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BS SR ARME 2= RN IE=ERAS LS
ESTRBTEETERRS T EIK
gm0 EWER S kWP kot gk FocE > om Y

D (AR RS E A RRE B 2200 7300700
> (P EBEBOLARYE O 22 7300000
P CHR B A IR R P E s E 22 7300000
S CHR RS (BERD BRmARAE B 7330000

E KA PCTE TR RIS SR AR A M AR, 46 3 MR R R bk, &
R R A R I, JFRATRCOOR B SESS . S5 REW], & 80 MeV/u BRE T ARERNE, RS
FRAERERN, @IEEBEIE PRI BRERIEE 1 1 RE R GMO006, B AR AR K AR A TR
i, HRFE RIS 12110 g/L, HWHKEHRRE T 10.09%, HERELEIE 60.55%, HEMHEKRIES
10.09%. % GMO006 FEEHRIRE BT SMA &I T A~ B, [FIRHIE B 5 8 7 302 —Fh s e S 7 20

KR BER, EETH, FEEM, ER
hESHES  Q691.5, TLIY9

BRI (Glutamate acid, GA) sttt 5t FE—K
RAEER W, )R MNHT R R ML TET
b, iz RER. RERBEREKE, L%
AR EEAE PN, 2013 SEFE RIS E] 270 S,
AR 70% /A0 SR, BN IR /KPR
AL R IR bR RPN, FRIEEE 5 T E PR .
HAT, B AR b3 A Y& 456 K
WAE, FEERZAR R, FRAHHRM. W
Feim REREm MG Qe AR N R, PRI T RE
BEIR Tolb iy 21 it pl 3l J= THT ) P 6 iR EF 32
T R R 7 IR R R AR B A R 2 40T,
I, BB = T IR B 5 R R BON B VIR
MR AT R RIS AR R E
BN, R CERAME . y-HTLR XS5 |
15 (IR S-TIR e FIEAL R SE ) ikl
526 B A AR A PR A YDA B A 2 LT
%, ARG AR F R EORERZ E mE, ik TAERE
R, FEREARILAFEL B, B ERZ N
AER, WAERFFER. 7o, RERER TR
AT IEERKF s 51k F = Wt s, H
R L R s P2 B ANy, Aese 22, B4R
5y B R AR OB AR ME S Tk AL . B AR EFNILE T
TAEM 20 tHh42 80 FFEATT4R — EAEAKHEAT IS

HETH -

DOI: 10.11889/j.1000-3436.2015.11j.33.050401

AR 02 Hr 2SR B IR — 2. B8 (DES)MI
AN (UV) R 4 2 IR % HF 1# (Corynebacterium
glutamicum) & & 545, & & 159 3 — R m = RA K
LG-01, &KF# 48 h, B~ &iL%] 106.10 g/L, Lk
JFIGTHMRIR S T 25.74%. PSSR AR N7
BFIEANER, BRRE &SR 2 RE R, Y53
2 BRETT BRI, TRRRACGE L K B TR 7 e =
35.48%AM1 25%, HRASMAERHEEEIMR, W HUYHE
AT, X 247 J R T A A (R

. EREE AR AR EEME T, s
KVES FEREZE % (Linear energy transfer, LET) 5+
AT AW 2% 3408 (Relative biological effectiveness,
RBE) K. R4t RE S 401 K 16 (Bragg 16 S SE RN 1
S (Oxygen enhancement ratio, OER)#& /N, fip
DL, BB R A AR R A Ry TR I R
RAZUE MR GEN . N 48 (1 i &
AT LGRS, B NSRRI A AR R,
FAAEEA M. F, i R RS AR
RAER AR . Bk, AR R RRE
ICFE PR BLAR TV TR A B s AR ORI IL 34 A 5
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E ORISR R R k. BT, KRR TR
RSP 48 B i B AR BT 0 R LR, A
BT ERR A i PO B T HRIA R B R AR
PR, PIPRK R, RARE RIS BEOR
SO, IR B R A ER

1 MRISEEZE
1.1 K5

BEBEEATE, BRI, LR ED
RIEEME K. KK (Corn extract liquid) T4 H
KRBT K A TRHECH R AR, S5 BT H A
FNE1 9 = 53 B 48

12 BFERIERFE

FEAERFRHE(g/L): HIERE 10.0, BEEEK 10.0,
FAMF 10.0, NaCl 5.0,

PR IR (g/L): FiARE 20.0, KH,PO,4.5,
K, HPO, 1.5, MgSO,4-7H,0 0.1, MnSO,4-4H,0 0.02,
FeSO4-7TH,0 0.02, 443K 5x10°, W& &K 1x107,
Bifig 20.0, pH=7.0-7.2,

FhyREFREE (g/L): & RE 25.0, £KHK 30.0,
K,HPO4 1.7, MgSO47H,0 0.6, JRZ 6.0, pH=7.0.

