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DnaB Split Intein & FiAE AR K& H A5 B FFIEEM 2

B TRL BEL

I EERIMTE R, dbat 100037
2 REB BB, dbat 100101

#8 E: v pET28a AA fiAs, #13& % &4 DnaB split intein #) TR 42, H /AL pVmut £ 9% 2 Intc-dnaB-N-Inty i
AT E pET28a, #F3| & X84k pEV, £ T7 &3 -F 6946 A T 7T 4244 DnaB split intein K &4 3X; /& split intein A~F
T R A4 DnaB-N #9342 K, A mIFL 49 DnaB-N & & . ¥4 m 4 LA TG A 5 Ak4g KA 115 bp 69k EAEAR
4 pEV DnaB-N 12 &, # L KMATH B I1F5 —ANRAEH 6 Ik (5 5 MEMRATF | A Cys)# 844 10° M kw k&
K AR pEV-IS . FAALPLIR 20 AN LFE, WA EBA 345 E 4 M ARG A T RRE &9 IRA 71 SRERE F 9 A i 47 & ik,
HREPTFARENGRESED, 0% RS E A 16°C KA 20h B L AKRA 4. HE 30°C KX 3heaebEa A
His A2 #1474k, @it MALDI-TOF i i4am %] 7 B 693K 45T 2.

X #8177 : split Ssp DnaB mini-intein, 3RAKZE, A &K 4

Construction and Evaluation of DnaB Split Intein High
Expression Vector and a Six Amino Acids Cyclic Peptide
Library
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Abstract: A library with potential to produce six amino acids cyclic peptides was prepared using pET-28a as the starting plasmid.
pVmut was used to amplify the Intc-dnaB-N-Inty fragment that was inserted into pET28a to give pEV. On pEV, DnaB split intein was
expressed under the strong T7 promoter. Analyses of Escherichia coli transformed with pEV showed that DnaB split intein was
produced in large quantity and the fusion protein self-spliced efficiently to produce cyclized DnaB-N. A synthesized 115 bp fragment
mixture encoding 5 random amino acids was inserted into pEV to generate pEV-IS. The ligation mixture was transformed into E. coli.
A library of 10° clones was obtained, 20 randomly picked clones were sequenced. All of them contain different sequences. Nine
clones were chosen for further analysis. Split-intein-ISs were expressed in large quantity, and 90% of them self-spliced under 16°C in
20 hours. After induction at 30°C for 3 hours, the expressed DnaB split intein was purified using His-column, and then a molecular
weight of target cyclic peptide was detected by MALDI-TOF-MS.
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PR — R e W Z kG X Ttk
Jik, ALY BRAT LABR &1 5> F ik e, AR S =21k
BEG IF AR RTEA YA BA 4 5t E H
it K f B U IR, BRBR LR v K HA
A FRTE PR AR S, RRBAE MR RIS TR 2
Tk o BRI, —SeA G PEIRIR, WS R R
ik, HEHR, CHRIEBOF iz T2
. BEASURP ., RS T —EEAZ .
H T, 382 A Y A 0 Rk B 4R A T IR AR O vk
B 2 B — TR A P AR O R 2 A
Z U RE AR R A2 PR AR, g — o o B R T AR T
B, XS IARA A SR SR AT N T, AT
AR T K ) 2 R Y A S AR, A3 BT R BRIR AR
HP Y, BAEE A 24 AWk A R RS ) o K
WP, AR, BEFE intein 9 R BRILA
oy S ALFE R BB, I intein (94 H 5T 5T 4%
SN AT BRI B R B B4k, A R IR A T
—ASHT AR

