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WM OE NTHRABHETEEE BN (Penicillin C acylase, PAC) RIA IR M 4, 5 BIHWH T PAC F35
BiH pKKpacSP, pETpacSP, 3 3§ €18 KB HF 16 X b ek . BB iE HE I E & Western bloning 5347 , 41 B 7E PAC
ARREFE, Tac, T7T REFEREFRE DT PACHIRE O I TR o« WA B I 50 B3 R O 547 8 41 6B
EHRMRED . FREW .PACERMBEP KRS BWER T/BEREN R PACE R RERE D, AT T
Boo Wi 3ERMNBEYS7.2%, ERHKE S H 0.72;Tac HE T REBE R o T 5 RH7T 8 FEE B9 B R
AR T RERERLRED PACHEKM TR « BE pEENBEL NP AR, EEHERTE MRS
SH81H 1.82,2; MEMEE R GEFRE PAC B, BRI BE B &, PAC RAM AN ERFHER 10 5.

@i HEBEECERLR, HAAR, RE/E8EREE
GES%EE Q78 LMEFINE A

PACRIT U AT AR HEEENEER".
HE fAAXAIRERKELE™ PACTIRERRA
BRRHEERMRRFE., EXBTE P, PACHINT
BEABSFZAREDEAHRM, SR A KSR
— R 5 5 BK B9 B 44 BE ( proprePAC, 94kD ) ; &l 4 ik
AEBMBEET RS, Y8R5 S MK (prePAC,91kD) ;
ARAKEEORKFE BRI ER « B3
(24kD) .p W3 (65kD) , I H B M S HEM'Y . 8 PAC
AUEN—THEHEY ATHEXBITAERE
AFHRBHE BT E. T PAC AT & K4 35 69
MRECHEMREY MATERER « TR .pERMY
XA EETE RPN BRI REMR
L. XFHAMARANEN TFRAZHERKEE
P PAC,FINAKBIHETEHAEANAIBERX
FRUTARHENRE.

1 M5 F*

1.1 ##H#
1.1.1 AR E. coliBL21[F, dem, ompT,
hsdS(rg-, mg- )]; E. coliBI21 {DE3) [ F~, dcm,

ompT, hsdS(ry- , my- ), gal, (DE3) |; iR pPAG (&

Y7 B #:2001-03-19, # Pl B 1 : 2001-06-29,

3 EME 1000-3061 { 2001 J05-0570-05

ﬁpa,c B Hindl[-FcoRI F B, EPEFH pac )=k
F BERERALEHER)Y ; pK-T7. pKKH . pET5a
By R A L4 FF . PAC KK B pKKpacSP . pETpac-
SPHALHWE.

1.1.2 FEAHR:REEE TADNA £ REBES T
A H Promega 4 7], Tag DNA polymerase Fi
TaKaRa Biotech P 5. 6-IHE 3- B ZBEE-XF R
(6-nitro-3-phenylacetamido benzoic acid, NIPAB) J | ¥
Z R BR A B 7= 5 AR 4L 1gG-Ap M H %
WIRAE, 43R BE¥ B Boehringer 2 7] ; R
PACEREH MM ERAZ(TE ¥R L EE
WTRBERPL)ME,

1.1.3 PCR 5|8t 54 M BIE pac BAITF
BHTWT PCRYWIW(E . IMATEEN
FR&GITERE IO A . Sl hRiBe LA m T RN
PLESELEMRES K.

1.1.4 BFE . FATFEFE(L - BAK 10,88
10, NaCl 5; R RFIE S & (o/L) : BE S8 30, NaCl 5,
#L ™ 2,pHS.0,

1.2 Hi&

1.2.1 R MBB.DNA £ Fi . MUEE.
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F1 EHPCRIIBHEBRETRF R

Table 1 Oligonucleotides used for PCR
Primer Sequence
P1(28bases, 5" EcoRl site) 5'-geigaattc ATCAAAAATAGAAATCGTA-3
P2(28bases,5' Ndel site) 5’-geteatatg ATGAAAAATAGAAATCGTA-3'
P3(29bases, 5" Bgl 1 site) 5 -geagatctGCTTTGCCTTTTTICTGCGGGTG-3
P6(30bases, 5" Bglll site) 5 -cacagalctGAAGCGCGATAATCTTITIGG-3
P7(30bases, 5" Hindll site) 5 -ccangetGTTATCTCTGAACGTGCAACAC.3'
P8(23bases, 5 EcoRl site) 5'-ctgaateGTTATCTCTGAACGT-3'

PR : BRI TREXRERIB M.

