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HWE KM RAEARERNES, FBEGURIEE G, “Npu Dnak A4 Ak R ik R 4 X s
BOHRERA T ZARGEARRIERL TS BARKAR (%5 T7 RNA R 484
KB WL R A3, K JE 2 15 Npu Dnak R4k #g N sk, C sk 1 Bakd, At o A B 5 3 &
KA RN T AR GRS R O F R RSB T F AR S ed T7T RNA R&8, 2t b 34k
ALUTRATARAIIERNGEG, FREOREES,

LR KMEG AREG
HESKES Q819

AT BT H 2 — A RS LA R R T I R
R 2 N IR A AT SN REREAT B R BT,
DK B3 422 PR A I R R . A
T P9 2 TR RE DR TR R R oL st Kb BT 28R N s v B (TR
1) 1 C i BECTRIFR 1°) , 33 043 B AE IS A 5%
P ARSI P SRR T R T TR A B A TR
BRSO A S E AR RSB R
RAF A AEY > FC&GH T M, B EA
A R EIMET T R A A BT [ 3R
PRI TR0 DL R A B i DR AL R
BOSEN H AL C S T o
PRI P PR ST R i ATTHE 6. 3kb K Y dys
cDNA W2 PIHR 23, 73 5315 W 28 35 Ik N 3 1 C. g
Bt . X PR ELGS BE 30 vE RE R VVL ik
[l AR 3 P 2R S A mdx SRUAP G bR R
EEA BT A 2K Y Becker BUNLERE M, X
TRBIESE R 25 MER T8 HE 5 I Ol T BB

H i Ssp Dnak N & JikJe A5 )iz 1 W7 244 &
Ko T Twai 5% 4% i /) Nostoc punctiforme PCC73102
(Npu) Dnak & ik 5 Ssp Dnakl A 35 Jik g BE [ 95, {H
e B 159 :2009-09-09

# 9737 1R F-IREL (2007 CB914500 ) ¥ B H
s JHIHAVERE , BT {54 : jianhualiudl@ sjtu. edu. cn

J&%& & Npu Dnak W4-ik T7 RNA R4&-B

A B S BT e M . Npu Dnakl P35 KRR 2
A 55% ~90% Fe AL BT %71, I HAUA D R0 N
FC S G =00 L5 258, FAT Y A AT Npu
Dnakl P& JIOR G K 81

FATHF Npu Dnakl B & K5 K AT i 17 A
FIRRGME G MHE T —EMWIN TT RIERGE. %K
WERE T7 RNA SR BEAEARE (L AR Wi 2R N S Fll C iy
PIFRsY, SR 5 5391l 5 Npu Dnakl 35 iKY N 3 J B
(DnaEy ) Al C % i Bt (Dna ) AHEE G o 3% PR Rl 2
For 28, alifl, SR Ia (e ANE & o & il it Npu
Dnall A5 IR A9 S U0 127 A2 A T RERY T7 RNA 2R
.

1 #B57E

1.1 #

KIGFF I ER2566 114 [ 55 [F NEB A &) 5 KT i
DH5o FI Ni-NTA #f g W4 H 2 [ Novagen 23 il ; Jii bii
pLIC1, pLIC2 A< S50 58 fh) 4 5 JTORL/IN it i 42 3 70 6
PCR 7y A3 70 6 A R 56 e Inl icia7R) &5, 1 1 b
SRR AE AL A B ) 5 4 TR 5 DR 20 4 2 30 4
B A TR R A BRI DI T4 DNA 3%
%0 . Taq DNA R4 %A% BR B30 1 59 W B K% 5
VBN F] SRR TR BT LSRR AY
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B W s TR A KA SR R A R A 75

HBARBBRAF A [ o PPTATP Wy [ Jb 5004 A PR
S TNEIN
1.2 77 &
1.2.1 PCR 4% T7 RNA B 48ty N 3% (1 ~491 {7
#£) (C (492 ~883 fugk ) T7 RNA AN N i
R B 3 J& DL ER2566 K& A 41y #52 #l, T7TN-F/R
(T7N-F ;5 ATATACATCTTAAGATGAACACGATTAACA
TCGC;TIN-R:5" TTTCATAACTTAAGCAAGCCATGATG
TTCTCGTGG) H51¥). 130 PCR fBefy LIC F§E 1)
F ok (IE 7] : ATATACATCTTAA ; J% ] : TTTCATAACTTA
AGCA) ,

