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Microbial Community Analysis in the Wastewater Treatment of Hypersaline-Wastewater
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In this study, a wastewater treatment system for hypersaline wastewater utilizing the Hypersaline Wastewater Treatment Com-
munity (HWTC) has been developed. The hypersaline wastewater treatment efficiency and microbial community of the HWTC
were investigated. The average removal efficiencies of chemical oxygen demand were 84% in an HRT of 2.5 days. Microbial
community analysis, by denaturing gradient gel electrophoresis (DGGE) of PCR-amplified 16S rRNA gene fragments and 16S
rRNA gene clone library, revealed community diversity. The 16S rRNA gene analysis of dominant microbial bacteria in 4%
hypersaline wastewater confirmed the presence of Halomonas sp. and Paenibacillus sp. Phylogenetic analysis suggested that
the taxonomic affiliation of the dominant species in the HWTC was j-proteobacteria and firmicutes. These results indicate the
possibility that an appropriate hypersaline wastewater treatment system can be designed using acclimated sludge with a halo-

philic community.
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ol A= o] EFFT A9 A7 EAE BolA Hol 4
= 28 7% E(suspended solid; SS)&] §-&0] ZolA 24
E49Y AAE] AstEHe 2BE 2Tt

AutA el EY& A FHAA HE =7 1% (wiv)yE 22
st HaE AYA BASHAWY v 2ot dFE 2
g@gez Qs COD AlARES] RA Yehdrhal Hig
ATHS, 21, 28]. E3, MEH Q0 BETH HHPHE A5
3% olste] HutS A9 7hEstH, 3% o4 dEe
F& He= A7t o $ ofFoha draA )lv} (20, 33]. T
1= gE2 nAEY A4S At (L, 3, 14, 15], &
5] Aol oA | AL FU2 HRA
YEo A o RAFHQ anrt Ay BuHy o
24]. o]¢jo = RBC FH& o83 Al AA| &2
TE 24 nAE EHY A7t EAsEH o H[16]
g 2= GHo F4ikst 2 2H3} aaE Fas)
Ao Z 2AEQITH11]. o] o] AF=9] He i3t
FE UAEA YA g GFFS 717t B3, A E
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HH oz #3517 A= 32 vdE #
WA st HPEE AFER FASL £8A ¥
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e Ho A= 5% oS ERste s
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AARE] F7HHE gelgt A4e TREATH10]. 22t
, Y U AES ol &st o EEE A%e fU1E 29
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FUER A= S35t A F o] A3t &
ATFE0l Y nAEo HAFH 7] Wl 2LF
Aotste S AfYE o #E o] wff FE5F A
°|th9, 13].

ol & A IME LeE S FFT H H3
ol #8714 AFUEE R, FEE ARYE
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2 Ao AHEE Hee L= EES TRehL de
KAF9] epoxy H 24 CODcro] <¢F 8,500 ppm, total
chloride (CI") 9%, pH 12, total nitrogen (TN) 100 ppm,
NH;-N 90 ppm, total phosphorus (TP) 3 ppm®] A& 7}
AL e}, o] o= opdFo] oF 300 ppm FE FFE | ¢
oA ABA| Feed E2AL o $3ko] ofd e AATHE
o} obd Y AATE L% v S-S P EFA 1:0.252 &
Q5] o] v &2 AFe] AESAT}. Hebd, HEHOE of
dgo] AAH Feed= CODcro] ¢F 5,000-6,000 ppm A}o]
Gt AEEEZR A 7] #H=F 314519 total chloride
7F 4% = A A8

H37| & 2H=A
A8 o] A&H WhH-3-Z(Q-biotech, Lab-Scale Fermenter)

£ 2%, pH, DOE AAIZTe 2 RUHTF 71535t YA
working volumeZ 3 LZ 3}t WHZ+= 2% 35°C, DO
2.0-2.5 ppm, pH 7.0-7.5 2402 Aoy RE x4
& PLCE ol&sto] 522 Aofat¢ith(Fig. 1). EE Feed
o 3L A pumpE AHESFA YA FHA] A
FA|7ko] ¢oF 2,59 CODcr 38 E38I2 2 kg CODcr/m®/day
A FYstHth MLSSS A& §18te] JAxoA &1
A BtEFE Y Feed F oF 247k HA st 2747
7t % 29 MLSSE 2,500-3,000 ppmE Al F-A|5HTh 2
48] A48 A ESE AL Qbiotechate] THE A2
& A3 QBRYF B8 S QBR £7]2 S84\
Azeke] A7 F oF 144 o4 sl