1.2.2 PACHIESRZRGHERN BHFREBEK
EMT 3mL FF FIEFET J0CHEFELAE .U 1% 8
ERMEET 50nl XEEFED  REABEREH
1500/min, 22CHEFZHEEFEH LD 0D K 0.6 ~
0.8 6F ,IRB|EFTAMBSE 3 FHER, 535 A
SHREEEEEIMRS])), ERI B AR — &
B B BB, 4% SRR [4 1M E R TS 1

1.2.3 PAC Iy Westem blotting 2387 : FUBE N 4E %
BiEWEHELEOFENF I EEN, £ 10%SDS-
PAGE )5 BB T B L, &AM &8+
HFER) 1T Westem blotting 487, Fi 00 E B
BAWELK, CEBEME PACERHEINEN SR,

2 # B

2.1 HWEAER

FR pPA6 & PAC E[A (pac), K/ 3.5kb iy
Hindll - EcoR 1 FFEEFE A, XA PCREAR,H
5IM(FE 1,50 PAC BT REBEN ATC £
) FH A TAA 25 2.5kD By pac H Bt , B R AR
B B FE R R RRL
2.1.1 pKKpacSP: 5| #3 %} P1-P3, P6-P7 4 Bl ¥~ 1 18
B &4 EcoR 1-Bgl 1l (1.6kb); Bgl li-Hind lll (0.
9kb) () pac F B, 7> BIMGYI Al W, 1B BI BT &% pac I
hB. FITADNA ZHEME XA BEM Bgl I ¥t
AW, BB 2.5k TEM pec HHERF B,
XA B A K pkkH 8 EcoR I -Hind [ i &5 @] F4
B BB pKKpacSP, pac HE L F Tac B FEH
T(RHA 14),
2.1.2 pETpacSP: 5[ #1 P2-P3 1 P6-P8 43 51 1% 15
Bl& 4 Nde ] -Bgl 1 M1 Bgl Il -EcoR 1 pac FBt, 4
PSS M E W, 8 3 1.6kb,0.9kb M pac H B, X
P B i Bel [ Kok s ik 82, 8 3 2.5kb pac &i¥4

HA KRB, XK B APNB pETSe B Nde ] -
EcoR 1 47 553 [F] #43 82 B i B. pETpacSP. pac ZEH i F
T7 @ FEH T (WA 1B).

y ~Bglll
Bgin

BT T,

A B

BH1 #EER CHRMEERENYHER
Fig.1 Physical maps of PAC expression plasmids

2.2 EFFAEREATHEX CREBRNOREX
%A CaCl, # % pKKpacSP. pPA6 4> ¥ 5 {k
E . coli BL21;pETpacSP ¥ LI B ¥ £ coli BL21
(DE3) ; pK-T7 #1 pETpacSP $t86 4k E . coli BI21,7EH
NIPAB [ F DL L e B B ¥ , K48 T R #
R FTEB#: (1) E. coli BI21{pKKpacSP) 7 Tac 3
B TERT,d PTG 553k PAC;(2) E. coli BL21
(DE3) (pETpacSP) R RI B WM #E 16 £ E. coli BL2I
(DE3), K+ TTRNA B A EHETE lacUV5 B T
¥l T, IPTG 3 HFE 1K (3) E. coli BL21{pK-T7,
pETpacSPY A BEF XA M EIIWEE M 418 5 (Veb)
JashF¥ KA T7RNA BA 8, W A EE PAC K%
5. (4)E.coli BL21(pPA6), h X Z BiE S PAC H
S8 F&E PAC.
2.2.1 PAC RikiEtk:4 MRE PACHE BB,
B IPTG,PAA K E RS A MEE B R E
B # W PAC % ¥, Wl Bf £ SDS-PAGE & 3%k, # 47
Western 7787, & 2 B8 T 53X S5 & fif XA 10 PAC
R§75 ¥ u/(L-min* ODg, ) WHBL(FE 2),
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B2 BEEH/BERGHREBER G BRAERTEIHEN
Table 2 The effect of different host/vector systems on PAC expression

Strains Host Plasmid Start codon Inducer S.AL"
i BL21 PKKpacSP Tac IPTG 32.6
2 BL21{ DE3) pETpacSP LacUVs + Ty IPTG 100.2
3 BL21 pETpacSP, pk-T, VHb + T, 0, 120.1
4 BL21 pPAG Pac PAA 10.1

" S.A. specific activity in w/{L-min- Oy ). Resulls are averages of three identical cultures.

