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 OE HETRTEEEE CBHLRREHEE A %KAM pKKFPGA , pKKFPCA B # 78 £ B DHS«, FrigH4A
A AR AR ST EECRE, AR 2590WL LA RE=HITHRERR 432 F L& wE s
3K 300(wW LY Agy . EERBEFRS I 1 B2 DEAE-Sepharose CL 6B B F 3 # /2 57 #1 Butyl-Sepharose CL 4B B K 2 #7,

BITT B e S 20 15, L35 0 68.6wmg IR BE G BALEE, B ok M B Uik 91% . Western EIZE M HT B 5%

HEATAE B RS RARATE R TR, RO RR AR E S RAKAE R B

XA HEECRLE, XUBEE, Rk, 4
dERSES Q73 CMIRIAK A

HE/E G B1L A (penicillin G acylase, E. C.
3.5.1.11,PGASEEL T B X G(PGO)EZ B A M
-BEFEHM(CAPAHMLMER G(EHR) B
FZBER T-BEEBZ B E R LML 8 (7-ADCA),
6-APA ! 7-ADCA ¥ &/ g-MBEREHE RN X
a1k, i 50 4F PCA BB KB BALIEER ML
$UW|T Y, BHarttH £ Tk 47 6-APA 1 7-AD-
CAHRBEABFTEREGCHIABEERAXBTHE
{ Escherichia coli , ¥c) B K F HLFT B ( Bacillus mega-
terium , Bm) .

MEPCAREKRA AN EZRAEEMRE >
KR, W& HA KB E ( Escherichia coli, Ec}.
R S BIK/RKHE ( Kluyvera citrophila, Ke) (&

K% B 55 #7 9 ( Providencia rettgeri, Pr) ZEF=BHT |

& ( Alcaligenes faecalis, Af) KB HEAREEILRE
( Achromobacter xylosoxidans, Ax) 5 18 2 il i B
( Pseudomonas sp., )&, BENEKXRGFHFTHE
( Bacillus megaterium , Bm) 5 %k 35 # B ( Arthrobacter
viscosus, Av)o FE7° @ FF B (AD) PGA £ H 5| 1994
EUABTR, MR EEWELT PGA kit
By, SEMARTEK PCGA B, APGA
MMEERAN TS L. APGA MEVRFER
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EMA,MEEE G M Km ik EcPGA 1K, H BmP-
CAB=1T¥MEBHR., WH kea HRNE PCA FER
B, R BB IEFED ;2. APGA B PCGA R —#
—FEMPAEFEN _HBHER MUREEHS
MpHEEHHBRE 3. AFESFIRHENL,
AfPGA Ik EcPGA H B m s B 4™ ;4. APGA TEH M
BERhEALERRENE, EKHE, #ILAERS
BEEMEZBESAN, EALSEL EPCA B—
MRBES, B2 APGA SEESBRERIL
FHERITFPOMARR,

AT APCA RREFAE e B FRRAR
K BT BB pKKFPGA, HE KBHERE
Pk, FBEABHXTFES A BEE APCA,

1 #Rfer &

1.1 ##

1.1.1 FF5FER . KB E DHS« G S 4F1ER
supE44, A lacU169 (D80 lacZAMIS5), hsdR17, re-
eAl, endAl, gyrA96, thi-1, relAl), A F ZEREF.
pKKCAI™ | pKK235 i ik, € lac Z B S

ARE e BHTFE mBEFELET,AE lac I
SNER, 5 PICESHAERE lac FRREE
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LB BERE - RTENAEEER CRAMEXEFETHRD RS RS Had 737

Erh Ak, pSU2718, E kR, HRi A A E
BEMRAEM,

1.1.2 MR MER: BT RMEMH TaKaRa 4%
7l , DEAE-Sepharose CL 6B 1 Butyl-Sepharose CL 4B
W B Pharmacia 2% 7], X7 H 0 EH =2 i O 4047
#iX 7, PCRI| W RERAAE