Intein BN 1, NFRNE A& F50A
TR, BB AR BT B B T B R e ) — B
TE G RO HE N Rl T TR AR 2R T 8, SR
F1F (Extein) XTI, Intein (94f5% 7515 5k 1
¥ G B 7 BT S A AE N RS, RIS 1 F YT
—RRRNAERER; ZIEATHEOAE intein /EAT
KA A IR BT 4 SO0, R EE L BB intein, JEF
R extein B4R AN DI BERE D), BT #
1 RN R A 1 A M IR BE DA AT A 4 B IR 7 1 =
5, IF H XIS A A R R R, L
W] DAFE RSN S R R A i b it AT . 53 intein B E
A HIRBTHAE R N s BT REI8. C v BT LA K
8] A4 U5 5 N Y (Homing  endonuclease) X3 3 #R4
F4 B, mini-intein & 2 J5 BN VA SLZ R N D)
H intein. AR T FH A split Ssp DnaB mini-
intein > H ¥ 4% Synechocystis sp. PCC6803, J&
Ssp DnaB intein N i Al C 3y 55 4238 (o7 B 1ij )5 4045
FIHY split intein, H3CHHIFE Ny o> 2R N & 0
X N/C w4 iy intein 7] DL 5T 4% [RIHESH A LR )
E A EIMERE .

1999 4, Scott % ANz iTHI#H SICLOPPS (in

Vivo split intein-mediated circular ligation of peptide

and proteins) J7E——RIKgnf H B9 5 191977 41 ik

A intein BN B BRI A0 g G Y 81 2 I8, FE SRS
EAE, @ intein 19 LI HERA T HWEAH
PR, 3 3 DOy R A BRI ZE T LA R 8
e 2R, e IR b S Y PE . Scott Z8 A
A Sk B W4 S, sp. PCC6803 i) DnaE 4324 Y
WM F (DnaE split intein) ¥ KHAFEH — A M2
it b B (DHFR) M1 8 JK A9 m§ & B 9 il +
pseudostellarin F #£17 T & B¥# 1k . Z J5 46 F) ] DnaE
split intein il % 7 ¥ JIkJE®], @57 T SICLOPPS #4#E
WK P BEJE Twai 28 AF RN T8 0k
H G Pyrococcus furiosus FY4» 2R P 11
split PI-Pful intein ¥ fb 1 4t 6A5OGE M, b5
TE— AR 132 R 58 e uy B B R s O
2001 4, Williams %6 AF|H split Ssp DnaB mini-
intein D) HLHG dnaB-N 2 (17 B EEM, HAT]
#:4mfi split Ssp DnaB mini-intein FY 741 5] A Jk:
pETMCSI, ZJ5¥ 4t dnaB-N 19 H B3] A% intein
B 2 AR Z BE R 5 A L B 3h T, 5815k
K pNW 1120, FHo 4l i) il G 28 I 7E 3y 20 B rp LR
A L P O R B R Y A B BT R ROR, A
ALK dnaB-N P4k R T 7E R T B b A 2 B K,
ARSCEG A AN I E AR I AETE R pNW 1120 |5
AT — AR B 7 A BsrGI (51 AR 55 10 5
Rifir 440 pVmut), it BsrGI 5 BstB 1 )4 i
dnaB-N (1) 5 Bo& i A3 3 BEAL g i 6 IR 2R 1 R
B, WIHARTS T R EAARPE pV-1S, (HiF— 5
WEH, H pV-IS KiknyEl & & F AR, 42k
1) S8 78 AT Bl AR K IRIME . o T i — D4R SR
split intein [ 215 7 5 B3R A0CE, FATE pvmut L1
gty i B Intc-dnaB-N-Inty 5CFE 25 T7 5 3h 1 HY i
#ipET28a |, i — Al ABENLSnfid i B #5427
Wikt 3k, R EORE 3 E R T RS
split intein (Y FRIXE 5 A IR BTH O ROR, R KE
INERRIK

1 #MHE7%®

1.1 Bk, RS

E. coli DH5a., E. coli BL21(DE3) (I § TRANS)
YER 1 W FEH R R, #5747 DnaB
mini-intein J3 41 B9 BB pNW 1120 Hy 38 ) [ 37 K
AL 2EWFFE BE B Nicholas E. Dixon Z(FZ2E M4 JFiki
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pET-28a MIARSIEG = R AF, pVmut ARSI H % R4k
FAEE

KIHFFEH LB 85k (MEHERY 5 g/L;
NaCl 10 g/L; JEEE 1/ 10 g/L) 37°C K557, Mk
KRG, BERE PN R G R LWk E
50 pg/mL,
1.2 pEV-IS §RIERAIHIME

