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Abstract: Xylanase B from thermophile bacteria Thermotoga maritima MSB8 has extreme-thermostability,
which has potential widely application for feed, papermanufacture, energy, food and medicine indus-
tries. Recombinant pET28a(+)-xynBs, was induced and expressed in E. coli BL21(DE3), and the activ-
ity of recombinant XynBg, was very low. E. coli BL21-CodonPlus(DE3)-RIPL and Rosetta(DE3) both
harbouring rare tRNAs were used to replace E. coli BL21(DE3) and the activity of recombinant XynBg,4
increased by 197% and 277%, respectively. However, some inclusion body was formed in E. coli
Rosetta(DE3). Next, pET32a(+), pET42a(+), pET43.1a(+) and pMAL-c2X, which has the Trx, GST,
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Nus and MBP fusion tag respectively were used to replace pET28a(+) with E. coli Rosetta(DE3) as
host. The activity of recombinant XynBg, produced by Rosetta(DE3)/pMAL-c2X-xynBs, was highest,
which was equivalent to 88% of counterparts of Rosetta(DE3)/pET28a-xynBs,. Meanwhile about 40

percent whole cell proteins of former were recombinant XynBg4 with little inclusion body.

Keywords: Thermostable xylanase, Rare codon, Fusion tag, Translation initiation region (TIR)

A BB (Endo-1, 4-p-D-xylanase, EC 3.2.1.8)
S AT YR R ST AR R 1Y F O SR R R 2 —,
JZAFAE T AR E Y T, ZEmE Tk 4R Tk
RE VR Tl A K B i I 24 850388k %) 07 FHAN (B, FE BRI
E gz e AU 5T Y T A AR
Thermotoga maritima MSB8 KM B H A K55 1Y
Y EWFEMD . Rl pH 35 6.6-6.8 ELii 32 i 4%
B . Bk iR 90 °C HAARRE AR | K A B
AR O A VAR R, W Tk AR R
B H AR WRT L Ae B 4R, TR 3 R s R A
T SO R 2R R BEIIE AE, Toll A iAS K

AR BRI Z 0 2 R AN A
S PERT B R w2 . BT SIERD . RikTE
F(EBWIFENE . mRNA FEHE) . Rk Ak
(B AR¥E DL, JHsh 75 . SD J¥%1. SD J¥¥l3|
RGBT BE R . BHIFEAL 45 [X (Translation initia-
tion region, TIR) “HZ5H | HesgZ k&% . Rik
VAN A=A LR R A DIV S 078 U
33X 28 PR 22 o 2L ) 52 ) 22 Gk K P, TR A I A 43
Motk . B gE & B 22K LB S 5 K 78 C gl
4 CBM2b!!, ] BL21(DE3)/pET28a(+)* | BL21-
CodonPlus (DE3)-RIL/pET20b(+)""!, JM109/pHsh!'"
Tk xynB; RALKE RS A0, WA 2R
Fik xynBs M, CHUS—E R, HiAE —L
PRI 28 AR B A A7 e — L)

HIRIESE TR A (RNA FEF AN FTRIZE . N il
GAREXT xynBgsy FIBEWF W, WHie T H A HE
mRNA [ TIR fe/MVE 8 H HHAE S 55 5 Z [ C &,
Ul A A 77 2 Bl B L3 JE Al

1 MBET%

1.1 #7#l
1.1.1 FRAREK: W 1,

x1 HRS R

Table 1 Bacterial strains and plasmids
AR 5 PR FHiE R
Bacterial strains and plasmids Purpose Source
E. coli BL21(DE3) & AR NS
pET28a(+)-xynBs, 4 & 5 20 B R AL %
E. coli IM109 SRS Promega
: AP FEATIHA tRNAKE
E. coli 55 il Stratagene
BL21-CodonPlus(DE3)-RIPL  *(argU, ileY, proL, &
leuW’)
HhFEOF A t(RNAKE
E. coli Rosetta(DE3) [ (argU, argW, ileX, Novagen
glyT, proL, leuW)
pET32a(+) PP Trxbr 45 Novagen
pET42a(+) PGS THR % Novagen
pET43.1a(+) PEAENushR 4 Novagen
PMAL-c2X HAEMBPERZE NEB

