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WE: ATERAIEG TN %, AdRERT DOSER M-Z18 & E X fitk, URZGH S ARG - RBMAR (e-PL) SRk
f1. Bk, BEFRIKKEZEEE (1I-5MIC) R T, HF M-Z18 89 ¢-PL 0942502 K 1.6 325 5] 243 g/L; )5, FREAH
HegEE A H (5~10 MIC), #H—F3EREAKN -PL SRR RE, RE—HSSKLH SS19, H# oPL 22/ Lz H ke
A Ak 7 A1 H 313 g/l A= 058 glg, %t K E M-Z18 #1423 T 95.63%4= 137.61%. #F50% B, SS-19 & b wa Kiftik 2 & e-PL 4k
ABRK Y KAEBEE WA PTG A, FARE o-PL 69 & M ARMAL I R A5, £ AR EBHE A K69 RSM 34, SS-19 tLaT A A3k 1300 %
FEARRILE RIF0 oPL A RAE 7 o ALLE R AT, BB FING R A E 0I5 7 57T A B A Bl e o-PL = 2.
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Abstract: Using a ribosome engineering-based breeding approach, the ¢-Poly-L-lysine (¢-PL) biosynthesis capability of Streptomyces
albulus M-Z18 was gradually enhanced by increasing streptomycin resistance in a stepwise manner. Firstly, the e-PL production by S. albulus
M-Z18 was increased from 1.6 to 2.43 g/L through screening low streptomycin-resistant (1~5 MIC) mutant strains. Subsequently, the
streptomycin tolerance was further increased (5~10 MIC), to enhance &-PL biosynthesis capability. Finally, a high e-PL-producing mutant S.
albulus SS-19 was obtained, with the yield of ¢-PL and the unit cell synthesis capability as 3.13 g/L and 0.58 g/g, respectively, which were
increased by 95.63% and 137.61%, respectively, compared with the original strain M-Z18. Results showed that the activities of the key enzymes
involved in the central carbon metabolic pathway and ¢-PL biosynthesis pathway were significantly enhanced, suggested that the anabolic
metabolism of &-PL was significantly enhanced. In the RSM medium with glucose as the carbon source, S. albulus SS-19 exhibited a greater
&-PL biosynthesis capability compared with the high-yield strains obtained from previous breeding. The above results indicated that the -PL
production by Streptomyces albulus could be improved effectively by the screening method involving the gradual increase of streptomycin
resistance.
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Streptomyces noursei NRRL 5126 A Streptomyces
griseofuscus H1, e-PL #&)ff ™~ &EAA 042 F1 0.39
g/LB, R, Tl R AR S R e-PL SRS
JIAREW R T AL RE R . EFs L, 52 H A
ERHPBEA A, EF S-(2-2k LFE)-L-F
RAIR(AEC)NI H BRI RAL R, DL B AT A
L-J6 2R S i), T4 20 ZAERIARMIBHE S, /1
—WRIRI e-PL P 5IAE] T 2.11 g/l HIm =Rk 1E
EITERIEK S, ENH R R AR ST
Btehf AEC BitEIEE e-PL &7 . B, BREhsE
HHBRIR — OBV E AR AEC FUIERAZHE,
¥ Kitasatospora MY5236 (] e-PL #2 = 4 =3 1.17
g/L, PRI AR T 2 (5P USRI R
ML ZFAR, 3R43 AEC itttk Salbulus UN2-71
(e-PL P89 1.64 g/L), Jo= B H R K 1.42 159,

Zong Z5K FHH IR H R 45 B T 720K S.albulus A-29 1
e-PLP M 0.40 /L #2752 1.59 o/, j b iT A H,
ML G AR TR T LA R m = A W ) e-PL 7 &
{EFERT 57 ) HAE TR RAK

Ak, A MR TR T, Eid st
e-PL A B B DR 1 1 & AR A2 B A R g
1%, $2m 1 e-PL A REES) . VFE B VHD B A
#4453 Salbulus PD-1 [R5 (A rh AR SRR 1 1
SRR e-PL IV G . %%, 1E5 L RKEF# AT
ATAMNEI LSRG, o-PL B~ B2 1 50.66%", Xu
ZE@IE/E Salbulus PD-1 it RiIAE I ia S 2K
amtB KRG e-PL /=&, AR AR R,
B I BRAERR R LI T 57%, 1E 5 L R I¢#E
BTN S TR fG e-PL P &35 1 57.27%, i
HHIEI I 0 amtB FE[RIIE5E o-PL HAEYIE e A 2L
B, ERIHATALE, 5 e-PL & RA S RHIE R I
A R ARAIRIE, 1R RFERERZ M 15 N TR s
e-PL PPAERHIEEE . Rk, FHR—FhUsARIEE
e-PL = A RAS U E L

