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Abstract: Penicillin expandase, also known as deacetoxycephalosporin C synthase (DAOCS), is an essential enzyme
involved in cephalosporin C biosynthesis. To evaluate the catalytic behaviors of penicillin expandase under high penicillin
G concentration and to identify mutants suitable for industrial applications, the specific activities of wild-type DAOCS and
several mutants with increased activities toward penicillin G were determined by HPLC under high penicillin G
concentrations. Their specific activity profiles were compared with theoretical predictions by different catalytic dynamics
models. We evaluated the specific activities of wild-type DAOCS and previous reported high-activity mutants H4, H5, H6
and H7 at concentrations ranging from 5.6 to 500 mmol/L penicillin G. The specific activities of wild-type DAOCS and mutant
H4 increased as penicillin G concentration increased, but decreased when concentrations of substrate go above 200 mmol/L.
Other mutants H5, H6 and H7 showed more complex behaviors under high concentration of penicillin G. Among all tested
enzymes, mutant H6 showed the highest activity when concentration of penicillin G is above 100 mmol/L. Our results
revealed that the substrate inhibition to wild-type DAOCS by penicillin G is noncompetitive. Other DAOCS mutants
showed more complex trends in their specific activities at high concentration of penicillin G (>*100 mmol/L), indicating
more complex substrate inhibition mechanism might exist. The substrate inhibition and activity of DAOCS mutants at high
penicillin G concentration provide important insight to help select proper mutants for industrial application.

Keywords: deacetoxycephalosporin C synthase, substrate inhibition, high penicillin G concentration
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AP ES A AL : ool 5 R 75 55 2R 10T
5 scDAOCS 254, T DAOCS-Fe**-a-fifi %, —
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i (DTT) W H Merck 23], FeSO, W F K
RAIALZERFN T, KHPO, W F [ 2548 Ak
AR AFR, GiE4i L5 H Duksan Pure
Chemicals 23], G-7-ADCA Hi i E R A= 9
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A S 2517, scDAOCS K754 H4, H5,
H6 Fil H7 fASL R = R A Sty g,
1.1.4 BEFHE

LB }iFR Ak (g/L): BEE K 10, BERERIK
#) 5, NaCl 10, pH 7.0, 121 ‘CKK 30 min,
A 15 /L Brfg Ry A FR 5L, BE R R fifi
MPTERR, IMARIFERAUWE N 50 mg/L.
115 ZWHK

TA S%HMMZ M M (g/L): MOPS
11.626 1, DTT 0.171 4, pH 7.5, V&M
F, Bilk DTT &4k
1.2 FiE
121 BFIrESEENE

W & A7 PR RUA HA L HS ., H6 F1 HT 28748 1A
scDAOCS & [H Y Escherichia coli BL21 (DE3)
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HeAb FHEFP RIS 50 mg/L RABEEA 10 mL
LB AR F: 3L, F 37 °C. 220 r/min 1% 55
F5o BUH 0.5 mL #2088 1% R R4ERE] 50 mL
(AR [ 15 % 3 Hh 15 5% 2 ODgoo=0.4, FifiJ fin A2
W 0.1 mmol/L 1) IPTG,7E 25 °C 220 r/min
B . KSR RS AU KOs

9 000 r/min., 4 CEMF &0 3 min WAL A

SRIGHEH S%H MM Z W M (pH 7.5) ik
PRPR 3 35, FRRE Pk /s AR E ST 10 mL 49 F
WGP, BSR4, 4 °C . 12000 r/min
#5015 min B RIS, B o BT scDAOCS
PSSR PR T, R I 0 S S 6 ol P KL
it 00 2E AT o KL A VL 2R 1 % SR A Bradford
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SDS-PAGE K14 ] ] Tmagel % {42 k47 1 B {H
i3 511 5455] . scDAOCS 1 1 ANEE Py
ESCHETE N 1 ug G-7-ADCA FiF BLHY
DAOCS fJfif, DAOCS 74 BUif % 4% 2 A8 {A
I ELIE 158 4 1 mg scDAOCS & 43 B il
R EE RV e