112 FZRXF: BREIENYIEE Nco 1. Hind 11,
BamH 1, PrimeSTAR HS DNA Polymerase (7 dNTPs

Mixture), DL2000 DNA Marker, A-Hind III digest
DNA Marker, Protein Molecular Weight Marker

(Low)ly {44 TRABR 2> ®l; BU-T4 DNA Li-
gase, BU-Tag DNA Polymerase. Biomiga EZgene
Plasmid Miniprep Kit, Biomiga EZgene Gel Extrac-
tion/Cycle Pure Kit, BEfgHEI A rg ot KA EW R
AR, AR EERWA Amresco 23 H); BilE R
AR . WER . HEARRRE 7N IE-B-D-mi L
FLMEH (IPTG)IA A Sigma 23 w5 T7 @5 HI A %
519)(# 2)H Invitrogen 2 7l & ho

1.2 7%

1.2.1 xynBy EF CDS (Coding sequence)% /& Ml
B S IR E: ¥ BL21(DE3)/pET28a(+)-xynByy
M BEUR AU AR, PRSI IERD T U LB Higf
e, I REFE, BU1 mL 3% Invitrogen 23 &/ 0, I
25 Geneious 4.8.2 JAF XT3 #7 o
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Table 2 Primers
5194 B 519751 (5'—>3") K
Primer Name Primer Sequence (5'—3") Size (bp)
T7 promoter primer TAATACGACTCACTATAGGG 20
T7 terminator primer ~ TGCTAGTTATTGCTCAGCGG 20
Forward primer CGCGGATCCATGGAAATATTACCTTCTGTGTTGATCCTT | RIZk4b Ny BamH 1 i & 39
Reverse primer CCCAAGCTTATTTTCTTTCTTCTATCTTTTTCTCCAGCACC FXIZAb Ay Hind T 15 41

1.22 HEBEZWETFHHMH: FIAH http:/nihserver.mbi.
ucla.edu/RACC/HEZR IR 55 ¥ xynBs, K CDS #47
38T .

1.2.3 #5941 Geneious 4.8.2 HHIFINIFLE
R, AELMEREE M. N PDB Ul A T 4%
1VBR (KEHEEE 5 A W S W45 M) 1VBU
(R BB 25 ) e, S A Geneious 4.8.2 i,
EH YL ) e

1.2.4 xynBy, B E CDS B93%15: FIH T7 L H %5
Y, LA pET28a(+)-xynBs, NEAMIELST PCR 71,
PCR RN{RZR 50 puL, BAMiK PrimeSTAR HS
DNA Polymerase, JZ W5 : 98 °C 5 min; 98 °C 10 s,
55°C 15,72 °C 130 s, 30 MEFR; 72 °C 10 min, Ff
Nco 1 Ml Hind TII. BamH 1 Fl Hind 15355} 464k
JE ) PCR =it Wi U), 28 1%3 B A6 e i Ik
A6 3 DA e [l 2 Ak o

125 BHEREBHEOWESEZE: H Neo 1.
Hind TIXEH) pET32a(+) M1 pET42a(+); BamH 1 |
Hind T EFY] pET43.1a(+)F pMAL-c2X, 2 Ji5 [l
afifb ARG, FIRIFEXUBEYI R B i BOE#E, ik
IM109, WA FARM BT, H T7 K& A#&519iE
T #% PCR, PCR RN K R 50 pL, RAHGH
BU-Tag DNA Polymerase, JZ W F2/¥7: 95 °C 10 min;
94°C 305, 55°C30s, 72 °C 130 s, 30 MEH; 72 °C
10 min, B PKREI, 75 3] 3008 S5y B A 3% 8207 ) IE B
ROPRETERE, $2FkL, 4 Neo 1 Ml Hind 1L .BamH 1
FI Hind TR V) 2 7€ J5 2% Invitrogen )7 o

