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30.7%. [ 451t | LA E AL SRR TR TR — M 0 e-PLE 7 BIE HF TB, FEai R e-

PL s 7 B S0 AT AR P e DR R PRI EL e

KA e-RMIEIR, iR, FENAEH, BT, ReE

e- R Hfi % MR (e-poly-L-lysine, &-PL)JZH
25-3 54 L-#i & R P4 i - COOH Alle-NH, 4 &
TS — M R B2 IR R S, #) 2T’
A B2 U FAT, Ao —Fh A= dh B 1 77
EHEFELEHE, SAMRBERERMAMhER
IR =R EZAEY RSB

e-PLA: P AR I A ) R I S B, B0
We-PLIRU/EY) EEAEP RS EE . JLEME
JRAZFAAEE . Hh, RPEPR AR e-PL™E
W R R T HE R R MUY, AR R A
(Streptomyces albulus) . V&) B = (055 7

(Streptomyces diastatochromogenes) . W5
(Streptomyces griseofuscus)%5 . T B AR =
A= AR (— M < 0.2 g/L), BB BHRE T 5 ik
FETHHAS MR J) 2 S B Tl AR P s 220 e
V4R 1k, TS A A L- 361 2R 1) 25 48 S Rl Fn i
IR TNE S AL S e-PLA: = B B 0 e 20K
W' KA IZOT IR B H AR RSB T e-PL TR AL
Az, AR T P R A A TR A Y
BEITAEER, FEIH . AN SR — 7 E S
A B2 2 LA v IR A SR

ITEeAE g S A EHEY (Genome shuffling,

EEWA: BERARBEEES(31301556); TR EmBEEASBIIN 55 2% Wi 4:(JUSRP51504)
BIE1EE . Tel/Fax: +86-510-85918279, E-mail: MfliFt, chenxs@jiangnan.edu.cn; FHE 5, maozg@jiangnan.edu.cn
Wi EEA: 2015-12-07; 1EEIEHA: 2016-02-22; MIKHARBE: 2016-05-03


http://dx.doi.org/10.13343/j.cnki.wsxb.20150579

HMRLAE | MUZE2EAR, 2016, 56(9)

1451

GS) R MR TR & IR AR N HE R R B 1A
FOrE" . GSHERE A AR (Y BT R, E
BAER Z RG22 Rkr 0 RHIREE P
TR, SEeifesieR., fin, IR
W Streptomyces fradiaeit 17 —42 WS IENI(NTG)
PR, R IRk R AR, LA R T
WRIEAT248GS, RAFHY RS G I SR T R 1Yk
JER I R Rk T of, XF208 M SE LA
REIA B YK 18 B U BE B W Streptomyces
gilvosporeus ATCC 133264 i $8 AR 1 5-1R DK %
WE 575, TG TR BN RN DN R M 1Y) e 1 O 3k DA B 4 %8
GSIER , RZPIFHIRLHRE MM EE R A GE
P T 3845 BB TR ) 3 B
Sefi A R INGE R R . PO R AR AR5 A W o
R AR SsSB4 25 Bl ppGpp
(R S, SR AR B A
m, RS EEHA TREFEAR, fiikSreptomyces
coelicolor A3(2)MNaERE RPTHERALME, 152 Tk
LR FE P NI RISAE A0S MR, b
2R E AR RATE T I T AR
WHERAR . A A: G B Y 35 A LA R i P 3R 1A
TR, 3O T O L 15 57 1 AN 5 M i e-PL™
A A AR

e-PLOr T — sz wibk A Ba s, AR Rk
B Me-PLEGERN MR FEZES . i,
Streptomyces albulus NBRC14147 (3.2-4.5 kDa)",
Streptomyces sp. USE-51 (2.3 kDa)""”, Kitasatospora
sp. PL6-3 (5 kDa)''"'. 4k, DAL, Xk
WE R A I EE AR W iR 22 o0lE, A HAE Ik L
TR CHH, RREEIDEe-PLAE K AEA, MATIIAH]
PEfRe-PLIE A RER F

PRI, AR 53R 35 R 4 o R R 14
TR2AE R T BLE H e-PLR - A5 R, %
ST 2 R R v 7 R LA A AR R T S AR ) b
Bt R BESESEG I 1 RTE A
FHA A BRI T & M e-PLEG A2, L