1.2.2 #3 G-7-ADCA 5FEE G iy HPLC
JE BRI 7

T I HPLC 2 #2644

WEIA: A: 10 mmol/L KH,PO,, HUHERE
JZE pH3.0, B: %4 0.1% =L ZIE -

Ve 5 WK 0.5 mL/min, 70%A/30%B
SRR, VRIS E] 25 min., SR 220 #1260 nm
PEAT HPLC 23 Hraem 21,

HEHE G EabrfE s . 4 B ]
05. 1.2, 4, 6 %8 mmol/L 5% % G /K&
W, FHC10 pL FFESFAT HPLC 4007 DA%
2 G YR AR, 220 nm WG E R A U
25 AR E RN £k .
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G-7-ADCA #5ifE M1 £& i & a7 - 43 5 S il
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4 FeSO4 1.8 mmol/L, o-fiiJ}% —-fi& 4.0 mmol/L,
YA % C 0.4 mmol/L), 250 uL KIRIVEEH&EE
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R 30 min P'. 100 °C 4 @B & Ik R N
13 000 r/min &.0» 5 min, B EWE 10 ul JFf7
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2 ER5AM
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(C155Y/Y184H/V275/C281Y) FLfih |, ASLEG 2
RN R B RA G I, 5 AT A F
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W R (0.2-10.0 mmol/L) *fFHi% ¢ #4T T 1F
W T B TV FH A R AT X S T
71 scDAOCS, FA 7 5.6-500 mmol/L HHEZE G Ik
T X HARAIE PR T TN

HPLC /34t scDAOCS HE 4k [ W TR & 4 iy 4%
FAnE 2 frR, G-7-ADCA 7E 220 5 260 nm F
B ReR e, REEHRIZY R 14 ming HRER
G XAE 220 nm & B A BRI, Ff B B IR) 24 4

18.5 min,
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Fig. 2 The HPLC traces of penicillin G (A), G-7-AD
CA (B) and reaction mixture (C).

itk — 2B B UE RN, FRATISCE X R F
G-7-ADCA FRAEFER) HPLC W FF#E1 T LC-MS #5
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0.1 l
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% Y i 2 WU ) G-7-ADCA.

HF /£ 7 scDAOCS DL K 2878 Kk H4 . H5. H6
Ml H7 1E 5.6-500 mmol/L F&H X G JLHE MY
WO R 4 fron, g 3 e R A
scDAOCS DA Six S5 A Bl 5 75 2 G W i
Iy BRI B S, EHRIE A B
B2,

Xif 7 A2 B scDAOCS FIZR AL Ha Heiit,
HAR ISV H R E GIREZ 200 mmol/L A fi
M, WA R GBS, HEMHE T
B o KPS TG R A R 3 5 28 M p 5 e P R
BRI AW o 2 MR 5 4 P 7R o2 5=
W Vinax, FURFRM Ko 3K, BILAE R Pk B
S Ak S SR R AT REAS RS, I #aiE
TCAWHIFIAEAERS Y Vinaxo  PRIHGX — 45 5L R
Valegérd S5 4E BT 11 38 4 1 300 1 ASSR0 HN IE 0 . 53
Hh, TEFRR GWRIEKRT 40 mmol/L B HF A= 7Y
fitf 5 HA TEHESEEA —30, VLB HA R & R

ESI Scan (4.391-5.210 min. 111 Scans) Frag=90.0 V DAOG-15 uL.d Subtract
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Fig. 3 The MS spectrum of G-7-ADCA (negative mode).
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Fig. 4 The specific activities of scDAOCS mutants
under various penicillin G concentrations.

