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W OE. NAFTHHA CSTR RN a3 — k= R A BEA A Ethanoligenens sp.ZGX4, LK h B R B . T &
SR E G IRTIRE, £ G S A RE 8 - HRBEREE RN R ALK YR-3, EEFEGHIHIA
36+ 1°C, 14 pH 25 6.0, AR BKE Y 12g/L, H A GHE B TE (1, ) 4 3097. Sml/Leulture. 7 & HE 77 tEXT FL 2
70.5% K= HEE K 36.6mmol/g- drycell-h, L X HBEH 55. 1% K BIEHR R R U BB LHRE
LERRBREER, SR SMBRTE YR3 WRER N2 ERHE S TEHERK 26X4, B8 THEN
Tl O R 7, BT R LU #E— R T SRR AL AN B A0 R S DL R R TS AR AR A bR

XA AYHE, BT RN = E T
FEFES: X103 SCERARIDES: A

0 35l

KA e i Lk, R BT R O
BB AT SRR ) RIS AR A AR DA R T Ts e I A, B
g AR, BN RS R R A= &
REAAEERArEE BTV RBNEHEEZ
—o ARRPGX—MERL, B N SIS 25 D
PEETRE LA RS S R0™ S0 B L 40 Kumar(2000) M
kA 7 H o1 25 80— Bk BH 18 % AT B ( Enterobacter
cloacae) [l T-BTO8, 7 pH6.0 11 36°C &4 T, & k1=
HH F K 29.63mmolH, /g * drycell * h'''; Ren % A
(2002) \ BATBF| 89 CSTR B M5 T R B 8] —
PR E A B49, H R SUE AT 25 ~ 28mmolH, /g
“drycell-h'*' o LA BRI BEMRED R B R3FSE P4
BIMEARE SR WA RMEE, mUAT
BB RER R AR EEE M, A YR
(SESMES) T (T AE AL AN FR %) 5 48 1K 1%
RAFK, —HRAEE T Pr& LR &= &k
W EEER, G R R YA AL i 12
Gk, BT, KEREEYHRI SRS, KB EH
HRTHRBHFEEERARFAAL MER
BHZEHEDY A R E B A R R
FEEEES . ERSNEFR LR TR E S5

¥mBEM: 2004-04-13
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BEemE: HRESEMEAPRERIT(973)(6G2000026402) ;

E K 8RR 25 2750 B (30470054)

AR ST AW E AR LR T, ALEE A
it — SRS AE N = SR T HEF A
Ro RAESIMEHMRESHTZN T EX S LF 4
# Ethanoligenens sp.ZGX4 # 1T H LR T , £t &R
MBREEEEERE - HER- IR ERK YR-3,
1 MRE5RE

1.1 #g

1.1.1 HEEKk

H & B ¥ Ethanoligenens sp. ZGX4 H M /RiE Tk
KRB H AR LB, 3 2 [y B o B, ARIB2E
B h BRI R = S
1.1.2 WA (g/L)

AR 12, AN 2.0, FNE 2.0, BE /it 1.0,
NaCl 4.0, K,HPO, 1.5, L- 3t & @& 0.5, FeCl, - H,0
0.1, MgCL -6H,0 0.1, XX SHEBEILE S 10mL;
JIKFH(0.2%) ImL; pH {HIFEE R 6.0, S HCEK (7],

DEREFRE(YL): BECOR 1.0,385 20 ~ 25,
ot A A A SR
1.1.3 {2zl

BERR R 1P AN PR DA I MR A BR S — AR W
ToE TCH 5 EIMFE AR 1 72 BOF A B ) R A R 3
FERE A AT
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1.1.4 U8 Rik%&

RS A IR R ERE R A YOX-
1;752 E4M eS8 E T B ™ GC122 RIS AMHEIE
IR & 3 55 L Pl BS54 SIGMA 3K 30 ( SIGMA
Laborzentrifugen GmbH) .
1.2 SWAE

ERBABEENE . F AR 6C122 WA MHE
AN CDP-2S o i BB AL PR AL S 3. B ImlL B%
FEW, [RIBHIM A 6mol/HCI 59 2 T4 , 25> 5000t/ min,
B 7E W 2l #ERE , SAH B ©5mm x 2m A~
SHIEEEA:, WK CDX-103(60 ~ 80 H) + 2%
H, PO, , Stk il 8% , R AMEHAE, Wi & 60mL/min;
SEFHEH 50mL/min; 25 I H A 490mL/min; I54L
FIRE 210°C ; AR ERE 190C,