EbEA TAE (ribosome engineering) &1 H A2
# Kozo ochi AR — R R & R0, %
PR APIAT S A A U S, SR
UGS ARSI RREVIC. i K,
5 RGBT A6 B SR DR R B Rk B e T
IEI BRI DhRE, RIZHEARAE G B ks E A
rRNA) 7RI HE A EE T HIEE, SHR A1)
A6 I EEME DL IRFE TR ZI) . SR 2 S
TZRER IR LA 455 HE T MR 2 1 5 ) 45 D e
A P S AT AR FIALEE . BRI ol
HEVIZHERA 3 S NSRAE, iR RS, HFEL

FREARE = pIFeik, SRS =E et 14 i
RAF PR o T HUPEnE A PiA 22 R B AR .
FART. BBEZE. RIUHER. IR R, UhE
#.MBEER. BEERS. ERERmiARS,
HEHRIBRRORELY, R RE, HHEpuE
RAAEFA BT NEZ . B, ME 50 = 100
ANBENLPREL R 2 R AR R PR 1 AT =2
5, YA —FM S.chattanoogensis FEAEFRA R R
RERMWEEA T HEMIEE, P EimnEEER
PRIK 26 £ o B R 3R 5 EAZIE R SR A L] S 2250 iy
Tt v RE A 2K L S R A ST A% B 4 30S H S12
B rpsL PR AR ; AR B4 27 25 W) 380wt 16Sr
RNA HIEFEFEEG rsmG SRR, F34k, rpsL
BRI RAE At frr FENFRIE, HRE YIRS
WHRFEEAE RGP hedid g mRNA Al
tRNA SRR, $RmdkiRAaM M, ey i
WFFUE A AR R A B i)z
N, 140, Ochi 2558 3d % Streptomyces coelicolor
A3Q)BEMRELL S NBERB R L IR KB R AR ThikE %
B, KGR R A Z B R EMRIET T 48 £
%1, Wang 27 Streptomyces coelicolor H15 A\ 2 55
FPulk, WERG bk R LR R R AL
IR Xie SGFSTEIE 5 AR THE, W&
Z & Pseudomonas protegens Pf-5 [RR ARSI
P,

AP/ A ERE 1 S.albulus M-Z18 Jy Hi K B
e, Ed EIGKEREE RN, B SRS
RINZIE, DRE AR e-PL 7 &,

1 MRl55E®
1.1 5

S.albulus M-Z18 (faifx M-Z18) At & Bikk;
Salbulus S-6 (fHFx S-6) NIKBER RPTPERAHE,
S.albulus SS-19 (f#FR SS-19) & L7 = Hilh A kk .
ORI R TR KA ) TR B R S RS
TR

R RMWLT i T A TN, k.
fOREE AR, TRERE. BERE AR, BRI A, IR
FREE. BREREE. TRIERARSEN LT E 4R, BERk
ST OXOID A

1.2 ®ESINES

HARBER(HPL-C), KGR R IS H RA T
BE TAES (SW-CI-1IFD), JiH e SIAB R A
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Al AREEAEE O (3K15), fHE FuigF A F

FEZEBRBE T (PHS-3TC), FiERIAZSA IRA ],

ST (UV-2100), fRIBFMUEFAIRAR: KF
(AB204-N ), i -+ Hg 55 8 A = 5 8 35 55 57 48
(GNP-9160), g MUt AIRA R .

1.3 A

131 #EHRAH%

ARG FRE(BTN $572%, o/lL): #&pE 10, &
P 2, FERERY 1, Bifig 20, pH7.5.

577 3(M3G 15775, o/L): #i&ME 50, W#
REKY 5, BilRE% 10, BEFR U8 1.36, BERE 41 0.8,
FREREE 0.5, BRFREE 0.04, FRFRIEL 0.03, pH6.8.

MACFEFEIE(YPIYG, g/L): #iZip% 30/H i 60,
BEREY 8, BnlER 5, BRFEREE 0.5, WEIR —E4H 2, R
PR 0.04, BRERIEAK 0.03, pH 7.5, B A% 2 BE
AN YP, BrRIENHME, 4858 YG.