AXI= K]
T =70
WgE ) ARE Y 30 ml ARG, A A2

£ 045 um vho] 22 ATHA 2 o T}sle] CODE ZH 3%
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Fig. 1. Scheme of reactor for high salt wastewater.

t}. COD £4-& Standard method? ZEHE 0]L35te] B
A2l

DNA extraction

EZ7)1ZUY A& 1.5 mlZFE FastDNA Spin kit for Soil
(MP bio, USA)Z 0]&3}4] total DNAE FE3152H, A
F2HE 92 DNAE FF O 2 PCR HH-2 £33t

16S rRNA gene clone library2 5t O|ME ZEEAM

16S rRNA gene clone library 42 93t PCR2 27F
(5-AGA GTT TGA TCM TGG CTC AG-3)2} 1541R (5'-
AAG GAG GTG ATC CAN CCR CA-3)& AM&3}9 1, o]
primerE ©]€3}4% 50ul ¢ 1x PCR buffer, 20 mM
MgCly, 40 mM dNTP mixture, Z} primer (1 uM), template
DNA%} 0.5 U Taq polymeraseS H7}5te PCRE 433}
frt22, 23]. Y272 94°CollA] 5 min F<F DNAE pre-
denaturation A| A, 94°CoA] 1 min denaturation, 60°Co]
4] 1 min annealing, 72°Co| A 1 min 30 sec extensiond}
a1 72°CollA] 5 min E<F final extensione $~35}%c}. 16S
rRNA gene clone library 52 $J3] PCR FEZAHES 1%
agarose gel®] loading?dt & 2F 1,500 bp 27]9] bandE &
2}, LaboPass Gel Extraction kit (CosmoGen, Korea)& ¢]
435t AAS &, T-Blunt vector (Solgent, Korea)o]

Return sludge

ligationd} 1, ©] plasmidE E. coli DH50. (RBC Korea,
Korea)ol] Y2 & LB + kanamycin Hj X o] A 7] ¥ A H
colonyS-S 16S rRNA gene R4 ¢of o] @815t

DGGE 24Z ¢Igt PCR =AU

7129 A& +3S E43517] Y35t4, EA A=
7]1®¥ 2l denaturing gradient gel electrophoresis (DGGE)E ©]
L3139tk nAE AL Folsty] Yste] ARZHE o

£ DNAE #3222 1x} PCRY} nested-PCR ¥H--2 43§35}
fth. DGGE £4& 913t9, 13 PCRY FEAES 32
2 27} PCRE 331921, 16S rDNAE FZ3}7] ¢354

AF2-E primers 40709 GC-clamp7} £ 341F-GC (5-
CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG
GCA CGG GGG GCC TAC GGG AGG CAG CAG-3"¢}
786R (5'-CTA CCA GGG TAT CTA ATC-3)& o| &3}t
[6, 7]. 22} PCRS 9%t PCR mixture= 12} PCRo| AFZH
A} FYst, AHEE PCR vH-&-27A2 94°CoA] 5 min &
oF DNAS HAIA]A, 94°Co]| A 45 sec denaturation, 60°C
o Al 45 sec annealing, 72°Col|A] 45 sec extensiond}il
72°CollA] 7 min 5<F final extensions 4~3Y5F Tt Annealing
LEE 27)00E 60°C A AFF|A 1 cycle F 0.5°C Trd
3HA 20 cycles £33}, I & 50°Co)| A 15 cyclesS 4=
35} touch-down PCRE &&35}9 11, 23} PCRY] AFES
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o] 43t DGGEE 433} tH23].

DGGE 2% =A

PCR AHE-2 Dcode™ System (Bio-Rad, USA)Z ©]-&3}
o DGGEE 433} % t}[23]. Denaturing gradient gel<
10% polyacrylamide (37.5:1 = acrylamide:bisacrylamide)
o] urea?} formamide HAAA S 40-70%7HA F=TFuj7} &
BEHEF H7tste] At en, A2 DGGE gelo] PCR
ZEZAES 30 ulA loadingdte] 1x TAE buffer (40 mM
Tris, 20 mM acetic acid, 1 mM EDTA, pH 8.0)°]| 4] 60°C,
115 VE 19417 ¢ A7195stlth "7 950 ¢
DGGE gel2 ethidium bromide (1:10,000)o| 4] |83t &,
UVZ Zelstgith23].

