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M OE. (90 %5555 % G BB PGA) T L # k. [F%] £ LICI- ¥ K ELFT
VABCE R EIRE B TIR(ARTP)F ZH ARt E X AT (Bacillus megaterium) ATCC 14945 #E4T
W, RIBERETHRE, HREGE BZEMNIRKIZRLA T, @R 6h B RE R T Hn
BIRE A 0.1%09 K TBL, 28 °C. 250 r/min &4 Fi5-F3578 40 h, 3+ & S5 K169 _LF(EER)
& | NIPAB %% PGA Bgi% 7). vA PGA BEE RGO HARAMAL, SR CBRRERMEFR
£35S0 R B 474, KA NIPAB 502 PGA B7% /1. R SDS-PAGE #li# L7 /E E K 3F
JeAF EHBER P PGA 09 & a4 . [ERIANFE LA Z T imiL3] PGA B&F /14 39.60 U/mL 49 5H
Bh12-4, BeE ) B K AR S T 8.5 . A M RIKIZI 6 h BIRIMLIRE S 0.2%89 K T,
44IEHR 500 5, PGA B8E /17734 7845 U/mL, e X HHIRZ T 16812, FEATE HHIER
BF ) PGA BA¥H L a. pRAL; FEEEHRPGAo AN ETEAAAR T, p LA EH I
%; o PRAZRMEALFTARE S, [46] RAFTHATRS EXFIOAFE PGA K,
AR E T M 12-4 BIZFREAT PGA Tkib A = B4 & 244,
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Abstract: [Objective] The aim of this study was to screen strains with high penicillin G acylase (PGA)
activity. [Methods] Induced mutation of Bacillus megaterium ATCC 14945 was performed by
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LiCl-ultraviolet composite mutagenesis and atmospheric and room temperature plasma (ARTP)
mutagenesis. Strains treated by two mutation methods were spread on solid plate culture medium. The
colony growing on plate was inoculated into liquid medium and cultured at 28 °C, 250 r/min.
Continuing culture was performed via transferring bacterium broth to fresh liquid medium with 10% of
inoculum size to obtain second generation broth. After 6 h, phenylacetic acid was added with 0.1%
final concentration into second generation broth and cultured for 40 h. The bacterium broth was
centrifuged for 5 minutes with 8 000 r/min. The supernatants are crude enzyme and their PGA activities
were assayed with NIPAB method. The enzyme-producing conditions, including the addition quantity
and timing of phenylacetic acid were optimized using the strain with the best PGA enzyme of activity
from the mutants. The protein properties of PGA from the strains induced before and after was
analyzed by SDS-PAGE. [Results] The strains numbered 12-4 had the highest PGA of 39.60 U/mL.
PGA activity increases by 8.5 times than that of original strains. After culturing strains12-4 for 6 h and
adding phenylacetic acid into broth with quantity of 0.2% (W/V), continuing culture for 50 h, the PGA
activity from the supernatants reached to 78.45 U/mL, which is 16.8 times than that of original strains.
PGA from the strains induced before and after all has o and B subunit. The amount of a subunit in PGA
from the induced strains was no significant change. However, the amount of B subunit significantly
increased, also protein bands locating between a and B subunit markedly increased. [Conclusion] The
activity of PGA from Bacillus megaterium could be increased by mutation. The obtained strains and
PGA-producing conditions in this study are of important value to industrial production.

Keywords: LiCl-ultraviolet composite mutagenesis, Atmospheric and room temperature plasma
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BT8R G BLE#(Penicillin G acylase, PGA,
EC 35 LINARKMFH &R, 77 4E 6-2 Ll B
(6-APA); Tl 6-APA & & MEFPIRIE) . HUElE
PR T R R AR EOR T AN, S
AR R, TG kIR s R i E 2 b ]
T 7-Z M O S A ERR (7-ADCA) 2R 77
PGA A3 ZFh YRR, AR R AT |
KT ATCC 11105 5% 5 IR /R KA ATCC 21285,
R PE AP ATCC 15294 85 [RAZE B ATCC 31052,
E KA ATCC 14954 FIZS AT %%, PGA
3 T A T R A 204, Al LA
aifb 58 . B FEEfk, X, pH A HLIAF
BRasE M2 2 Tl Er= i E i) KB ATCC
11105 P4 PGA™, 20 #I i e 2s 1) vh o FK 2R
M (Bacillus megaterium)/3 89 PGA #1/E M4k
WS, resaid i, BTl e,
R A BT PGA Y B RV