1L ER2566 JLPH 41 MiH, T7C-F/R(TTC-F;5'AA
AAATGGGTTTATAGGCTCTAATTGCTGCGCTAAGTCTC
CACTG;T7C-R:5" AGGTTGTGTATAAAAGGCTTAATA
AAGGCCACTCTTGCGA) 5[4, PCR ¥4 T7 RNA B
AR C i b B, Howism & A LIC 47 1Y 2R s (1E 1] -
AAAAATGGGTTTATAGGCTCTAATTGC; JZ 7] : AGGT
TGTGTATAAAAGGC) .
1.2.2 pLIC-N, pLIC-C kk #H ket FE T4
DNA G HFAb FEZ |, 044K pLICT K pLIC2 7543 5| 4
REL 1 Y DD AfL L Sew 1 BABED) B LR 1 B, R
WA BE DL & PCR  BEZ TR A IS , 2l A [l i, 4%
J5 ] T4 DNA RAEFHAM . S0l KB R RS 1 A3
{71 T4 DNA B4 ,0. Smmol/L dGTP 5§ dCTP,1 x T4
DNA B &322 v, 37°C Ui 0. 5h J5 65°C $iab 33
10min, fff T4 DNA G HGHRIG . HALIG 84K & PCR
Fr B PCR =4 28 Ak i 70) 5 (Bl A, 5 2845 380 1) 28 4k 2
PCR 7 BtV EE 43329 R 3 ng/ul F16 ng/pl,

3ul T4 DNA 4 b 38 pLIC1/pLIC2 (9 ng)
4l T4 DNA A FFLFIH PCR A B (24 ng) IRA, K
% 30min J5 IR AW L5 1L DHS o, i LBA P-4 ,37°C
RIS PRI R S 4 HRUBORL , I S, FH M B
53l 4 4 pLIC-N, pLIC-C,
1.2.3 @a&&kAaWs & KBPOkL pLIC-N il pLIC-C
43 S5 Ak K B FF B OER2566, B AL MRS A T &
100 g/ ml Ampicilin 1] LB B A5 353,37 °C i3 % B 3%,
AL 5 R T 25ml £ 100wg/ml Ampicilin 1) LB
AR IR AL ,37°C 220 o/min, FEFREK. SR EFRY
PL1: 50 f Bl M3 42 b 7 fF 9 LB A B % 5 (&
100pwg/ml Ampicilin ) , 5 38 & 0Dy, = 0. 6 (37°C,
220r/min) , LA IPTG LU E H 0. Smmol/L, 37°C i
SHEAREAFRIL 3N,

W LL 2B SR W™ A T ARE P T 30ml g 52
I (6mol/L R R T, 100mmol/L. NaH, PO, , 10mmol/L
Tris-HCI, pH8. 0) , it FIIE & H 2 WL H. =i,
12000t/ min #5.0> 60min , B _F 3, HCE T AL 31 2 i 22
MRS i ) Tml Ni-NTA B5 Eo i 50 ml e
& (10mmol/L. Tris-HCl pH6. 3, 100mmol/L. NaH, PO, ,
8mol/L urea) L 15ml/h 3 B ¥e#: )5, F 5 ml ¥ ik
( 100mmol/L. NaH,PO,, 10mmol/L Tris-HCI, pH8. 0,
8mol/L urea,250mmol/L Bk ) L 8ml/h {%) 53 & 17k i ;
3 TR MST AR Ve 50 W5 i 2 SRS R R 2 IR WO 15%
SDS-PAGE 7347, 3 Fl Bradford J7 12 & 8 & it

