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FE: WA AANEE® TR 2CO x4k H3001 #HAT k2B Bk F, st K745 o0& 7= A7 4 Bk o kit
THMABERR K10~ 100 L FRABERL, RARBPAENELRBRIHERNEE, £RE
. B REHTF2CT FEHSSTSGy i, HAMEMERT KPR AME, 24K 945% 1 8%, #
WREREBERE, RARG MG EREAWILT, BHZEALBAS A 60h, HHEBRBRE K

%] 19.240.2%.
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2 IFFUE E (HIRFL) 3243 (1 5 3 1~ o 1200 (C
THeEE N 80 MeV/u, I F-144 40 Gy/min) — X4
I} il 5% (Aspergillus niger)H3001 [ Ff (5 — 1k 12Co+
UG, TR R kR AR, L ERARIA 2 15.00
g/100 mL), AFHEALY IR A RAR, ik = kg
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22 BEFERIEFEH

[l AP PR 3 I R (36 £0.5) °Ce

RHIEEFREE: PDA B 775,

iR R0k PDA RFIRIE, WFHIYSE.

R B 7 0 S AR RS 97 45 A 25% EOKky (R
B 72 7] 201203018p) £ o€ B il (11 AR B K AE ) T
FEAT B 22 7] 201110016p) A6 J5 1 48 05 4 B2 0 18%,
FHE R KECHI, $% K %34 300 r/min, ¥ 37 °C, i
FEFHH R 45% ~ 50%.

KM GER SR I S R IR A 25% TOKBT e -

VE R VALY S A B I OB, pH HAR, H A
Sl KR, kT BE 55 5 400 r/min, ¥R 37 °C, HX
4 18 L/mins,
23 BERIFEEFE

(1) M R 57 H3001 f 7 =3 1 il 46 S 2¢O+ g1
R IR AR

HY (36 £0.5) °CH; 32 48 15 95 6 d 11 2 il 5% H3001
R 10 52, & HRNE NS mL J5 @A B K, H
FRER® N 7, B NG BBk 1 A = AR
PR TN R K 4R 3% 10 min, AR5 = 2 G 2 A
ik yke o G 98 S I AT RO 2 mL & B SR,
I I HIRFL $2 4 (1) T 2§ 1 3 12C0F, f2 o, 2729,
467.9, 662.9, 857.8 F11052.9 Gy 1% M 5] & X 2
B H3001 B 37 2 ol BEA T e LA 2L

(2) BHCAHFNIE SR 1

H AN ) 390 5 RS 00 A0 R M S AR R S
10~ ~ 1075 B BB R 0.1 mL #8104k A7 7
TR I 2 i AP AR 5 5 2 D) (AN R AT 3 AN
), T(36+£0.5) °C H I T 5 E 1597 36 ~ 40 h, Tl
TEBIEA.  [H] LI 40 RREREE HAT S W B AR UK
(R GEAR RIRAE R T, BEATRE ORI, I e IE SR
o HirE AW

o AHRALK TR HRRALK BT A
A = R E T B X 100% ,
s _ UREBRIIEICRREE — DGR RIESE

(3) HEIH A1 52 T

Y07 100 R PR e N R B 9 30 AN AT 9 L e
R, W R
24 100 L ik kB

R W DA AR ) B rp R e AR e MR R 2 1 2
BARAETT AR H IR $e.

(1) 25 52 vt R IR aod R v P a8 R 7 ) i 2K
R R 55 (1 5 )

FH 10 L Ah GRS F7 1 i A7 i e 8 O e L )
P is Rk, JEPRR B N 36, 37F138 °C, S
ok 18 Limin 4 FHATREFE, K260 h J& i E AN
[ (0¥ B 4 PF T R IR P AT AR R I 2 6, DT A st
LT WK hw317 RIFEA P A E IR I BOE i . R
H 52 TR 10, 1581 18 L/min A e & K IR 1)
SO, Je 2 e A ) A

(2) TR BRI AT TR

Wk s k% sk kB R R E, ok e
PR hw317 (1)K B RS E 1.