1.1.3 BFE: (DIBHEFE.BELK 10g, BEH
5g, NaCl 10g, 7K F 1L, 18 pH7.0. (b) ZBEIEFFHE
(FM): E B % 10g, B 5 W 5g, MgSO, -7 H, 0 1g,
KH,PO, 2g, K, HPO, « 3H, G 5g, Na, HPO, - 12H, 0 7g,
(NH,),S0, 1.2g,NH,C10.2 g,NaC10.1g, ¥k E 1L,
1.2 H&k

1.2.1 FEEHE pKKFPGA MW E. 314 1 (5'-
GCATCCATGGTGAAAGGGCTGGTTCGT-3") 3| A Neo |
B 5, 5518 2(5' -ceggatcectaaggetgaggetgaate-3)
#if PCR 5 M B K pETAPGA'™ ¥ 148 | AIPGA
BATRIE Sma | LRHE4LR B pSU2718, 8 Bl R
B pSUFPGA. pSUFPGA LA Neo I . Hind [ 4L . 48 3K
B APGA BB E B Neo [ . Hind [ 3 16 B9 4k
pKKCAIl 78 B & 4 % iX OB pKKFPGA, 4 K
R APCAREKE wve BHF.BHFERTH LU
BB REULTHER AGKREFES KIS
APGASF MBI A FRZH, BEHARNFILREE
DHS« 8 88 #k DH5a/pKKFPGA

1.2.2 4B DHS«/pKKFPGA £ 5% 3% ik AfPGA:
DHS«/pKKFPGA # f £ 3mL LB % {k 8% 3% & h,
37C,250r/min T W FF. LL1:100 A B R
SomL RIS E ., 28°C.250 v/min |HIEFE A,
R25EH,

1.2.3 TERMARBLEE S WRE R A NIPAB JF
B WEEL,ERET SO0mmol/L BEREZE bk pH7.5,
B10pL R, M A 500uL 50mmol/L % B 28 op ¥
pH7.5,37C R B. B MW A ImL 37C WA ImL
0.9mg/mL 6-F8 B-3-F Z Bt & £ X ¥ 8 (NIPAB) &
W R 4min, A 1mL 95% ZEB&R IR, RN
BEFE L, 6000 x g B L 2 min, B L 3 M E 405nm
BRE. THHAAMBREEK. BIEAESLEL
RE R KT, lmin K% 1pmol A NIPAB A B H B
EBLABY lu, MHEREEAIELHEAE Ay
H kAT B B BEIE S R

1.2.4 APGA B4 B4k . i HE T S0mmol/L B
B OE of W, K8 b BB 75 B BY B 4K (Branson Sonifier
450, 50% (B F®, 50% % i), B L (12 000r/min

15min) , B H5RP A APGA MRS, HBSH S| A
2 ¥ (50mmol/L, pH7 . 8) I ¥ # DEAE-Sepharose CL
BE,FHEATFHIEMBEZBLRIETE. APGA
AEWHmRM S, AR EFLWE K
(NH, ),S0, % 1mol/L J& , it A 50mmol/L 8% B2 2% nh K
pH7.8-1mol/L{ NH, ),SO, Tl ¥- & Butyl-Sepharose CL 4B
B, 28K, E(NH,),SO,EEN O HBRRE K
BB ARG AfPCA,

1.2.5 Western blot 74 : lml AR RE R B 00, L
EHAET 200pL EREFE M, DB L1 LLH
A EEER b, AKE Smin. P 15uL B B
BEHA SpL BLIEH 47 LA B AT Western blot 27,
—HARD, I AHERMREIE AT & . 8
fEdk OBk (7 18677 <

