 3.3% (22%) AAT-Asn 8 3.0% (1.0%)
B. stearother- Acetylxylan esterase 51 60 in this ATC-Ile 7 2.6% (3.7%) AAC-Asn 3 1.1% (2.8%)
mophilus (estl) study ATA-Ile 1 0.4% (0.2%) AAA-Lys 1 0.4% (4.1%)
Neutral protease 58 72 13 ATG-Met 8 3.0% (2.8%) AAG-Lys 10 3.7% (1.3%)
c-amylase 50 57 15 GTT-Val 3 1.1% (29%) GAT-Asp 13 4.8% (2.5%)
Tyrosyl-tRNA 54 70 16 GTC-Val 4 15% (1.2%) GAC-Asp 9 3.3% (3.0%)
synthetase GTA-Val 1 0.4% (1.8%) GAA-Glu 6 22% (4.9%)
Mesophile Neutral protease 44 42 17 GTG-val 0 00% (22%) GAG-Glu 8 3.0% (1.8%)
B. subtilis Subtilisin 46 41 18 TCT-Ser 1 04% (1.3%) TGT-Cys 0 0.0% (0.4%)
TCC-Ser 4 15% (2.0%) TGC-Cys | 0.4% (0.5%)
B. amylolique- Neutral protease 46 44 19 TCA-Ser 1 0.4% (0.4%) TGA-*** 1 0.4%
faciens Alkaline protease 49 46 19 TCG-Ser 6 22% (0.6%) TGG-Trp 4 1.5% (0.7%)
Average of 64 E. 53 55 20 CCT-Pro 5 19% (05%) CGT-Arg 1 04% (3.1%)
coli_genes CCC-Pro 2 0.7% (03%) CGC-Arg 2 (7% (2.0%)
CCA-Pro 1 04% (0.7%) CGA-Arg 3 1.1% (0.2%)
CCG-Pro 8 3.0% (25%) CGG-Arg 4 1.5% (0.2%)
22y}, CTG leu codone E. colioll A2 ¥+ o] & Hl ig{g%" g ??z" giz}; :ggzer 2 ?'?Z;’ E?i?;g
. - . = = -Thr 1% (2.4% -Ser 1% (1.4%
£ Holx glew GTG val codon®] A% estlell A= ACG-Thr 2 0.7% (0.8%) AGG-Arg 2 0.7% (0.1%)
03]8] o)95 T x| v vk E coliol = 2.2%2]  GCT-Ala 4 15% (26%) GGT-Gly 3 1.1% (3.8%)
Sl8 uEE 1 elie s ol Mo T ololr GCC-Ala 5 1.9% (22%) GGC-Gly 7 2.6% (3.1%)
18 R=g wolsz Fa] Al #sl A= st GCA-Ala 5 19% (23%) GGA-Gly 4 15% (0.4%)
GCG-Alla 6 22% (3.2%) GGG-Gly 8 3.0% (0.6%)

Estl acetylxylan esterase?| catalytic site2} 2X} /L&
o| &4

A7 = iy vk esterase®t lipase
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The number in parenthesis represents the codon usage frequency
of £. coli (21). Three asterisks represent franslation termination

codon.
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28 FEXEH &

BE 70 &0 Q90 100
E5TL . AMI 51 SGNATDWLHF SRIRELSDKY NIAVFMPSGE NHFYLDDPFDK GOLYGEFLGR 100
CDCX¥YHAR . AMT 51 ArAYMASSO0 A aVeFdlRe SUARKALAANN kShtedddBh PEYPAL&VWH 104
PSEESTS . AMI 51 GECIFFIAGT ASDKSMW*SL RQELSCKYRT VAYDNR*SGE STICDQPYTH log
BACPBH7 . AMY 31 LLL*GFTGNS ADV*M*GRFL ESKGYTCHAP IYKGHGVPFE ELVHTCEDDW loaq
PPEYRD . AMI 531 RPPACTYTID »EWSTGFTAN ITLENDTGAA THNWHYNWQY SSHRMTSGWH 100
110 120 130 140 130

EST1.AMI 101 ELIHFTRSMF PLSANRKDTFP IGGLSMGGYG AIRNGLKYAD QFGRIIALSS 154
CDCXYNAD, AMI 1401 »TxEwsddie S TPOKIENSE RaRdAhtdds L adeeasNE HAVGHSARAR 180
PSEESTS . AMI 10l LOLAKDALSY MDAEGLQKAH *V+H+L+#MI *QELAILAP* RVSTLSLUNT 150
BACPRHT . AMI 101 WQOVMNGYE#® LENHGYEKTA VA+#aL##VF SLEKLAYTVE] EGIVTHOAPH 150