RIER:FRHE(g/L): Hi&FE 200.0, TAKIK 6.0,
K,HPO, 1.7, MgS0,-7TH,0 0.9, JR &K 6.0 (4733 K ),
FeSO4 7H,0 2x107°, MnSO47H,0 2x107°, pH =
7.0-7.2.

R RE IR AL BREIRR M — BRI IR A —— D
30.0 g/L HIBEHARRAE PARIG TR A I E s &
R REIE TR —— P TR I 5.0 gL 1A
AN @R ——P R FRET A
180.0 g/L 1171 % B -

1.3 REFHE
131  RMATH &R H &

BUAE 52 45 5 A4 20 h (9FE B AR 1 mL,
R SE ARG TR AP R IR RS IR & 8 hOEUE K
B NAHEIR . RIS TR AW 1.5 mL
BRI, HE s,

132 HRBHETARBAK

AN NG RR TSR A/ BE i AN R =
ST B R IR A, R A 22 B B b A [ 5K
S S AR PO TR T AR IR A FE . P
B RAEE N 80 MeV/u, FEHFE N 30 Gy/min, £

L 50 pm FIAEENE, 20 um B mylar BRI 1.3 m
R e E N 76.37 MeV/u, Tt /K EHFE 16 mm,
WAL 15.5 mm. LI ZIRAIEA 0 Gy, 80 Gy,
100 Gy. 200 Gy. 300 Gy. 400 Gy. 500 Gy. 600 Gy
F1 700 Gy
133  AiEEMNR

WA R 7] 2 RS O T B VR R R R,
1070 BBk 5 2 100 pl AT 76 AU 953 |-,
BRFRAE T 30 C &M MEERRR 48 h, SRR
B, HHEATER (%), HALRE I HER. HitH
ARWF:

i B HY Y R TR
xof HEZEL K H A T 7

FiE% = x100%

1.34 MR GRS ik

VAT AR S BB, AR S IR Rk B R
FoPR b, 30 °C O fHIRE FRAR IR 2-3 d, HhH K
WU IR, SRR IS R AT .
1.35  BIRKEEA G R LT

BITR e AR e e AT E, BE
Fh-rH5 772, 30 CiHHEEFR 89 h, JEHAE 20 mL
R FRIE PR, A 38 h (Bhastsii: #RIR
BL3H 120—180 r/min, JHFF 34-38 C, KL F >
I BOR PRI A B pH AE, FEAIE 4 0
AT R DR S 40% 0 B R VAR, 1R BRI
pH EAEGEEED, BNAEREE.
1.3.6 R ARAL MR,

VT EER I () RAR B R EAT P AR e85 7%,
WG TR 5 UG T K SEER, AL R,

1.4 SHTRMN

KH SBA-40D ‘ER IR E B AR & &= .

K 43 66 BE VA 5 TR AR EE R 751
KFRE 25 £5, A BT 660 nm bW
B, “PATIE 3 Ko

Pl 3% 70 58 B IR — R F BV S mL, N
N 0. 1% LA 1 mL, REHHE T 37 C
KR, e VR A BUR B Rl SPATIE 3 K.

T PR B AR IR Sl e i, B T T R R R R AR R
I G BE, 7 36 1 D A G £ P 38 5 25 T

BRI 5 R 2R ), SPATHRAE 3 K

pH B R 52 K PHS-3C RURE S BRFE 1.
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2 RS9
21 SREMEERSTEI=ENXAR

R AN [ 52 B B (14 T VRURR B S ik A 1 T 77
B EARAFIE R ILRL, G R L 1.

100
75 F

50

5L
\f‘}\i—}\?\i

0 200 400 600 800
Dose / Gy
1 PCT BT U R A U PR A A i

Fig.1 Survival curve of Corynebacterium glutamicum after
irradiation with '*C®*

Survival / %

1AL, 2GS /N T 200 Gy B, B ARAF
TEERSUR N, Ul B B bR S U R R . 2R
FAIEAE 200 =500 Gy I, 32 BB AR AF TG 24k 2L R %,
AR, RIH—EEENPmEsE, X
AR R I IA R T B R BRE, B3 T i
BEIBEEK T At R, BB AR DNA
FI4 7 A B IE 4040 . B EE T 2 (Single strand break,
SSB). XEEWiZ¢ (Double strand break, DSB)Z%, A~
[ 77 B R 4 I S 50 DNA S5 AL R F], — 24
R B B A R T B R, X T
DNA iz, —ERERIC T MBIt . L
THREKT 500 Gy I, BARLEIGFR4REE N[, 700 Gy

FEE, BIERIE 93.81%, X &5 H LR IFFEH
S B R AT T A K R AR R R
FIR G 255 51 S 6

22 REEMRIEZMFRYGE

BRI EY G BOEE RARHH AT HLE 2 2 P
R, TR R R 3 2R B R R A & s
By %, a2 MR B IR A 2R A
i HA SRR G Rz e B B 1R AN R 1 B,
BN RARIEA W RER AN RARH, SERER
VNG BARIE B AR K.

