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Effect of PVA-Encapsulation on Hydrogen Production and Bacterial Community Structure
Jeonghee Yun, Tae Gwan Kim, and Kyung-Suk Cho*
Department of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750, Republic of Korea

In this study, the performances of PVA-encapsulation and non-encapsulation in a fed-batch bioreactor system were compared
for biohydrogen production. Hydrogen production in the PVA-encapsulation bioreactor was not significantly different in compar-
ison to the non-encapsulation bioreactor. However, the hydrogen gas in the encapsulation bioreactor could be stably produced
when it was exposed to environmental difficulties such as pH impact by the accumulation of organic acids as fermentative met-
abolic products. Bacterial communities by DGGE analysis were differently shifted between the PVA-encapsulation and non-
encapsulation bioreactors from the initial sludge. The community of hydrogen producing bacteria was stable during the experi-
mental period in the PVA-encapsulation bioreactor compared to the non-encapsulation method. The absolute quantitation of
the DNA copy number by a high-throughput droplet digital PCR system for six genera contributed to hydrogen production
showing that the numbers of dominant bacteria existed at similar levels in the two bioreactors regardless of encapsulation. In
both of two bioreactors, not only Clostridium and Enterobacter, which are known as anaerobic hydrogen producing bacteria,
but also Firmicutes, Ruminococcus and Escherichia existed with 1 x 10°-1 x 108 copy numbers of ml-samples exhibiting rapid

growth during the initial operation period.
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PCR YI-¢ E3E9 AL 5uly 10x buffer, 4 ul9
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Z BulE 50 ul2 3}gth. PCRE GeneAmp® PCR system
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95°C, 4+%; 30 cycles - denaturation 96°C, 30%; annealing
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Table 1. Reference strains and PCR primer and probe for detection of H, producing bacteria.

Target group Primer or probe Sequence (5'-3") Reference

Firmicutes Firm8F AGAGTTTGATCCTGGCTCAG
Firm534R ATTACCGCGGCTGCTGG [10]
FirmP CTGATGGAGCAACGCCGCGT

Clostridium CLO1F GCCTYCCGAAAGGRAGATTA
CLO1R TACGCATCGYYGYCTTGG This study
CLO1P GCTWTRAGATGGRCCCGCGGCGC

Caldicellulosiruptor CaldF GGGCTGCTAATACCCGATGG
CaldR AGGTTTACACCCCGAAGGSY This study
CaldP TGRTGWTGTGGTGAAAGGGTRGMC

Enterobacter EntF GGAGGGTGCAAGCGTTAAT
EntR AATGCAGTTCCCAGGTTGAG This study
EntP CTTGACAGACCGCCTGCGTGCGC

Ruminococcus RuccF AGGTTGAACGGCCACATT
RuccR AGACAGRRGTTTACAATCCKAAA This study
RuccP CCTGATGCAGCGATGCCGCGTG

Escherichia EcoliF CATGCCGCGTGTATGAAGAA
EcoliR CGGGTAACGTCAATGAGCAAA [13]
EcoliP TATTAACTTTACTCCCTTCCTCCCCGCTGAA

Total eubacteria Bac349F AGGCAGCAGTDRGGAAT
Bac806R GGACTACYVGGGTATCTAAT [31]
Bac516P TGCCAGCAGCCGCGGTAATACRDAG

Total archaea Arch349F GYGCASCAGKCGMGAAW
Arch806R GGACTACVSGGGTATCTAAT [31]
Arch516P GYGCASCAGKCGMGAAW

March 2014 | Vol. 42 | No. 1



44 Yun et al.
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Fig. 1. Time course profile of hydrogen production perfor-
mance in PVA-encapsulation and non-encapsulation. (A) pH,
(B) SCOD removal, (C) hydrogen concentration, (D) accumulated
total gas volume (H, and CO,), (E) hydrogen production.
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A A% & H(F AT EAIZIA COD AAEANA = A
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Table 2. The volatile fatty acids (VFAs) in non-encapsulation and PVA-encapsulation.

Unit: mg/g-CODremoval

Sample Day Acetic acid Propionic acid Butyric acid Iso-valeric acid Valeric acid TVFA
Non-encapsulation 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0
10 285 (34%) 38 (5%) 439 (53%) 67 (8%) 0 (0%) 830
16 3088 (93%) 67 (2%) 164 (5%) 0 (0%) 0 (0%) 3319
26 978 (53%) 254 (14%) 420 (23%) 180 (10%) 0 (0%) 1831
PVA-encapsulation 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0
10 1299 (52%) 87 (3%) 905 (36%) 223 (9%) 0 (0%) 2514
16 757 (47%) 57 (4%) 622 (39%) 166 (10%) 0 (0%) 1602
26 2655 (52%) 163 (3%) 958 (19%) 1324 (26%) 0 (0%) 5100
TVFA (total volatile fatty acid) = Hac + HPr + Hbu + His + Hva.
% = (Each volatile fatty acid/TVFA) x 100.
T gz = ORI A 98 & R BaEn(Tale o), 2
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Ryato] Fagk olfit
2R A