G WRJE T R IMIFALF
XFFRASA HS . H6 5 HT ki, eI
PERE T % R GUREE LRI T & R ek fs
FHERER AR ek, HIE MR MEY S
FE G HEH 80 mmol/L i} 5 H6 Fll HT 1% HH%
K IMAETFRR G WEH 300 mmol/L B}, HS
TEHEMRERIAEEFE SR G AN 200 mmol/L
B XA A ka s, RUIFE R E T HE
% G 5 scDAOCS AR g A Z AR R 25
G, BRI 2 2R 80
BRE K, H6. HT Wi R A 5 &1
AT 220, I H H6 #E vk B35 B N 1) E i
eI T HA R A A, A LEARMR BT RN I
EEALT H7UT, X —45 R, He HiES
AT EEHR GIRESFETH RS, I
UREZIRYERS R G Wk E
300 mmol/L, [FIEMASR PRIFES R IEPE . Xt
ARFRATT, X TR A A ol R A I T SR AR
AR, 78 MR BE W 250 T A7 i i 2 AN
ALY, AU AR B R W) 254 T 1 i 1R 45
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PEAT PR AT REIS R 7843«

IR, AT A SRR R 9 A8 IR HT ot i T
KGR 2L E SR G £ G-7-ADCA
TP A AT AR, Al ] % B
BT R G WREIRF] 50 mmol/L I, HhnEy
(4 TE A P 5 0 o A R S 307, Ak in
BEGHWEATRE, XUHERR G X
scDAOCS il fE F & e BR i T A Tk A= ™
o A L = VR B R A5 R AT A
TS ASA, T H6 %5, T BEAT Bh Tt — 4R
e H AL RE
22 BHEE G DAOCS IRz hF &
B g e TN 5 458

Tarhonskaya %51 XF scDAOCS A HTFR A
B 11% SR 45 A S5 Uk B seDAOCS
() R LA B BUR A 7 RO BT, A2
MW RREHFR G5 scDAOCS fFEPIREE 47
X, H R g5 6 07 5 - Ban — 30, Bk
NIEA G, S — R o R — B
n RN EIVE R, FObAEA 5, fE R
B FEATR B ILFE R R G X scDAOCS Ay il
VEFINLERALTY I FHFRATT 00 52 30 45 SR 2170
B L o

FAREE scDAOCS-Fe*" - o-fiil 1% — 12 - 75 5%
% G WIcE A WA 30 Ry B B, i
FE I 22 1 25 AN I I 5 A R H 2L Ik # P
iy, BIFF GRS RE . TAERNTN SR
%MF, G-7-ADCA W= ik, Jbrie b
BNT 5%, PBFRATAT DURE o-f R =R 5
TR G MWK, I LIHA G R E ok
AL,

B 1. BEEER G AR MRS
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scDAOCS %545, [RINHI] 1 o % — PRIV 45 &
UK ERFEE G LUE RS, B Valegard 2517
eI 19 55 SrPE D fl AR H o E 3678 seDAOCS,
OG Fno-fillf — MR, PG FmIA MR LEE
MEBEE G, PG ERUIEAET MR LGN ERE
% G,

K,

E-8 , EOG 2> EOGPG —>—> E+P
Ik
E.PG,
AT H RN A
_ Veeg
A+ Bcpg

Hrr V=k,K KyceCog, A=1+K Cog, B=Ks+
KiKaCog, Ce WBHEIE, coc Ma-i N —IRHEE
Cec W H R R G, k, WE B YIMEALTT I
(4 S o, R R, AL S B & L 456 RN
AR (B 1), IR TRE, ROV

HRER G R ImsG I, (E 0 B 2
G, BEAMLIE . X H5RATERE RIA—
H, KWAFER G Xt scDAOCS HHNHI AT 438
FrpEAN B

BA 2. RIXFER G AILEEE MY
scDAOCS Z54, il 7ol RS, [
RIAEmMERR G AT WERES, (HIR)
TEPE, RO o1 8 — 8 Ry 3 G PEAI R, X5 2
R G HARZE AR