FPXYND . AMY 101 ANFSGSNPYN ATNMSWNGSI AP#Q*ISFGL QGEKHGST#*E RPTVICHACH 156
1460 170 1840 180 2490
ESTl.AMI 151 ALIPYTIAGL PPGYQDAIAD YNYYKRVFGD LNOLLGSDKD PEALYRQLKE 040

CDCXYMAB , AKI 15) *kRIHK*ke] SEDARNAY®S SaswRawsns ++ShThvawd TNesaTKer0 200
PEEESTS . AMI 151 *SRIDNYMRS VIELARDWSK TITDQ4IINR SLYF*ALGSK ALGSOHIPNQY 200
BACPBH7 . AMI 131 YIKSEETMYE GVLEYARERYK KREGASEEQT EQEMEKFEQT *MKTLRA&O* 200

FFXYND.AMI 131 SATTSSVASS SETPTTSSSS ASSVASALLL QEAQAAFCRV DGTIDNNHTG 200
210 220 230 240 250

ESTL . AMI 201 QGAPIPGIYM ACGDEDPLLD VNRRFHDYLT QEDIPHQYKE SAGTHDWNFW 2%

COCXYNAE . AMI 201 EKGE#*Kadx w*2RDa*aVQ Ex*DEFNF*K NEGF¥DVYRE® DE*Grase« 250

FSEESTS _AMT 201 VDFABGEQSQ PREALIRQWE IDLTVETTDR LSLANAKTHY IWASE+*XIVT 250

BACPEHT . AMI 201 TLI*DVRDHLD LIYAPT*VVYQ ARHDEMINFD SAN*IYNEI* +PVKQIKWYE 250

PEXYHD . AMT 203 TIGSGFANTH HAQGAAVVHA IDATSSGRR* LTIRYANGGT ANRNGSLVIN 250

Fig. 3. Amino acid sequence alignment of the B. stearoth-
ermophilus acetylxylan esterase and other bacterial est-
erases.

*denotes identical amino acids, ESTLAMI; acetylxylan esterase
[ from B. stearothermophilus, CDCXYNAB.AMI; acetyl est-
erase from C. saccharolyticum, PSEESTS5.AMI; esterase V from
Pseudomonas sp. KWI1-56, BACPBH7.AMI; esterase from B.
stearothermophilus TFO12550, FXYND.AMI; esterase D from P,

fluorescens subsp. cellulosa
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Fig. 4. Hydropathy plot of the Estl.

The abscissa of the panel shows amino acid number. The or-
dinate shows the average hydrophobicity (positive ordinate) or
hydrophilicity (negative ordinate) of amino acid residues.

Zde] BAlol gl Zle2 A 4 9l Al

HH, £ AFAHAA Fel, 29’ B stearoth-
eymophiluse] = t}E acetylxylan esterase A4k A}
A estlIe} 735 estl 42} wlilF- A BAE 7R |2
e BAaE ARl QleH(6), HA F7|ME HA o]
2] odot B est] FAAM} 1A YG Bl 24 31
3 3t ot w9 o] gl FAIE 77k Al el A
-2 2lpgt cq]}ﬂ G]C}-

2 o

7423 xylan 8 E2] 5’ Bacillus stearoth-
ermophilusS] acetylxylan esterase 3 AH est])2] 7]
Mdg AA 23} estl RS 810 bpY] 27070
2] o}u]| ARS- x| A|E}= ORFE FA=E] glod ATG
initiation codon® 9 bp AZF<l SD-sequenceZ F3 =
+= AGGAGG, 18] 53 bp U] $ &= promoterZ
Azl 47 Mde SAF FdT8 4 deh 4 -10
element{TCCAAT)%} -35 element(TTGAAT)< Ba-

cillus subtilis promoter consensus sequence®} =

-f '6
n..mms"r'
30 20
P A ST ST
‘? 5?
TGO AAAAARS
60
'Ej:;w
&9
|
S0 100 P10
] ZI?
A
i E’?
4‘ 140
lﬁ? i‘?
e A AP BT ETEAAAAARS
l79
At
(89
U CEBTHES
1& 106 190
229
HELIX ... d
SHEET —..
?‘? 23? ey ‘—] &I
230 2eq coNt, =
i ¥+ 1 X YT T E Lo T T 1T T R

Fig. 5. Putative secondary structure of the Estl predicted by
using PROSIS program This analysis was originally de-
veloped by Chou and Fasman.
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