ARSI Ik R PRSP AR B 1) WD TR R B 1 2R AR
s, HEEBR, KORu> T ik TAEE . B, %2
R m = ER, B e P B R R SR
BRBRM R FRIE P REIEH A KW IEE S, Kk
S I 38 P R TR S R B IR R AR K RIS
%R RASHR,  PRIEFAE S5 R R 7R 5 i R A K
BRI G HAZRM, LOER T A Eds
AW OGP R IR 51 & B 2R &5 P vk
RASRAVE FRERA T 1) B 52 RASHR, AT DARERRR B &
[ S A A SR PEL I, R ER R R, @it
% H AR HIRR A ME— B A K R PRI pR, DAtk
CO, [fE A 2RI A A RE, A%
R KER,

18 FH 1B BRI P AR 20 R S B R AT A O
FIF m A B AR S 7R 3, . R BRI T AR S 3 3 AN
BRI ME— DR IR RS R EE IR IR T 146 PREFERPIME A
PR, GIFERIEE 1. %58 G001-Gl46, 4fik:is:
JERAT

R 1 REGFIEERG TR

Table 1 The results of mutant

FAR G S A ZWEFIE  Absorbed dose / Gy

Screening conditions of mutant 80 100 200 300 400 500 600 700
IR A BEFAR. High concentration of glucose plate 0 1 3 13 7 2 0 0
BHEENCFR - Glutamine plate 4 3 7 11 6 8 1 2
BRIAFR FAR*  Succinic acid plate 9 17 13 12 16 7 4 1

e *, FRIEIAR TARE DABE AT ME — B IR A AR 85 75 5 . Note: *, plate medium of succinic acid as the sole carbon source.

23  RTEVREMAGE

RO IEIRAT R AR WA — b T35
IRy BRI JE M IRIE , BRAME (&) 7
PR LIE 2. M 2 WA, PRRRAAH TN R IE
KA, WAPRFCT AR AREIG

24 TR ERE T

B T R kg aith . 2, Bl
FERARR PR E LR 3. B 3 BT L, GMO006 5
MR- B, T R E L 10.40%.
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Fig.2 The glutamate yield of mutant
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Fig.3 Glutamate yield of mutant

25 =R GMO006 REESHIASR

251  GMO06 H#AEK &5

Bl 4 AIFIEEMR. RAZFEK GM006 4K il
k. W 4 W, 7E4h 5, 2 MREFRESITAAEEN
ST, I B AR I A K B LA HE B, 95 70
B tE, 76 10 h 7647 PCO B T4 IR S 9348 1 #k GMO006

—— Original
—o— GMO006

OD660

30
Time/h

B4 FABTEE GMO006 5 R UG HE kA K M 2k
Fig.4 Growth curves of GM006 and original strain

BENTREIH, SRR EARREE . AR T, 2 AR
PRI MR BONARL, 22 AR I 98 1 Ak )
O A KA

HH RS T2k (B’ S) mTH1, GMO06 B FETE
JIAE 5-7 h ik &, s sfE 7 h, 7 h BUSZH
BA; 1 SR B AR TS 176 9 h I HHBUEAE, 9 h 5 i
RN

60
—&—  Original
—o— GMO006
45
TV]
z
E 30
>
15 1 1 1
4 6 8 10 12
Time / h

BE15 GMO06 FF LG AR A1 77 Hh 2k
Fig.5 Seed-vitality curves of GM006 and original strain
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BRI AT IR — b+ KB A
HERL, BER W1 R FriH 5
STEOH Fa = AN R, S B I HLTE X SO
JE AU, Sea gk LR TR GMO006 S AR KR A Kt B
T IRAE R, WIS IS AE 7 h Zith, i
GMO06 B RT3 B FF S e PhEESR, IR AN ) B
PRI B B LR R, W AE R A T A
252  REKRKEE®ESH

GMO006 5 J5UE ik K BRI EL A LI 6. 1R
38 h KIEEEAF, PIFRTE 8 h A~ LT
PR, 8 h JE e AR N, FRR R,
{HIRAE R GMO06 IR 2 R UG 24 i T R IR T ik o

—®— Original
120 F—o— GMO006

3
=]
T

60

30 /

Glutamate yield / g-L"!

