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NTG AFEHFE 0.8 mg/mL, ALFLET[E] 20 min; NTBSFIEARER 15 keV, 80 (2.6x10%cm™?), REHYEERK K,
PN 6.12 mg/L, BURMATEMIEE T 159%. RERAENR 6 I, AR K e . P ImAa R w K I#
A, WhE A RS . B 37 C. 4G pH=7.0, HEE 30 mL/250 mL, RERE 2%. FEEEE 120
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AT, I IR SR A2 R BUL R
DT RN, 2 IR O 2 e AL R A B R A A AR
BHRRREC. P E s, Fik, HER
2T AR EFHZ USRS B LBORN & AT
KM NTG AR AERE T AGENTT 0 AT B 2EAT

GRA, Gl s, [ 4R Ky e
PR I RAL R bR, FExT RAC R R A I 25 A HEAT 10
Wt — Bt i, NSRIURRAE g R K,
EANLE 20

1 MR5EZ%
1.1 MRFEE

KT I (Flavobacterium sp.), HIASS2I % {547,
fr 4 SP-1. RHHE P i: 77 5 (g/L): Lab-Lemco
Powder 1, BEREEENY) 2, AN 5, NaCl5, pH=
7.4+0.2; FPFR;FRIE(g/L): Lab-Lemco Powder 1,
P RHEI) 2, AR 5, NaCl 5, Efl§ 15, pH=
7.4+0.2; PITFREFRAL: (EPAUEFRIE R 1520
2-ZEHR(HNA) 200 mg/L; FRI A BER; 773 (g/L):
H 20, fORE AR 10, BERHEIY) 1.5, K,HPO,
4.5, NaCl3, MgSO,7H,0 0.3, pH=7.0.

B AEANL R E IR B iR P270
WIEREIAR, T EEE RO AAER T HIRRRIK,
ROUREAR R AR AT SRR AIE 5
AEAER (PED FIRAF.

12 7%
121 HEAEHAR

Pl &R TR: MR ORAERH EI— 338
A TR A T 59705, 7 37 °C. 200 r/min
PG TR 24 ho KEERGFR: 4 250 mL [ =FKH
I KB R 7745 50 mL, M EARTSH0N 5%, 1E
37 C. 120 r/min JR%HH55F 6 d.

122 TLAEMGET

& B IR I AT B Rl 8, IIE R R
HIRE 1 mg/mL 1 NTG B, 7 Bl BC AN [ 2498k
FE, 1E 37 C FAR#R. 30 min JFE R RCEE 0,
7+ 3% 5 1 0.2 mol/L pH=6.5 (KRR 2% +h i (PBS) ¥t
GEDAR 3 Ik, ZAbRTEAR. A5 B0 A IR EE N HT
AR SR, 37 CHRZEHRY 1 h L&k,
TG B8 ZKORE f 245 B 00 TR VR A 5 AR ORE VR M R K
107-10 IR B AV TAES 7738, 37 CHIE R
4-5d, FrBRBUCREETE, RRIAII. ASCIRER AR

MR NTG 52288, 1 BRI 7] (min) 7 %1
N0, 10, 20, 30, 40. 50 GiZsZEeHh[EE NTG &
WA 0.2 mg/mL), NTG 29K & (mg/mL)A 0+ 0.2,
0.4. 0.6, 0.8, 1.0, 1.2 GZSLIH[EE NTG 4bFE
i E] 4 20 min)
123 N'BTFENFE

Y IR 1) NTG AR AR MR IET N B 71
AL A4 35 77 1 I 3 AT 8 P~ B 10 RS MR REE
FiBe 2 4R %A 10"/mL, BUEW 0.1 mL #2514 T
TR AP, KT 30 min JGHET NTBEFIEAN
HEIE, RIS RS 1 mL ER/KRGGIE, % 10
S RERRE JG IR AV TR TR 72 8, 37 CIE R
It 4-5d, FEPRICREETE, REAS I . AR SEISHR AN
FIVER T BN, EBGERE(x2.6x10" cm )%
4 04 204 40. 60 80, 100, 120. 140. 160 (i%
SEIG R [ 2 RE RN 15 keV )
124 fHikFik