FA7} J&%H%E} 15% °l—r°ﬂ =

WgEe] DEEE F2E §714k 3] Samaa ol
X4 W3] O MZES, WSS AARTE &
A A% F 100 ATAERE Hol7h A3y AFg o,

4% 27 Sharae 24aS 29 oh B 99 AA
7bdAss Ao s Yedth s} 74 L; ]2y 3}: 63 L.
D} e Qo E WS B 2o H LA
% 27)08 AGHOR B o) S} ALHEIT 102
AR DY BN FAA 40 WA
oUf SANZ F 23 ABAHoE T W2 BEOH 2
AR BATE ASE GeThEE R o v
ZF, 143} 549 mmole; H|22A3}: 571 mmole). o]= B]I1A
Shofl wlsh 491712 9 Geptol T Al Y2 §
Yol AgtE o 27] FaPibo] 235)8 AAHUS Aoz
AZHRIT B ATOIN A8 DS BgRoIN Sav) o
Ast7] A&erat Ao 173} bead”} swelling = o] F4
S ¥ ot agglomeration©] W E 21, o] =

A3t FAURE FES 7|AF T o|FAAA gUE 7?“
d& AARETE 7]1& Aol A = PVA-boric acid i< &
235192 o) ZAIA E 9] agglomeration} swelling HA
o gt BAHol He v glr22).

1733} Hh-g-Z oA iAol AIZEH bead”} FAYsEAL,
4 E bead Hro2 7FAZF WA U7kl U ThA] bead 7t
Jhek QSert Sea7h WAlEH A BAshe E gfelol
HHEE = Aol HEEHUT o HA o] HiEE = T

beadP—] g40] okatslo] 7| AFFol o AW 2o
09 HBpA o] S2qAtgo] A3 F7H AOE A2
%n}.

8] 243} ¥Hg-20) A Day 169 A4E E§74k0] Ao
% UEAT ol AHH 2 Day 160] pH 47717 W

il f714kge] Y
23t o*o“’] pH°ﬂ °§ 2 Aes &
A= F 82 Yol < g A7 3t
AA acetic acid(H] 243} 34-93%; xéﬁ]—. 47-52%) %}
butyric acid(B]| A3} 5-53%; L3} 19-39%)7F 7 ©sk
51 propionic acid(H]_T’_ﬂﬁ]-' 2-14%; 1A 3} 3-4%)7} A%
HEH % Kim 52 Ha & 53l glucose?} &3 o
w2} butyric acid?} acetic acid7} 8 Z7HIEZHN =
A3 o] 42 AT YHT Vel Sirha BIeg
TH17]. T3 propionic acid®] &L 4 TS A st=
d) £3| pH 5.8 ©]3}9| Al = associated form 2 2 Z )| 5}
n A E4E & 5 e ASE BHstETH17].

Ao}t iR = &
A& HER e o

%<& DGGEZ £43t A1} Fig.
Z U9 T4 Ao 23
238 DGGE —‘.ﬂ—*d, A3, A7ko] 73
}3to) wheb vl A3} uk-e 2 o) H]Ete] PVA beadS AHR3t
143} vk oA DGGE band 8 9 intensity?] W37}
Aoz Hct ol 1At A 24 Al
o) 2ol = ¢ tHH o SR HI Y= AL AP
o], AL YA WA St= {74k ot ufjekl o] pH
7]-—]. =9] ko] 11A3}of o) k7t 93l E Q7] W Eo)|gt

DGGE bandE 3 Al 239 PCA B4 ZA(Fig.
20), & AA7ro] A xslo)| what vl A 3ot 1A E vk %
W Al —E%‘J—T‘Zﬂ 24 FA4E A2 Yeigd vy
sukgze] A9 4FH AA o ) FHY 4E 4
WA Aot 2T 4717059 Al -0l fAH 34
H70E stgoud 2AY 24 B A2 Wl o 2

March 2014 | Vol. 42 | No. 1



46 Yun et al.

M 0 0 10 10 16 16

26 26

N
-

PC 2 (18.9%)

-1.2

B0-1
802 0°_|

$0-20 ©'S0-1

$26-2
S10-1@ @

5102 S26-1 Q0S16-2
516-1

-1.2

PC 1(52.3 %) 12

Fig. 2. The microbial communities by DGGE fingerprint analysis of 16S ribosomal DNA in non-encapsulation and PVA-
encapsulation. (A) non- encapsulation reactor, (B) PVA-encapsulation reactor, M: marker; Number: operation period (day), (C) principal
component analysis (PCA) by DGGE bands (S: non-encapsulation, B: PVA-encapsulation, Number: operation day-replicate).
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Fig. 3. Absolute quantitation of DNA concentration from the PVA-encapsulation and non-encapsulation bioreactor system (copy
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