B R e-PLE - Ta A1 Tolb 2E 7= e-PLI R Y5 £ 36
PRI S %

1 Ay ik

1.1 #¥

1.1.1  BE#R: &k Streptomyces albulus M-
Z18 K13 F= R AL ¥k Streptomyces albulus GS114H A%
S E AR

1.1.2 BERE. () Rl iR (g/L): 4
B 10, AWM 2, BRI 1, g 15, pH 7.5,
Q) AR FR 3L HERE 103, #ZAHE 20, BEAMK
4, WERRRY 3, MgCly,'6H,0 10, fHETCEH 2 mL,
TESH# 10 mL, Ifg 20, KHJ5E 5250 mLE;
FRIEPIMATCHE B CaClLiA 2 mL . KH,POLIA
2.5mL, NaOHIFEW3 mL, (3) BIxIER IR, ¥
FRAERE IR P I BURIR B EONS g/L. (4) Fh P53
H(g/L): #i%HE 50, WEEEE 5, (NH,),SO, 10,
KH,PO, 1.36, K,HPO, 0.8, MgSO, 7H,0 0.5,
FeSO,-7H,0 0.03, ZnSO,-7H,0 0.04, pH 6.8, (5)
REERE TR (g/L) . HAgHE/ Hh 60, BEBEES,
(NH,4),S0, 10, K,HPO, 4, MgSO,-7H,0 0.5,
FeSO,-7H,0 0.03, ZnSO,-7H,0 0.04, pH 6.8,

1.2 BHRFE

1.2.1  RHEEFEFE: PI—ABFRILRA T
RHARGFRAE L, 30°CHE5R7d, Fekufir, BT
4 °CUKFAIRAT . & H o

1.2.2 PAREEFRE:  MRHE LGS & 17
TABE KA, FI R, P TR
ke, WA T PSR 1, 30 °CHiRE7 do U2
SRR AR S A 5 3R 3 A U2 S ) 2R
12, SREHRAE 5 KEIFREI 40 °CRIHRIE
JERE TGRS, JFEIE 12 b, RS, IE
TR FRAE T TR G R

123 BRABEIE: U3 THA40 mL
P35 52 19250 mLEEEH, 30 °C. 200 r/min
372 h,
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1.2.4 REEREEFE:. IR MTTRA
80 mLFfFH5 3739500 mLEEHH, 30°C. 200 r/min
B3R30 h, iR BEF IR SRS RN T8 %
(VIV)HL e A 3.25 LA B R 3L TR il 5 LA E
W, RSSO (131317 .

1.3 FRHE

1.3.1 EFHABHEM: ZEF MRS EARR
AR PER RN Z 50 ) AR R R G o 7R SR AR R AR A
HEYEL, R HEMES. albulus M-Z184 44833 5
ik — ZFR(DES) (3%, WIV)ALFH1S min, FRATE
A S-2-F A L HE-L-F I E R (AEC)(20 mg/mL) Al
H &R (Gly)(8 mg/mL)Hit FH I, 30 °CHiF
7d, BEALPKEL1004 2245 T T8 AT G 3 K
ZIE MR EA R e e, 2R
T80, BHRE3AES, Ky i i E ke
HNCEA SR, TR A PR RS B B, AZEAS
B H B B A AR 7 1 v o B 3 1) 28 AR R AOR S A
TRELA I R R, AR AR I EA T 5 57
Wit 5 LATR G J  28 J A A, e o S A o
A2ty . — i T ERAMNE GG, — i TR
o 1ER L BH(PEG6000)13 T AT A B4Rl
G, RHMZ AL IET AR . PRI DT i
B3NS HAECH WA AR |, PRH80-1008kA:
K R4F HA AR R TY 8, bk Dt
TR A, BEZHATE T, BRE3INEE, &
W I PR R AR AR o KRS Y S AR R R A
JRAE AR TR G, Wb, EEIFST R
WA o ik . BRI R RS SCHR[14].
1.3.2 BRI EEMN: KILHAEHFFIRE
1YS. albulus GA-THE N L TR, HHAFEH L
EIRFE TIRARTP)IE LS, IRMATESS ng/mL
M RERE R b, PRERCR TRV S0 A 0, 2k
PR AL M AR . R T R AR MR A
ARTPIBEZL G, BATES 10 ng/mLAYEER 2 P-4
I, BRERERTRVE A TR R A 0, R E m TR AR
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PR, WSO (B R R AR AR A S ng/mLA RS
FEHK), HEMEILH RS MIECEST). Bk
e Buy e =S CINIRIE
1.4 e-PLEESHIE
FIFS. albulus GS114%3 531 DL H 3 158 26 18 A i Ui
Tl B R, IR FBR . B S H AR g W Ff
AVGEIE € R0 R S5 A 0o AR AT Al R
95.6%F197.3% 1 e-PLIF it . ELAASRHGT S I SC
Hk[16].
1.5 Srbrres

