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Change of Microbial Communities in Fermentative Hydrogen Production at
Difference Cultivation pHs

Yoon-Sun Jun - Kwan-Yong Lee - Yoon-A Cho - Tae-Jin Lee’

Department of Environmental Engineering, Seoul National University of Technology

ABSTRACT :

In this study, PCR-DGGE was conducted to investigate the variations of microbial community according to pH conditions

from pH 3 to pH 10 during anaerobic fermentation process of hydrogen production. Maximum hydrogen yield was 1.8 mol Hy/mol sub-
strate at pH 5. The microbial growth rate was not proportional to the hydrogen production rate at each pH. Variations of microbial com-
munity was observed at each condition from PCR-DGGE experiment of 16s rDNA. Klebsiella was main species of the microbial com-
munity. Streptococcus and Clostridium were mainly contributed for hydrogen production.
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Fig. 1. Schematic diagram of the batch reactor for anaerobic fermentative hydrogen production.
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Table 1. PCR primers used in this study
primer pair (Target) nucleotide sequence (5'- 3") size of PCR product (bp) reference
EUBI10f AGA GTT TGA TCM TGG CTC AG
EUB1400r ACG GGC GGT GTG TAC AAG 1408 14
(bacteria 16S rDNA)
341f CCT ACG GGA GGC AGC AG
518r ATT ACC GCG GCT GCT GG 193 15,16
(V3 region)
GC clamp CGC CCG CCG CGC GCG GCG GGC GGG GCG 13 15.16

GGG GCA CGG GGG G

* f: forward primer r: reverse primer

FZ9H= 1.2% agarose geloll A H71953ke] 2159tk

2.2.3. PCR (Polymerase Chain Reaction)2 =3} 16S
rDNA 5%

%3 DNA templateol]l A 16S rDNAS] 7PH 3921 V3
region =g 98] MZ -2 2719] primer setsS A8}
o] nested PCRS A5 tEY 2ol AF&-H primer (Bio-
nics, Korea)2] sequence> Table 13} 2T} WA Bacteria2
16S tDNA ZZ& $I3le] EUB10fe} EUB1400r primers
ARk 12} PCRE et o, oluf A€ PCR pro-
ductE ©]-83t V3 regions SH3ILA}L 34119} 518r pri-
mer2 22 PCRE 38ttt B3 DGGE +3-< ¢
341l GC clampE F-33led 22} PCRS ©HA] F-3Y351STh

DNA ZZS $J3+ PCR 7]7)(UVigene™ State of art Ther-
mal Cycler)e] 2=F712 95T 9 min 5<F pre-denatu-
ration 3+ &, 95Co|A Imin denaturation, 53 ClA 1 min
annealing, 72°CollA4] 2 min extensionS 35 cycles HWFE 4=
st & wix|=o g 72T oA 10 min final-extension &}$1

E]_S,IO)

2.2.4. DGGE (Denaturing Gradient Gel Electrophoresis)
2 Gel Elution
DGGE= 40~60%2] WA T= FHl(R84] = 100%

£ 7 M Urea, 40% Formaide)E 7}*]< 8% Polyacrylamide
Gel2 YHE F(Bio-Rad Ltd. Co., Model 475 Gradient de-
livery system) AA]3}HTE Polyacrylamide GelS 1X TAE
bufferE <+ DGGE %7195 7]17](Bio-Rad D-code system,
Hercules, CA, USA)°] B&A171 & GC clampEs H-2H3H
primer® PCRS AAlate] A& oF 200 bpe] FHg 27]
9] PCR productZ geldll Loading 3+ ¥ 200 V, 300 min
(runing time)'” 0.2 H719%5S AAEATE UV transillumi-
natoro] 4] DGGE W= &<l ¥ 948h= band #9115 2o}
9 5 30 uLe 1X TAE Buffer 2715k gelol| 4] DNAZ}
BEEe= st a9 DNAS 34119} 518rS primer
2 &} PCRE A5k oju A" PCR productES
o] 83}y sequenced}SiTh.

2.2.5. 9714 ¥4 2 Phylogenetic Tree 23

A7IME AL AVIME B4 AE7]FHBionics, Korea)
oAl FREJoH, AFERE s #1% 16S rDNA
9] 4714<¥ A= NCBI BLAST Search Database©l 4]
A E G7IME JRE o] 83T phylogenetic tree2] =t
A ZFLS Mega 4.0 software?] neighbor-joining method<-
o] g3t om HFE9] sAAES FH = A2 Kimura
2-parameter ModelS ©]-8-3}3th T AFA FHE 9
3l 1,0003) 9] bootstrapS Al st
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Fig. 2. Biomass growth acorrding to hydrogen production rate under various pH condition of in anaerobic batch reactor.
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Fig. 3. DGGE profiles of 16S rDNA fragment at various.
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G, I, J 283 K) "AEE HEEHASH, I €] Esche-
richia coli (D) WAEE FAHANoH A4 AZE Table
20 2°oF ATEATh pH 59 6014 FE5HA B
© A9} H band= Z+ 7+ Streptococcus <3} Clostridium
& v AEZ FHEATE Streptococcus 52 B H714
FozA FlEe F2A AoE wusA ke
v Eo)H, Klebsiella %3} Clostridium 42 71 424
A ATolA Bol BuEHI e T4 JA718TH Hd
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Table 2. Characteristic of DNA fragments obtained from DGGE gel

Band Gen Bank Search Result Taxonomic Description
Name Phylogenetically Closest Relative Accession NO. Similarity (class)
A Streptococcus gallolyticus subsp. DQ232525 97% Bacilli
B Klebsiella sp. ES DQ303436 93% ¥-Proteobacteria
C Klebsiella variicola isolate GN-05-3a DQ872453 94% v-Proteobacteria
D Escherichia coli strain 0157:H7 EU118103 96% v-Proteobacteria
E Klebsiella singaporensis strain LX21 AF250286 91% ¥-Proteobacteria
F Klebsiella sp. s30-5-u8f'1 DQ305309 97% v-Proteobacteria
G Klebsiella sp. 093101 1 EF522822 97% ¥-Proteobacteria
H Clostridium sp. B906-1 AB114259 96% Clostridia
1 Klebsiella sp. HPC 554 1 DQ131809 91% ¥-Proteobacteria
J Klebsiella pneumoniae strain NKU238 DQ470487 97% v-Proteobacteria
K Klebsiella pneumoniae strain SWU-27 EU128493 98% ¥-Proteobacteria
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Fig. 4. Phylogenetic tree showing the relationship among the closest relatives in the GenBank databases and the isolates. The
tree was produced using a neigbor-joining method. The bar indicates 5% sequence divergence. The numbers at the nodes
of the branches refer to the Bootstrap values for 1000 replicates.
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