1.2.6 BHEEBNE . & Badlord 35, AT MEE
BRirEES, BERXE7].

2 #R

2.1 APGA RZHAMHAREER

/%1424 PCRYHEIEES A APGA
RERE,ZHBEEZES Sna [ 858 pSU2718 1§
pSUFPGA, pSUFPGA LA Neo 1 | Hind [l &1L, ¥ 3K 18
B APCGA BEERI Neo I . Hind [ 15 1L 8 2R &
pKKCAIl F, 3515 % 35 B pKKFPGA(E 1), Neo |
# Hind [ EEH A PCR 33414 AL 13 2 2500bp £ 6
MR B, R/ EE APGA R XM —H,

Nn:t:ull>t

COLE] ORI

Bt EARK pKKFPGA H
Fig.1 Plasmid of pKKFPGA

2.2 AfPGA fy &k

Hie b HMAERARN THEALKEAZR
ST R B RS A R R gy T AR, B T K o B DHS o
pKKFPGA 7RG 28C TG, FHPEB LB
FEXMNRIEAFH X6l T LB 3K pH Z e
H1 . LA NaOH 5% HCl #37 LB R FERZ R AR pH,
XEARWME pHE LB IS REMBRABERBNE
W ERFTRLLEME pH 7.0, AMPGA M REI B
BF. REXEFE(FM) P, 5HE DHS«/pKKFPGA
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EEEDES, pH RARRF 7.5 54H, EHENMRK
B LB e b, AIPGA F AR W 35 2590w/, K B
48 Alcaligenes faecalis FX B F 432 1%,

%1 FREREDAPGA HRER
Table 1 Comparison of AIPGA production between
different culture medium

Enzyme activity Cell-density-specific

HwL) activity/[ (WL} Aggo ]
M 2.65 1012 381
FM + dextrin{30g/L) 8.4 2590 308
LB(pH 9.0) 2.67 an 158
LB{pH 8.0} 2.73 501 184
LB(pH 7.0} 3.08 596 1%
LB(pH 6.0) 2.96 323 109
LB(pH 5.0) 2.5 154 61

2.3 APGA RIS B4l

EERBREERS, R BERBER LR, pH X
7.8, B0, LA HERE . MR ARRED
¥ 70 F 5 () DEAE-Sepharose CL 6B £ , AIPGA #1 T4
3 R B T B4 O o L T 40 4% ) R B B (A
2), BHEMBMWEAEN APCA & T4, RNK
hA B 4k (NH, ), S0, & 1mol/L J5 il A 8% B: 2 K -
imol/L(NH, ),50, T F-#5 i) Butyl-Sepharose CL 4B # .
AfPGA 7E Butyl-Sepharose CL 4B L i 7K & B, =
(NH, ), SO, 2k B R i, & 47 =22 1) 9 K A I 0835 T
WBIE, R AT, 7 (NH, ),S0, 3R E R 0 i i E
PeRREE 5,08 APGA(H 4),

T—
-—NaOH/(mol/L)
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Fig.2 Ion exchange chromatography for AIPGA purification
Peak 1: AIPGA; Peak 2:impurities
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Fig.3 Hydrophobic interaction chromatography
for AfPGA purification
Peak 1,Pesk 2,Peak 3 and Peak 4:impurities; Peak 5: APGA

X E ik, APGA 8% XN 91% , B i {bfk
BARE T 20 M5 (% 2), 41k APGA # 1T SDS-
PAGE, % DL 55 i e 6 2 3 2 HF , 40 B 1L AIPGA
HaoMpEEES) KAEHHEFHAFEKXT
95% ,

F2 APGA M
Table 2 Purification of ATPGA from the recombinant DH5a/pKKFPGA

“Total volume Total protein Total activity Specific activity Yield

ImlL Img fu Hu-mg™ ") 1%

Crude extract 10 74.43 238.7 3.2 100
DEAE-Sepharose CL 6B 47 19.20 219.1 11.4 9i.8
Butyl-Sepharose CL 4B 20 3.16 216.9 68.6 9.9