W9 R AR e, RIAE PO R 6 i
200 mg/L [ VK, &Ky 1-:25-2-ZE IR
(HNA): SR R R T
1.25 VK, -RER5M =

HTF VK, 2 RE 4 2, g A R £,
AR S SR F A WL 7R A B SR BB AT T T 45 v 11
VKy. B 25 mL & EERLE 15000 t/min &0 5 min,
FF_IEW N 10 mL 2848 /K s B WRET ¥, 15 000
r/min N &0 5 min, 3 B3, HERIREE-20 C
A% 30 min J5EE T 120, A 5mL HEE7E >
WEEE, # 8 12h 5B 1 mL _EZEXBORT 1.5 mL &
OEH, 78 15000 t/min 252F F &0 5 min LA HL
JEME AR 900 mL FER BB ASRIURE S . A
RO A AE 248 nm Kb &5 AR i 28 R R
a1 MK4 R MK6 WRlkoode, #e 5 sl i 24718, I
ANV g V gps=4: 1o
126 BHEEHERTE

57T BRBR  H5 AR 15 AR 0T IEP R VE BT L
EEVAAAIER . 73 HlDe a7 AR b P 5 PR 52 B
ORI VK, P28, B KT R 26 0 B B P
VK, P78 10% LA [ IE AR B 6 A bR, IX 35
I3 PIR B 255 AR A0 38T B A TR AR R LR AL R DR 1
HRABE,
1.2.7 HRAZZ MR

V07 12 HH R v AT TR R AR ARSI A% 32 6 £
PR REG R VK, 72 . FEULSLIR It 3 41747
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XTI, B IE e A& a5 R .
1.2.8  REEFHRALT &

N T IR SRR VK, P78, R R B
MR EE . f4s pH . MR . HFEARRIKE
AT RE A . IR (C) N 25, 28, 33,
37. 40, #245 pHE AN 6. 6.5. 7. 7.5, 8. 8.5, %%
W E(mL) N 30, 50, 75. 100, FEME(%)N 2. 5.
10, 15, $EARFEH (r/min)A 04 60, 120, 280, 240
300, SLEGEE FR HAMER IR, WE AR 77 5%+
(37 C. pH=7.0. 50 mL. 10%- 120 r/min)AJ 100%.
TSI LT 3 A PATX R, BUP I E A A 45 R .
1.2.9 AR FAFH F VK, 9%k

i3 #8424 (Arachis hypogaea) A 7]k B AR A
I ] PR AR R, 25 S G B AT TR 7 VK, IIRENA . e HY
HIA N BE (mg/mL) N 04 0.1, 0.3, 0.5, 0.7, 1.
1.2, 1.5. 2. 2.5, 3. 4. 20 CHLEF[E 2
R . A INEE(h) N 0. 8. 12, 24
48, 72, 96 CULIT[E & AN FEA 3 mg/mL) . S5

Mutation rate / %

S5 R R HAARHE RN, B 0 h IS I A4 1Y VK,
PN 100%. AT B KRR/ SLIG iR 7, B
SIS 3 AFATRR, B A RS R

2 SRS
21 NTG METHIF TN

ANTE] NTG Kb FRHR 5 B 1] %) 35 4T B 7% 2 A
SRR 1 AE 2 fros. BB 1-1 BT,
NTG b # K EM 0 mg/mL £ 0.6 mg/mL, A A7
TR %, FJE M 0.6 mg/mL £ 0.8 mg/mL
TEEHR RS BT, JRAE 0.8 mg/mL ¥R JFE R IA B i K
AR 75.4%, X5 WO s FBAG, 1.2
mg/mL I JUFTE R A s, X PRI 3 SR
“OEgy iR, |12 B, ERBREEE NTG
WEE EAe A m R AR, JF HLRIFEAE 0.8 mg/mL
LB KAE 55.3%.