FHOCSCHRZR I, H ATHGE 19 A 7 F B KR AT

WM™ PGA M m S /18 40 U/mL* Y,
Rajendran 25" F Y TR | BESRIRE . pH. Bt
FERUE | RO EAEAMENT PGA AL RS2,
R B R TR, £33 PGA R KRG 1
N 32 U/mL, ERAEWRIE T /34655 PGA (3L
TAANEFTHEEMR, PGA ByFEILEH 3-6 U/mL #2
=3 35-40 U/mL, K HATA ™ HE KZEMIFT R
KR 6 5o

SRR %o J T FH R R R 57 A | i e
Tl BRI S A T T BEAR A = B . R = T
e I EATBY, ARG LiC-484M 4k
HAFAEL K ARTP FH AR PGA HE K
FEAT B BRI TIRAE , RIS, 5 0 2 A e 7 T vk
PRSI, LA Tl Ak PGA #2
BES T R A TR B il o5
1 MRS HE
1.1 ##
1.1.1 E#¥k: B RZFEMHFTH (Bacillus megaterium)
ATCC 14945, 1 A bt Jban QA= Y AR BFFE B
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112 EFERL T B E A P OXOID
LTD). K ZiR(Phenylacetic acid, PAA, fb2=E ).
NIPAB (2-ffJ-5-8 OME AR T R) . ANBA (5-%
FL2-HFHOR R . BERHIRA . AN HIEINE
SALEN e (E 4 at), 1 A N ERHME
RN A RR A B U(MK3 B, g
IEFARA A B TRELOHL(MIKRO 22R), fE
[ Hettich A A ; HAKELIVKFE (DW-86L338), T &if
NS SR o S /NI I AR R R 7 N 7
(ARTP-11), dtmt EEIEAEYRH A RAR; 2R
FEIR(HWY-2102), 12380 00 A A s il i A R A
Al RIS (GMP-9270 BS-II1), bW i 7
ar B S A PR A

113 B R (/L) MRS A
10, RN S, FRNF S, wabEs, ke s,
pH 7.5-8.0, 1x10° Pa K 4 20 min; /=i 355 (/L)
JEERS R IR 10, BEblRRY 5, RN S, H%NE S,
G4k 5, HZTRPAA) 1, pH 7.5-8.0, 1x10° Pa
K 20 min,

1.2 7k

1.2.1 EMEESES: RAERREFRIESILE R
ZEMIFT I PR A R . PRERTRVR A RIS 5 mL 1
WIS F, 28 °C. 250 r/min FEIRE; IR
12-14 h, B8—E. % 10%0EMEEZEE S
20 mL FhFIRIAREEFRILR 250 mL #EIENEH, 153
TAE . mEESE 6 h 50 AR TP AR 40 pL
0.5 g/mL F2R C R (2 M 0.1%), 28 °C 250 r/min
M FiAESHFE 40 h, 8 000 r/min B> 5 min )5,
5 138 CRHBRR) £ H

1.2.2 HHEGRERE WM E: SR NIPAB ¥, 3L
BR[12134T . (1) ANBA-ODyos bRt 2k .
50 mmol/L WFRELZE hili(pH 7.4)%} ANBA #4744
JERERE0, 4. 8, 12, 16, 20, 24, 28, 32 mg/L),
LR BERR BEVE MRS AR AR, 405 nm 2544 F 2 1) OD
A YPARR, hilbriithZ: y=0.032 9x—0.008 7,
R’=0.998 8.,
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(2) BTG S S E X 37 °C%MF T, 1 min
43# 1 umol NIPAB i 75 (1) PGA 4 1 /MHHG 1 54
o K EAANFERIHERE PGA BTG J1H 4 1
AT : A=ODyos/t<Vxp. t 3 U Bf[A] (min),
V R EERRE S ARF(mL), p 4 0.0329,

1.2.3 fHESH S PGA BY SDS-PAGE SIS K: 1%
# L SDS-PAGE i HL UK 125 o IR il o v 719
PGA B FIFHME

1.2.4 FTRIEM, (1) LiCI-S4MEE A7 .
FARh RT3 B & R 0.5% . 1.0%[% LiCl-
P3G F 10% RN 53 0 ) £ B 5 3o
A 500 pL iEFL AR, 28 °C. 250 r/min K55% 12 h
J&, A 30 BB SR IR R 5% 0.5 he KRR
BEFRWMIR 10 R ERRRE, ARICN 107107, X
FRBEE 10 C MBI 200 pL Y5710 TR i3 5k
A L, EERERB ARSI IE . B 0.
30, 60, 90, 120, 150, 180 s F4b BT[] HEAT 424
TRSF40 W, FEHIEE 30 cm), HH3MEE, B
S5E RS T 28 °C B T4 B S 48 h ),
MBS RETEIERS, SEitwETEEH . PRIBURE TS %
R T PGA BT HEAG

