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BE AT HREFEEERBERR SO B R(S12-8) A B R A4, STHBLERENHE . BLER
EHAAETHRATHR, FRHALHARERKARENEFHA B4 S-12-86 25K 18 h, 5 ¥
BEREH 1.0 mg/ml, £35 CFT,%M30min, BERABREHSI7.6%, FAEH23.6%., AN
B ARG RERRFEGETRLRES A .30W BT T80 cm B4 120s, S X FH AL T HhiEsF
Bk, FAEFAT I AEARERTOEHR RI-101, L 28EHX 5 1808 U/mg, it B4 H 4
(1290 U/m)BR&ET 40%,
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Breeding of a high lysozyme producing Bacillus strain
by mutagenesis of protoplasts
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ABSTRACT The preparation, regeneration and UV-mutagenesis of protoplasts of strain S-12-86,
which had high lysozyme-producing activity, were studied. The results showed that the optimal condi-
tions of the preparation and regeneration of protoplast were as follows: incubation time of the strain S-
12-86 was 18 h, concentrations of lysozyme was 1. 0 mg/ml, and time of enzymolysis was 30 min at
35 C. The rates of formation and regeneration of protoplast under the optimal conditions were 97. 6 %
and 23. 6%, respectively. The optimal condition for mutagenesis of protoplasts was achieved when the
protoplasts of strain S-12-86 were irradiated by a 30 w UV lamp at an 80 cm distance for 120 s. After
being selected from a large amount of the regenerative mutants, a genetically stable mutant strain R-J-
101, of which enzyme activity was 40% higher than that of the original strain S-12-86, was obtained

under specific mutation conditions.
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T B M8 (1ysozyme) J& — R & /6 FI T 1504 ) 40 R0 BE 1) K A0 B , L 4000 40 T4 400 O B v 1) K SR 8 110 4 R 1
M, BABAMAEER, T ZM AR BT AR ¥ RaR(E & 2006, REM EEETRMH
HEfEp, MEHEBEE HENES, KEAEY . Y. WA XM RN 6. KPR EFRSERE. N
3.5%., BRTMAAEEES HEFFRE KN AEEE I EXRBEEAER. EJLERERMTE
MRBEEEHBERT T ENHR (Yueral. 2002;Spencer etal. 1999;Gac eral. 2005) Bk T HEMY
AYBEEBORARERD. BEMSHTE, SFSR SEREFRMKES S8 EMED 4N B HEE
REGZARETHMERRAEEBAFRER(ERES 2002, ARLHEXFEIIN 1 KB EEEE TR
R B AR S-12-86 HEAT T IRAE BRI A R EIMBEF MR KB T 1 B R EBE L ER
BRI S 400 HB AR E MR HEK RI-101, W HEEBN T AR R T %R,

FZBR T 40 O BE B J A AR SN RIS AR AUR, Y AL F AR SR B R AR R AR B R AR AR R
EMRHETHEEMN BT ZARNEMERGEISES 2003, HEAH AR BN EIBREEE R
FEERNEFEPEIAETZOMA. ECRRE(ERES 20000 HEE KB5S RIEH , X JFEAE K
REEHAT RS, H R, R RN RN EGEMN AR, REFEM T ZAERN T
%, BRTMERAFEAREETHRERS-EROHRE.

1 #ME5FHE

1.1 H##

1.1.1 &#

FRUTH (S-12-86) H H E AR R B EH K =R LELRE S BHRF.
1.1.2 3 HEBRA

(BRI FHE . EAK 1%, 4 RF 0.3%,NaCl 0.5% ,pH 7.2~7. 4;121 ‘CKHE 20 min,

(2) BRI R AR BRI AR TR 5, B 2%,

BB MW (SMM ) : 75 0.5 mol/L M EEME B A 0. 02 mol/L §NI T # 8, A% pH F 6.5,
Ffn A 0.02 mol/L ) MgCl, ;105 “C K H 20 min,

WOFEAERE . ARBE MRS RBKER EREFREHSSEH .