1.2.6 FHEFHIFSRIE: K EAFHK pET28a(+)-
xynBs; ¥ 1k BL21-CodonPlus(DE3)-RIPL Al
Rosetta(DE3); pET32a(+)-xynBs,. pET42a(+)-xynBg,

http://journals.im.ac.cn/wswxtbcn

pET43.1a(+)-xynBs; M pMAL-c2X-xynBs, %% b
Rosetta(DE3), 7% PCR %@ LT, #Fh,
B AP AR, BRBCRA TR A S AN B A R
) LB 85353, 37 °C. 180 r/min IR IR, #%
1% P it B A S AR P AE Y LB iR 36, 37 °C.
180 r/min §R % 5537 2 ODeoo 3% 0.8 e 47, ML M
4 1 mmol/L B9 IPTG, 4k£:H55% 8 h, ¥ UK L 5 min,
1.2.7 ABBEBEBENE: 7 mL XEER
10 000 r/min B0 1IE, WM 7 mL BEER Sz vf il
(PBS 1/15 mol/L pH 6.6) T &k, VK4 1F T FHAH
YN EAL L 400 W, K 10 min, #75 10's, [6]
B 10 s BERESS 13 000 r/min 250 B b7 B AR B
R BT U AT HUR L 50 uL BV AN PBS ECHlAY 5 g/L
ARBHANW 0.95 mL T 70 °C /KM 20 min., 7K
KBHG, A 2 mL DNS 5], 28 10 min LLF
Ay A A HIFRREE 10 mL 5 L 540 nm 4B Y6k
(B, AW A o il 2 11050 B 1 o A= B AR 1Y
o D1 mL R RAE 25 11 o AR SRBERETS )
L Ry AR E S5, B 03 B oK il AR SR AR
1 umol AW i 75 A4 i it

1.2.8 ABEBREEMMNE: HAX: 0.2x
1 mL/ODgoo [EMIF T 5 I A, 10 000 r/min 5.0
WA, H 10 pL KEEJF 10 uL 2xloading
buffer, &k 5 min 5174418 SDS-PAGE, /75
JBE 1) JoT et T B 12%, W 4 B o VR BB 5%, 5 e
% R-250 Yefm, Bifh )5 F Bondscan 4.3 {5} Hi vk
I A TG BE 4 5317

1.2.9 EEKEIAEN: PBS PR 1.2.7 # A B RE T2
OJFRUITE, H 1 mL 8 mol/L JRZZF IRIAM 1 h,
13 000 r/min Z.LH FIE, SDS-PAGE £l
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1.2.10 TIR &/MNERKBEHBBEDH: FH RNAstructure
5.03 BT 4% ek ok H A9 3L mRNA 119 TIR B/
% B HBE(AG)EBEAT 4 HT T

2 GRE50H

2.1 xynBg,EE CDS K BT = 890 FF 2 47
HZR

D25 W, SR 3 9] R A A A 4 T i 2 O
AHE], BDEE 64 fikdthh A R G, FEEE 22 VH
LR Hy R A Tt i A8 Ry AR, i~ 1 I 3R ) ot
pH 6.6-6.8, fm T3 & 45515 ) fiei pH 5.4
5.8 (64 NLBRIEAGEAR); WM () DDA 25 43 A
Nco 1 Fl Hind III, WK N ¥k Neo 15, F
R 4 LI A AEh G, 5 2 (AR A R
RN
22 BATEBTONER

H  http://pir.uniprot.org/taxonomy/ £ ¥ AJ %I,
Thermotoga maritima MSB8 J& T 4l B S W AHI B ],
M Escherichia coli J& T HME B ZILH ], Ther-
motoga maritima MSB8 Jr 7= A i AR MG B 11 5L K]
M — BB 200 1 Xt Escherichia coli i 2 A %051,

Blngiss Arg 1) AGG. AGA. CGG. CGA; %ifi5
Gly i GGA; #ifid Ile ) AUA; %ifid Leu i) CUA; %
ih Pro 19 CCC,

xynBey FE P F 5 P A B 1 DL 1 R RIS
4y, J& CGG.CGA F1 CUA, MILBEHE T 2 Flih 7o
B %7 P M tRNA R OB i E O
BL21-CodonPlus(DE3)-RIPL Fil Rosetta(DE3)A 5%
Wi A7 B W X xyn B, H R 33K B2 .
23 ZHEIWER

ZEE R IR T I 4 R R AR I,
HAA 1AMLTH 14 AL(TERT 19 A 2 IR TR A L E
SRR, B SEPR = RSN 23 (R FERR T
R A R B R, ASHERR AE K AT B R
K, CEPE R RIS N R, RS S A
AR e, SRR ST IR AR HIE BTG
24 EHFRAHHWEREE