e-PLIR G B2 I 2 SR FH 1l B IO G p v 25 HR BB
“RATHTE] 3% (MALDI-TOF MS)K&i, LA2,5-—%%
BRI T, BRSOk [17]. W
KTHEDCW) ., Hil . Fi%gHFle-PLS &
P SCHR[1813847 o

2 GRFuAH

2.1 e-PLEZHES. albulus GS114F%EF W72
2.1.1 EEAFHFM: SRS EREIIPEY
100/~ BLTR 7% 4T e-PLEE L™ R0, SEH4bk ™
4R A B R AR N T — A &
P, RS ARR T B B A R AR R Y P e-
PL™ & AN 1 o 20k 4% 3 4 =X I A Joit Ak il
G, RATELARAE TP U™ bt = e i 1Y
AR, b E RS AR S, albulus G4-7,
He-PLEEM = M2.3 g/L, ®WHKHRKS. albulus
M-Z18415 1731.4%.

2.1.2 BVEETREREM: Lamiiik TREEM
R R WA R e W P E R
SR b, PR Y R 7 e R R A R
AR . % BE T A FE O B 0 2 AR PR T AR SR AT
W & B B ) K AR ST, WO B 1 i 7 AR
MRILEMAR . o THEREAZ LR, TEKS. albulus
G4-7H1 IR 1 ik B R Uk PR Z AT e AT 17
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Figure 1. The breeding process of S. albulus GS114
from progenitor strain by genome shuffling and
ribosome engineering.

ARTPIEAS . I F MR, i1 74K
ARTP57E 1438 1 5l B 28 W BE p Ik P Al i 32t
I AR B B E R M W RN TR
AR R TERE, BEERARR S AR R A 28
FITR. B2, ESE4RFELTE, BT ER
i B 2 5 B e-PL R 7= 181 S. albulus GS4-114, 5
FEEikE]3.0 g/L, BHKHS. albulus M-Z18F1%
AERRS. albulus G4-753 31 1 66.7%H130.4%. H
A, JETY b2 F Bk & w7 S
e-PLP= L A U AE T B3R 4% . ZongZ: A
ARTPIBEAS 454 ABRCHGlyHiER %, ¥4S. albulus
A-29()e-PL7 ki i 310(1.59+0.08) /L, % H & T
N7 41 5 Wang 2" HHI AR TP AR 45 A Rl I
Gly. L-Ht2la flo-25E-B- I R pi ek, ¢
LS. diastatochromogenes L9y~ 5 ik%0.77 g/L, %
MAHERE T15%; HREH%SYFHDESS &
ABCHUMER¥E ik, LB Kitasatospora sp. MY-
36/ ik E|1.17 g/L, W R EES T35, A
G UKk R 21 F HE R R AR TR AR 4R U H T
e-PLEZWIER , A5 14K 35 53.0 g/LIY %