) YE RSN : I 8 B8 vh B Ao 0 R MR o4 4 mg/ml Y % B (BB Y% 7 30 000 U/mg, Fluka) ¥, A 0. 22
pm B ECFL B B B R

(B FEve Rt . R B A IS F RIS B AR OR B (Micrococcus Lysodeikticus )L (3K 855 2007),

1.2 FHix

1.2.1 BHhAEKbLesid
BUE AL B WE 2 ml A0 F 25 ml Wil B 355, F 30 °C,200 r/min #R %% ¥+ 40 h, 43 5190 € FA A B (4] 7€
600 nm 4B ¥R OD fH .
1.2.2 RAFR#HGHERFELoeral. 1996)
W OB SR AR, 4 000 r/min B0 B35, A SMM W¥E % 3 WK, KRR E T SMM b . BURRHE
L0 T R U, 43 B A K B B T S B A0S T B IR B R K VA AR R A B A ) B T 5 5 A W 8 I A T A Y
%9595 LA - A 40 MO 25 K IR AR R A E L 2 I WA 1 L B0 MO BAE Bk . FB SMIML WK UE ¥ B PE A AR
AP EREAEFE EMEAREREE EER, B RA TR SR EER,
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_ A0 TR0 B B — BRAL TS RILRE TR A 00y

A AR AR i b BT G 11 B
o BV S B R R RN TE A 0
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B W [ A R 4 R AR R B T A Y R I BRI RO RO . RR A A
T B T i, S T A i A YR RV T IR , R B O O RO B AT AR, B R I B B WA TAT LA SE TR A MR Y
b ZE PP a RA TR I LR
1.2.3 BRAEFARENFTLE(EELF 2005

B BE K 2. 0 X 1084~ /ml B JBUAE SR AR 5 ml TEAN 90 mm FAR(EKED W, B FREN B S LBH,
F 30 W AMT T (JERS 80 cm) FE&T, BUR 7] FR 5 i 18] 50 b BRI 58 MR 8RS , A6 TR IR AR S R i B 0t
WA B, R 2 2N R A E N H AR E T B A) TR BEBIEER,

ﬁKfE%:A—Xwao%

1.2.4 ZHEMNEFECGLRE)ERBETE 2005

FB 60 mmol/L.pH6. 2 WIBERE s AL H] — B (A =0. 6~0. 7) I BERLER B MK, BL 0. 5 ml 8
WA 2.5 ml JEY (20 T b, ME IR A AWK 450 nm L RBUL M AA R 5 min WER 15 s ®WROLE. U
AAuso/min ZE4L 0. 001 AR IELEE N 1 ANMEHERAL.
1.2.5 &FHAkeHik

R0 e B TR B AR BT A AR AMNAE RN B A A M T 35 & 1,30 'CH#E5% 20 h, ik
HSUAE 07 6 4 7% 2 1 375 9 P T AR HG DR R B R (S-12-86) KA B ARk ik — 2B 0 .

B R G B R AT R R BRI 3, 30 °C, 200 r/min $5 5% 20 h, I EEAR A R 1% , R P W BE SRR B
JE#) (Bezemer et al.  2000) , 4 BUIR 6 B (B P& IR 52 PRI AR AR AT .
1.2.6 ZHFAHRGEBIHIFR

ERENEREBREERETEERE TR BEBRRELRBE R EEAE 3K, W E K EABRE S It
BHEHE . AERLEEKTHEERERE.

2 HRE5HMH

2.1 HHS1286 ERAESEERMNE KSR

AR BN B K B B AR AT A B B S R B T R B AR (S 12-86) FE MR R B P I AE K
. GRE DERYEH S-12-86 N 10 h BEAXEAKE, 20 h FHAREH . Hil, %8 10~20 h HH
AR 40 AR R 4 DA A E B L

2.2 FERKHEESRE

2.2.1 HHENRERABREBLH YR

3 AN BOTHOE K 3 AN H B AT (10~14 h) , A (14~18 h) RSB (18~20 h) (¥ 58 W i) 45 T AL Ak,
BN 2 mg/ml, B ES ]2 30 min, J@1E 30 'C., HME 2 AT AE &, X E K 3 AU B ik 40 i
BE X ¥ R ) OB AR BE R — B, AU AT U o A A BUR R K TR R B (B B L B B AR AR T
FHA L JE AR R AL, MOBE AT AR IR M T A TR ARAL, B TR AR SiE v 2 df T4, BBt
BAEKBIT RS 18 h ME ST B A FIAR R %,
2.2.2 BBBRESHRASRERKEREELA IR