2 R P S L 2, oA R U BT 45 SR
BL3, Wy &5 R 3R W1 o M g T O 4l B R
pET32a(+)-xynBs,. pET42a(+)-xynBs,. pET43.1a(+)-
xynBgsy Fl pMAL-c2X-xynBgsyo

ATG GAA ATA TTA CCT TCT GTG TTG ATC CTT TTG TTG GGA TGT GTT CCA GTT TTC AGC TCT 60
CAG GAT GTA TCT CTG AGA GAA CTC GCA GAA AAG CTG AAC ATC TAT ATT GGT TTT GCC GCA 120
ATC AAC AAC TTT TGG TCT CTT TCC GAC GCA GAA AAG TAC ATG GAA GTT GCA AGA AGA GAA 180
TTC AAC ATC CTG ACC CCT GAG AAC CAG ATG AAG TGG GAT ACG ATT CAT CCA GAA AGA GAC 240
AGA TAC AAT TTC ACT CCC GCT GAA AAA CAC GTT GAG TTT GCA GAA GAA AAC GAC ATG ATC 300
GTG CAT GGA CAC ACT CTT GTC TGG CAC AAC CAG CTT CCT GGA TGG ATC ACT GGT AGA GAA 360
TGG ACA AAG GAA GAA CTT TTG AAC GTT CTT GAA GAC CAC ATA AAA ACG GTG GTG TCT CAT 420
TTC AAA GGT AGA GTG AAG ATC TGG GAT GTG GTG AAC GAA GCG GTG AGC GAT TCT GGA ACC 480
TAC AGG GAA AGC GTG TGG TAC AAG ACG ATC GGT CCT GAA TAC ATT GAA AAA GCG TTC AGA 540
TGG GCA AAA GAA GCC GAT CCA GAT GCG ATT CTC ATC TAC AAC GAC TAC AGC ATA GAA GAA 600
ATC AAC GCA AAA TCG AAC TTC GTC TAC AAC ATG ATA AAA GAG CTG AAA GAA AAG GGA GTA 660
CCT GTT GAT GGA ATA GGA TTT CAG ATG CAC ATA GAC TAC AGA GGG CTC AAT TAT GAC AGT 720
TTC AGA AGG AAT TTG GAG AGA TTT GCG AAA CTC GGT CTT CAA ATA TAC ATC ACA GAG ATG 780
GAT GTG AGA ATT CCT CTC AGT GGT TCG GAG GAG TAT TAT TTG AAA AAA CAG GCT GAA GTT 840
TGT GCG AAG ATC TTC GAT ATA TGC TTG GAC AAC CCT GCA GTT AAA GCG ATC CAG TTT TGG 900
GGA TTC ACA GAC AAA TAC TCC TGG GTT CCC GGC TTT TTC AAA GGG TAC GGG AAA GCG TTG 960
CTC TTC GAT GAG AAT TAC AAC CCC AAG CCT TGT TAT TAC GCG ATA AAA GAG GTG CTG GAG 1020
AAA AAG ATA GAA GAA AGA AAG CTT GCG GCC GCA CTC GAG CAC CAC CAC CAC CAC CAC TGA 1080
E1 ®EEBFIH
Fig. 1 Rare codons of xynBg,
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Hind 111 (174)

xynBy,
Trx-Tag

pET32a(+)-xynBy,

6901 bp

NcoI(1214)

Hind 111 (599)
xynBg,

pET43.1a(+)-xynB,,
8262 bp

Nus-Tag

Hind 11 (190)

7
xynBs, NeoT(1230)

pET42a(+)-xynBy,
6904 bp
GST-Tag

Hind TI1 (3 750)

2 EARAEE

3 EHERNREEY

Fig. 3 Identification of recombinant expression plasmids
1: 1: DL2 000™ DNA marker; 2: A-Hind III digest DNA marker;
3: pET32a(+)-xynBesy; 4: pET42a(+)-xynBss; 5: pET43.1a(+)-xynBey;
6: pMAL-c2X-xynBg,.

Note: 1: DL2 000™ DNA marker; 2: A-Hind IIl digest DNA
marker; 3:  pET32a(+)-xynBs; 4: pET42a(+)-xynBss; S:
pET43.1a(+)-xynBsy; 6: pMAL-c2X-xynBg,.