RSM 37734(g/L): FH%IHE 60, MWeEbky 10, AR
B 5, TREREE 0.8, WHER —&UET 4, RIRIEEL 0.04, pH
6.8.

iR FRIE) 115 °CKTE 20 min.

132 $iTEFIROFE

¥ M-Z18 30T BTN 35553E |, 30 CHi7F 8 d
BTG, MR TR, BT ESEaEkAL
F/KI =AM, 30 ‘CHER L 200 r/min Z$% 20 min,
2 8 EYUML IR BRI T B, LR T
FH IR R 4, TR 10°%~10° AMmL, 1A
L SEE
133 #FF & AMHE (minimum inhibitory
concentration, MIC) K& a9 2

Yo RE R ACHI K 5 o/L IBRR, 75 BTN 597504
HE| 50 CHF, MABREIARMES, 7 AlEeHscS
A 0. 2. 4. 6 mg/L BEE R BTN i7eks, MR
WE 3A4FAT, B 0.1 mL M-Z18 T2, $501%
Fife ik BTN B985 1, 30 ‘CHiJ% 3~5 d, fitse
k) M-Z18 A=K ) B I AT 2 IR FE R i B
FEHER MIC.

134 #“FEFZHREIH
1341 EBMIREHERERPUER R

¥ M-Z18 il i F B IR AR B S IR
BRI SEEE R 1-5 MIC () BTN 15983 |, 30 CI
77 8 do Phik BAREROK HA 7R %S R BEIRA R
ZE S EGIIATY 5, FERH SE R R T
G0, WIS R AT e T
1.34.2 EEEREREERTERREH
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¥ S-6 il AT BIFBOR RIE EIR A, IR
3| F R 2 5~10 MIC ) BTN }i7rdk |, 30 CH;
71 8 do Phik BARBON A 7R % B HR BIRA R
ZRWIEEY B, R sl E L R TRI .
XG2S RFAT G T o
135 K7k
1.35.1 “PAREEFRE

BT 7B T BTN #5953, 30 CHiF: 8d.
1.35.2 Wl

Tow A mIA T, SR T YG Rigrdtd. 24 1L
WAL R 2 mL, FEPRELE 200 r/min, 30 CHiF#
9% h.
1353 HifkssE

FhrH72: 30 'C, H5CE 40 mL/250 mL =i,
PRPREH 200 r/min, 3537 24 h.

KRR FR: 30 'C, VR 40 mL/250 mL =i,
PRPREE 200 r/min, 155596 h, M 8%.
1.3.6 Sk TAE A 2 F 04T
1.36.1  mirE ARSI LR

B M-Z18 #il SS-19 K1 &K iR T BTN 55
7k, 30 CREFREK AT, WREHHEEE LB
AR T R FRERTIRES.
1.3.6.2  mire KA ERILAS 22 57 LA

W43 2 AL LU R w bR M-Z18 Rt
18, TEAHIEISCAE T 4535 96 h, LEASIE I [A] S8 i 14
AKAEDL
1363 #PipiEREIERHK

VTS BB RAB RS IRAT T A A RS 2R
FTHEPAR b, ISR TR R 16
1.36.4 AR FRIE PR IR RS 22 57 LA

HU M-Z18 1 SS-19 [ftl ¥, #:F3] M3G. YG.
YP H1 RSM DUFhEEFREE T, BEAERIE 3 14T,
30 “C. 200 r/min 3537 96 h. JI5E K8 pH. AT .
e-PL W JE AL HiA o-PL S RUAIAE ST, HLE Ik
PR PR R A IR 7K o
1365 &-PLARHIBEIBERRS /)25 LK

B M-Z18 1 SS-19 ()1, Femh 2] YG R 7edkr,
HUR T 48 h (B R T B30, A8 P s S AL
UL e-PL AR AR H 6- IR i A HE I ZUHE (G6PDH) |
OB (HKO « I B R PO AR & HE(CS).
ik B s P U B R P2 AL B (PEPC) . R AR BRI

(ASK) 5 e-PL &1l (Pls) S riG it .

