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W E: B3 PCREARY I KMATH L-/6 6 B S84B 1 & (L-tartrate dehydratase beta subunit, TtdB)2r 4 A 5 Cys/Ser & 2% A
B, M 6xHis #7469 558 £ A B pTreHisC-TtdB. E4& & vl 4R X4 4&, A TALON B ZALE B %=
#HA% (Immobilized metal affinity chromatography, IMAC) A 3 M 64 ik shft, BT FEM BT R TWAN G FELN, Lk
FT A 70%. ¥ E B o) AAt &G B RFE T I A B ER & B ATHRINE G ST I 5% . SDS-PAGE 441 & 9A:
27 A A TtdB /2 5 M 69 16 TR BR R BY, IR IR =R AR A S AR, 2 B E AT & /5 SDS-PAGE #T42 A 100 mmol/L DTT B,
RIRGRE N RARFG. EAF DTT 47 R0 IR A FARAE B, F A L BAEIT & R & F AN DTT MRA TR, RE
A TtdB £ 53 AR TtdB ARF) 69 R FEFE I &4 T, TE2EA =R % ARG R,

KB BB AMRBLE, TOMIIK, AFFEMEREAMAMETIRE, —Hs, FIKEE

In vitro Cross-linking of Escherichia coli Tartrate Dehydratase
Beta Subunit
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Abstract: To test the hypothesis that in vitro protein cross-linking could be accomplished in three concerted steps: (1) a change in
protein conformation; (2) formation of interchain disulfide bonds; and (3) formation of interchain isopeptide cross-links, we studied
Escherichia coli tartrate dehydratase beta subunit (TtdB). With polymerase chain reaction (PCR) technique, wild and Cys/Ser mutant
genes were amplified from E. coli BL21 cells and subcloned into expression plasmid pTrcHisC. Recombinant proteins, which were
associated with formation of inclusion bodies induced by IPTG, were purified by immobilized metal affinity chromatography (IMAC)
and refolded by dialysis. In thermal unfolding and oxidative refolding experiment, wild TtdB was proved to form cross-linked
dimmers/oligomers as revealed by SDS-PAGE; cross-linking intensity was obviously weakened when the loading buffer contained
the reducing agent dithiothreitol (DTT). The residual cross-linking was isopeptide bonds; no dimmers/oligomers were detected when
the refolding and unfolding solution contained DTT. In addition, Cys/Ser point mutation abrogated its ability to cross-link into
homodimers, which showed disulfide bonds could facilitate the following formation of isopeptide bonds.
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2 AR e SE T R MR B
0 A 2 AR Sk ok S IR IR A R,
VI 20 22 VR 24 A 28 1 J5 S B DT RRLZE ft 422 240 i
M ™ 5 5% ) T fe 1l N R, AR A R e
(Huntington’s disease) . & 4F #i & i (Alzheimer’s
disease) . 114 7R % (Parkinson’s disease) Il 2 1 1k
9% (Prion disease) . it JUAF % 2 11 o S8 Bk (1 BF 5%
H #2306, DR TRHEABSCHRLEEMIRE, &
R A R v B A PR A I —

SRR, BUA WA B B IRAL IR U . 56
— R R B, R R A
HUE MR T RAECHET, 5 Ml BT S
F14 4 I71) 5 A e A T fi 2 1 o0 R ARSI
SO o R % R A(Ribonuclease A, RnaseA)
% 1A T (Lysozyme) Fl &5 1 JiT — it 8 55 ¥4 [ii§ (Protein
disulfide isomerase, PD)#E1T#AE S L& MA L
HITE ML A, ENHERETE BsC i — R ik
2 R, DRI 8 1 T A B 42 ] g ad ok LR
=S (D)EF BT R AR A SUE; (2B
7007 L 7117 (D1 03 a1 2.9 A ] 1
T B8 (R I8 )T B I 4 8] S R B ) T I 5L A i iR A
o ARSEE DL TtdB g xt 4, 28 ok 8 1 T A ik
1) = A R g — 2P AR
1 MHAh i
1.1 EHRRBRHR

RIGFE BL21, KRHHH DH5a., RikH A&
pTrcHisC 34 Jy A 5256 % R A
1.2 TAREBSHF

BFRRE N IR . T4 DNA &R . % Sl
So ik R250 VAW A 3B TR W], dNTP,
pfu DNA & B LA T A Y/ F]; DNA Pt
afi Ak [ml R 2 B pr bR 4 BG4 I A AR
Y TR ) SR S DNA F BGE R R &l B b 5
KAEACRIHHHR/AH; IMAC I H Clontech, Palo
Alto, CA; H B34 43 B 4™ i o
1.3 BmEREMZE