ARk, X H T E RS SCHRRHRE ) 1R i s e-PLA
BCRE ST B AR T

2.2 EFEHS. albulus GS114F) FIR AR H M A
BEAE P2 e-PL

A R e-PL A TR AE 7738 3t 1 FH R Bk . 7
F I pH s T 25O LU AR b U5 & I
e-PLI, BE77 1S, albulus GS11475EMN95% A
MRIZH)30%75 539 h (K2-A), 1Mt K #S. albulus
M-Z 181K 52 B A 30% A0 75 2299 h (K12-B), BiH
S T WL I pHAEL I 38 (pH 3.0) HAT B 58 (14 3
PEo WIRIRAERKAERE, S albulus GS114M\
78 WA AR AE R HE AR, i BT E 35 3
33 g/LAEAT (BI2-A); S, albulus M-Z18 )\ 144 hitk A
R, IR T EIARIS0 g/LAEA(F2-B), F£H
GEAS IR R AR A BB DA EF & TR B s . AR
M, MEZe-PLI™ 8EKE, S. albulus GS1141E
178 h3LMe-PL/ == i55]43.4 g/L, S. albulus M-
Z187F192 h3Hle-PL/" 1K 539.1 g/L, = mfem
T 1% WEER AT TR ARG lie-PLEE J1 K (&
2-C), S. albulus GS1141e-PL A B 2 AE & 1%
JEABAN B BAL TS, albulus M-Z18, JEHAE 4R
H6R, RUIALE LI A BEVE BRI, SAZHRS.
albulus GS114 1 FA B R LE 57 B 8] N A ilde-
PLAE 11598 B E 4Tt .

FH T H AR A i A S 6 2 7 i 1
Fe-PLA R A AT b — A 2 A Bk Y
KEVEREL S, AMR kS AEpHh T T2 F %42
T2ERTE VAR 3G 7R RS A, 58
I BANK2-(D-F)r7s . M EI2-DAIE2-Eda] LA
F, RAKRS. albulus GS1147£192 h3:He-PLF™
wikF45 g/L, W RHS. albulus M-Z18#2 5 T
12.5%; A8, S. albulus GSIAEIATE LS. albulus
M-Z18V#/> T736.4%, k%35 g/L., {EIFFER
&, DLHMCNBRIERS, S, albulus GS114 84 hifk A
SEFal, S, albulus M-Z18 A 168 hitk AF-Fai
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Figure 2. The effect of glucose and glycerol on fermentation parameters for e-PL production by S. albulusGS114 and
S. albulus M-Z18 using pH-shock strategy. A, D: process fermentation parameters of S. a/bulus GS114 on glucose and

glycerol, respectively; B, E: process fermentation parameters of S. albulus M-Z18 on glucose and glycerol,
respectively; C, F: average specific production rate of S. albulus GS114 and S. albulus M-Z18 on glucose and
glycerol, respectively.

R1. RFMEEASPe-PLEEEK LR

Table 1. Comparison of e-PL fermentation parameters among typical e-PL producing strains

Microorg Carbon t(fermentati c¢(DCW)/  c(e-PL &-PL productivity/ &-PL Referenc
anisms source on time)’h (g’ production)/(g/L) [g/(L-d)] yield/% es
S. albulus S410 Glucose 192.0 25 48.3 6.1 18.6 [21]
;’gf‘l’\%"s_fg‘l Glucose  87.6 ~20.0 34.1 9.3 / [22]
S. albulus TUST2 Glucose 96.0 20.0 20.0 5.0 / [23]
fg eplomyces Glucose  195.0 8.5 234 2.9 / [24]
S. albulus PD-1 Glucose 168.0 33.8 30.8 4.4 / [25]
S. albulus Glycerol  192.0 50.3 39.8 5.0 9.1
M-Z18 Glucose 192.0 51.2 39.1 4.9 7.6 .
This
S. albulus Glycerol ~ 192.0 336 45.7 5.7 11.9 study
GSl114 Glucose 178.0 389 434 5.8 10.2

/: represent that the data is not known.
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12.8%. 16.9%F132.5%; HIETEEIMS1 g/L TR
F)36 g/L, W/ T129.4%, X &g B4 el
FIRZME R T RE P Rl B P - BLE B AT I 28 A8 AR S.
albulus GS114, HA W &AL e-PLA BURE S Ik
TREEA A . ARPFFTIRIFRAEKRS. albulus GS1141%)
e-PLE MK, Fee-PLr=m fIy=2% )5, WAL
TFS. albulus TUST2 ., Streptomyces sp. GIM8FIS.
albulus PD-1; {HHS. albulus S410iB/FAE i F25
B, e PLAS MG T41.7%, 1 Mle-PLARAK
(1) E R FTE TS, albulus GS114 %K FEnt Firh K
H IS, albulus S41075 521 (45%) . Htk, @it
PR PP i ok B T 2 AR Ak 1 — 25 R AR A R it A
Fe-PL= & N A S, albulus GS114/1e-PL1R
RIS 1710
2.3 RREBREXEFEES. albulus GS1145 8K e-
PLESERZ M