PR 18 h BB, H A &R R b, TR 85 AR IR 40 B B R R A R) () 3) . 75 25~40 ‘CIREERE
N 97 Do S A= BT B3R A st [ B 3R BE ) b P G 4 4, 7% BT R RE B R, AR O DR, X R R R B 2 R
B {H 2R BN R (>35°C) , BAEAE B4 AU B IR P 3K A5 1R 7 B DR A B AT AR, HE AR (R, / %) BRI, 3
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Fig.1 Growth curve of S-12-86 Fig. 2 The effects of incubation time on protoplast preparation and regeneration

HICE T RGER MR (G EKEFESE 2006).
2.2.3 BRBEESNSRERAHERLBEGOYH

TR 35 °C, BBt 1E] 30 min, HAbARAFR L, 8P T W BE P B A R T (B O . R A R 9B
LR B T R ) 3 I T 4R R E — VR (<KL 0 mg/mD F , B A BRPERE IR B A I 2 B A B A S T X —
B R A AR B A R TR, MR AERR TN 1. 0 mg/ml, iR E 35 C, BA BB RE (R/ %) 97. 6 %0, FAE
R,/ YOH 22.6% . KR IBAMHMLE KA F FHERFAERKHEEGK $F% 2006),

—A—Eﬁﬁﬂq‘feﬂEnzymolysislinfS 102
45k —— i/ # Regenerationra 100l 2
17 @ 9 T ] g
40} § % 98t Prelgrgi_ nratg19 %_{
hod —~ _~
22 15 8 I8 96t Regencration rajq g X o
bk 354 < a L 8 ¥8
&E KS 8o g4l N
=5 L 13 Wg WER 1388
Eg 30 HE =5 3
- w8 ES 92t ]
11 g 3 10
25 80 & 90} &
o | 7
201 9 88
15 A 1 A — i 7 86 : ‘ * 4
22 26 30 34 38 42 0 0.5 ﬁ@lﬁ?ﬁkg:nslg/mlfo 23
TR Temperature('C) The concerntrations of lysozy me(mg/ml)
y Y5 5} fa) X R Z Al . 7

Fig.3 The effects of temperature and time Fig. 4 The effects of concentrations of lysozyme

T st preparation i . .
on protoplast prepara and regeneration on protoplast preparation and regeneration

A T E B B R R & & IR S-12-86 153 %F 18 h, I BB E H 1. 0 mg/ml, £E 35
CT,Hf@ 30 min, FA4 REERER 97. 6%, HAEZEN 23.6%.,

2.3 EINFERERKBERBTEEME

I SR 3 ZEHUAT B (S-12-86) B 5 AR AR MR AT 35 8 A0 3, HLBOE R LA 5. A 5 AT I, AN R By 4k
PR ] 5 7 T DA O A 1 BB B 2 () 7 A B B A0 TE OB D6 R, B A 8 AP R Ak B[R] 0 JE K, BOBE R R i O
B BRI ER 60 0 90 s B, BIEIR A B R 4700 7205, Kb 3 120 s B, BOLHR N 94060, HK, ML
HEorf 3L 120 s ZA AR TR BIER,

2.4 BFEEHKNEE
B0 5 SR A TR B T A B 78 (ST-XD 200 Bk, A K S4B AR (BAERFE SONER) B EAE % (RJ-
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X)200 BRIERN T LIS 1,30 CHESE 20 h, HEREE MGG HE LBV B EZ LR B (S-12-86) KMHE
PR 7 A BT, X RRFEHRS CERBHRERRRE 6.,
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Fig.5 Lethal curve of ultraviolet radiation for protoplast Fig. 6 Isolation of transparent halo