mFE 2 Bi /R, E. coliBI21 (pK-T,, pETpacSP},
E . coliBL21 ( DE3) ( pETpacSP), E . coliBL21 { pKKpac-
SP)FR LM PAC M5 41514 PAC AR B3I FRIEM
12,10, 3.2 f. B R E. coliBL21 ( pKKpacSP) 5
E . coliBL21{ DE3) ( pETpacSP) #f & IPTG 5 F %5,
A E. coliBL21( pKKpacSP) 7 IPTG %S PAC &
KB KB EN RNA BS58H %, E. coliBl2]
(DE3)(pETpacSP) P i IPTG R £k T7 MEEK N
RNARSM,.TTRNA BGMIRH T7 B3 Tk
PAC. E. coliBL21(DE3) (pETpacSP) 3 E. coliBL21
(pKKpacSP) ) PAC EiREW R & 3.07 fF.
2.2.2 BRI A o.p EEAIRD : Western blot-
ting T LR AT R S M o« T4 3 EEHNF
LR 2,

- -y 4— Precursor
N < B(65 kD)

S SRS S S 4— *(AKD)
0 1 2 3 4

2 ARABE/BRERETHER G MM
FiE Y western BV 43 By
Fig.2 Westem-blotting analysis of whole-cell extracts from
different host/vector systems of PAC expression

0. E . coliBL21{ negative control) ;1. £ . coliBL21 (pKK-5P}in the
presence of IPTG;2. E . coli BL21{ DE3){ pET-SP)in the presence of IPTG;
3. E. coli BL21{ pK-T, , pETpacsp )expressing PAC with 2% dissolved cuygens

4. E. coliBL21(pPAG) with PAA ; Equal numbers of cells were prepared
for 12% SDS-PAGE analysis as described in [7]

(DPACHIEEM T W o.p ERAHZ . AE 2
Western blots BI%5 5, 0] 0L 4 4~ 38 Bk 75 A4 [R] 8 35 48 =,
TREPACH,EEEMTIER o« f EEMFL
MM FE(a+p)/(a+p + precursor) . T4,
Rk 3,

AR KR ER R T ERER, PAC ATk R

£ FANREGCRAMEBEEIRENFERENE
Table 3 The efficiency of forming subunits in different
host/vector systems of PAC expression

Strains 1 2 3 4
Inducor PTG IPTG [0S PAA
S_A. 32.6 100.2 120.1 10.1
Precursor W% 10.7% 9.6% 42 8%
B 2% 47.6% 47.8% 28.6%
a 21 % 41.6% 42.5% 28 6%

(a+B)(a+p

+ procfi) 3% 89.2% 90.3% 57.2%

1. E. coliBI21( pKK-SP) ; 2. E . coliBE21( DE3)}{ pET-SP) ;
3. F. coliBL21(pET-5P, P17) ;4. E . coliBL21{ pPA6)

HMIR o EEMNKFEMS7.2%,PAC HEH
BT RAM,FEMTRAIBFEL B ETTEDH
FEHTREPACHHNRGE D, AN T HE
WrEt. RAT 7RI TEHERELFEY . KB
HEERL TTRNABRABNEELASTEAT
PACHIHKM T o g WE, BHEFESTH, Vb B
FFATIRHITHRBRREAER TREM PAC
KB, M TR FERE 9.3%,PAC FiAEHES—
T? Z5EE 20% .

Tac Ja 30 TR ERENEBE E. coliBL21 (pKK-
SP)H IPTC ERFEX PACH . B « TREMNEHE
BT BIEEE,0/(a + B + precursor) H 21% ,B/(a + B+
precursor) N 52% , B M WK BB 7E A X 0 T Y BR 15
Sk RS TE R 24kD 1 « TE3: 5 65kD g T4
MHEREEN, HEEX, KITEKN « KABE#
FHMKBARESCSRE, TUERRESE P L
BRirENRER IRHGL R, UBBRARE
WEEHEREL,

QOEETBERBAIEHEMARR . L5482
Westeren blots 45 R HIA I~ Fik RAM PAC KBTS
W EXTERAAEERENE . REES
PACEHINBMTIF .« WK IETITE, 7E PAC BIF]
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HETERPRAXREAEMN, MA, c ERX5 TR
MR B 5E 1, BT LUBLR K B A B A P 5 ik A
R RARGEERFEEN PACEH SR ERE
R e URSBEZHER o EEFBHERIGHEMN
WEEH HFURERTEFHITBHENERE,

