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Breeding of Clavulanic Acid High-Production Strain
by Using Protoplast Fusion Technique

ZHANG Yang, ZHANG Kai, GOU Jin-ti, WANG Yan-ping
( College of Food Engineering and Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Breeding the clavulanic acid high-production strain of Streptomyces clavuligerus by using interspecific protoplast
fusion technique was studied. In this study, sulbactam sodium resistant high-production mutant S.clavuligerus B71-3-10 and
glycerin resistant high-production mutant S.clavuligerus B71-14 obtained by the lab in the prophase research were chosen as
the parental strains. After the optimization of the protoplast formation and fusion conditions, a genetically stable fusant F14
with higher clavulanic acid production of 650.35 mg/L was obtained finally. The clavulanic acid production of the fusant was
36.77% and 20.84% higher than the parental strain Sclavuligerus B71-3-10 and S.clavuligerus B71-14, respectively. The
results shows that using protoplast fusion technique in the breeding of clavulanic acid high-production strain of Sreptomyces
clavuligerusisfeasible, efficient and prominent.
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1 MREIE

1.1 B

SERE A BRIREE ER TR AT E A I 32 e TR R
( Sreptomyces clavuligerus B71-3-10, Ji5 fai#x B71-3-
10), REFHER A EVH AR ZEE | PR

R B MR EE & R T 32 P T TR AR
( Sreptomyces clavuligerus B71-14, i fij #% B71-
14), REFHLR A AEYHAR R E5E T | I

o TR il R e (A IR ( Klebsiella pneumo-
niae) ATCC 29665, KiFRHE K2E & i A W EARBEA
Z R
1.2 FERA

sehrAERRARE S, T E 2GS AT A BT s T
SR &Y ELIH AN, 17 250 A BR 2 W] PEG1000,
gAY TR ] 5 PEG4000 ., PEG6000, BBI 23 .
1.3 BEHFE

YMGA 1573k (glL) : BEREN 4, 2 2F4REY)
10, #j#iH% 4, TR 20, pH7.3.

KR FR3E (glb): S M 30, Hil 215,
KH,PO,41, pH7.5.

W22 R g (YEME®) (glL):

DASE SR R RRA R T ARG 285 B 3 5 R 1)« e lAy
3, AN 5, ZHHEYW 3, w4 10, FEHE 100,
WpHZE 7.2,121 CKE 20 minj INAKE G ILAT
BV : MgCls - 6H,0 (2.5 mol/L )2 mL/L ( &y s
5mmol/L ), ¥ 1 o/mLy H &R EAWE 3 g/L.

TR RR B 10T 22 A A 5 S b e ok
h 150g/L , H &R AU E N 6 glL.

PRSI (R2YE): 2% 3CHR[3).
1.4 MHXAR

PRME IS W e P AE AR E IR W . B R IE W
(Amp™®), ZH3CHk[4].

P buffer: B /ERECHI LT EATE M. M 103 g,

RE#HEBREER 235 3

K,SO, 0.25g, MgCl - ,6H,0 2.02 g, Ji & 20 5 i
(ZWR2YEF: FE K )2mL, I /KIEMIFERE
800 mL, JHpHZE 6.8~ 7.0, 80 mL/ffi /34 T 150 mL =
falr, 121 CCKE 20 min, fd I RTHIF AR O A
IR & K 3 % W : KHPO, (1 05% )1mL, CaCl,
+ 2H,0 (3.68% )10 mL, TES buffer ( 5.37%, pH7.2)
10 mL.

PEG &K : ERfFREL 6.0 g PEG1000, %% A ZIJE
B, 121 CCK 20 min, IARCHIEFHY P-buffer
£ 10mL ZIBE. ARG AL, IRA35.

1.5 FHik
151 Wtz

B 100 pLERRIE TR0 (10°mL™) |, B KA
50 mL Y EMEW& AR IR 5 1) 500 mL At — M,
26 °C, 160 r/minks 5%, JEPRA TR 22 1R K5 37 B 0] 2
47 h; SERRBRY TR 22455 3705 (8] 4 45 h.

152 RAERKFEEBEL

225 SCHR[B) 5 il 4%

FHMERTHEOREE , THTE ) SR AR S A

W IR A A B 4 A P-buffer | JCR K EF T —
ZHIFRE. AR 0.1 mL BRI T
R2YE FAEREFRIE |, 26 CHE3E 5~ 10d, GitF4:
TR TEE. FAE R R s