Time /h

El 6 GMO006 FHJFHA B R R B L
Fig.6 Fermentation-efficiency comparison between GM006
and original

I 7 AT, RIEESE R, GMO06 PRI & & TR
AR, TREEE S EIRT R G WA, R
P2 10.09%. HUILTEH], RAFEK GMO006 1L e
Ik, &I

130

1.75

[ Glutamate yield o

[ Residual sugar o <

=]

. I — g
L 120 1.50 g
B = 5
o Qo
= =
2 8
> 110 F 125 °©
1) ok b5}
: 2
8 —_
E <
S 100} 1.00 2
&

90 . 0.75
Original GMO006
Strin name

B 7 REESLIA R IR B AR RS LE, +*, p<0.01
Fig.7 Comparison between glutamate yield and
residue reducing glucose, **, p<0.01

25.3  H#k GMO006 #9455 K B AL 2 P X Ih

ERFEER GMO006 AT EME RS T MR . K
JH3 38 h, PEPREEH 120—180 r/min, I%J¥ 34-38 C,
M AR F i pH {8 6.5-8.5. 4L 5 #LIKIK
BRI 2 Fion, 8558RW, ®ik GM0o6 F
BRI A, HIRERFFE 120 g/L 4.

R 2 Bk GM006 K SR 16 ZE BARHE M A B e g 1 1A

Table 2 The results of fermentation stability about GMO006 strain and original strain

K Q) /gL B /gL BERREEALE | %
Fermentation Glutamate content Residual glucose content Conversion rate of glucose
batch GMO006 Original GMO006 Original GMO006 Original

1 120.3£3.61 110.3+£2.48 0.952+0.08 1.373+0.23 60.15 55.15

2 119.8+3.14 110.6+1.72 1.062+0.13 1.432+0.17 59.90 55.30

3 121.1£2.56 109.5+1.34 0.829+0.15 1.517+0.09 60.55 54.75

4 119.9£3.61 111.3+£2.81 1.096+0.10 1.327+0.15 59.95 55.65

5 120.8+3.49 109.7+1.92 0.924+0.13 1.427+0.14 60.40 54.85

3 HERRITR

HE T AR RS A, B RERUURM
By E A 3 O A FRFAE BRI B A RS R i AR s 1
ZBORNHTAEWE R, R T SR EE AT
%, AR E MOT I RA MRS, RILH
TARGF BN ROCR o RO E [ A7 Rl A R
BEATML R R P TER 3, ARSI A PO BTl

X IR AT B AT 5 AR A B AR T B (1 25

SE 7] O 1k 3k B O — bR T 'R R R B bk
GMO006, A= LR A3 BR K, KA BN AT,
oF 4 i T JE B ARRR R FE . DR 28 B VR B R
200 g/L I WINEEAT — IR ¥, K% 38 h )&,
BRIRW T RIER] 121.1 gL, 5 H R ERER A
Eei 17 10.09 %, JSURRRIH 2 tA BT = . GMO006
BRI 5 K, warr RS ELE 119.8-121.1 g/L,
ATLAE HH GMO006 MG IR AR IRE S, &
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—PRARAE TS T A= B bk . X5 N FREAN
BRI W W Rk & 45 AR, B Pl
R ARRE N B FEARERE W, LIk
BRABET- WK, I 2 PR R AL B P37 1R 55
IEE] 8.4%F 7.5%, LHKEAHTERE 35.48%F
25%.

AR TR PR 1) 15 P R AN R s A MR e
W HARKREZMAT . RENEKOE T
B ARG IR A, AR e R AR DL A R
BUEOL P R R R, RIS A%
FERR ) IR AR KA A R BRI A 1 T 5T

W6 T A2 oy T s AR N K R
B AR IEAKH AL G B R 7RSS
fE B AR RS AR HOR B T S R e R T i A=
Wlo iz mEmmEz . 2. TR,
WA RS F Y RRIR . AR R & i . BEAT IR IRVE B
2477 T T B8 1) =5 i 0
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High-yield glutamic acid strain screened by heavy ion irradiation
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ABSTRACT !2¢%

ion beam was used to irradiate glutamic acid-producing strains, and the strains producing higher

glutamate were screened by three selective breeding mediums, and then the mutants were fermented by shake flask

experiments. Finally the mutants were measured by several fermentation experiments. The results showed that the

survival rate of corynebacterium glutamicum changed significantly after irradiation with 80 MeV/u *C*" ion beam,

and a high-yield strain GM006 was finally obtained through the two screening steps of selecting plate and shaking

flask fermentation. The growth rate and glutamic acid yielding of GM006 were remarkably improved. The conversion

rate of glucose was 60.55%, which increased by 10.09% compared with the original strain. The highest content of

glutamic acid reached 121.10 g/L, and increased by 10.09 % compared with the original strain. This mutant will have

broad application prospect as a glutamic acid producing strain, and it is also proved that the heavy ions beam is an

efficient radiation resource for microorganism breeding.

KEYWORDS Glutamic acid, Heavy ion beam, Mutation breeding, Irradiation
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