137 REEHREAAET KR

Wk ePL P BB E IR ARk Tis %
FasE IR, WA EMRESAEAR TR 5 AR, kT
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TR AR RIE T35 o ) SR BT PR AR o
14 SHTETTE

141 pH ANz

R pH TR B E o
142 HWHHETEAZ

KFEACZE R E Y BURFER 10 mL, 4500
r/min B30 15 min, BTHEIN 2 & /KPR, F T
56 105 CHETIFRE A4 THIE, 2 JGIeaE T
105 CHLFZIHEGHE, 1HEREREZE, Bl
FARTE (dry cell weight, DCW).
143 &-PL &K EM =2

e-PL B EEIN E R H SR L 7%, 2 Itzhaki
2Ol T7 i, ¥ e-PLARMERECAR 1 /L IR, FHRE
FR 22 (0.7 mmol/L) ##F% kL 0.02. 0.04. 0.06. 0.08.
0.1. 0.12. 0.14. 0.16 g/L M7, 43 AIEL 2 mL Fake
TS SRR ) PR R O, BT 30 °C 200 r/min
PEIR [N 30 min, 48J5 4500 r/min 2.0 15 min, X 0.5
mL _EEBIIASIE A 9.5 mL BEER SRk s sty
o, SRGIRS] . FIBSRRGEMRE LT, 1E 465
nm Kbl 2 OD 18, 2ilbrdErhzk. frRkBEgdin)E, H
IR ZZ MK EIBTRARE, A1 e-PL WKELR) OD {A1E
0.2~0.4. ZARAEIIZEIT 5T e-PL HIRIE .
144 &-PL Riffi&i2 Kb &) M=

BB 4500 r/min 250> 15 min, F 0.20%f%) KCI
TR AR, FREX 2 g FEEE1AH 100 mmol/L
Tris-HCI (pH 7.50)iF 7 E A 2 10 mL. AL
T J5 12000 r/min 250> 20 min, ISR ARG . 6-
BRI AT RE S G (GBPDH). CRHEEE (HK). 75
Ay (PKO. MR G (CS). BERRIAEE A
PR ILEG (PEPC). RAZIRIMNE (ASK) 5 e-PL
kS (Pls) FABEE J7I5E J71:5 % S0k

15 #iEFet

ARSI BT B ) E R E =K, AR BT
P EhRE R 2 - F Origin 8.5 ST HHR St it

2 #ERE5VHE

21 HEBEH/MIERE (MIC)

HE 1 AlA, EAMEEE R B (E 1),
WRAEK 6 R FERHIRE; EREFRIRIEN 2
mo/L i (& 1b), i B S mm I EE, HEik
FARRKHAT, VLR FNE] TRk AR, gk
RIS R RS, AT DAB R B A A H 2

IS . B RNIREIAE] 6 mg/L B, BRI
KEEA e A0, FLRf e 55 R0 M-Z18 18/
L 6 mg/L.

d

1 M-218 FERRELREHEE =AY BNT AR LA KIER
Fig.1 Colony forming units of M-Z18 on BNT plates containing
different streptomycin concentrations.

E: (@ 0mg/L; (b)2mg/L; (c)4 mg/L; (d)6 mg/L.

22 {EREEERINEEETRER

30r

&PL™ it / (g/L)

0'06 26 4|0 éo SIU 10|0 150 14'0 160
RS
2 EEHE 1-5MIC B E TR _EBEIER 156 MEER LB
R

Fig.2 &-PL production of 156 colonies grown on plates with 1~5
MIC streptomycin

1E 1~5 MIC BER R PP b, BENIBRE T 156
AR 7 AR AR A H T T BT R,
ks R ILE 2. HERTA, A 79 MR e-PL
M-Z18 &It IERAFH N 50.64%. Hrit, KA
Pk S-6 1) e-PL $2 ™~ F fix i1 (2.43+0.03 g/L) , 5t M-Z18
FEiE 7 51.88%. IXAMEER, A = IR B Tk
VAR SR T IE S8 2 (329) it T 19.88%,
Ui IIRBE R R PUME IR A 7 iR SE RE PRSI 1 e-PL
FeE. IXFIRERH T4RAY 16S rRNA FHEFE AR
rsmG H: AR A R AR 51 i) R E L R BE D RER AL, 33K
1 16S rRNA _E—MRF S BT 11 GB27 Fi
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BRI, rsmG RATRRH S-IRH BRI AT BTt
B ARAE B ARG i ik B2,