PLBRE PV-mut AR, 38 1 2R A B AE = s
(PCR)Y #EH Y Intc-DnaB-N-Inty Jr B¢, BG4
# 1S-f(5'-TAGGATCCCATATGTCTCCGGAAATC-3';
BamH I)Fl 1S-r(5'-CGAAGCTTGCTGCAAGGCGAT
TA-3'; Hind I10), #4345 #9 F BeH BamH 11 Hind 111
AT BT AL B, 5 28 40 A0 R AL 5 7 pET28a %
Hz, RAGTRL pEV. KN T A Y &7 BE LN K 4
T 15 30 (R 79 25 3 43 H AN 2 RAZ AT B T 41 3R KA fif,
2 ZFEA43 5 M P1(5'-GCCGTGTACACAACTCT
(NNS)5TGCATCTCTGGTGATTCTCTGATCAGCCT
GGCGAGCACCGGTAAACG-3', BsrGl); P2(5'-GCCC
CGTTCGAAATCTTTTTCGTCCAGCAGATCTTTGA

TAGAAACACGTTTACCGGTGCTCGCCAGGCTGAT
CAGAGAA-3', BstB 1), HHaHAH 22 P1 5 P2 7

S HAMYER S, P1 A N KR 4 FhiEE(AL T, G B
O IEE—A, S F/R 2 FiIEL(G 3 O P iR
—A~o B KIEM SR 40 pLKZR, 2 u Taq
DNA EA4ME, P1 A P2 %% 1 pg, 94°C 5 min, 72°C #E
i1 h, ZJEMRI KN K 125 bp BIE5 AT BEHL/NK gt
J¥ 411 DNA F B2 1S, #4 7 Bt BsrGI #1 BstB 1 43 5]
HEATEYI, 3% Hz 28 2 40 6] i U Ak 3 SOk pEV .
1.3 EHHMEERMRIE

& H2 =) pEV-IS %4k E. coli DH5a, M1k
THBEPLPEIE 20 D ropE, SREUTORL, WP IRIE, 1E
B9 D TTREIREUT RS 2 E. coli BL21 (DE3), M-
M Bk 2R B Y5 R0 T 2 mL & 50 pg/L KA K LB
th, 37°C A RETE, & ODses=0.5~0.6, 7N
IPTG ZEAHE 100 pg/mL ¥ H K E T 16°C %
#3K 20 he
1.4 SDS-PAGE. Western blotting #&llgd & & H
B Tk K BDIE e B ¥ S AT

W B R A AR EFEE 15% SDS-PAGE i
HEEMIK. B 20 pL B O R  FIEWCS 4 pl B
Ff buffer 1A, 100°C 7K 10 min, 15 2 & FHE A
FAEE 15%F) SDS-PAGE ¢, £ikFHEEALR

Journals.im.ac.cn

SDS-PAGE 43, 5 Qe )5 47534, 5343 il
528 0.2 pm 1 0.4 pm PVDF (3R — IR 245 50,
E4T Western blotting £ . #:Hii4&—$i & His.Tag
PATEREHUA (A E TIANGEN 2 Al); Z 30 i 4
Pl FRIC LB R 1gG.
15 A His-tag & E&B M L4k

T 30°C 753 4 h 5 I8 R AT T T 1R 4
12000 r/min &5.0> 10 min J5 B E3E, Bl S RIEH M
A4 Split-intein-IS £ His + Bind J2HrE4lifk,
¥ Novagen #EULHH T T4k, #£H Wash buffer &
25, fEFEFANA 2 mL Buffer A (20 mmol/L Tris,
500 mmol/L NaCl, pH 6.6), & 20 h LIfEik
DnaB Ssp mini-intein [ F & 87 82 &0, VEME T A9
Buffer A #F47 ZiptipC18 [&h 4b 3, 2> J5 k1T
MALDI-TOF BTt . — 38 (MS) s, R 5ot
FH 2 7% 45 2 (Reflector positive mode), F1JFHAn#E
JRIRA 4 1 BAL TR 57 25 B m/z 904.468, m/z 1296.685,
m/z 1570.677, m/z 2093.087, m/z 2465.199 4T Nk
MU