PR R PR (1 5 PR IR L

25 AREEITIRIRERERNE

R B9 S mL, 4000 r/min 250 5 min Jf i J&.
HUUESS W1 mL, B T4 40 mL 208K 10 = ff .
0.5% [T BKFE 7R 7P, F 0.142 9 mol/L & 8 L8
VWG E . BFMHFE 1 mLNaOH 2y 1% M2 fi 18],

AR

SRR A(%) M A=V, Hob, v R
SRR

3 H#REHH
31 ZAREBFEREEMSNHIEEMERT
Rt
AT LLE H, B H3001 25— W & 14
WS,  IESAR B e RO = S e B, 4
FUHEAE 857.8 Gy I, IERAZH I AN 8%; BILHAE
R0~ 272.9 Gy 40 Jil 24, B BE 45 7 52 00 48
FOER P ETFs FIRAE272.9 ~ 1052.9 Gy Z [A]H,
BOCHATAS LR, RO It
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100 R, WL S IR A, PR A 3 90
" h, FEEREEHE K 300 r/min, WBJEFEHIIE45% ~ 50%,

& o GLER I A 3l 3o R 6 15 2 1Y) B Rk LA R IR PR TR E
g e} )1 (3 2)
® @ o= EICeR £2 HHhWITEEREEARER
—— Hutdk
ERERE BREE/(g/100 mL) H ERRE BRE/(2/100 mL)
20
1 17.41 4 17.30
0 2 17.50 5 17.42
2729 4679 662.9 857.8 1052.9
3 17.55

filtit /Gy

B T TR S I 0 B P E S A
32 ThREBTEREEHENERAERIRK

% S 1) 0 B T R L S L] A o s R O
by BT IR EREE, W RRBE LA R & AN L
KN, AT LAWK AT 40 BE LU A KM B RE. BT IR
BEVE I EAS B 1) S PR, (150 1k &5 A BN %,
ORI R0 R B AT T 200, IR T 3 MR- IR
B 8 4 = 16 1R bR (R % K T 16 /100 mL), JL A —#E
PR IS 17 g/100 mL, iy %4 o hw317 (K 1), 328k~
FRAE 14.7 ~ 15.5 g/100 mL, 5Bk B2 4E 15.5 ~ 16 g/100
mL. JE SR S 45 R T A, RS B AR A
FARAE R RIAR,  S2br = BREME T R T bR, 1X 1
B, SRR I V25 R 45 31 1D v 7 bR S LR R 2
A — MR ZE, PTREMIIRE S, AR AR i
PR AT [ A4 O A P AR h 4 BN B, P AR I R B AR
K, MITPEERABRKRECNRE G HEZ LK, #
i) 7 BR BT B AR 0 B v (R i k. (L% R B 0 3k v 7 B
PRGN T AR R, SPARRE 24T 8 2 T e A e IR v 1~
BRSPS ) T Bz —, T s 5 T 2 O P A2 i
5, nTDRGF bRk AEHER Y LI, ST
g3 v 7 VR IR T R

F1 ZXREBETEREEHENIFHER

Bk R JE Wii/h P2 F£/(g/100 mL)
H3001 90 15.00
hw317 90 17.51
hw128 90 16.11
hw106 90 16.32

3.3 EHkhw3l7THRE M A BRE KR
MRASHIIFAIR, EPERRR hw317 AT BALFE I

34 EBREMBSEXNLZEELBEENZG

B v TR TR (AR AN A e s A R M T
€, W ILPTAE I REE A0, T DA — N2 4
PP 2 G . ARSCN KA IR, %
ST ORI B TR B AR IR IS, Y
PR BE D 37 °CHE, TR 60 h, R IR A
9400 r/min; 8 18 L/min I, N R B 4 50K,
HI 19.00 /100 mL (35 3), 33X 6 W] B #K hw317 75 1% %
N, HEAGEHAEK, R AN SRS OB S T
TEPETE s RN ER R A AT R R R T, R
RIG (< 15 Limin), 5 W A WIS T 5 00 B AR B, e
KRN RN R mI, SRl A A
K DA RO B B 250, R IR DR = 2 18 45
M ARSI P hlE A R 18 L/min I, B#FE hw317 %
LR PR IR AE ST, TRIEIA 19.42 ¢/100 mL (3% 4).