23 ERERERNMMEEETRER

357

30 [ ] -
S - .
= - - - " m
T 25 . . m mm g g - ="
it} ] [ w ‘- -‘--
E-:_—. l--._. -'-'- -‘Fl .-.‘-.'." .
g 20F e " mT . -
ﬂ'- - - - -
w - - - =

1.5¢ - -

1.0 L

0 15 30 45 60 75 90 105
bk
3 fEEH 510 MIC BEHETR LSk 108 NEIRHI LB
#R

Fig.3 &-PL production of 108 colonies grown on plates with
5~10 MIC streptomycin

£ 5~10 MIC B2 K HI TR B L, BENLEE
BT fge oo, 5 K BETEASZE R 108 BT
HHTE RN L, 25 SRR W], 47 25 PRETHRIT) e-PL
PRI S-6 W RARTE, IERAEFTy 23.14% (K3). &
S, RN R RPUEIE B RE —Ms ™ Bk
Streptomyces albulus SS-19, =& 4 3.13+0.04 g/L, Lk
M-Z18 &5 | 95.63%. SLIRLE R, mikERIRG R
Ut RERE— B3 e-PL W  wkk i, UENE T
e HAT mIR R R PR R RIS e-PL =™
BRI . Li PP a5 2 e BRI
fii T S.albus GCMCC 4.5716 FIFLA: Bt itk, B
FRUUMERRIDOME RN E R AW 4 5. 45
FW], BRI AT R (AT e K S12 2R A
(1) rpsL ZEPRR AR A, HARBEIAEIA N i 30K, 48
JHJE S AE B B B BT 6 OB U 5, IRARAES
WEINPO A R BRI, SR, IR R
R IEMIERAEZR (23.13%) WK ERERE R DT
PEFFEIIERAE R (51.88%) 1%, i B BRI HRIESE
e R B IRUE IR P AR SRl N R R R I e-PL
HHEEST, AHHIE AR R A B A S I PG
SR RS (1~10 MIC) J5 #5(10~50 MIC)
R R BUMEIRIR TV EEAT TR WREE, 20
¥ e-PL =2 iR 17.9%1 10.3%. H5LPs L, 10
MIC HUHEXS Bk O A i, FARRIN ™ fl fe
HEEARRE R W T . R, AR ISR
FINER SRR PRI, WMSS RS RN
PRI, 45 RR TR (1~5 MIC) & &I, e-PL
FeEARE [ 51.88%, fEEKE (5~10 MIC) IEFH I,
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e-PL P=EEm 1 21.43%., DL SR (L) #MER
PUMEIHIEAGSERE A AR R AR e-PL P7 i (2) FIH
AR T, BN R E G FIT e-PL
BTt

24 BrFEREBEERED T
241 mARTRAMRRAENLESSH

a

B 4 HABEEM-218 (a) SE/EH $S-19 (b) HBVETEHT
Fig.4 Typical Colony morphology of original strain M-Z18 (a)
and the high-yield strain SS-19 (b)

LA M-Z18 i K wi bR, SR EE R AR LI SS-19,
fE BTN Riordk LESR RIS RV B2, —
Se AR YA U] 4b fm. HURTE M-Z18 [ R T L
Nt FRIEDGH, ToRBAE, W TESEER— (& 4a);
R SS-19 A EE AL, BRI I
R, SIEHEE. XERAR BB,
KU M-Z18 LY A RE B S BUME TR A Sk
AT R, TR RVEER T B M-Z18 5L K
A TRAE, BRI RE R 2 R S8 | H AR
A= 2 AEPE . PRdkiE, Streptomyces avermitilis
HIoSBE g e R B 5 RS i R T
FERIDS, ANFEITEZSHI S, avermitilis P~ B 1R KAIZ R
21, Wang 25OV g e ki B AR R A BEVE TS
[ 5 A R M-Z18 &5 SS-19 FI AL, BF 5T
W] rpoB H: A RAR I AVHE 22 51 ERAH P HOFR AL I
RPN, th Sl AR R RS R A=
242 mARTARRTHES

R PR M-218 5 EZR BT SS-19 1 IR
XLl 5 fros. M-Z18 (& 5a) 2Rk, il
KRB, HAR 7R B 9Mi>: §S-19 (&
5b) L M-Z18 /), HIIZRIGK BB . R4E
HIRTAR, JBARAERIREERY, X5t 5 558 R
PR R aE R — 5, AR, {EBEE T rpsL
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R R AR o I T 22 P T IS O AL, X Y
(IS T AT S 40T i A R SEAR S, BT T
TR, RPEEFERE R IR FHRAHR
BHRIES LS WREKRS BB ZESR, e
7R PRI FE PR A B A

