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Dark fermentation for hydrogen production with a new bacterium

Enterobacter asburiae SNU-1
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T A &71A vl EQl Enterobacter asburiae SNU-10] 2#7] ul gz EA
CRYEY FA244 279 HAHE A¥S Sy 2 AP o] 4¥ HAEY
ALE 7120 dF H FHo] gl MEE FoEN UE mAERE UE EAS
Uetuls 244 585 Hold AS ¢ F UAS AES o] &8 TN
4 8& vX= QA EE pH, initial glucose concentration 5°] lew Zztel =3
NN FAPAFE H2EHY. A8 A} strain SNU-19 HF pHe 7013 eH
3 A initial glucose concentration2 25 g/lo|th. o}t & FHZ XA strain
SNU-1<& 6.87 mmol//hr9] productivity® YeElNATH EF o wPEF 2
o Eol ¢ ol AgA Fv FAI|AA H B FAANFS el Fod

ATE Helx 2ol #2HUH.
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1. Introduction

el AR 7] FolA 2 tigte] B £ Qe Ay o] vt2 FioyA o]
ot o2 g FadYAe GHEFT AR FHFe] uE 21 AAFAEERA

S TANFGoZH o OE duxg v g& 831842 Ayx|de|gdtn
g Jdo B FarUAe dAAY Jide Ao tS 2 8 Ao FY
Hi glon FAY/S-FAEE BT ol /YL FE w3 QIvHIl

AETAQA T4 A Bdde 8714 vAEA g3 drLR, 4 729
24 9gE ¢ CORFEHY 244, A AR & £244402 Ys
F Utk olE WE F UL R 9% 4 AMES L 42 AAFE g
o waste streame AHS & & ddE FHETA 22 yieldd thFF by
Addtds g3 /HA2 o 28y o8 E dHdE EFSL & FaAd
Fozg A 4A & 7tsAel AY 271 " HIo B2
o} ol d FriLae AlEHE mAEL HUEUA vAEF
2 Yz F I Hd 714 mAYEY F244 yielde o
Hymol24 F4 714 "lAZ(2 mol Hymol) Bth Eovy AtAd uf
Aad g% =EHAAE 40 43 fFhstd Fa4] AHFHE &
o 4¥FAFe] ¢ 7taEFth old HlF T4 ¥UAE PIAES Adid E 9
o x&HEgdE 2 A4V BF ARHYH A £42E Ad & F dAA FHo
Ad #7144 vAE 2ok dedle scale-uprl €4 AFol Aok " 54
714 HAES ol & 4 Aol dy o&HI Jdeor APgHezE o
A3 #Fetn & ¢ Joh

gt & AFddAe NEA 297 g EGA Ed 2L Fo B4
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2. Materials and methods
2.1. Isolation of bacterial strain SNU-1

7} 2#7] WEAZEE soil samples® 33t LB wix|olA = A7+ Fo
et ol2A wdd wWEd 05 mlE Al 50 mM L-HPA, 50 mM
potassium phosphate buffer (pH 7.2), 100 mM glycerol, 1 g/1 MgS0O4 7H.0, 0.2
mM CaCl;, 0.1 mg/l ZnCl,, 0.1 mg/l MnSOs_4HO, 0.02 mg/l H3BOs 0.1 mg/l
CuS04_5H:0, 0.05 mg/l CoCl,, 0.1 mg/l NiSOs_6H20, 2.0 mg/l NaMoQ,, L& 3
4.0 mg/l FeSO,_TH0Z A% minimal medium®] HF3ld 37CHA 29 Et
g3t Hch ol st HAHE 33 WEIS enriched culture® 433ttt Enriched
culture ¥Fol] Z& wlx] 24 & 71™ agar plate] oA w43t e] plate $lol dA =@
7} colonyE LB wiAoA gt oA Ao ¢+ mAEELE 25%
glycerolo] X9 wjA oA -70CE BAsF)
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2.2. Biochemical test
Strain SNU-19] A3lstd EA& golrryl 93] APl kitE A&t
biochemical testE saline || strain SNU-1& @839 FuUlATZ gram
negative Z+#9 $4| AMESE API2E kit® Ag3ted Az® 71do] Eoisle
kite] cupulesol HF 3 wiF F TAAGE HIMES 71AY dARTFE A9
HAst2 AR A

2.3 16S rDNA sequencing and phylogenetic analysis

59 54& 938 16S rDNAE PCREZ %% ¥ cloning3td ot Cloning€® 16S
rDNA¥ DNA sequencerZ full sequencingdtsie™ o] ZAF}E Ribosomal
Database Project (RDP)¢} Blulsle] o]x}7ZE #3384 sequence® alinmentdt
% g #39 similarity® FA}sHE T ol 3t A3 E vl o2 Neighbor-joining
method& phylogenetic tree® 24 31 oH2-71.