x3I ABREMNRALBERENZIT

RN EE°C Ji 3/ R % /(g/100 mL)
36 60 17.49
37 60 19.00
38 60 18.23

R4 BRENRERBRENIT

18 A #=/(L/min) JA1im R % /(g/100 mL)
10 60 17.37
15 60 18.10
18 60 19.42

3.5 BE#hw317 #9100 L hit A B E RIS
FIFH 100 L A A B2 HET 1 bk hw3 17 HEAT T ik

KRR E ARG, PR AL Ay 37 °CIY, R 3

H60h, KEEHEREE K 400 t/min, WS E K 18 L/min,
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B I 7 R0 4E 20.0 ~ 21.0 /100 mL, ¥k hw317 L
AR R WA E ME, R LA & T 19.00 g/100 mL
(#5). XULH], Mt ZRES RS, HIEAE R
W FRhw3 1 7REREIE Y T =l i IR I B E F AR
K, FIREMRE S MBS R RS, S
A PRI () DG BRERE DR Bl T 4 e A1 R AR T AR, S
TIXRAR T EIR R ), WG H R TP s
W AT R ES
£5 100 L ZEERERIRIRGHER

EERK YIUEWEIR K [ivdEs
#ts /(2/100 mL) BfE/h Ag/100 mL)
1 21.0 60 19.50
2 20.0 60 19.00
3 20.3 60 19.14
4 20.6 60 19.33
5 20.1 60 19.03
:l: Y
4 zn 'L/I:\,

o R IR AR 7 R R e A R AT M R () R
Wz Ol HA MR, R M BRI A
PR A g N AR R DR O SR A X T sk
B RAE RN EE, N T AR G KR 2 5 (1 ik
FEUOL, b gt A A R TR B RR, TR & R
BESRLA AN, RIS R E e, BHFA R
%2 K N LA AR T Bt b AR A5 v 2503 1) 2 it 47 B ke
146 B RK H3001 S 1) ] HIRFL 42 4% () & 55 7 o 12Co+
OB AR R AR . AT SR H3001 BEAT T 58 Ik
MO AT, RO I, e A B — AR Rl R
PRhw317, 456 & 1 90 h, #%PK#% 3% 300 r/min,
W JE 45%~50%, 2 (IR JE REiS 1) 17.51 /100 mL,
5 R BRE H3001 [FR B RR FE (15 ¢/100 mL) AHEL, 7~
e T 16.6%.

AL E SRR R, AN g A
Wokse, B ILAT AR B Ak e, R
NERANE T =) B B e R IR A A, A e Al
BB R RIE. AEN TIAER, A4 |
Kok A R X hw317 ZEAT T 10 ~ 100 L & PRt 1)
MWEIT: 45 BRI JE 4 60 h, I BE % 3l 400
r/min, 375 E 4 18 L/min, & B2 % KT 19 g/100
mL, LS5 MR IKR B REN R, HES T

TR I O e SR A5 I B AR hw317 AT 10 ~ 100 L sk
REETZBAR, NATERR AR =124 T S %K
Pio ASCFAEH 45 HRARUEW, SR B R 12eo
B AR A BT AT R A 7 1R AR —— PR A 1 e
IR 7 S AT 2 A R 578, AERR AR i A8 A5y Thi
HAEAE I N i 55
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Breeding Study of Hyper Citric Acid Strain by
Progressive Heavy Ion Irradiation

CHEN Jihong! 2, HU Wei!: 2, LI Wenjian! 2, LIU Jing!" 2, WANG Shuyang!' 2, WEI Zihao'- 2

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. Key Laboratory of Microbial Resources Exploition and Application, Gansu Province, Lanzhou 730000, China )

Abstract: Heavy '>C°* ion beams in various high doses were employed to irradiate H3001 strain for screening As-
pergillus niger strain for hyper citric acid production. Three high-yield strains were obtained after shaker fermentation
test. Among the three strains, the strain hw317 was implemented shaker fermentation for stability test and 10 ~ 100 L
pilot fermentation tank for citric acid productive maximization. Acid-base neutralization method was applied to determi-
nate the content of citric acid in fermented liquid. The results showed that: when the secondary heavy ion '>2C%* dose
was 857.8 Gy, both of the fatality rate (94.5%) and the positive mutation rate (§8%) were highest. Through the shaker
fermentation tests and 10 ~ 100 L pilot fermentation test, one strain hw317 was screened and obtained for hyper citric
acid production. Consequently, the final citric acid acidity can reach up to 19.2+0.2% with controlling fermentation cycle
for 60 h.

Key words: heavy ion beam; irradiation; fermentation experiment; citric acid concentration
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