K
»

EPG, %> E.PG.PG,
AT H SN ANy
- VCp
A+ Bcpg +CCag
Hr v=k,K KyceCog, A=1+K Cog, B=Ks+

k
E.OG.PG ——> E+P

E.OG

KiKaCog, C=K;Kg, HAMSEE LI b, XfH=R
— B SECTHITE Cog BT N 2 A/ C I, 2
BRI B KA, RGP cpg BEMNTZE B T
e, RITHERERGESE, X 5RALRNF
) scDAOCS ¥ A= Uil bz 53 722 1A Ha 45 5 — 34
B 3. RIRERHR G WTLEEAE WL S
scDAOCS #5465, [A] B ANSE 0 o1 16 — FR 45 5 DA
HRr G U WRE S, BRRNEME, B
X ol R B R G BRSSP EIIH
EKlzz E.OG :K2:> E.OG.PG kl’—>E+P

IlK3 ng K,
E.PG, == E.0G.PG, == E.OG.PG.PG,

A R S

. VCps
A+ Bcpg +Ccag

Horh V=k K KyCeCoa, A=1+K Cog, B=Ki+
KiKaCoatKiKaCog, C=KK:KsCog, H:ALZEE
S b B R RO R T 2 SR 2 — 3L,
DA b S 2 AL IO A [

g BRTA, AR ERIS R S IR AT S 0 4
My, FTLAMES . HR R G 7 scDAOCS L%
CHEMAEA O, FE T LAFER A, B
TR G XA SRS, HENIKA]
IR ZE RAREFIMI T H R G Kol RN
o G PR R SE A A IR

R B YR AR IR S I A A AL S HE S
5 scDAOCS WA= U Je 284 Ha (1 5250 45 51
— 5, HREVRREM R HS . H6 It HT &R =78
fhlads, MXFF He, X 3 PMRAMEREBZL H—A4
SEFE 5 AR A A 1305M1 . Wed S5 T ST 45 SR
F 1305 N S5 AEXT seDAOCS P4 H 2%
S, TR G, 1305M & 1305 RA A
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Keat 3B KA B 1R 254 (PDB: 1TUOBY) &
75 1305 L FIEPE ALy, MUGE AR S 1E 8 Fe(l) 2
4 A, 1305 W S IR EZ NS, Ko
SR 5EZ RN BRI, 5 1 7
BT 5. 6 fifkIE TREBS e 5 A LI, B
FEKAERT: 5 ol R EE B TE 4-6 A, HE
T A I R RE ELAE T o B 37 15,5878 S Met, R
ERAIE Met FLABKIE 0 3, H 2 MG
R, RS A— BT, D% % T B
W T RS B A BT R B A e, T
R EEE G K o-BilIk RIS &R 5455
ErRESI AR, T 5 | 2 A% B IR 0 00 o) B
% XWRAR1305SM K HE5HFER G Al o-fill 1k
TR AW AT SRS RS, AT REA BT
FAT T AT RE B FAAL

3 &%

HHRY WML T ERELEY
B BCEL IS P R, HAATEE R Tl
A E . FATHFSE T scDAOCS B A Uit LA K
G SR K H4, HS, H6, H7 fEH B HE G Ik
J& 5.6-500 mmol/L X [i] N TG PEAR b, K
MR HFRR G WE N ENSAEY SRy
mABE, Hh Ho HHEHER G KEKRT
100 mmol/L IS RE PR AL R HOMEALTE T, i& &
T R R FE ST 1 ol

BF R scDAOCS S 45428 AR R TE 5 75 5%
EGWE (KT 80 mmol/L) ¥RIH &AM
Pyt B G, v B A Rl I S AR IR HA (13RI
S ARTE A PRI BB TN AR A, T 28 AR IR HS
H6 1 H7 A REA 54 2 p 4 il VE AL
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