AR R AT E : £/ SC- 1T B A 4%
X, 451 2m, #1{K K TDS-01,60 ~ 80 B , P 1 i ]
8 A SVER A, P 7T0mL/min , AE AR I 2 15 BE
150°C.
1.3 EEEMESEANTEY

FERE SR R A BGARA E, I 1 BTN,
B S AT 6.5 x 10 WIEHE, KA E BN
50mL, /=& RES AR AR S/ (Y, ) FIEA™

‘i’uﬁi%(o%)ﬂé%@%o i R KB RN
BAESBRARGE R, BERAMERERE 36 +
1°C , B2 R EEHUN 1250/min,

LS BORE; 2RBURE O 3 A &
4.NaHCO, #fi; S SRR 6.55%; TRAE

Bl PR E B R R B R
Fig.1 Schematic diagram of H,-producing fermentation
reactor system by batch culture

1.4 EmMARTFENUNE

2R v B2 1 752 A SO THIAE , E 600nm
TUERFGBRCEE, ~BAMEEERYT
0.24g/L THf, %0 & 80 5E R HE Ll
HRERARE) -
1.5 FERE

B BEIR L, 75 P 4K

AZSNFEAEY. REME-RAE  BIEEEFE 28h—4500r/min .0, AR HHEKET—
20W S64MT, B 25em—%5NRET, B[40 30, 60, 90, 120, 150s

BB, 7EEICH

B WML

R 1mme.s FERRE Wk 2mL+0. Imol /L ¥ RSB AP 1l

PRIE S, 10,

15, 20min 0 o s EmE e MR TR, WERILE

2 HR5HE

2.1 HIMNEEHERTHRAIESE

MR — AR BN ATTZ
BRI B B A, BE 8 DNA 38 24U, A
5|2 DNA H51 % 4 5 B +F i1k (AR 52
B BURBRfE ) -5 RRE, BT A
IR F T SEAh ek BURAR I AN, A SE B i ok A ) 5%
SMER R AT XS = S 40 B ZGX4 Y FE T HFIE R 2B
FRI U R R 1 5 B LE 52 MR BT 98 BT, 45 2R WL

2. PSR IR G ] B3 00, 40 B8 SE T HR A i
i, s AN E A R IR B 1208 B ) R BB ZGX4 1
FET-3RTE 77.6% , X B 40 0 A9 1F 2 28 SR M | Ko
22.7% , R ML A 58 02k B A S B TR A 1208, 56
HMR A TR R AT MR A R 0] S 2% k[ 10], Bl
PUBKER B AR 5 R B R ¥ AR AR P 35 3% 2 ~ 3d,
MELSERESSE MES 7THREFEHRE 1
BR), e T8 E AR W™ A RE h A= i &,
ERFTERMBIERENE, KMRKEHRLHEKE
N RRRE B R SR, R ERE I A B R
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AT, GG, BEmES 3 k- aiE
JIFI S R A AR E R, 2 Bl &4 UV-
3,UV-7 F1 UV-74, H,UV-3 g8 KRR = S B A
B S 41 5 4 2381.9ml/L #1 32.6 mmol/g-
drycell-h, 7+ 5 ELBFAE TR bR ZGXa 19 7= S(RE J1 Al K
FrEUEREHE 31.2% M 38.1% , B H & UV-3 #F
AT —RBEBEM KR,

120

—O0— HIhk —e—ERE

100}

80

HFEH /1%

B2 ESMESETRINT ZGX4 FET- %5 IE R EHKNE W
Flg.2 Effect of UV time on death rate and positive mutative
rate of strain ZGX4
R1 EMEERTETERENEEY
Table 1 Stability of hydrogen production capacity of

mutants screened by UV

B E RN ZREHEAEN
L
Y'H2 OH,_, YHL, 01{2
ZGX4 1815.9 23.9 1816.2 23.6
UV-1 2451 .8 28.8 2108.4 22.9
UV-3 2385.4 32.2 2381.9 32.6
Uv-7 2298.4 30.8 2294.9 31.2
Uv-17 2399.8 26.9 1980.7 22.7
UV-34 2469.9 24.1 2199.1 21.0
UV-52 2349, 2 27.9 1989.6 23.1
UvV-74 2555.8 26.0 2511.4 25.5
. Y”: ARG E (n/L); 0”: (R PE E A # (mmol/g
- drycell-h)
22 BHERETHBESFESRTARTHKRE
i3
2.2.1 VRHRER A AL PR B AL PR

R RR 2 — R R s R /N BB AR, mT LA
HERTIEER G SR EHI DNA 70+, IR S
HH A AT R A, O R S R AL, T R e
T RAZE R B a] LIS | DNA P 55 B 2 W] ) 32 Bk
YEFD , BHLAS BUEE 43 FF, 7% W5 DNA & fl, T & B R