24. Identification using DNA hybridization .

HE3 54L& 93l 16S 1DNA H71XEe AFTEA AFAA strain SNU-1%
V% Jt7ke fa#Ad Qe FF2, Enterobacter asburiae (JCM 6051T),
Pantoea agglomerans (JCM 1236T), Enterobacter cancerogenus (LMG 2693T)
5% Y422 DNA-DNA hybridization 482 33t

2.5. Hydrogen production in batch fermentor and analysis

o] FF glo] a7 (Fermentor) WA AL purgingsS T3 ¥713 A&

£ glucoseZEE T3 48 AAsAT vlAE glucose’t £3E PYG Hl
A AHEEdoen 43 234 wg 2 F=9 glucosed}t yeast extractE AM&
st} wjgat gt Seed culturer] ¥71d ZAL wjA7L EUE 120 ml serum
bottleo] ¢F 3839 N; 7| & EF2F F butyl rubber septum¥ aluminum cap®
2 BT olZA AHYF wAd cell& FAF F 12X A 1543 T 37T
A 220 ipme.E HiIFE AT, A 2L WHo 2 YA ZHNA seed culture
T A2 S fermentorZ &3 F Np 7]AE F&Fo €718 210& A5 & F
main culture® A] 23t}

n Y E ¥ EE UV-visible spectrophotometer(Spectronic genesys 5, spectronic
instruments)& AHE-3te] 680 nmIFA FFF F F olE AEZFH(dry cel
weight)# o] ZRFAAE T AMEEATH F4271A9 4L carbon molecular
sieves column (Carboxen-1000 column, Supelco Inc.)¥ TCD detector’t &€
gas chromatography (Hewlett packard 5890 SERIES)E o] &3l BA& Yt +
A7t22 GC BYZAL oven 2% 30T, injector 2% 1207C, detector &% 12
0CZ #A38H e, carrier gas® Ar gasE 57758 mi/ming fr& o2 EaFYU,
gas sampled gas-tight microsyringe® 0.1 ml2 ®olx FU3sk4th. Glucose =
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T enzymatic method(sigma glucose kit)E ©o]-&38t A4t}

3. Results and discussion
3.1. Phenotypic characterization of Enterobacter asburiae SNU-1

S T4 A85EE 7H strain SNU-1& 7H4247] @A EGe=ziy £
gstAct. o] #F9 AL Y3 biochemical test® 16S rDNA full sequencing
18 IDNA-DNA hybridization 4¥& 4333t APl 20E kitE &3 3 €
biochemical 4¥ZA% eledsbx slde] Wig Aol Uehgom 1 Aze
table 13 Zth o] A3 Enterobacter cloacae$t 909%<9 FAIEE JYedg &
F AATh 16S rDNA full sequencingS F3 < 140071¢ €77t ZAHHA L
olg ul®goZ [HAILE FA 3 A Enterobacter asburiae JCM 6051T,
Pantoea agglomerans JCM 1236T, Enterobacter cancerogenus LMG 2693Ts<}t
99% ol FAIEE YElUer 23 £2E F1std THE phylogenetic treeE
T AT BHUAARE 22 AZR(E JEUT oldd ZAFAE Hol £ AT
AFEEE g3 57 = FAA B 8 U AT meA B JE&g FF
54 & ¢3 DNA-DNA hybridization 48-& <335t 2 A3 strain SNU-1
< Enterobacter asburiae$t 76.7%9 AR E U LH ol 70% o139
AMEE HolW 2L Foz e FAH 7IF wet Enterobacter asburiae
SNU-I1Z %R dh o] #Fc A Fa24%0qd 38 d77F I1YPHA L 7
F2A 2 534& /HAY @4 A7 18 FU UE FFY v x A

HAA Ferh

32. Fermentation profiles of glucose as a substrate _ _

Enterobacter$t & fermentative bacteriat ZE MY F o /A9 {7142
A7) W&o wlgAe] pH7t A A HolXoH1,89]. wety B AT Al
Zol . 52 Enterobacter asburiae SNU-1¢] glucose fermentation Zoll o] w %
A Hole=x HFAH Bk wixRed ZA L glucose 10 g/l, yeast extract 3
g/, peptone 20 g/l, MgSO.7H:0 05 g/l, KHPOs 2 g/12 Al-g3 9oy mjidex
= 371782 §AEET. 99 e ZANXA pH controlflo]l 1 19 fermentordll A 2
& % pH W3} 44& #23 A7 pH/t 533 BoAAHA glucose?t vigd Fo
AEF T B v Eo] stationary phased] =¥ & RS B = AN} (Fig.
D. 9N 2ok & mAEY AFH A4S A4S pH controlo] &3
t}.