2 %

2.1 7£ pET28a FHIETH Intc-DnaB-N-Inty £
E B & R H K

LI pVmut AR, §71 Intc-dnaB-N-Inty R,
S8 R Y07 5 BamH 11 Hind L4 3 7= W% 3 5
AR pET28a, 133 FTHL pEV, HEFEUE 1(a)iR,
¥ pEV £ 16°C iS55 20 h, @it 15%SDS-PAGE
R, ER 3 4 W18 3R 1L DnaB-N & (4 45717
B4 RN & AR 5 TR intein (9 Inty 3, HZ &5
Williams 2 1& R AH R, FRUIEG 8 E R L T =R0n
FRMBTRE, 5B pNW1120 A AL, Jo & 76 AH
7 W ZEA B W I R Ak 1 2 11 2507 R B 422 I BT
Inty ¥, FlGHEERIBEBRE 3), HIKIA T
B BURL pEV RESE AR R Rl-G A 1 3R8 1 RN Y 42 S iy
SR, A T R B A
22 SEMHABKRIIRBLENLE

PN A & A BN IR GRS 501 2 4535
oy AN Z2 BAZAT IR v BB K IE A, 15 3] KN
115 bp W& A RENL 5 IKGmid )75 E 4] DNA B
IS(FE 2). %5 Fr B 1S 4 BsrGI 1 BstB I fifi 1] kb ¥ 5 17
A pEV, HE|FRIKBMZE pEV-IS, HEEME 1 (b)
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fii7R, ¥ pEV-IS ¥AL KA 1A DHS5a, 1% 7 HA
10° SERE ML AL T, KA F R REALPRER 20
A SEREEATINY, S5ARBIgmALRENL S5 KA A
AR, P 5 AP H0 & A LRSS T TAG.

Intn Intn

danB-N - —
Hind 111 f] ori Inlc\% BI f1 ori
Intc Bsr Gl
Bam HI1 kan
PEV-IS
5955 bp

PEV
6303 bp
lac |
lac |
(a)

1 F|HRRIERHK pEV FA pEV-1S
Fig. 1 Restriciton maps of recombinant plasmids peV
and pEV-IS

TGTACACAACGINNNNNNNNNNNNNNNTGCATCTCTG
ACATGTGTTGAGANNNNNNNNNNNNNNNACGTAGAGAC
BsrGl Ser 5 random amino acids

GTGATTCTCTGATCAGCCTGGCGAGCACCGGTAAACGT
CACTAAGAGACTAGTCGGACCGCTCGTGGCCATTTGCA

GTTTCTATCAAAGATCTGCTGGACGAAAAAGATITCGAA
CAAAGATAGTTTCTAGACGACCTGCTTTTTCTAAAGCTT
() BstB1

115 bp
Primer

(b)

2 EHMEHED 5 BKAY DNA FFI(1S) () RIBBAN KK
B9 A 1R B AR P Ik E (b)
Fig. 2 DNA fragment encoding 5 random animo acids (1S)
(a) and electrophoresis analysis (b)

1: 115 bp fragment; 2: primers for the 115 bp fragment;
M: DNA marker

2.3 BRIEFAIEME
Williams ¢ A% pNW1120 H4745 DnaB £ [ 1
HATRIE, RXERRS

Split Ssp DnaB mini-intein

E AR TR N, DnaB-N & [ #4 &h k., =
A A pNW 1120 #EAT IR IRE A el fE vp, Al &
FRB R, AR TR BT s
EORB AR, BaGEAEENEE K
FFA-pET28a Fik R 4t, P IARL pEV 7E 16°C
PHSEIKL 20 h 5, #idk 15% SDS-PAGE ¥, 755
Williams  JIr #f 38 (% 41 [6] 437 & 00 %2 31 B 2 35 16 (1)
DnaB-N 25 [ 457 A BY U5 B Inty Sy, 22 B JB0RL
pEV il A EAKLE T A RiEMeTE:, EA
Split-intein-IS fli & & 1 K/NA 21.9 kD, 2 HAEA
ML R AE BT RN, 2o 6 M E IR EE Y
/NIR(Z9 0.6 kD~0.7 kD)MFA & R BY U1 25, IF
iz 3k, AT YR G A 4 Inty (12.1 kD)
Intc (9.2 kD) 2 43198 A, 15% SDS-PAGE % 44
W€ v AAE 12.1 kD o7 B AN 21 B S 9 2 11 271
Intc F507E 15% SDS-PAGE FIINLIMAZE], 3 K
pNW1120 ., pEV Fil pEV-IS filt & 5 11 #3k FIBT 4% 5 16
FIHL VKA