2SRRI A9 UV-3 AW R Bk, 2 TR
B2 B4bFE 0.5.10.15.20min J& , HBAE I F %
ERREER I 2, REE AL B A] A 5 00, B A FE T
RN, 24 A AR AL BB IR R 15min B, B A
Bk ZGX4 FISET- 2555 80.9% , ERTH K 26.8%),
B R RS0 T SR A e 1 L T AR B TR = A R AR Rk
HH, H N E 15min SEAEGTENE,

*®2 THMAERE UV-3 BRI
Table 2 Effect on the lethal rate of UV-3 by

nitrous acid treated time

Rb ¥R
5 10 15 20
{min
WEE 10° 10° 10° 10° 10°
THEE 35 24 15 9 1
B
ik
T 3.5%10° 2.4x10° 1.5% 10° 0.9x 10° 0.1 x 10°
/A~ - mL
BOCR/ % 0 37.5 54.3 0.9 98.6
EREEI% 0 12.9 21.5 26.8 15.8

2.2.2 ENEE5THERE S AER TR
AR RR AL #2 15min B9 HBE UV-3 BIF RS
EWBE, AR A Tk RE R, B TREH
1,36+ 1CHEFR 3~ 5d 5, PhE R Hh &AM
PRE PR TK B SR 1 3% 48h JE RS HE, MEAT IR BRSCER LA
WE 7= Ry A S R, 7E K B AR K A 7
H 3 SRENHEE T UV-3 KRR, 456
4 YR-3,YR-9 1 YR-28, £&5fESEMECH 1T
EREMEEE, YR3 =ERNRE, E 3. YR3
e ffERESEME KA EED A
3097.6mL/L F1 36 .6mmol/g- h, Lt & HEkk UV-3 &>
FIEE 730.0%M/112.6% , L EFE B ZGX48E B T
F3 Eh+ TRBEALERERTATSENBEY
Table 3 Stability of hydrogen production capacity of mutanis
screened by UV and nitrous acid

Lt T S L
ZGX4 1815.9 22.7 1816.2 23.6
Uuv-3 2385.4 32.2 2381.9 32.6
YR-3 3097.0 36.4 3097.6 36.6
YR-9 3011.4 33.9 2587.4 28.5
YR-28 2988.2 34.9 2901.5 26.9

& YH2 AN RS E (m/L); Q"‘z B SR (mmol/g
- drycell* h)
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70.5% 1 55.1% , HFAFRAEHK YR-3 (B 1% R E i

WA 3.
Ethanologenbacterium sp.ZGX4

AR
v v +
Uv-7 LVv-3 Uv-74
|ﬂﬁ@%
v v ¥
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B3 R YR-3 MIATER
Fig.3 Mutation breeding of mutant YR3

2.3 FERTH YRISEHET ZGX4 =S h¥
bof=d

TR E N 12¢/L, IR 37°C, 9144 pH =
6.0 FIFRSIEFRRM T, 80T T R 2K YR-3 FIxf g
IGX4 WIE KBS T XL (B 4 I 5 FR ) TER
BrEgED, ENNEEYRE SR KB
WA pH {8 W BOR A AR S =9 A i+ A
EREESH ST, R AR vk I B AR Y
A K HITZK pH 8 Ab B WA oA i = A ik I &2 B B[]
ISR A R B IX 7, BV RS & 4 BEat
&) B934T, R (RIS TH RER MBS 0, FH 3t B 5
S f M K L F EN AR, MR R Kb TR
KIS, A B IE AR 8 0 7% FIL K BRI A3
YIRAR AL RE &, IR IE B AR i A KB, X — )
], LBEFI 2B B9 % B K A 3 (B 4b FIFE 5h),
FEEHE R E SRR, RBEERIN pH 8 th 15 % 8
TR, 24 pH F#3) 3.33 ~ 3.45 B, S 1 A4 K FI P-4,
JURE L, M YR-3 FIX B ZGX4 M2 S 1E
TR YR-3 16 #E R B9 F 3 73 3 (0.413g/(h -
L)) BA & B F X} B ZGX4(0.275g/(h- L)), YR-3 HI4H
JHAE K B A S A R M PR T XY R, X 5 R A (] A
28h B, R AEHk YR-3 RIS KD & 0.446g/L, [Al
FEEBWMEEIRK 155 mL; Wi 5 BE#RP W5 T
YR-3,555% 32h ARG H B KLY & 0.462¢/1, 36h
PFEEIRBIRK 9mL, FEE BN BN, %
KERHZELRE, FBOME pH RE TR, Y pH [#
93.33~3.45 BF , BAKH pH E 4B YR-3 Flxf B8
ZGX4 A KA R BE = E R I R+ (4 FIE
5)o TRBETERRAR, B A 1< 32 B , AH R A W AH