(2) ARTP %55 T4 : ¥ LiCI-5£AME 515
A BEAR BN PGA TG R4 1 PR UEA 716 Tk ks
7%, U1 mL K558 6 h i AR, 250U A,
1 mL AEBREKE RS, 397 10 5B RS, 1K
WhME R 107107, BUREE 107 BFRK 10 L
WA T A b, kT ARTP 572840 FE (120 W,
10 slm), AbFEMFE . 0. 10, 12, 14, 16, 18, 20s,
WAL PR 25 A 1 mL AR BRER /K PRy, B 200 uL
VRIS 0 B BRI A KPR E T 28 °C
WA RIS 48 h R VR TR, THREOER.
HICE 70%-80% 1) F-H_ - PRBCR R, % ik
AT PGA Tl TG PRGN
125 &7 PGA BHLESE M A-BE & MM L,
() AROFREIEE Sl : BsfbEm 1 AR
FiE 10% AR 32 22 5 20 mL b FIRIA R R 30
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250 mL FY4HEIEAR, 28 °C. 250 r/min K557, 433
FAREHFE 3. 6. 9h AR LFR(ZHRE 0.1%),
VIR 0-70 h, [RIFFETIEIIORE , DU T 1
() KmasmEfil: —RERFE 6h G, 75
HOI I I IMAAR R AR IR, (2R
S 0. 0.1%. 0.2%. 0.3%, 28 °C. 250 r/min
%Fe, 5 2IA 0-70 h, [AIFREHRIBRRE , DU R

2 R4
2.1 HABEREES R PGA B§E 51 & SDS-PAGE
FEL K4S
PR 1.2.2 BRGNS M AR, A
Hh & A MR B B S 1{E R 4.65 U/mL. R T
PRHLAGTR PGA 1 SDS-PAGE HLUK 13 UL I 1. &
1 ", MERE T &A PGA NiZEAM o WH
(25-34 kD). B WIE(65-70 kD), 43T HK/N5 3wk
j:l—ivjE_ﬁ[[QlS,w]o
2.2 LIC-EIMELERIFTER
221 ARESFLTLEREBFTE/RE: KAFH
BAFAA BRI AR AR B T A5 R L3R 1,
M 1 AT, BEE AR AE R, BEVE N EOR
s B AR T4 T 60 s J5, 1.0% LiCl WEJE T
1 M kD

Subunit o

Subunit B

1 HAEEERERS PGA # SDS-PAGE Hjk
Figure 1 SDS-PAGE analysis of PGA from the
supernatant of the original strain

TE: M: Marker; 1: HAZBHHBHAPGARISDS-PAGEHL KA.
Note: M: Standard molecular marker; 1: PGA from the supernatant
of the original strain.

x1 SUE-ZIRESTERBHFEEMRYE

Table 1 Colony counts of strains obtained by different

LiCl-ultraviolet ray composite mutagenesis

ghppptiE] 0.5% LICIEAMEE S 1.0% LiCI-55ME &
The processing 1758 A5G FMRAIEE AR ARAS ARSI
time (s) Results of 0.5% LiCl ~ Results of 1.0% LiCl
30 46 50
60 20 14
90 20 10
120 13 9
150 9 3
180 4 2
Sum 112 88
Total 200

FRAT I 2 78 T RR A A B /0 T AR RN R 0.5%
LiCl ¥, 233 AR LiCl-44ME A7, 4t
153 BI5E BB 200 BE
222 FEEH PGA EBFENTHIRER: KA
PRI S 1-200, 43 HEATHEE A . Heak
1% 9 th PGA WG TER = BB, 2510 &
HRRI 4.24 155, 4.0 5%, 3515, 1.56%. 1.54%. 1.5
. 2.0 18, 1.8 A%, 1.5518%(F% 2). Hrr, DL 12 535
A% 0.5% LiCl, 90 s $EAMRIFHAR ) ™ il G M dn =
4 19.72 U/mL,
2.3 ARTP EEFIFTLE

VEER 12 SRR THE K ARTP 455 T4,
MEFEHE 70%-80% 1) F-H I BRI T 75 7547 PGA
BE PEASI , IE ) R AS B R PGA il 45 0L 3R
3, Hir, TR R AR RN 4 SRR (12-4),
HEEIE R A AR R AR 8.5 £, BEIG J1{E A
39.60 U/mL.,
24 KBRS E 3 PGA BgiE S HIS2 N