1.3.1 PCR 7745 kB4 77 TtdB H A
2 NERMAEMEEFRSY PL5 -G GGG
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ATC CAA AAA ATG AAA AAG ATC CTG AC-3')#il
P2(5'-: G GAA GCT TAT TTG ATG TAA TGG ACG-3')
A T A A R A, R AL 4350 BamH |
Hind 11 BEYIA; 8 o BOECAE KB KA #F 17 BL21
PR 2 ul AER PCR SO iEHR, 136 30 1k, HX 10 pL
NI A I EA T 1% B B AR R ARG

1.3.2 PCR JE M RABH ARG R AT TtdB Jk P

HRPEEF A7 TtdB JEHFA it T 8 428485

Y. T, P1(5'-3'): G GGG ATC CAA AAA ATG
AAA AAG ATC CTG AC; P2(5'-3’): TTC GAT CAA

ACG GCG GTG AGA AAC GTC GCG G[GIA GGT
CAC CAG CGT ACC GG; P3(5'-3"): TICIC CGC GAC

GTT TT CAC CGC CGT TTG ATC GAA,; P4(5'-3'):

TAG CGC CTT GAATTT CTG G GCCTTCTTC
GGT CAG; P5(5'-3"): CAG AAA TTC AAG GCG

CTA CAT GTG ATT TTC CCG GCA GGC TC GCG
GTG CTG GCG GCA; P6(5'-3"): GAA CTC TTT

GAC CCG G GAC CCACAG TGACTC; P7(5'-3"):

GAG TCA CTG TGG GTC TC CGG GTC AAA
GAG TTC; P8(5'-3"): GGAAGC TTATTT GAT GTA

ATG GAC GTG CTC G[GJA GAT CTC TTC CAC GAT.
Horp JrEH R B AL . AT 4iAS Cys
) B R 4 T 2 2% hy S iy Ser Y BREE , FLAGE TR DL
A T 2H TR A pTreHisC-TtdB yiid, 8 45%¢
BE1¥4y 4 ik T PCR . Hdbp, P1 A1 P2, P3
F1 P4, P5 F1 P6., P7 1l P8 % h—4 k4T 4 )k PCR
JLN o SF—HE IV 45 SRR, 2935 i B A R TG,
IRk 4 HH B B, &M 1 ul 5 P1 A P8 Wi 5]
YR A7 5 4 PCR, B 10 uL VIR & Wik r
1% 35 B WG JC P K A T
1.4 ELAFF A BT B 53 BF ok FA 0% R AL BY
M

R £ i PCR 74 7h1£4 600 bp 4 DNA F B
J&, BEETI A ROV, 5 PGM-T sk, HiEs41k
KIHATFH# DHSadliffl, 7E4HA LB HiFE(TANYH
5% 100 pg/mL)HEAR FEEFE 16 h, PRI (0 BA
T B IR V) 55 0 J5 325 8 W0 T o 4 O 35 1) 1
JE R 1 N YD BamH | A Hind 1 XUV, SR )55
[ RE XU 11 26 IR A pTreHisC 14 4%, #4L KImFT
DH50u 4 i, $k HRCE T i 44 BUT0OR il 1) 45 5
1.5 IPTGIESRIEMEEH

B AR E A R A R IE TORL pTreHisC-TtdB
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AL KIAAT A BL21 40, 557 16 h e, $ERNRTR VR
F 2 mL LB BFFR(TZARERHEE 100 pg/mL)H,
30°C #EIKKEFRI R . R H AR LR LB K5 R B
% 100 f%, 30°C Ji ZUH # 15 5% 2 ODgpo i5 0.4~0.6, &
Je FHEE] 37°C A IPTG (4 0.8 mmol/L)if S 3%
ik 4 h, B 100 uL ¥ 7 000 r/min 5.0> 4 min, SDS-
PAGE #F173RIEACE4041 . 738 1 mL B3 7 000 r/min
BD 4 min, HEIAETET 100 ubl 2% % (75 # i 100
ug/mL, Tris-HCI pH 8.0 50 mmol/L, EDTA 2 mmol/L)
R4, 30°C Z4f# 15 min; 12 000 r/min &5.0> 20 min, i
RULVEM FIF, 4317 SDS-PAGE 43T .
16 FIEEHM4GKEEM