3.3. Effect of pH

A AES o] &3 FAaMAdA F 2% QA= pH, initial glucose concentration,
initial yeast extract concentration F°] th. £ AFAAME ol8d FoF IdAE
ol w8l Enterobacter asburiae SNU-1°] o]®3 AF & YelllEA ZAbsAh
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UM dH B ool o] HanAel Aid {7132 uwixe] pHE FZ23] golm
g 7] w&ol pH controle] ¥astth wetr ztzhe] pHAlAM Fi2AFH v E
growthE Aot WA &5 49 487 Fdsiy Z4ze Ao o}
2} tt2 pHE A 4§39tk 2923} Enterobacter asburiae SNU-12 pH 794 7}
Z B F£4 A e en, I 1o maximum hydrogen production rates
194 ml/Vhr@tHFig. 2). %3, Enterobacter asburiage SNU-1& Y& 999
pHA75)dA F424%E e & R Hol HEAe 3373 22 A
A &g oA oS F8 & Aol

34. Effect of initial glucose concentration

T4 AAER BAE BT 2719 glucoseFE7F FUMEA wet F7lE71E
g1 o ol F& HWoAFUE ASE 3 AHE LT=vH19) oY
initial glucose concentration® A& Lolr7] A3 thFe glucose FE(2750
g/Dol A 4 BAFE B Bkt 1 A initial glucose concentration’} 25
g/A Fh & AEe 284 F] FUEIY oY 2 o4 ¢ initial glucose
concentrationd| A= © o] FAANF F/HE Ro|A &% glucose 25 g/1oA]
6.87 mmol/I/hr9] productivity® e AHFig. 3). £, A7 L7t F5 3
A& exponential phasedl X 2] =4 AMAFZF BT} stationary phasedl A o B2 %49
FAaE Aadtie Aold. ol stationary phasedlA ol® <ol 98] metabolic
shift7}b dojwtSS 9= & 4 Ao stationary phasedl 9 outlet gas®l
hydrogen content ®3 exponential phasedlA Bt} £ §#AHE Aoz Hol o
Al 7)o celle]Yt thE& metabolite® 7}= metabolic flux7} hydrogen®. 2 shift® &
2 TEFn Yo & F Utk o]y F o= metabolite ¥4 metabolic flux

THE T F 0 A& & F UL Relth

35. Batch fermentation of Enterobacter asburiae SNU-1 on different carbon.
sources

Fermentative bacteria®l &3 % 3htT waste streame ©]-& & & JUdE A
olt}, ol g carbon sourcesE ©]§ ¥ F lojorwt @oe AL on|FH.
walA olgFt Atd A ol § JheAE Y8 Enterobacter asburiae SNU-1°] theF
3 carbon sourcesE °]8 ¥ F YA dolrstd. o FAF} dEIF, °lTFF,
alcohol 5& ©| &3l £4&8 AL & F e "AELE ¢ & UAHFig. 4.
ol o] FlAES HE A FHAE ol& & F Je 7Hs4dE BAgFE Aot

off

4. Conclusion

7bZ 28] @A EUdolA B8 ¥ Enterobacter asburiae SNU-1& F&
AL s AFERA e FE(species) SEZH o)A TR FFEF H BT
3 &Adgle #Fde] HHAHY. o] #FE wW$ W d99 pHE75NAME
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£ AAEY 2 F pH 7T9AM 7MY L F248F2 YEde & 5 AT
3l fermentative bacteriat™ initial glucose FEo| wWal FAANZI AE A
}o] 93-S W=t} Enterobacter asburiae SNU-19] 7% initial glucose & =7}
7 gl wet FAAF] FUhsttr 25 g/l1o]44e] glucose FEAAE O oA
Z71stA &5 B¥E Yelt. =8 Enterobacter asburiae SNU-1 stationary
phasedl X ¥& FAAHAE Yedo ol F2AME $3 dETAHA 37HA
pathway % °ll Alexponential phasedl ] A}-&% & pathway €l % ©& pathway’t
stationary phasedl A& 2 7l5AI 288 53] AAE intermediate product
Y end product® Al&3te F£42E& A4 & 7lFA0] Atk ol& metabolite 4] 7
metabolic flux £4& T3 & & A& Zolth. o ¥l Enterobacter asburiae
SNU-1& t}kd F7/9] carbon sourcesE o€ & & glon YL 999 pHolA
T i AL 5 e ez Hol Hexg FAHY 2L FHLoRY S &
NE §&3 T5Y Aolgt AZGH ’

o] o] mutationg& ©]&% metabolic pathway control I2]I genetic
engineering & °]&3td H & F4 AAFH yieldE D& F AS Holth o9
A2 33 MdE T3 F2A0F FAAS VI § & U
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