3 e AE T P B R K TR s 51
EORZEMIFF B 12-4 1A= K il LI 2. i 1] 2 ml T,
0-9 h MiZ R EER I, 10 h J5HEASE A1,
A SEEEEE 3. 6. 9 h 1IN AGE S HI
[E] 5 o
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*2 SE-ZIINEKESFEEN PGA EHEN

PGA activity of strains obtained by LiCl-ultraviolet ray composite mutagenesis

T e
IR S 12 15 28 85 90 93 127 161 162 VRUTAR
Strain number Original strain

S Ab RS 05%  1.0%  0.5% 1.0%  1.0%  05% 1.0%  05%  0.5% B
Processing conditions 90 s 60 s 60 s 150 s 180 s 180 s 30s 30s 60 s
405 b

nin AL E 0.649 0612 0.536 0230 0230 0230 0306 0275 0.237 0.153
ODyos

Wil E tivi

WBUEJ] Enzymeactivity 0., g0 1628 698 698 698 930 837 72l 465
A (U/mL)
(S,
Lt 4.24 4.00 3.50 1.50 1.50 1.50 2.00 1.80 1.55 1.00

Multiple comparison

%3 ARTP £EFIFTRIERTHN PGA BEE S

Table 3 PGA activity of strains obtained by ARTP processed

Btk R YRR . T 1
The number of the strains The fatality rate (%)  The mutation rate (%) o Enzyme activity A (U/mL)

Bacillus megaterium - - 0.153 4.65
Bacillus m?gaterzum _ = 0.649 19.72
mutagenesis-12
Bacillus me.zgaterzum 70 30 1.001 30.43
mutagenesis-12-1
Bacillus megaterium 7 28 0.903 27.45
mutagenesis-12-2
Bacillus m?gaterzum o) 18 0.743 22.58
mutagenesis-12-3
Bacillus me.zgaterzum 76 24 1.303 39.60
mutagenesis-12-4
Bacillus m?gaterlum 85 15 0.691 21.00
mutagenesis-12-5
Bacillus m.egaterzum 79 21 1.173 35.69
mutagenesis-12-6
Bacillus m.egaterlum 77 23 0.700 21.28
mutagenesis-12-7
Bacillus megaterium 75 25 1.211 36.81

mutagenesis-12-8

AR BRG] X PGA BERE 1 A5 0
ZERNE 3 fin . R 3 al 0L, AREEHEIMmAL S
Fe, FEE TSI RIABIER, S E R BTt
& TR, RS 3 h JEINATERR, 52 h
J& PGA k35 K% 77, 24 63.07 U/mL; 6 h J5/M

http://journals.im.ac.cn/wswxtbcn

AFESFH], 50 h J5 PGA K& KBS 1, N
64.50 U/mL; 9 h J5 iAW T, 75 50-62 h i}, il
W 1= 16.53 U/mL.3 h A1 6 h (S fh i 2e
TEREFAIL, T KETE AT . LRa 518, A
FEBEFEEEFE 6 h S I PAA N fES SiE] o5 .
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1.0

0.8 b P N

s 06 F
S

04 | "
02 | /

0.0

0 4 8 12 16 20 24
t(h)

2 EXFITE 124 B L
Figure 2 Growth trend chart of strain 12-4

2.6 -
24 L
22 ¢t
20 ¢t
1.8 |
1.6
$14 |
Q12+
1.0 +
0.8
0.6 +
04 +
0.2+
0.0

475.990

460.792

45.594 3

A (U/m

130.396

115.198

—0.000
0 10 20 30 40 50 60 70

t (h)

3 FZEAEIRINAE S 12-4 89 PGABSE N
OEA )

Figure 3 Effect of adding time of phenylacetic acid on
PGA activity of strain 12-4

2.5 FCEHRMEX PGA BgE HHIS D

R CTREN IR PGA BTG 1 052 4l SR an el 4
Fimne mE 4 a1, WG TR IR, &2k
BRI FIHE TR, HhZ2akER o0,
0.1%. 0.2%}, PR SRR EEIGIN, PGA BTG 7
AR R 5 755 50 h BFEERS S(ER B, 2l
4 59.09, 64.50, 78.45 U/mL, ZKJEH 0.3%F0,
P 62h )5, WG MEAEIRK, A 64.16 UmL,
BB RE T R BGE S INR BN 0.2% , HAe i it
[ 50 h B, AT 3R E K HETE 71(78.45 U/mL).