APE Ni-NTA S Fafi Ak [l i i 2 B b 250 2 A
e RS A RIREB MRS I, 18 4CHIRTE &
ASTa) ke & PR & (4mol/L; 2mol/L; 1mol/L; 0. 5mol/L;
Omol/L) fyf% A (20mmol/L Tris-HCl, 30mmol/L NaCl
pH7.5,5% glycerol, Smmol/L B-ME) HFiE#T , i )5 7E 4K
F A7 (20mmol /L Tris-HC1, 30mmol/L. NaCl pH7.5,
50% glycerol , Smmol/L. B-ME) i . 678 07 1 41
T -20°C & o
1.2.4 fRohE 8 aifuiB G E A T 4C R g
¥ (20mmol/L Tris-HCl, 30mmol/L NaCl pH7. 5, 5%
glycerol, 0.1% TritonX-100, Smmol/L B-ME) H1 &5 i
(10 ~20pmol/L) YR & o FEAN[R] I [R] B 4333 It — 7
IR MY, 3 A SDS-PAGE | k¢ 22w i (8% SDS,
20% #ibk L W) LAk V. BT 37 )il 5 SDS-PAGE
E .
1.2.5 S o v el 2 BB ROV, AL
x T7 RNA RA [ b 2% v ,0. 1 ng/pl pET28a,1U/
wl RNasin,2mmol/L UTP,2mmol/L CTP,2mmol/L GTP,
0.02mmol/L ATP 1 wCi/pl[ a-* P ATP; 75 I ik H 43
BRI AR B 40 Hea b 4 P 35 T7 RNA 2R 0 g
VENFRERE, F 37°C I 60 min J5 fil A b #F 2% vh
(50mmol/L. EDTA, 8mol/L urea, 0. 1% bromophenol
blue, and 0. 1% xylene cyanol ) Z¢ 11 [ i, F=¥ 4 &
8mol/T. JRE 1) 20% 5 1A Hi Tt Mg 35 Je vl ok A M0 L ik
S5 , HITWE 5f SR A 48 (Fuji, FLAS000) f 758 B8 MK Y
TKIIZEG IR T .

2 7 R

2.1 {EINEIIERR GRS
JRE npu Dnakl A5 IR A1 3 (9 B 438 S0z 58 402 F
R B S N IR C R S BB AT I ) S T Ak
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SRUWIHETE . FRATEFRAE Alad91 FI Cys492 2 [A]H5
T7 RNA RGBSR N S Fil C I PR 0, 4t — 3k,
55 DnaE. () C A i Wt 28 (9 2 FE B 5% 3k Oy Cys, 11 5
Dnay i) N 3 AH 2B 4% (9 5% 3 4 Ala, jX 2848y Npu
Dnall N3 JIKAEA Rt & 8 1 S U0 4R it T s 22
Mo

N S H RS A & T7 RNA AR N S5 (1
~491 fi5%E) , Dnaky DL K5 2 AR A& 19 4 & TR b
% (Hisg) (181 a) ; C SRl 9615 Dnakl, LR S
HAEANE R His, b3%%, T7 RNA RS EEN C 4 il 7>
(492 ~883 fii kL) (&1 1 b) . PIFHARREAE T7 3 31
T A S50 (IPTG) J5 31K . X P A AR 2R
Bk, aife, 4C T g il b F R iR G
fEi By DnaE Hl Dnak Z [W]38 H)4543 /), T7 RNA 50
1 N sl C Sl o P SN B R A (L e) .

TSKNA Polym erase(1-471)
4

[His
TSKNA Polym erase(1-471)

c T7RNA palymerure(1-883)

E1 RAFEIEET
Fig.1 Schematic drawing of the trans-splicing process
a: N-precursor protein ;b ; C-precursor protein;

c:Spliced T7 RNA polymerase

2.2 Nim#l CimmEaEANARRIE

YA 19 W] 5 B (hitp ://biotech. ou. edu/)
RN G & C ol 8 B DAL IR TE U,
PAFRATIEFETE 8mol/ L bRZ (248 Pk 45 41 T 0 He i 47 48
fbo 2 IPTG 53383k Ni-NTA 4 g A5 Pk 2l Ak 6 1 7%
M ik, FRATTAS 2 T s pk 4l i ol ek A A, BTk
B C i AN S il 2 1A F Dk Al B B S 31 90% LA 1
(1#2,7KkiE 1,2) . SDS-PAGE HE I HEL UK T s i N iy
1 C il & 8 H A RS-t 53 71| 66kDa 1 47kDa,
AR JEE R e 4] B DU 1 3 R — B0
2.3 T7 RNA B4 #s N i C s B BRIz