¥ R ERES. albulus M-Z18F1 & 77 S.
albulus GS11443 BT w88 FH s 57 5 b A i
A7 Be-PLEE AL, {5 BIMALDI-TOF-MSX}

4000 {(A)

e-PLERASEM it 1400, 28R MEBHIR,
MIE3-AFIE3-BRI LLF Y, S. albulus GS114
TEH I AR R R S T G i e-PLR L 3
25, FERITE: (1) BREESAEEZY,
B IR AL e-PLERG B ML I D 10-32; A4 hH
Bige kb e-PLEG BTG 20-34, (2) BE
FEARE, HmE RS e-PLERRAE 25, &
REG R N32; Wiaghiiisiikhe-PLEERG
F30, ARREEH 34, LRI LU, U
HIME iR IR R B FEARS. albulus GS1145 1K
Me-PLAEE o (EASE B A, H A 2 s i
KRS, albulus M-Z1845 le-PLESJE /315
M 5S. albulus GS114—5, XKW RARES.
albulus GS1147EAR[F IR A1 T A7 ie-PLR &
JEE R Rk R P R e IR
Nishikawa & Bl Streptomyces mashuensis MN-
6 I FH H YA A i JE Ge D VR 51 i e-PLER & B [%
K7, R T W E M (Re-PLI A, Nishikawaiar
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Figure 3. Effect of carbon source and strains on polymerization degree of e-PL produced by different strains.
Mr=146.19n—18.02 (n—1), Mr: molecular mass, n: degree of polymerization. A: S. albulus GS114 with glycerol, B: S.
albulus GS114 with glucose; C: S. albulus M-Z18 with glycerol; D: S. albulus M-Z18 with glucose.
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T —Fp R HHIAE RIS, A A R R s
0.6 % fL.B- MRS (19 77 i, S Me-PLER A
28.6 TREFI12.9, AH Lb 75 240 Bt Ab - PRRIAS 55
Me-PLE A EREAML, AHFFRFIHS. albulus GS114
DAH I A i B AT 3k 2 R AR e-PLIR & B SR
FE SR Tll A= 7 v B AR ) A= 7™ B AR AT 7 B
YA P AR

3 %

AR5 38 3 5 R 4 o HE R R TR R
B, s RS, albulus M-Z184% fiie-PL7"
175 g/LIEEF13.0 g/L, $E T71.4%, i#f—
ARSI W, 200192 Wbkl & B, S.
albulus GS114 LI %88 R iR IR 5 Ble-PLy™ H ik 2]
43.4 g/L, LAH M ARRRe-PL™ 55 5]45.7 g/L,
VRS, albulus M-Z1843 A T 11%H114.9%.
WIS, albulus GS114 L)L 2588 F1H 1 A b 5
A7 e-PLE G BE A AT L, LA H Il E S ik
JEAT D1 e-PLER A FEREAR B3 M dE AR v, A
FI Tl 2 ISR G B e-PL.

2% XM
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Breeding and fermentation performance of a high-yield g-poly-L-
lysine producing strain

Gencheng Zheng, Liang Wang, Yang Gao, Jinxin Xiang, Xusheng Chen , Zhonggui Mao

The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi
214122, Jiangsu Province, China

Abstract: [Objective] A high yield of e-poly-L-lysine (e-PL) producing strain was bred, and the effect of different
carbon sources on fermentation performance was studied. [Methods] Genome shuffling and ribosome engineering
were used to enhanced strain’s productivity, and pH shock strategy was used to fermentation using different carbon
sources. [Results] After four rounds of genome shuffling and ribosome engineering, we obtained a high yield mutant
Streptomyces albulus GS114 with e-PL productivity of 3.0 g/L, which was 1.7 folds than that of the initial strain.
When we performed fed-batch fermentation using glucose and glycerol as carbon sources in a 5-L fermenter, e-PL
productions reached 43.4 and 45.7 g/L after 192 h fed-batch fermentations, which were increased by 11.0 % and 14.9 %
than that of Streptomyces albulus M-Z18, respectively. Meanwhile, the dry cell weights decreased by 24.0% and
33.2%, and e-PL yields increased by 34.2% and 30.7%, respectively. [Conclusion] Genome shuffling and ribosome

engineering are effective to breed high yield strains.

Keywords: e-poly-L-lysine, Streptomyces, genome shuffling, ribosome engineering, degree of polymerization
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