0 1 2
Ve
72— PR P a—
55 1 e et 4
43 — D —
34 — P ==
26 — ..
— pre

17

. .— Inty

- — DnaB-N

3 15% SDS-PAGE 43 # pNW1120. pEV #A pEV-IS
MEERRREFTERE
Fig. 3 15% SDS-PAGE analysis of the expression and
splicing of split ssp DnaB mini-inteins
0: E. coli BL21(DE3) with pNW1120 grown in LB at 30°C for 4 h;
1, 2: E. coli BL21(DE3) with pEV or pEV-IS grown in LB at 16°C
for 20 h

MOFEIN B9 20 A4~ 58 B TR e BURT FH B9 B 9 S Ta ke,
PRBUTREE AL E. coli BL21(DE3), Frig4s4k 1 rh#k
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T SMFHFER 6 ML mS/NK, ¥ 9 i
FETE 16°C S £ 20 h, SR EISEME Split-
intein-IS K4 T Kig &Kk, Hi 155k, 5~9 5%
BE 90%H & & 1 & A T BT N, KR A BTG
P Tnty 35550 43 300 MR F R 50%. & 4 Rk
B 9 MriEm R A BN S RN EAE
4

0 1 2 3 4 5 6 7 8
kD
72 — ex | = - :SA
55 — _— - L -
43— [ — -‘-—J
34— P — — o — -{
26 — d

-— - - _ W pre

17—

= - :..,.'—m—

Bl 4 15% SDS-PAGE 7 #f 9 SE B 7E 16°C FRi% 20 h B &t
EEAMBRIEMMERTENLNMEZE
Fig. 4 15%SDS-PAGE analysis of the expression and

splicing of DnaB inteins in 9 clones grown at 16 °C for 20 h
0~8: clone 1~9

A5 E (21,9 kD) ZEHENA 6 MMIELHY His
g, HARITEE AR Inte AY2 L A A X
A His bR&s. Bl 244 2 2k i | 3887 4 2 0
A5E4F, Western blotting #6500 AT D[] s A6 10 32 195
44155 Split-intein-IS (21.9 kD)F Intc(9.2 kD).,

502 6.7.8 5L 16°C EFREMAEA)G, 15
fL#& 0.45 pm PVDF JB |, & FFE MY Western
blotting &5 : WEITME R LIEE 75 M8 55
FER G B TR TR RN, T 045 um L&
JETE FH T 4> 7K T 20 kD MM, FrIE 2
Al B B 0 2 58 5 5 400, Inte 0405 54855,
PURAE 655 sl N LT AN BRI Inte, {RXF
. SDS-PAGE #55deifl, i AHEBRHRIFE & A= 55 )
VL AT RE
2.4 MALDI-TOF Ri& 54
fELlifbid B A B 4 7E His - Bind #F Bk
A BT Y RN, FE RO NI RR, R A R Y
Buffer A #17 MALDI-TOF JEREAM, 25 R ILK 6.

kD 0 1 2
?2 _.Z_ )
55 —

26 —

- —pre

£ M !
¥ - Inte

Bl 5 Western blotting 747 Split-intein-1S Bt & EH#I &
EMEBFERTEREBMRE
Fig. 5 Western blotting analysis of the expression of clones
6, 7 and 8 grown at 16°C for 20 h
0~2: clones 6~8

50 5 o
[ag]
~
o
-
-
40 4
o
a b
S = &
< 30 4 =1 o
z © 2 =
£ S =
2 w2
= ol = - &
= 20 1 of = & o
a FI Z_2lge o A® = o — o |8
L& . = o - 9 <
= 2138 ¢ 28 = g =g R
10 4 o o AR - | | el || I
i a wl |1E 2 | [ i P
~ = ~
ALY e ™
1 [l il \ I |
0 . .
599.0 680.2 761.4
Mass (m/z)