5, AT N s C il 2 o a4k, E A
SEVE, Wi . TP MR EE A F] 10 ~ 20 wmol/ L 1, 78
BT P S IR A o PR AT (1R A 30min B
RIATAE 97kDa 4045 M 1) 55 42 7 ) 9 7776 (18] 2, VK 38
3) . M IL B 440 3 8] 2mg /)57 £z —T7 RNA

REW,
kDa 1 2 3
95 += | «4=T7 RNA polymerase(1-883)
7. . <= T7 RNA polymerase(1~491) NpuDnak. | -his
55 | #
a5 - 4#- his NpuDnak . -T7 RNA polymerase(492~883)
34
26 |

2 SDS-PAGE ®ISHIAZHHY
RiERRAHED

Fig.2 SDS-PAGE Examination of the expression of the

precursor proteins containing split Npu DnaE and the

trans-splicing reaction of the Npu DnaFE intein

The gel was stained with Coomassie brilliant blue after electrophoresis.
Lanel ; his-NpuDnaE-T7 RNA polymerase (492 ~ 883 ) purified with
denaturing Ni-NTA; Lane 2: T7 RNA polymerase (1 ~ 491 )-
NpuDnaE-his purified with denaturing Ni-NTA; Lane3: Reaction
between T7 RNA polymerase ( 1491 )-NpuDnaEy-his and his-
NpuDnaE.-T7 RNA polymerase (492 ~ 883 ) performed at 4°C. “#”

denotes protein impurity

2.4 EEFYHEENE

HRELAY T7 RNA A BAS I A 21035 P (18] 3, Uk &
2,3) BRM, BY 4 AE R SEHE R TT RNA R G B H A2
BLF 57 A TSR RN A R (L 3, UkE 4) o FRATT a4
AN ST RN SR I 0t i R 28T B R G AR TT
RNA A2 5 HA T, [ LI & T7 RNA R4
it} (14 A Fermentas ) {2 B4 I

3 it i

G 7 T HE W) D7 R B ORI H 3
PedE AR PR B R PR AR Z AT BF 5T
F BEBCREE AT 1 T DUR R 5K 0 0535 5 100, (H G 4
TREBEERA R RYE, AT HALE S AT
Forp WAV T — B R g, B RN & IR 2R
AHRGWORMER"  FFEAE TR G AT AT PR
AN, N—E R Tk T A MER

RARSN T W & KA 19 S BT e R GE 40 75
PEERFI G BT R T A B SR, AT 2 fikn
Mtu RecA N5 Ik, HPTAS A Bt ah & il SIRE R N &5
kT L AR e/ e R L AR IR T LA
JIK Synechocystis Dnakl Y35 JIKGHESR 128 1k AL 1L 72,
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kA S 10 S BT B A K B 1 77

3 EH#H T7 RNA BRAERYEENE
Fig.3 Activity assay of ligated T7 RNA polymerase

The reaction was performed at 37°C for 60 minutes in 20l reaction

solution contained 1 x transcription buffer, 60 ng linearized pBS,

40U RNase inhibitor, 0. Smmol/L UTP, 0. Smmol/L CTP, 0.

Smmol/I. GTP, 0. 05mmol/L ATP, 10uCi[ a- **P] ATP, and

certain amounts of spliced product. Analysis was carried out by

electrophoresis on 20% polyacrylamide gels(8mol/L urea). Lane 1 :

Linearized pBS incubated with commercial T7 RNA polymerase

Lane 2 Linearized pBS incubated with N-part of T7 RNA polymerase

(1 ~ 491)-NpuDnaEy; Lane 3: Linearized pBS incubated with

NpuDnaE,.-C-part of T7 RNA polymerase (492 ~ 883 ) ; Lane 4.