(o - = b

Fig.5 Spore morphology differences between M-Z18 (a) and

$S-19 (b)
243 B RTEHRARMS
24 h ¥ -
-: ’ L . - *1 ‘ .
. - *q ‘ / l ‘
t ad B O

- -

& 6 M-218 (a) F1SS-19 (b) TEFEHR &L EEIIZ ARG RTE] =

BEFASEER (400X)
Fig.6 Comparison of M-Z18 (a) and SS-19 (b) on pellet
morphology at different time during fermentation (400x)

B M-218 57 B SS-19 7E YG st i
RTEAXTECINIE 6 Fros. KB 24 h i, M-Z18 CLT4h
FERREERIT SS-19 RIZIAEK; A8 48 h Itf, M-Z18
MBRERBOR, 225K, 1 SS-19 FIEEERLL M-Z18 /)
KIEE 96 h I, M-Z18 CREZYE, SS-19 1A /b=
BRIILARE, HARLLT 48 h ISMRBRBCN %, BBk
HOPRARAR /N I bR AR T M R A T A IR R P
WERIEAS, KINRAR R AEKCSE RS, KK
WHTRE,  BARAEA IR RO LA SRR L 2 3
HEIAFRIEERIEE, WL R Z R MR BRI
AR, TR BRI AR X E TR SRR R A 13 S 2>

IEREE, BETMISSIACH, 2O H B R & ok
JRANFI R, b, (R R, A ER G
— MR B 20 O B A A SS-19
HIPLEAAE TJa I IREF O e B ERERS, (R Pk
FREL R Re. FTLL SS-19 MILIATE T J5 M RERIR
N ERIERS, RS 6e . Ja i
TR R IR SR I RS A S TR T — R Ak
FrE.
244 AR LEER

R HER TRERA Btk M-Z18 #E4T1LF , 3k
5 7 ARG RIUER R bk, BIEE R, R
WAL e-PL S REE I RIS A, B B FhiE
R 2 A Ik B . X M-Z18, S6. SS-19
DA K SES 8 S i HE P B AR AT B B R R
o HIR 1A, ZWHRPUIERLE, BERESER
PRI IOKEERER R PIEE (1~5 MIC)
PAFHIFAL G, HHEMJERE) 6 mg/L U= 9
mo/L; {HRZN SIRE R R UL (5~10 MIC)
PAFHIF Bk, HAEEB RIS 45 mg/lL. XW]
R R A BRI R RS, R LA
r T EERR NIRRT E R, iR R R P
TR K SETT T e-PL R 5.

R TEEHESEMNES

Table 1 Streptomycin resistance test of different strains during

breeding

i & ePL #%E%
BHhmT AR RAEF A Rk
FEIMIC)  N(Q/L)  /(mg/L)

M-Z18  HAHE 160  6.00

S-6 M-Z18 1~5 243 9.00

S-11 M-Z18 1~5 232 9.00

S-15 M-Z18 1~5 228  9.00

8S-19 S-6 5~10 313  45.00

SS-32 S-6 5~10 296  42.00
25 BrrEMEAEIEFRER A EREO T
atr v mmmsG

35k - EmESM

3.0F

254
T 20t

1.5F

1.0 F

0.5k

0.0

M-Z18 $S-19
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C ol =9YG mmM3G
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= 05F
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= 04t
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Fig.7 Fermentation performance of M-Z18 and SS-19 at
different fermentation media
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Table 2 Key enzyme activities in &-PL biosynthesis between M-Z18 and SS-19 (U/mg prot)

Htk HK G6PDH PEPC

ASK

CS PK Pls

M-Z18 6.35+0.82 0.11+0.15 0.32+0.28 0.19+0.08 1.09+0.81 0.74+0.38 65.23+1.21

SS-19  891+0.05 0.16+0.23 0.41+0.13 0.46+0.12 2.39+0.11 1.75+0.06 87.93+0.45
% 3 SS-19 EHRERTREMIRLE
Table 3 Test of passage stability for high-yield mutant SS-19
GV &3 1 2 3 4 5
&-PL = Z/(g/L) 3.13+0.10 3.03+0.05 2.95+0.14 3.00£0.09 2.94+0.12
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