2.5 pET28a(+)-xynBs, TR FEITE £ HRYFRIE
pET28a(+)-xynBs, fE BL21(DE3) . BL2I-
CodonPlus(DE3)-RIPL ., Rosetta(DE3) 1) #3515
ULIK 4, BL21-CodonPlus(DE3)-RIPL #M5E T 4 i
A tRNA F:[H, Rosetta(DE3)#M5E T 6 FhfiA tRNA
FEPH, WIS 4904 BL21(DE3)E & T 197%F1 277%,

http://journals.im.ac.cn/wswxtbcn

Recombinant expression plasmids map
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El 4 pET28a(+)-xynBg, EAFITE EHRIRIE
Fig. 4 pET28a(+)-xynBs, express in different hosts

VLA 18 IR T xynBs BIFRIS, AN A
tRNA SERFEA BB S FERAZR, FEE TR
1Y S 56 TR RS ] Rosetta(DE3)HCH1E + .

2.6 AREFRIZFHIKA Rosetta(DE3)H AR IE
Rosetta(DE3)/pET28a(+)-xynBs, . Rosetta(DE3)/

pET32a(+)-xynBs,. Rosetta(DE3)/pET42a(+)-xynBg,-

© PERFRHEDTRAATIERSHEL  http://journals. im. ac. cn
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Rosetta(DE3)/pET43.1a(+)-xynBs, Fll Rosetta(DE3)/
PMAL-c2X-xynBgs, M Z 5 1E DL ULIE 5N il & br 45

BEE, oA R R BE A 52 e i 0, 50 el A /D Y
MBP tr%, WG TR T 12%.

7 -
—_ 6 i ]
fE I
é 51 _
2 47
2
8 3t
g
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o A A N

Q Q TS N

Expression plasmids

5 AREFRIEHIRTE Rosetta(DE3)H IR IE
Fig. 5 Recombinant expression plasmids express in
Rosetta (DE3)

2.7 ARERIEZFMATE Rosetta(DE3)FRIRIEE R
5 KB

Rosetta(DE3)/pET28a(+)-xynBs, . Rosetta(DE3)/
pET32a(+)-xynBs,. Rosetta(DE3)/pET42a(+)-xynBgy-
Rosetta(DE3)/pET43.1a(+)-xynBs, Fll Rosetta(DE3)/
PMAL-c2X-xynBs, 3251 WLIE 6, 43T A I
Kl 7, Trx, GST. MBP prZ&E#8AESE i H RIS H AV
ki, FRAERG MBP ARG, RS EREXRE 2
fa i) 40% 24 t, HAEAARIE AL

kD M 1 2 3 4 5 kD

97.2— —4:101.435
—5:83.761
66.4— —3:73.809
—2:59.196
443 —
—1:42.068

Bl 6 <=0k SDS-PAGE
Fig. 6 SDS-PAGE analysis of whole cell proteins

kD M 1 2 3 4 5 kD

972

66.4

443

29.0

&7 BE{k SDS-PAGE

Fig. 7 SDS-PAGE analysis of inclusion body

0 M: E AR T EFREAR); 1: Rosetta(DE3)/pET28a(+)-xynBss;
2: Rosetta(DE3)/pET32a(+)-xynBss; 3: Rosetta(DE3)/pET42a(+)-
xynBgss; 4. Rosetta(DE3)/pET43.1a(+)-xynBss; 5: Rosetta(DE3)/
PMAL-c2X-xynBg,.

Note: M: Protein molecular weight marker (Low); 1:
Rosetta(DE3)/pET28a(+)-xynBss;;  2:  Rosetta(DE3)/pET32a(+)-
xynBsys; 3: Rosetta(DE3)/pET42a(+)-xynBss; 4: Rosetta(DE3)/
pET43.1a(+)-xynBsy; 5: Rosetta(DE3)/pMAL-c2X-xynBsy.