K= Pig K18 15 5F 400 5 B R T2l
¥, YR-3 B F E R BER AR AR 37 1) WA 2 BR A B
BB 3.981g/1 F1 3.501g/L, 23 B 0 M4 R B &5
B/ 53.2% M 46.8% ,1%F BB T BRAMHR (E
4b) . MTELZ R AFER ZGX4 AR A A I 6 2 1,
BRT ZBEFI RSN, 0B D BINERFN T #R (B 5b),
KBRS, CEMIBERBIRKE, A E LR
HH 50.3% M 45.3% ; AR TS 2 Kt
i n] LA $ 51 EE 9 S et A i AR S R &
KRR . WIBAHA =Y 0 240 58 & L B 4,
AN F R T ZERAT L, )y m
WO RIR B A B S, R YR3 =484
Py PR ELBITE 55% ~ 81% 2 8] (] 4b) , F-3
AEBEXE ZGX4(41% ~ 55%) (8 5b) i 1.41
15, 75 K BE 24h, IR EE 37°C, 4HHIMKE H 0.436¢/L, pH =
4.00 B3R5 B K 7 S 3 36.6mmol/g - drycell - h; X HR
ZGX4 BB AR R A 23.6mmol/g - drycell -h RAEHEF
30h, IREE 37°C, ZHHEMKEE Ky 0.483 g/L, pH = 4.04 FH3RA5

1. % 5T YR-3,
14 o 0.6
] 124 —A— HEi 405
T:o —o— MM L
N ")
& &
® -
2
i
& %
= 2
z =

A A I A A " L i 0

4 8 12 16 20 24 28 32 36 40
t/h
b.

B4 BIBRLRTREHK YR3 WERBAKFESRER
Fig.4 Time course of growth and H, production

of mutant YR-3 in batch test
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Fig.5 Time course of growth and H, production

of control strain ZGX4 in batch test
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REEFERE—MEIFEEFER ATHEY
FABR MBS S MRENHEEOR,
WER AL SRE MG S AR A RS
R fe it e & 4, Ao B EFEPEI R
HERGEHMEM, 7T RES LSRR R
il S

LR RIS, M A ESN R TSR E 5 4 1
Ethanoligenens sp. ZGX4 , IR 15 — bk i 7= S 4H
K YR-3, TEIRBE 37°C, ¥4 pH = 6.0, Hi&
WRE R 12g/L MBI BOIEFR AT, B RER
PR (Y ) TR 3097 .6ml/ L-culture, =S AES) 1.

W (Y, = 1816.2mL/L-culture) #2 % 70.5% ; 7£ pH
=4.00, K BERT A A 24h BRI R KFEEEE R
36.6mmol/g- drycell - h, L% BB &) 55.1% ., YR-3 &
—RRHLRN ) L 2 B2 R R R B VR AH AR o 7 T 7

DRALHE XM A 7R O BERY & B AR Ol A ik AR
7= LR, BE— 40 i A W) TR T 4 AT B
G TR R YR, v R AR R E
EJIOE7/ iR R
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BREEDING HINGH EFFICIENT HYDROGEN-PRODUCING
BACTERIA BY MUTAGENESIS

Zheng Guoxiang, Ren Nangi, Lin Hailong, Li Yongfeng
( School of Municipal and Environmental Engineering , Harbin Institute of Technology, Harbin 150090, China)

Abstract : The fermentative hydrogen bacteria Ethanoligenens sp. ZGX4 was separated from a CSTR reactor, and as an
original strain, the bacteria was mutated and bred by UV and nitrous acid combined treatment. A high efficient hydrogen-
producing mutant YR-3 with better stability was obtained after continuous passages. When temperature, original pH and
glucose concentration were 36 + 1°C, 6.0 and 12¢g/1., respectively, the hydrogen-producing capacity ( Yy, ) of YR-3 was

3097.65 mL/L-culture, its hydrogen-producing ability increased 70.5% over that the parent strain; The maximal H,
yield rate Qy was estimated to be 36.6 mmol H,/g* drycell*h, which was improved 55.1%, the main metabolic end

product of mutant YR-3 was ethanol and acetic acid. In each case, YR-3 produced hydrogen at a faster rate and a stron-
ger ability than the wild type, showing a possible potential for commercial hydrogen production and it would also provide
useful data for exploring hydrogen-producing mechanism and metabolic pathway of hydrogen-producing bacteria.
Keywords : bio-hydrogen production; mutant; UV and nitrous acid; hydrogen-producing capacity