I Positive mutation
[ Negative mutation

0.2

0.4 0.6 0.8
NTG concentration / mg-mL™"

1.0

1 SEAE WA [R] Ak B B2 Xof A7 3% 25 0 AR 2 (R 5 )

Fig.1 The survival rate and mutation rate at different NTG concentrations
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Fig.2 The survival rate and mutation rate at different reaction time points of NTG
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Bl 2-1 KRB, RIRACHE (R AR X A7 05 R 5
w5 P 1-1 A4, PR SRR AR E T i R A K P RS
FRAGH “ D gk, 24ALFER 8]y 20 min B,
AT AT RIS NAE 72.3%. [FIFEHL, 7EiZ%4b
R IE] R, ] 2-2 B IERAR F AL B i K E 56.9%
T35 A HE TR — 280 28 s e e 7, 1
FileAb A A — AN 2 /N E R, BEATA
AHUL DNA 757 H 6877, DNA T b ik
ReFIEH R R RE 11, IR AE R
T 1 AE 2 52 EAE NTG B8 %N bR
WA 0.8 mg/mL, ALFEES[E]4 20 min.

N B FEAN B ENIFEHE

AFEEER NN S AT E A RS
IERA R IE 3 s, B 3-1 7, ¥E
XA R R 28 BT IR C D B
SN S AR R N 40 (2.6x107 ecm D), 1
V5K 32.7%; 35 AN LR 100 (2.6x10"
em i, FRE R 40%. MLTEIER, IERABRMAE
& 80(2.6x10" cm DIk B, N 42.7 %, 1M
3-2 7E bk AR IR AR ZANN 25%41 37.4%.

2.2

100
3-1
80
60 -

40+

Survival rate / %

20

i\ //

20

L
1 !
100 120 140 160

40 60 80

Doses of implantation / 2.6x10"-cm™

Mutation rate / %

SEOX PR E R AT RE Y BRI S AN
TSR HELE R, @ NTE NG, L
Bk, BRSBTS TE AT B T R A A N
L 0-20 (2.6x10" cm )N, BT BIA A4
M fs, fEReEMBTERMIER N RETRIER, &
PRSI TR AW, TR At B 2,
R DNA B, ik 7RI, &
FE e I L SRSt T, R R I G
BB R, SR, Az BmsiESE, &
TEEE— I TR] Y B IR SR, s HR BRI R R
Gi1324, ZE R A RE N B4 R i e I 7 LT
FRH R R bR, RS BRI AR E R, T
F4920-40 (2.6x10" cm ) F1 60-100 (2.6x10" cm )
I, fEEREEZ ETb. SRI, 7€ 100 (2.6x10" cm™?)
KiERZ G, KRR BT REC SR, W
Wi, TR ka5 A T
IR RS e N s [ PN = e A = R B
P el REREESE, MRBERE, B35
PR LA T i B 3 1R B NTE AR
HAF: BEEN 15keV, RN 80(2.6x10" cm ™).

E Positive mutation
[ Negative mutation

32

150

20

40 60 80 100
Doses of implantation / 2.6x10"%-cm™

120

B3 NENEEXAAE R M RAL R0

Fig.3 The survival rate and mutation rate at different doses of N* implantation

23 RTEHREMERBEMS

WER 1 fin, & NTG FHAL 515 31 A8 1 i
SP-N3-1, HAEAZE K, Pt FIGH SP-1 25 1
50%; PR SP-N3-1 347 N'BSFiE N5 513 2
RASHE R SP-L-01, H VK, # & iF4H# SP-N3-1
P 73 %, LLJESATE SP-1 327 159 %. % SP-L-01
BATRHIALAR 6 Ik, S5 RWE 4 iR, RARE—

3¢ VK, B H P B AR E 1A T A2 R AR
R 1 HERAELER

Table 1 Screening of strains

[E] 73 YL ER Ko P i mg L PR /%
Strain Production of VK, Increased range
SP-1 2.36 -