WL B F AR FRIFA S B 30 mL,
4°C.7 000 r/mim &.0> 20 min, BE{AM PBS #il ddH,0
HUe—i, H IMAC UM kaifb HIWE A . &
Je B Hok 8 % 0.3~0.5 mg/mL, A FEAe T, %
%z 6 mmol/L. 3 mmol/L. 2 mmol/L. 1 mmol/L.
0.1 mmol/L. JCIRZ B MR (A 1 IR 2 52 W bk 5 AR
NHEREI PR 24N, 18 50 mmol/L Tris-HCI,1 mmol/L
EDTA, 1 mmol/L GSSG, 1 mmol/L GSH, 0.4 mol/L
L-Arg, pH 8.2)/3 &y, WL M 24 ho K™Y
10 000 r/min, 4°C &.0» 20 min, SDS-PAGE 4} #7 .
1.7 FAE TtdB BYIRIMA TS 43T B

DL Y A= A9 (0.3 mg/mL) 1 %€ A% AU (0.5 mg/mL)
TtdB FilG A R SEIRFE A, 43 A R RE 9 S A
JWAK Z (25 mmol/L Tris-HCI pH 7.6, 2.0 mmol/L
GSH, 1.0 mmol/L GSSG, 1.0 mmol/L EDTA) 25 14 fi4
Il S E (Tm) 75°C Hr 27 30 min, SDS-PAGE 4317 -

2 #R

21 HHEBRENERBNEM

BEREHL VK T, AT UL —A~K 2 600 bp (4R
FEB, 5EARGE R TdB 3 K K/
22 RTEEMNEREBNEK

¥ —%% PCR 45E, WA RNIRAYTE 2%
BN EE I ik b, BRI 4 SRRt R BOR
NS TRIA—3, 0 Fig. 2a, 1~4 VkiE b BRI 4 4%
W BHB R B, %5 PCR 4505 5 e v TkoRG
AL 1 A~K 24 600 bp B FES1E A B (Fig. 2b).
23 FHABMRTESEHRMABYILE

BamH | 1 Hind 111 XU 8 41 5 & kL PGM-
T+TtdB, 193 AR B EE RS UK I RER I I 1 A~ KEY

600 bp i H W R Bro 3K w1 T HEA T 90 20 I Uk
B, BY AR H RS S O G ik T 8 58 4 — 3G
AT H (N SO — 3K, 4ifi% 6 4~ Cys (o
TR REAS Ry gty Ser BHEL . BamH | F1 Hind 111 %X
fifi U] B 4H 26 38 kL pTreHisC-TtdB, 1% IS AHEE I e,
YK IR BEAS I H 375 BT (4 H A5 o

1 M

bp
2000
2000
1200
800
600
400
200

B1 HEBEREEHR PCR S
Fig. 1 PCR analysis of wild TtdB gene
1: PCR product; M: DNA marker

123 45
bp
800
600
400
200

B2 PCRERRLRIMEEIXD
Fig. 2 two electrophoresis analysis of PCR point mutation
(a) the first round. 1: primers: p7 and p8; 2: primers: p5 and p6; 3:
primers:p3 and p4; 4: primers:pl and p2; M: DNA marker. (b) the
second round. 1: amplied mutant gene; M: DNA marker

I 2 M

B 3 BamH | #1 Hind 111 W E& 115 4 B (a)FNE LAY
(b)PGM-T+TtdB #A pTrcHisC-TtdB
Fig. 3 Restriction of wiid(a) and mutant(b) recombinant
PGM-T+TtdB and pTrcHisC-TtdB by BamH | and Hind 111
M: DNA marker; 1: PGM-T+TtdB/BamH I+Hind Il1;
2: pTrcHisC-TtdB/BamH I+Hind III

1 2

bp
1200
800
500

200

M1 2

Journals.im.ac.cn



1488 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2008 Vol.24 No.8

24 BEEEBHBIRIE

TtdB H:A 201 P2 HER s, fin b pTreHisC iz
RIA B 5 1Y 55 DML RRREL, AGE Ay Tt
N2k 29 kDL IPTG /5 Rk 45 5, 4 SDS-PAGE
SRl A BL21 KRk —1N4 29 kD B &,
SR8, BRI S AR R GG R W R
RmEAHZEAK, ULHEE Cys 748N Ser X 2 11 R Ak %
A EAR KB R o [ B R R S N R AT
SDS-PAGE 73 #F, A& BLfl & & 114571 (laned), Ui
TE bR ST WF A 7 5 58 AR Rl A B AN 23 LA
BT AR RS