2.8 TIR S/NER B HBETN 4 R
4% 9 % B pET28a(+)-xynBs . pET32a(+)-
xynBs, . pET42a(+)-xynBs, . pET43.la(+)-xynBs, Fll
PMAL-c2X-xynBsy HHJFHEH mRNA (1) B1FE b5 51
-34-+361" | —30—+701" | +1-+781"1F1—41-+36!"")
PLOFEHAAT T, B/ HHRBB(AG)TN L& 3, —
AR, mRNA 9 TIR 7 7E 5 E 1Y 945 1 %) i3
B, 2 HARE PR GR BN TIR A2 A
HAEZE/N), ARTF HME A RS ENERED A
K 6 wl A, Fik & ¥ & pMAL-c2X-xynBs>
pET32a(+)-xynBs>pET42a(+)-xynBs,>pET28a(+)-xyn
Bs>pET43.1a(+)-xynBs,, % Lk 4 5 CHF B A
JE S TIR fe/MERCH AR, TR IUF 58 4R o7,
HEH% 3 PN RILER S B, IR A

®3 TIRB/MNERBHRE
Table 3 The minimal formation free energy of TIR
(AG kcal/mol)

(AG kcal/mol)

Fikik

) —34-+36 —-30-+70 +1-+78 —41-+36
Expression vectors

pET28a(+)-xynBsy —11.5 -21.4 -16.3 —12.6
pET32a(+)-xynBsy -6.0 -10.3 -17.3 9.1
pET42a(+)-xynBsy -13.3 —13.8 —11.4 —-13.3
pET43.1a(+)-xynBs, -9.6 —15.3 -13.6 —-10.4
PMAL-c2X-xynBgsy =55 =153 -13.9 -10.9
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3 W
T A SR A5 T S 0 3 R R R IR TR T
10201, @ A AR B R A0, RAiE S & 0E, B E
o B R e R IR IR AT AN BEAR AR S 3 i
JF#35 Genbank | Thermotoga maritima MSBS FJA
RWEG B L P IHEAT T, RIE A ST
G3AR, SRR xynB FERBRAT A IRIE A 250, 5%
B ILES 64 MIRRIEH A N G, SEEE 22 VR
SRR AsnZEN Asp; HHT NUGR Neo T8, T
B 4 ik A SN G, 5 2 S EILRR A R
AR, C i X T RA Hind T 5 MRS
6xHis 17 A T CTTGCGGCCGCACTCGAGCAC
CACCACCACCACCACT(%> % %i 5 LeuAlaAlaAla
LeuGluHisHisHisHisHisHis), X £t 7% {5 i /Y 5%
& pH H 5.4-5.8 #2515 6.6-6.8; xynBs, H KIHFF B
i A R 5D B S F IR 10.34%, 43 0l 1E
BL21-CodonPlus(DE3)-RIPL Fil Rosetta(DE3)H ik,
SEILBEG A B R T 197 5 AN 2.77 £, W E R
B X FE T Rosetta(DE3)Z#h 78 T 2 Fifii A tRNA Sk
H: argW 1 glyT, VW0 T B AL 0t 1% 04 45 7o
HAEEEH.
SCERRIETSE A A EE N SE S Trx, GST.
Nus fl MBP #r%5)5, o LU4E = BSRGROR, B
GST AR AMAR AT LS S AT i M o FEARSZ 30, Trx A
ST DA R ARk M, RN R T AR A R
i, ATRERLS Trx FRESJSREM T GRS RI45H); Al
4 GST W& S5, W RESE R R Bl PRmi e LK i
AR, Nus bR48 ] BRSO KRR, THAE T 3 2 141
AetE, Wl AE L H AL mRNA A9 TIR A2 A% A i
REWASE L pET28a(+)-xynBs, KUK, M KL &
A5/ TR Prae, TS MBP B2 S5 132 5Mb 3K
5T AR m R IA KT, JETENE, 7ER
IR AT AR A R, TR A2 BN AR e, AT
REFRMAGIYZS M5 KR TNV T & RB K
H A2 mRNA 19 TIR S/ A HAE, & 3 A]
VRIS L B H AR TR S8R B R AR AR B,
7 SR 4f 18 15 5 A 3 4 e 3 A T 2
A, SR JE R ORI H B JE B mRNA 19 H & X TIR

http://journals.im.ac.cn/wswxtbcn

SN BCE AR, 19 R R B4R R A KT
FIZEIE, AN SCHY S 06 25 5 25 /0 AT DL 3 B 3 A A Ak
FETE 4 NSRRI A (1) TIR BEHUBR = M4 (2) 52
BRI, AR KZ, TEEAEmRTE; (3)
o i/ NE R B HBE S ULET ) mRNA 904544,
1M ELSE [ AR A A A —E FF & A 45 1
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