BEAW E. coliBL21 ( pK-T7, pETpacSP) , E . coli
Bi21 (DE3) { pETpacSP), E. coliB121 { pKKpacSP) Fi
E.coliBL21{ pPAG ) B4 T & ¥ 3R K 15 V5 B O BE 1 0 51
%2,1.82,0.81,0.72, HHLFT W, PAC H &
BERGEM Tae BATFTRERGE D ,c EERTTBH
PAGHBENIAG. ET7TBaFEH FRE
PACHENRE P, c PETHITBRADEHLS
B 1R pac Ml Tac REM 2 5. MHT T7T B FE
HEERGEF, KBHEXRE T7T RNA BGMHE
BENTHAT PACER EHITBRIGHER.
223 BEMEW: I THRIEEMHESHFEY
PAC B RMIENT, Al pac H H XKL R LM DBI6
HPET Tac 1Kk 7 419 M ¥ HB101 (pKKpacSP) i 47
THR.

x4 FAEEGHNER GRUMARNR
Table 4 The effciency of maturation in different
strains on PAC expression

HB101( pKKpacSP) D816

5.A. 28.3 30.8

(a+ B} {a+ f+ precursar) 3% 83%
S.A.Ja 0.9 0.74

A REMBES,Tac RIERGAH E. coliHBI01
(pKKpacSP) ,Pac ik R LK) E. coliD816 PAC Hil &
BKINT R o8 EBHBENHEEE 93%,88%;:8
R EEFTBAXMEEEKEN55H 0.94,
0.74 FA K, B, 7 Tac fl Pac AR R ERHG
Fo FRTBAZBEHEBARES PACRKLEH®
HRE LR,

3 W #
KEHHEN pec BERANRABERED . XZ
BAEEH, KBTEP PACHIBRERRRBRATEHE

BB RAR ;PACHIEI N T o B WEE PACT
ErmirEREHBR B2 9BH. RA®

R FRIEPACH , Tac BN FREBERET o
TR B AR , T 25 41 35 B0 TE 1R 88 A 00 IR 4
W 7T B FEHNEESRES, KA RS
TIRNA 5 B H 4 B4 T PAC Al ¥R BK AT LI &
WM TRERS. s PRE2ZEDP. Vb B TH
TR TEREARENEBHT.EF 7 RA3ITAH
FRHOER HFED, XTAHEKAFET TIRNA
BABRANRR T PACEESE R RAFREN
TORF RS, mTYRES K, R, T B R
BEHRHTEHEHED). S LR AR
5,78 PAC BIAEH B .

Tac ¥ T7 B3R )8 3 F &3k PAC B £ R i
TERERHTBHEESEESEMNAEREARA
HAEL PACTFERRMMBZ —, AfT0T LI
BEATPACEARBMNE T/BERKENRARE
HHEABIZMUMRE, AW, ARK EREIEHBY
BHBEHRENBNEGFNRBREEL - SHRS.
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The Bottleneck Steps Limiting Maturation of
Penicillin G Acylase in Escherichia coli

XU Jing-Ning'*  YANG Yun-Gui’ GONG Yi* YANG Sheng-Li* YU Jun-Tang'
' The State Key Laboratory of Bioreactor Engineering , East China University of Science and Technology , Shanghai 200237, China )
2 ( Shanghai Research Cemer‘ofBicxechwlogy, The Chinese Academy of Sciences, Shanghai 200233, China)

Abstract We have identified the bottleneck steps limiting maturation of penicillin G acylase (PAC) through comparison of the
maturation performance for various PAC-expression systems ( Pac,Tac, T7, Vgb + T7) with different efficiencies of proteolysis,
subunit folding and assembly . The maturation of PAC could be limited by various steps, such as translocation, periplasmic proteol-
ysis, subunit folding and assembly depending on the host/vector systems.In BL21{pPA6)cells, maturation of PAC were limited by
proteolysis and folding steps;the efficiency of proteolysis was 57.2% ; the subunit folding and assembly capacity was 0.72.In
BL21{ pKKpacSP) cells, the stability and folding of a subunit was bottleneck steps.In T7 and dissolved-oxygen regulation expres-
sion systems, PAC proprecursor could be maturated efficiently . Results also indicate that the folding of « peptide plays a key role
in folding of precursor for PAC in E. eoli . Developing proper host/vector systems and fermentation technology with superior abil-
ities on subunil folding and assembly of precursor for PAC could be plausible for enhancing production of PAC.In this study, pac
could be expressed (transcribed , translated and maturated) efficiently under the control of T7 promoter.

Key words penicillin G acylase, maturation performance
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