SP-N3-1 3.54 50

SP-L-01 6.12 159
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Production of VK, / mg~L"

7.5

6.0

4.5

3.0

4 ARk SP-L-01 ML Aa s It

24  KEERiL

241 KBS
WK 5 o, ol xbiEeE . s pH (H. 34
. EMEARREEIT RN . B 5-1 K, B
FEEFER E T, MK4 Fl MK6 38 fb a5 (4 — 3,
BIE 37 CHARRZ ., RO, SRR
PGS MK6 IR R, 17 MK4 X B st
- - - - BOR—ue, & 5-2 IR T kh pH EX VK, =&
Generations S, B RS AN T ST B A B R VK,
KRBT 24 ) S AP 0 I AR KT

Fig.4 The genetic stability of mutant strain SP-L-01
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Fig.5 Relative production of VK, under different fermentation conditions
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L E 53 & 5-5 AV RIEAM R
B MPEREEH A 30 mL (250 mL =) 2% 120
r/min. H1 5 AJ%1, MK4 41X 3 NP U
B MK6 &y, JUHRIEIR =R E -, 4
By 30 mL FJHE] 100 mL, MK4 N FEIEE =
ik 166%, 4FEHALE 240 r/min I, MK4 KA &
M 98.7%4 3 35.4%, MK6 1[4 T 15%HIEE . 1E
KIGHF BN, FZERRRRIE N A FIE RS
RIRFEE A B, RS 75 IR M T 3K & &k
ROl A B Bdfe o, e T SRR v (VA AR
BE SE AR T AT H AR N R VKoo SRR
PR IR 37 C. dh pH=7.0, &= 30 mL
(250 mL =D, BeFP i 2% BEPRFEIH 120 r/min.
242 RARMEIEF VK, 89 %R

Wi 6 s, (EEIR KR IR LI BEA B, 3R
ARV 442 4K (Arachis hypogaea)®f # #1427 VK,
VECMR . Ar AR TR RIS FIR A AE AR
BREE 6-1. HEATH, VK, BEE 64 AU E 1
Ko EFE TR Hrd, SIeEKIKRELE 0.1-0.5
mg/mL B, VK, /=& N, JUHE MK4 F=&E. 4
W ETFE) 2.5 mg/mL, MK4 Hx P~ &k 35 Kl
186%. MK6 FHXJ = & 8 KA 137%HILAE 3 mg/mL
HIAEE RIS INIR B« R4 VK, P2 AxT b, AT

Relative production / %

SE 3 mg/mL LA R AT IR . fEAEKER T
NRFEREFRFER AL, I REEN—FiE Y. K
6-2 FK WA LRGN A% VK, P850, K
AlED, BUAEAERRE 8 h U IN 3 mg/mL AEAEAK,
VK PR AR R R . MK4 X8 AE A In s
8] S N5 B R o B ARSI TE] /9 72 h, XN () MK4
FHX P2 Bk F] 371%, MK6 A= 8k F] 149%.
WAERA KBS T, FRATIESRAE 72 h J53N 3
mg/mL 6K, Dhgk—238hn VK, AR R 5L
R, WAKESEARMEERDY. KEENH
UG AFEER. EP. R AT e
A K SRR BIPUEALRE Y, sk, feE A
W& E E HIETEREE N SOD. APX K& CAT™,
2006 4FVT R A F ISR LM 50O g T e R 4 A dt
FALTE MR, RBEEL AR AR A ST
K Iz E A A AR RS RER, JLHX IR R
AL B B . AR, HERERA B
TARN AR, AN R)E & AR E
P, SomE 2 IE AR AR KB, BRI IRA AN A
AR U INTE SEAT B R A 77 VK I F2 A i R
FIERRE E B ARG R, EEFT
S L X R 25 AR 2R