B R R B 8 BRETbR & BERE%,30 °C,200 r/min 35 5% 20 h, AR UIIB AR GE D,

F1 REHH/CESHE

Table 1 H/C value of mutant strains and enzyme activity

L3 H/CHE B iE (U/mg) Bk H/C{E~ A (U/mg)
Strains H/C Enzyme activity Strains H/C Enzyme activity
S-12-86 3.6 1291 R-J-186 6.0 1324
S-J-125 4.8 1200 R-J-208 5.5 1 005
R-J-18 5.1 1788 R-J-227 6.1 2012
R-J-101 5.4 1816 R-J-296 5.8 1984
R-J-145 5.6 987 R-J-346 4.8 1117

»WEEVNBER D SEEERR/GILE

MELITMUES . ARBHEBEE S H/CHEX/NRIEMEE, AN EREEBE 1334, B H/CHEA
e, fn SJ-125,R-J-208 &, FTLA H/C H R BBVE R — I i f4n , EIEBHE - BB AE 0 HeBE o R BEE 77 R
AR MG, B BEEEREA 4 BB # (R-J-18,R-J-101, R-J-227 1 R-J-296) 7= [ 1% ¥ 15 b JF 44 B Bk
FEEEEERS.

2.5 BEfREMLRE

KT 4 RERERERRE B LR 4 RERS R RER B REABRKERET . EE2FE TR0
W R, EE R 3K EEN S REBCE R (E 2,

B3 2 AT A1, R-J-18,R-J-227 5 R-J-296 G 52 5 R BEWIE I ARRAE . T R-J-101 MG RE G E
(0, " LU T4,
3 itig

ElRAREESES  FEHEZWE A RKQERMEA EELE THER, REE SHE, 75 HEE
e B Xt A AR R AR . BRRGR BN, B MR R a5 RARAKERREAME, 58
ARAEAREMESHA . XTSI N 2R, FEBRESEARAEREREEME SHERS
WIEAD . EHEK S-12-86 FA TARKE BT BEBEENEREXRETE, BKELS 1.0 mg/ml)

JE A R AT AR R B A LRI T R R R BE KR R O BIR BE R T R AE RS . SR FEELEREHF
FURT B R B0 S A PR RS L BER T 0. 1~0. 2 mg/m] WFHE, ALRWERESRIF AR -BLESVIANTREA



4 . IFB S RS0 IR A T R T B R BB B B 5T 95

DTFILAERE: (DBEEAR; OBEBA—# 5 BHRERA 1. 0X10°4/ml B & B4 Fik; (3) 5
FEBIHLR TN R B A %, fE & Fr A B9 %5 8 B (Biochemical) & Fluka M, B F W E 5, BYE 5 K. 30 000
U/mg.,

2 BEBEHRR
Table 2 Study on the genetic stability

E#iE Enzyme activity

Sonns B IR Um0 B 2R U/mg) 3 RUmp 854 RU/mp B3 AU/ 86 RU/mp) 37 (0 )
. First batch Secend batch Third batch Fourth batch Fifth batch Sixth batch Seventh batch
S-12-86 129 1288 1282 1280 1 280 1280 1280
R-J-18 1788 1780 1782 1762 1758 1 746 1588
R-J-101 1 816 1812 1812 1 808 1 808 1808 1 808
R-J-227 2012 1 886 1642 1 568 1 568 1568 1568
R-j-296 1984 1984 1984 1878 1662 1468 1276

A S U g 07 4 L P R T R 7 R R 0 G RS DR A A O P AR TR R L SRR TR AN AR R I T AR B R R R
T IRE B, RBOITER 7 RE T, EREENM S 18, XUEBFRAREEERERERKCTES
AEZBRER . NPOEEETIER  RUEERERTALR HERBERSEINETRNE/D . Bk, FAE
JR A o T T 240 M B 5 P B T A Ak T 8 7% A S R 486 » 32 T 68 2R AR IE 287 Mk B L AR 3 5 R It SR A R
R AT R LR E R B A & A B REFTMMTIE, LREE = EKR (Yang ezal. 2001,

FARREGTESREFKHEANE ST ERN TN T/ BRCBE T SRR GESFE 2003).
A LB SR RSB AR AL B R AR SRR T B R, B 4 S A B T B A Bk P BT A R T i
—H &, BR/HE— LR
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