2.4 Western blot 5 #f AIPGA &R X

RIF4E# PCA RAFHMAIRERD . BFFS
Bk .o BB EBRKA B IR, R BGE B R AT
PGA(preproPGA ) Bk % 2 5 S Rk 71 5, B i 40 M R B
EHFIFAESE, K3BP, F5RETE. BR.
Bk PGA JkEE (proPGA) A AL YI BIITR RS I, B
R o EEFN B R TE R ITEAE BN PGA, TEKX

B AT & o i & %35 PGA Bf 5 5 H preproPGA Fi
proPGA 4} B 6 I o F & i 25 (B 7 L AL M A

¥ | 3% HI 32 34 4T Westem blot 4387, 5487
APGA BRI B R AT B aEE, AEEKE, BF
BULERAMA RS MER (R 1.2.5), LiE#
iR Bk 20004, T E #6438 B AR B 2000L, 5151
B 15pL 138 #F 6 F1 SpL PTIE &R 53 # G #E 17 Westem
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M 1

4 AfPGA Y SDS-PAGE H3
Fig.4 SDS-PAGE analysis of purified AIPGA
M:standard molecular marker; 1:purified APGA.

B:B subunit;e:a subunit

blot 7047 . MMPF/E LRH R ARG VRIS HH
HBULTHE, LIRS ERE R BT AR BB

B 30% (20 ), H6Bm, HEBLNAH
3000/200

B, R OREAN AMPCA ZWHAEMN 15%, %
THEBRSE MR E B, KA ERD APGA £
BRI 5% , R KER S AT AfPGA (preproAfPGA)
CHEBRBIBREEMBITMLT., EFPXOHRER
4 U JR B 25 (8] BT & A M RIT4K AfPGA (proAfPGA)
SWERMTITBEAEEMN APGA, WLERS&
FRBE, T APCA B R+ REM A
ERNER XERIEZRERENEHF.58)8
HFRBENLTFIIEHRAER T A B APCGA mR-
NA,mRNA Bi¥ 89 preproAfPGA Jo ¥k J i) %z B A
AERmMFIHERABREERERE., XFRET
Ll o M #F SRR BB T E APGA M &
BRFFE#H—-FRAEEBOREE,
3 it

APGA TR MEHFRRA L EKBREEE
CHEHML ™ 6-APA 5 7-ADCA, LA R A AR
MREAKSESRABEBR L R NAE
R, AE%'% APCA EH RIS pea X RKB
pETAPGA, X E R 7 KB #F 9§ IM109/DE3 H X E T
PTG %5, %A 0 150 w/L, Deak™ 254§ APGA

ENZRED—RmENH REEET. Ap LN
Bt BEABRNFELABITE. 2BRFFNET,

1 2

5 Western blot 537 B 41 8 DHSa/pKKFPGA
EoE S .9
Fig.5 Westem hlot analysis of the product of the recombinant
plasmid pKKFPGA expressed in DHS5«
1: precipitation fractions of DHSo/pKKFPGA; 2: supernatant
fraction of DH5a/pKKFPGA . P: AfPGA precursors;(: subunit

MRS APGA FFRIXER N 700 WL, EKEIE 1 R
25(uw/L) Ay o EEARLEATH APCA BHEEAI4H
BB B P HEG rBRE, Rz X 2590 /L,
WA TS 1735 300(w/L)/ Ay, o 3535 2% 14 7] S0 i 38
RAE BESHPCAWELERBEHOE W, B, L
BHENREE ZBT#E - L8R8 AMPCGA B &k,
W EEHTH .

AURBE T R R REN L APGA T,
MEBEHERNEC L ETRBREEMSER, o]
H £ 17 DEAE-Sepharose CL 6B B T3 #H E#. Af-
PGA TEZZ 8 4E AR PR, O 43 4% I "R B % 2
B b3 A B R B MR 35 1mol/L /5 # 47 Butyl-
Sepharose CL 4B BiKHE#i. & X P44k, B
IR A KT 95% 1 APGA, BIRE N 91% .