400 -

@ MK4 6-2

350 MK6

300
250
200
150 |
100 -

50

o,

24
Add-time / h

48

Bl 6 JEAEAH AT ™ 4EE 2 K, IR
Fig.6 Effects of Arachis hypogaea on production of VK,

200 o
180} B2 MK4
= MK6
160
S 140k
8 120} A=
2 100F g - HERNAIN
2 N & NN N
= L PNONBN N NN N NN
£ oo BNPNPNNIN NN N
3 NN N NN N
2 40 PNENEN PN PN NN Y
o BN EN B B B B B B
NN N 2N PN PN N EN 2D
0 01030507 1 12152 253 4 20
Concentration / mg-mL ™"
25 AEhTIEMZETEE

Bl 7 EAHZS T AR RIS E) R B4R T SP-1. R
AP SP-L-01 AL J5 Wk i) R B RE th 2k tRdb
Ja A E VK, FE 8N 8.02 mg/L, BRZH
SP-L-01 #2T 31%, IR EMK SP-1 2/ T

240%. TEAH R R EZRS ] PN, S8 B AR AR AR AL Je
WAk VK, BI5GB R A B At . KIS
144 h VK, 7= Fih B 5K o Ji 46 B FH 98748 B 78 R B2
A 60 h PN VK, F= & 3A W L 13 &, b s sk
MR TERIRT 36 h FFURIKIRFEECR, HZE 144 h ik
3] 8.02 mg/L, BLHALIT AT FEF VK, AR
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%01 —a— VK2 after optimization
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> 45F
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Time/h
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Fig.7 Fermentation process curve comparison

3 g

A58 Hh AR T SP-N3-1 ) VK, P B4 R T
PEm 1 50%, XAk SR 515 21 (1) RAZF SP-L-01
1 VK, P ER B KW S T 159%. Hi, miEis
AN NTG FHARAIRIN A 20 min, AbFRIKE
0.8 mg/mL; N B FiEANGERE 15 keV, EE 80
(2.6x10° cm™?). N'B FIEAM NTG HHEF~ 45N
B “ DR fRiGse s, REERARAL TR N
AR, FEERYIGETES T 240%. SRR
R R 37 °C. #24h pH=7.0, 253 E 30 mL (250
mL =), R 2%, FERFEE 120 r/min, {E
AN E 3 mg/mL, PRINE AN A B )G 72 ho
R FREEREY, NTG Ml NTEARAFLEEIE
RARRE . ARG RS S U SR A, MR
HHEEFBE —ME A FETREA.
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Combined mutation of Flavobacterium sp. producing vitamin K; and

optimization of the fermentation

TAN Mu ZHAO Genhai LIU Hui LI Zhemin SUN Xiaowen ZHENG Zhiming

(Key Laboratory of lon Beam Bioengineering, Chinese Academy of Sciences, Hefei 230031, China)

ABSTRACT The study was to enhance vitamin K, production of Flavobacterium sp. by combined mutation of
N-methyl-N-nitro-N-nitroso-guanidine (NTG) and low energy N' ion beam implantation, and optimize the
fermentation conditions. The best mutation conditions were as follows: induced dose and time of NTG were 0.8
mg/mL and 20 min; induced energy and dose of N'implantation were 15 keV and 80 (2.6x10" cm™?). Vitamin K,
production of the mutant strain reached 6.12 mg/L, which was 159% higher than that of the original. After 6
generations of propagation, the mutant strain with high stability was obtained. Optimal fermentation conditions were
obtained when 2% seed culture was inoculated into 250-mL flasks with 30 mL fermentation medium (pH=7.0) and
incubated at 37 °C and 120 r/min. Meanwhile, after 72 h of fermentation, Arachis hypogaea in dose of 3 mg/mL was
added into the medium as a useful inducer. Vitamin K, production after optimized-fermentation was 31% higher than
that of the mutant strain before optimization.

KEYWORDS Flavobacterium sp., N-methyl-N-nitro-N-nitroso-guanidine (NTG), N" implantation, Vitamin K,
CLC TQ924, TL929, Q68
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