28
2.6 |
2.4+
22}
2.0
1.8
1.6
14
12 ¢
1.0 b
0.8t
0.6 +
04t
02t
0.0

475.990

~460.792

+445.594

0D405
A (U/mL)

130.396

115.198

' —0.000
0 10 20 30 40 50 60 70

t (h)
B4 FZEARRMEFTEL 12-4 PGA B§E IR

Figure 4 Effect of concentration of phenylacetic acid on
PGA activity of strain 12-4

2.6 FTAEIEEHAEEES PGA BY SDS-PAGE
FH 37K

VAR B PR PGA B SDS-PAGE HL Jk
B LS o B RIS TT R, 7578 i (kG 2) R AR A
66 kDU LA B, o, BIEIEZ[H]AY
BHFE I R Z . BT S R A
PGAN HA o, BIESE, ol &M &% I B ARk,
IV FEfY I I £

Subunit B ~ Subunit B

Subunit a

Bl 5 FEEIRERAEERT PGA /) SDS-PAGE Hjk
Figure 5 SDS-PAGE analysis of PGA from supernatant of
the strains before and after mutagenesis

F: 1 RIS B PGARISDS-PAGER K457 5 2: i
75 5 B AR LR PGA R SDS-PAGE LYK A5

Note: 1: PGA from supernatant of the strain before mutagenesis; 2:
PGA from supernatant of the strain after mutagenesis.
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3 4

F R ZE M FT 1 (Bacillus megaterium) &£ 7= I
SR KB PGA WEHZLRRE, (HHITIRTEE
PGA [t 13838 I 1K o ASBIFS BT FH BRI (7] Gy i
TN 4.65 UmL, JLFBA TA R M E, A8t
FORH LICI-AMEE A 45 A ARTP %5 T
FAFARM, AIZFE R PGA B M = 2
39.6 UmL., Ffif5, 4546 % PAA U555 RN a] &5
L fift, PGA Bis 4 &%) 78.45 U/mL,
SR EMRAR LB T 16.8 %, M AT HE K
ZENAT IR B 10 6-12 %, X PGA 1 TalkfkAE ™
HAREZHME.

KWLk, HAFM— BRI LB TR R
MMM IAT Z ARz —7), i LiCl-4hE &
A BB R ANA AR RERE T o W RSB AL
(ARTP) ARSI JLAEA TR UG I FH AR F AR, %
BRI R4S B FRE AR IR, oA e
AnBA | PREPEE . BT RAMIRSE I AR
BRI A7 Fl ARTP 25 55 TR 4SS & ik
T LAY AR SGE, EN M AR WARGE .

PERHE S, W AR B PGA S TG P Y i iA 25
F, BESIC, ol EHAR . PAVFEDUFS A4k
155 IRTERTIR SR 1153 ) J a2 (TP B DO, i i
B IRTE A s [ 28 A Akl T 0. A PGA
afIBNESELL L, Al s & AT L, ol
FERNBIE L FL B R A, B E Y IE BT B A1t
Foll LR IERHT ", AHFSE YR FINIPABIE
Kl I PRPGA RIS /), JF R HISDS-PAGESIIE T
FHEG A PGARN IZEA o MBIEEE . X748 f5 T
WRHLEE U FPGASDS-PAGEK TN & B, 572 )5 1
PRHLE#RE 66 kDL ERZE A WL, o, B
SEZ MM AR I R 2 (R AR S LR
B EAPGAR BA Mo, PIFIE. oV A A
DAL, B B L AR S5PGA
TG 1 AR A ATy e e — 2R

7 72K LR (PAA) I ELARAE MLl 38 A7

http://journals.im.ac.cn/wswxtbcn

., N REA = m AT () bRk
it C U ) BEFEHTHE; (3) M pH, A
F14) AN JOITESF () A5 RS o i b B 44 7= il 8 35 5 AR K
mi®, ARFSEUESE, EEREE TR 6 h 5 i ALk &
H0.2%M) PAA, AR R R PGA BT Ik 2
R

SEHARAFI PGA S 1A R R (12-4 5 AR L
H BT Tl Ak A 77 BT Rl #ikk PGA BTG 717588 6-12 1%,
X} PGA Tl A= HAHEEE L, (I LR
FLAE AT DU Tolb AR A 7= 1 R AR iA 7 14 22 [n) BT
B, WK LR PR R A ek o7
(M) PGA 75k K E e fb 45, X 71 TAEHR
fITIEAEYREE

2 % X Wk
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