Xmk[10, 1] REEANRALEROER S
BENENE PCA MR ERX. MEBREKNERKXET
HETRABURSALIEENER FREETF,
BEILT, SHREAIRERS., HEEEST 2K
HEKE bp BAR degP A, BV BHIEME R,
RET EPGANEIEER, SHMFHE PCAELE
HEPREE B QEEED, B DHS«/pKKFPGA
Tk AMPGART , ERAERTLEEK BHEER
&, &K PGA 5% , R K I A AT & APGA §iE
BAREEEFTERMN T, XWB T APGA N
H47E#i bk DHSe P3RBT H &K,
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Constitutive Expression and Purification of Alcaligenes faecalis
Penicillin G Acylase in Escherichia coli

YANG Zhi-Jian'?*  CAI Jin® SUN Jia® YUAN Zhong-Yi'"
' ( Institute of Binchemistry and Cell Biology . Shanghai Instituse of Life Science , Chinese Academy of Sciences , Shanghai 200031, China)
2 ( Department of Chemical and Biochemical Engineering , Zhejiang University . Hangzhou 310027, China }
7{ Dalian Institute of Chemical Physizs, Chinese Academy of Sciences, Dalian 116023, China)

Abstract Considering Alcaligenes faecalis pencillin G acylase{ AIPGA) , which possesses the attractive characteristics for beta-
lactam antibiotics conversions, the gene of PGA was cloned into an expressing vector pKKFPGA . The recombinant plasmid con-
tained multicopy replicon{ COLE 1}, trc promoter, AfPGA gene, rmB transcript terminator and ampicillin marker transformed
Escherichia coli DH5a. As both the recombinant plasmid and the host DH5a had no lacI gene, the trc promoter was always ac-
tive and the AfPGA could be constitutively expressed without IPTG induction in the host DH5a. In the shaking flask, the recombi-
nant cell was inoculated into the fermentation medium {tryptone 10g/L., veast extract 5g/L, MgS0, -7 H,0 1g,.KH, PO, 2¢/L,
K, HPO, -3H,0 5g/L, Na, HPO, - 12H,0 7g/L, (NH,), 50, 1.2¢/L, NH,Cl 0.2 g/L, NaCl 0.1g/L, dexirin 30g/L) and cul-
tured at 28%C for 20h. The production of AfPGA reached 2590u/L{ NIPAB method}, with a cell-density-specific activity of more
than 300(w/L.)/ Ay , this yield increased 432 fold higher than the native expression of Alcaligenes faecalis . Without ammonium
sulphate fractionation and dialysis, the supematant of crude extract was directly loaded on DEAE-Sepharose CL 6B column equi-
librated by phosphate buffer {50mmol/L, pH7.8), and the enzyme fraction was not absorbed on the column but impurities were
absorbed. Subsequently the effluent was added ammonium sulphate to 1mol/L and loaded on Butyl-Sepharose CL 4B column
equilibrated by 50mmol/L. phosphate buffer pH7.8-1mol/L ammonium sulphate. The enzyme was eluted as concentration of am-
monium sulphate in phosphate buffer decreased to 0, PGA was eluted. After these two column chromatography, the enzyme was
enriched 20 times with a 91% activity recovery. The purified enzyme had a specific activity of 68.6u/mg protein, However, the
overproduction of PGA was often limited by translocation and/for periplasmic processing steps, subscquently resulted in intracellu-
lar accumulation of various types of PGA precursors and then formed inclusion bodies in the cytoplasm and/or periplasm. In this
study, 5% PGA precursors formed as inclusion bodies in the cytoplasm while no inclusion bodies formed in the periplasm. It
suggested most PGA precursors were transported to the periplasm and matured te active PGA and also explained why PGA gene
was highly expressed in the host DH5a. On the other hand, inclusion bedies in the cytoplasm indicated that the maturation of
PGA in the host DH5« was limited by the translocation step.

Key words penicillin acylase, Alcaligenes faecalis, expression, purification
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