(a) M 1 2 3 4
kD
v
974 — g
66.2 —m= - B
427 —= — ) )
310 ——= 8 —Wild protein
144 —dBER -
(b)
KD M12 3 4
144 — smw= ~r
31.0 —e— o .— Mutant protein

27 —

66.2 —== lP
97.4 —

B4 FHERQFMERTE(D)FSERR 12% SDS-PAGE
S
Fig. 4 12% SDA-PAGE analysis of wild(a) and mutant(b)
recombinant proteins
1: molecular weight marker; 2: uninduced total protein; 3: induced
total protein; 4: soluble fraction after induction; 5: inclusion body
after induction

25 GRAMGEHLEENE

DA TR B — 2R 910 5 100 00 5 T BV B o B, T
FrAX (GENios) il i & 14 7 Wy i vk 5, 45 R R W 5 1
ik 70%.
2.6 B RKRIEAY SDS-PAGE & #t

2P A R e AR R TtdB Rl 85 1 78 28 P IR Il
FURL R RV, BFAER TtdB A R IA A L2 E
A B (lanel), Z€ 78 R TtdB  JC AT {] 52 Bk H #H
(laneb); MW BIEERE FAES g N i & DTT
i, B AR TtdB A7 A A2 3K BE (lane2), 28 A% AU
TtdB 5 AT ] 22 Bk (lane6); 47 # AL E T &
S AN AL B DTT B, ¥ AT 22 Bk (lane3
and lane7),
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I 2 M
P

.

N — 974

d — 66.2

e — 427

N s — 310

—-— —— 144

E5 #@k58%REH THBRMEER
Fig. 5 Recombinant TtdB after purification and refolding
1: purified TtdB; 2: refolded TtdB; M: molecular weight marker

— e
Isopeptide bond ——J_ -
L N p—

Wild type + + + - - -

Mutation type - - - + + +
DTT inreaction — — + - -
DTT in loading buffer - + - - -

E6 AMMEERSTFEMIZEKIE
Fig. 6 Crossing-linkings of wild and mutant proteins
1~3: wild TtdB; 5~7: mutant TtdB; 4: molecular weight marker;
2,6: DTT in loading buffer; 3,7: DTT in reaction

LA TdB MG EAEAMERSE
SDS-PAGE Hij il A i i P A S2 vhil (7% 100
mmol/L DTT)R, ZZHKIME 5 A DTT BFAHLL, 5
J B 2 0 55 (Fig.6, lanel, lane2), BE9k DTT GEFTITE
RS —ai s, A8 A RN DTT FT AR SCHRTE
OSBRSS Y — RPN B .
2 UOLE R R @ &R AR B R A B, A
P 22 25 9 ke S 2 40 o X P A B, DT A T X 2 — e
SRREEACHE . X R, BB RERR TR B B A
K SCRETE WL RS AC K . A TE H AR A 4 28 S
WA DTT, SDS-PAGE # A & BT 22 Bk (Fig.6,
lane3). FA15E 2] A FEfRRE: [R R 76 25 11 0 A Bk
R, ST Ay F IR e, R R4 F ) S K
B, H TGS 0 I R AR O S K EE T B, BT DAY
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SN P AAAE DTT B, i T DTT il 1 —mi s iy %
B, AR T S BB T LR A2 BEL, I DA LUK S R 2
WMELB A A HR, WALBER EAEG: sh h AE7E DTT
i, TR ES SRS IR T A ACEK,
TP B8 1) A B A8 Bk A T S A S IR T
Mtesh DTT BIA SR FT I T 2 IR — b 528K,
XTI B S R B AC B B AT s e, T DAL K S R AT ]
T BEW 58 2] S5 IR EE A 1K

ARSI R L A S DTT Sk BH 1E A s P
AT C I B st . S 1 A A 1 AR
71, AT E R AR AR H A Cys 2R
i, WU —f s i e il Sege b A B, e S84
RSE MR SRS SRR, AR TdB A
BETE ATA] 52 3K (Fig.6, lane 5~7). iXi)iBl, Cys %5k
()5 AR (i TtdB 2k 25 T T8 b 7] s gE 71, M
Pk T B B ) S AR R . I FRATTIA R, TtdB
G I A2 106 B 4 T L Sy 7 i 45 RO ) 8 1 SR S Bk
AR IR

MR, — MRV R R, (UEE
H A AR UE R AN Y . (HR B MR K
B AR AAT P R A2 R B9INR, T HE3)
55 AR GBI 5T
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