AR = (P buffer MBS I FA TR SR - TCIE
AR B R P AR B YA ) + BT DA A
$%x100%.
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Fig.1 Influence of sucrose on the growth of parental strains
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H 2RI A BN 5 B3 SR W b A R T e AR A
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PR UBR T -0 20 B IR S5 4 ) 5 1, (BTG AL T
A, BB F AR, H Bk AL, K ia W
22 A RELS AT R SE R, R AR EOVE R, T
Pt A BT [ B, A DA O (AR R R AN 58 4, AT i A R
P, T H AR K, ST IR AR,
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TR B H 2B X SRR A 22 AR AR K s, [RIRE
FEA R SE 48 h R IRIR O . 45
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Fig.2 Influence of glycine on the growth of parental
strains
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Fig. 3 Growth curves of parental strains

hiE 3 FTLAE 1, 366k A M 40 h JFIRHEARTEL
A, 50 h 25 SO K, B BREESR 47 h BT
AR AR A, SERR B AN 38 h JFERE AT $dE
KM, 47 h S5 ROEUE K IN, S REERSR 45 h R 221k

il & I A A,
2.1.4 VR Bk B B AL 3T 1) 3 R A R AR R e B
R0 A

VA TR A ) 0 B2 R A B ] %o Ji A Jot (AT 0T P
HEBEOIARSE , AR SO 58 T N RV LV TR 0 30 AR
B 22 (A4 AN TR] S [, o Bt A S AT JSCRSCRI P A
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Tab.1 Influence of lysozyme concentration and action time
on protoplast formation of parental strains A

N fiff# 30 min fitfi# 45 min
e B/ - ' - '
mg - ml” A% TR 2% TR/
10° mL™ % 10° mL %
1.0 1.215 0.108 1.070 0.324
15 0.670 0.186 0.760 0.250
2.0 0.450 0.164 0.701 0.102
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Tab. 2 Influence of lysozyme concentration and action time
on protoplast formation of parental strains B

R _ W@‘ﬁﬁ@ 30 min A i ﬁﬁffﬂ 45 min A

S BB AR 2% PR/
10'mL" % 10° mL™ %

1.0 1.112 0.154 1.098 0.033
15 1.214 0.134 1.401 0.084
2.0 1.068 0.112 1.209 0.099

LR R R AT BRI AR 2 B AR oA
A BB P AR R AR, e E FH 1.0 mo/mL A4 ¥ T it
AbFE 45 min SRR A R R HE S5 5 1.0 mg/mL
PR TR AL 3 30 min Ay sk B 1A PR A B A% 14
22 BEREHE

SCHRARIE 40%1 PEG ¥ B Rtk 7l A Al &
() B (A 20 B, (FR B MR B 3, PEG X g AR
AR FEESG N, Had m R EE ) PEG Sl AR R
PRI 7K A3 PR I 2, T i K T3, S i A
FIRAE AR A A, SEERE 30% . 40% . 50% . 60% il
70%[) PEG1000 1ERA , T ElA 5 i A AR 2R
Biks. KB 30% PEG AbHES Y JE A SRR IR 5]
AYEL, T T0%RY PEG AL A9 I A RAATE RUAR K G
AH, EBASF T AR AR ) A

SCHRH B £ 2 T R A AR S T PEG AR XS
A FIFie 2 1000, 4000, 6 000, HH 1000 #:i:fix
N BB AR 4000 Rl RO B SRR —
Flrn) PEG 4337 s A BTl &, W B 4300
Sk 40% . 50%F1 60%. A A TE Z8 2 AN [ vk 1
PEG1000 b # 5 FH-AE T 7 B0 A B B 0y 28 4k, i 42
TSR JEE ) PEG4000 F1 6000 ZbFH i , Fifi 5 M B2 1
B, PR TR St Bl 2 980, IER PEG4000 Al
6000 X J5iA: B AR ER K, I PEG1000 fii
A ARG

HE—E 5206 B 7R, 70% PEG1000 fY4LHE 12 min
J& , FRA AR, BB IR UE—E SR AL . E
BZ) K PEG1000 Xt JFA: AR A # AR /N, hik
AR RS OR , SR 60%F%) PEG1000 7£ 30 °C'F
AbFRJE AR A 12 min. FlG L 1.5.3.
2.3 BrERETHFIE

AR A Al A BGE o B ELA R & B
BURNH MBI, BOR R TG L, BV RE
FIPA AR SR R R & T AR AR AR K DU, i
I, XFRA T A T U . B
i B, T 5E & ELIH AN AT X SERkE A R B

RE#HEBREER 235 3

(RIS E SR g
F3 HEEMAH B EKORIENERE

Tab.3 The minimal inhibition concentration of sulbac-
tam sodium and glycerol to the strains

ik o (AT A v i

& EHA/mg + mL™ Hit/ g« L
Fk A 16 140
JEPk B 12 160

ST PO BB Gy PV B e e i O 1 By E E
16 mg/mL 4T ELIHARFT 160 g/L B9 H T YMGA F-
M, (H Z Rl T A AR B A Y TR
T, WA BT AR L, SR AR BT I
il B AR A 5 S TR, TRIAR LGS , L
TR PUETE , SRSERRE, B EE A T
T A VEARC MR BE Bk e AR, &7 D3RR A H ik
TEFEER A il B B9 Kbk Sreptomyces clavu-
ligerus B71 WA EEWE , BISA 6 mg/mL 94T
ELIHEA 100 g/L AYTHIMAY YMGA AR, #ah & id
T O I 67 28 A8 TR AR S PR 00 0 e P Al
KPR T, F R A IE W, WA B il
. ORI 1.5.3. WIS G R WL 4.