Linearized pBS incubated with ligated T7 RNA polymerase. The

transcript is highlighted by an arrow
SR X5 HARARHE A1 3 1 1SR B A9 R 5 2R JR R 1
BRI EWHFFE RV, Npu Dnall &5 JIKEA
REGTE T B T3 B A A A7 o IR 5 KA v
Y JE PR AT AL I LR AR 75 B 9 0 e 35 4, X —
R E AT LS, U Y ZOE R H AR SR B AT
IR AFEE , BOM IR B U BT Rk R, AT
Npu Dnak P& ko2 1 s i

24 T7 RNA SRE 70 20 P 3 2 2 a8 I 2 06 441 i
PR, SN, EA SR THRRINER, /b TR ER
97kDa, Jir LA, & Al RIS — Bl s R A TN AT Y
HAMRGIE T 17, HHIZ RGN B 2k —
ARV AERE OS¢ T7 RNA B fe s
SN B 1 2R 0 , T ELRE 7 AR e i B AR SN R Y
SR FEARBESEH, FATTHE 491 (7Y Ala FiT 492
i Cys Z [H] W% T7 RNA A, NN FE—R, 15
PR C R AR IE I SN 1 F-5% 5608 Cys, TS5 N 7
JIK N S AN TR Ala, 3K SRR IE T
KR R Y BT A X — W RAL TR A S 2 A
UL O SRR 31T T
FeATIXE N s & C sl 5 8 3 A ATV PEREAT T 00

Br, B2 80% LIS A IE X AFTE | PRI ATE i Ve 2
BRI PR S KRS B . 2 N 3 M C i
RUVRER R 335 5 10 ~ 20 pumol/ L, I 4°C 7E 5§
0% vh W 45 HL IR A i, K/NE 97kDa 1) BY 2 7
PI——T7 RNA R4 AE 30min J5 RIA] 7 4 . MAIL B
FW T EEERTS 2mg A AR T7 RNA R 457,

ABIFGE pog S A R R IR N S IR S 1 s oY
PR AR MER” IR R, BEE b v] AN A F HoAh
KEH, HHEEASEE ARG 8. X — R A
DAFITXE AR5 19 2 B 005 28 45 18 4 ) 47, 1 ELA A
BRAIA BOT AL AL

5% 0k
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Large Protein Production Through Split Intein-Mediated Trans-Splicing

ZHANG Jing LIU Huan ZHOU Jing LIU Jian-hua
(College of Life Science & Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract Npu DnaFE intein was used to produce some large proteins, which were difficult to obtain through
conventional expression systems. A T7 expression system was described, by which the gene of T7 RNA
polymerase is split into two pieces, and each piece fuses with Npu Dnak N- and C- terminal sequences
respectively. Functional T7 RNA polymerase is created by mixing the two kinds of fusion constructs in vitro. The
approach of split intein-mediated production of large proteins, in theory, readily generalizable to the purification
of other large, cytotoxic or membrane proteins.

Key words Npu DnakE intein  T7 RNA polymerase

Large cytotoxic or membrane proteins

(<B#A>BEENFZR)ELRELTET

EIRIC A TR A IR 22 BIe SCEE——C(CAR) FAFRA2 ) 12 A 3 FAE AP R B E 50R 2 E A300 H & .
A N 22 222 DU P B e e 1 B R T 00T ) 1 RS 38 I 3 R SR Ak, C R AR B4 FERINE - DR, 22 vaok
A8 MR P ) A R ZS )RR T AL, AN A3 B T 7 2 2 o B2 B e VPR 8 B B SCUA B AR R K R A 200
RANSIE K.

BEDOSGEXT R C 2R FAFRRA 22 8) (Nature ; the Living Record of Science ) J& f AMEH 7 GBI H LI 1322 7ok
A6 H RS LN 14K 1 R AT ) SR 20 B 0 B2 NS . AL 10 45 GRIF B 1 A AR) 0B A 1869 ARG IOk i
150 4F[R] 33 1 840 S 28 HLSCHR

AT RESCE R B AL R OC S BRI A W S B~ Bk A 2 58 A, B SCRIAIE 19 32 Hh 31 BE 1
R, M) 28 1Y R BB R A O ME A, AR e 22 S BN ST N AL PP S8 Al P T — A 2 T2 LR ARAE A 4R Bt
SFUBOR A B AW IR I SR T SRR — S f A UR 2 s T

VFRZRAEE 2o ERPRE R 0, FAT, FeE IR B A £ R A A2 IR IR T 5 AR R /Y15 77
R o AR — K MR, L5 b BT R 2 S AR K, i 2 3 T B BOR M R0, R FRATAR S T i 7 1, S B X
CCHR) AHERHZ ML) 1 R 0 HA T 45 o

BEUCRAG AR BN IRTAE , HoAk 8 T 2010 4FRELE ! .