4700 Reflector Spec #1 MC[BP=730.2, 6531]

Bl 6 Ki&IRAK MALDI-TOF Rit[&
Fig. 6 MALDI-TOF mass spectra of cyclic peptide

Journals.im.ac.cn

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



1# #4155 : DnaB Split Intein 15 2275 M K JL AT 1) 21 K28 449 2

1929

PR BERRRTIN ) 3 5 FE R A 1/ N K 2R (1
51 Ser-Thr-Gly-Glu-Trp-Phe, 24—k 4> )5
HAY 10 707, KRR S 4> 0Ok 5 S5 80 1
ASFF, IR R 4> F Sk 708, MR H ]
DLEH, Fgtems) 14015 708 BB 1, K
H R /NRRR 275, (H i TSR AT, AR FIK
JR XA SR 2, B AR AHERR R S5 5 1
A fig.

ik

H M 1990 4E55—4> intein 944 BLLUK,
LRI T 300 ZFP intein, 7ET . EANE . HAZAE
YRR AR B R BLAY intein P, —2E
PEIRABFSE, F1 12 W0 T 58 (A i aifh i 41
—4E intein CHFF R AR5, W NEB 23 Al i)
FF & IMPACT-TWIN System!®, 3 Fifi 5 #8 2& 11 57
P2 T HAEE (0 TR A 2 R0 A I A5
W4T Synechocystis sp. PCC6803 545 4 Ff
intein, 4371>& DnaE. DnaB., DnaX il GyrB, H
DnaE Fil DnaB intein E IR AMF SR H, H bR,
FEL B M DnaE intein 5 %% F - BEALIF BE 2 1
BBk Wl Williams!' 4% % DnaB intein
W5 5INPT A, DnaB intein 4% AR J& 5 —Ff
il 2 PR RR R A A R T L

AR REAE S — PRI R G- KT pET28a
HRg EE— A B AL IR S K%, Gt SDS-PAGE il
Western blotting 2428l fil & 85 3Rk . AR BT

w4e

N T BRAFE L0 KR KRBT Y) R A B AES T
EAMEE Faifl, % 30°CTE S L 4 h, (HNK
SEHORE, G a A R AR R R AR, X
SECT EA R A U TRE L Al BT (1 DRI D B 2 A
FA TS ) TF-Be S 72 6 B B0 FRIME

AT k4T MALDI-TOF i 3 &
SLRERIBERL 5 K51 5 A RV 2 5 R Glu, ™A=
B /INER B % b fy A H fer, SRF S TR 45 5 A
HL G R rp sl ey, A A S A I AR . I
ZUFRERM A LE R B R T 14 708 B9 HAR> T,
WO NiOEZN 1/ e W (EN 22 B a1t 041 L SPU I ke SR
SRS LR 2 2%, A I 38 A9 15 5 A 2 R 06
X, FRARRIZE G b iy S0, Jr DAL &5 A 7 ik —
A RIE, U R R A 3F K 4> F i 4bF MALDI-
TOF 5T I 25 B AR R, 65 0 2% {2, 75 2 1 — 2B 488
Ko BTN TR A R XE, B AT K
AR, O] DA N 2k PR K AL A R R R A
DASE R o7k, R B 5 2o A Ok
FIRIE

FEFI I SICLOPPS #4) #— A~ 550 (1 #8211 3
TR, Bl E BRI R BRCR R RE N £,
M 6 FH R W FF 16 -pET28a ik R 48 fdifil & & 11 10 %
RS B — MR GO, S E— 25 B IR L R
TP 7 B B8 A T S
Bt RowAgFEHRFRMAEDARITE S =

HHFEAEREEZEORAEEALTHH, AR
TR Z AR RAE M S Ea RN 535S,

Fo i S5k BE % . SDS-PAGE 45 5 W /R 7E 5T U)K 3k
Inty(12.1 kD) & b7 o] AR £ 55 — 25 (0 3K 45015,
DT RS AE BT BTk R v, bl I DR,
Inty T 5 —MAFPEAES, HEHE
ek —A 5%
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