4 BAFHERITESR

Tab.4 Result of fusants screening

N GEASRR TE R YRR AR X P
. TR _ - ——
fii X TFHME ATHEE TR
FEIERR A v FEERE B
I 50 24 22 6
i 28 1 23 4

HAp AT FL4 sehi e fen , Hoo b 4
FriE e 2l 650.35 mg/L, 43l ERE A FI B shiE
1577 F Y 136.77%H1 120.84%.

HREESE IE LR B, Wik N4 LT
W, RIS, 7 KA a1, WE 4

(a) JEAA

(b) A B
B4 BEHEEES

Fig. 4 Colony morphous of strains

(c) RIHT F14
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Tab.5 Hereditary stability of F14

M SERERRRY SPEUBENETZME Hhi s
/€4 mg * L mg * mL” g L

1 650.35 16 160

2 652.21 16 160

3 651.27 16 160

4 649.88 16 160

5 650.73 16 160

RN, F14 RN Z PR , IR A
RLAF s e i .

3 & &

(1) PR BRI A PRSI 35 45 1. BRI T 264k
A, HTESA 1009/l FEREFT 3oL MY H &R M
YEME #7535 47 h, BIAH 1 mg/mL (01T
FE7E 30 C FALFE 45min; X T3¢tk B, NIESAH
150 g/L HEMER 6 g/l B HZFRIY YEME Bi i
7% 45h, HAT 1mg/mL (O TEEEZE 30 °C R AL
30 min.

(2) ¥MEtRIFAE A & 60% (i . &
T ) PEG 9 P buffer 30 °C FAMI 12 min, #E17Eh
G MBI A R, Zad BT, Bilg sk
W FIEE A i , e A5 8 — st G feue Pk R AT 5
PrAERR =7 bR F14, Hoahigepg - m ik — it = 3

H, i%: (022) 60273316
ML T{54f . tikdxb@tust.edu.cn

R L A R L L L AR G U L L A LA L LR G U L LA R G UL A LA L 2R

650.35 mg/L, M EA A FI B SR AR B
136.77%#1 120.84%.

2 % X W

(1] & B3, kESE, FUE, % B -NBEEEEMSR
gEmprs ke [J]. b EbiA 4%, 2003,28 (1):
60—64.

[2] Brown A G, Butterworth D, Cole M, et al. Naturally
occurring lactamase inhibitors with antibacteria activity
[ J]. Journal of antibiotics, 1976, 29: 668—671.

[3] Tobias Kieser, Mervyn J Bibb, David A. Hopwood, et
al Practical SQreptomyces Genetics [ M | . England : The
John Innes Foundation, 2000.

(4] M, @ M, Reeas, 5. SR E &
B h sE i 4ERR S ST (). B EER 5T R,
2005, 26 (2):135—137.

[5] BB Zp.d F, 58900, % & OREREIEERIKDR
il g [3]. FRIN K424, 2001, 29 (2) : 124—127.

(6] F B JscdE, JRgeE, S REEEE A S RIEER
PARA BRI GTRSE [J]. fR N K4 B SRR,
2003, 231 (1):111—115.

(7] s, sk, B, %, T hi e i ket 5
WRAEMRRIER [J]. B 5 kBT, 2007,33 (5):
9—12.

[8] PPt HRIRBES A H N 2 & 5 s h 4E R & i 3¢
F (3. hEhiA: % 4=, 1999, 24 (1) :14—15.

(9] Tk, Zeakmg, ok &, 55 KRB s gEm & it
B E Jr vk (3] il 5 & mE Tk, 2005, 31 (5):
102—105.

(REBRFKZFZH ) 2009 £EITRE

CRBBHE I ) SR ATFRATI A RBL AR R, FEAER THAR
5T, i TRERSEYHEA . MERESh2E TR, I Ashik. R
5T REAE2ARHR RS KO R BFIEE S0, WFoEiRss, © N 2 5800 1 4 S0
o 2009 4E, AFIFIEE RO B, WA K 25 HER, EHNEN
5.00 o/ (24F3000) , HERAMS 6—196, WG 37 8 2 B Ry 1T 1

RICHTRATIE , W] A PG4 0 R T

AR T2 55


mailto:tjkdxb@tust.edu.cn