G7IMEEM

DGGE gel Aol 4] T2 $170] ZA\3H= DNA HBES
3J4:317] Slatel 22be] bandS Ae F, ool 3% o
4= 50 WE I8l 4°Coll A sk 5t WA st A
N2 3%t Bandof| A 3|43 DNAE +% 22 PCRO]
AH&-EE primerg o]t HFES PP o, PCR A=
S op7tEAAN A H7|9E3te] DNA recovery kit
(QIAGEN, Germany)Z AA|et & cloning 3} t}. Cloning
£ T-Blunt vector (Solgent, Daejeon, Korea)S ©] &3} %1,
manufacturer’s protocol & Wz} ~3)35}o] 16S rRNA gene
o @7IMEE AAstAn. 2AE A7IAEL NCBI
(www.ncbi.nlm.nih.gov)¢] GenBank databaseE ©|-83}¢

6,000
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CODcr (ppm)

2,000 -

1,000
1 10%

BLAST searchE &3 £43}%tH12].

x =
EENDEE
¥ ATE D5ES] 4R FHIIL AL A59 HIS
o] £=3t 7|54 v|ABE A F Y El(Hypersaline Wastewater

Treatment Community; HWTC)E A S-S S =3}
ot B3 HWTCY 5= d&S Fista Sle Ha
o A3t E S-S AL, HWTC WY vES 574
stof, n|AE FAT vE AFUEY /84S st
fct

HWTC7} 4% E&#< /st e d49 J3se
CODcr Z3H< B3l g2lstela, HWTCY =4 A3}s1}
A2 A& Fig. 29+ 2ot & A7 AHgH 4% &S ¢
3t Qe ¥4 Had CODer 4,924.17 + 149.33 ppm
olm, HWTCE o] &3t Ald 749 Hd CODerd
807.67 + 146.67 ppm .2 UEFITHFig. 2). HWTCE 4%2]
&S FHot de de-E AFAL 2549 vl {4
CODcr ¢ 5,000 ppm®] #H4F 800 ppm HEE 84% o4
o] A ag&E Uttt ol L g gES TRt o
€ JFolMe e =2 AYAEEA, A7HA 3% o4
o] AES TRt Yl HeAse A7t Wi o"o
Hiusoj3 o(33], & AtolA R HWTCE 7|&9)
Bl ga] ffe =2 AE LS Holk AL Istarth
o] 215 FoA LeE A& I3 Y= HeY A

1 100%
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Fig. 2. Time course of COD concentrations and COD removal efficiency. m; influent, o; effluent, <> ; COD removal efficiency.
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Fig. 3. DGGE profiles based on 16S rRNA gene generated
from the HWTC. UF; urea-formamide concentration.

Microbial Community Analysis of Hypersaline-wastewater 381

gl QlojA 7154 = ARFUE Y HWTCY #H+% i}

o] ¢ Srdhe gdstaon, 1714zt 2444
42 BN NS 5o A EES HEgE Aol A
A fAEE s FAEUAS. B, w2 23 AFAl 9
\:11.-_5 ol: 1.5% Z-IE odo , J’%Z‘.——] ‘]%_}\]7]-01 2501

2 exgol et 2HAR 5Y F Ry Y GREEL
of 4% leEl"*E} o] % kg Z:LIH HEFTEE 4%
AEe As FASFATEE vAA).

H

7154 0= F{RLIE| HWTCS| O|ME 282N

15 B8 BRI Here] Aopsol S HWICH o
AE TS S N9 AAERE 78S 0§t
ot 271249 HWTC sludgeZ HE DNAE F&3}o] 8F
Bl 2]o}-& universal primer2 ¢ A 341F-GC2 786R
primerE o]&3}9] PCR £ZAHES €%, agarose gelo|
A A YE 486 bp® bandE EHAsHATHALE B|AA]). H]
AE 239 GdEE Fdsted #8338 71 PCR-
DGGEE ©]-&3to v & thFAS A= A4, Fig 3
7} Zo] DGGE gel 4ol A thFgt band7F Ueh= e &
015}t E3t, DGGE profile 412 ZF bandsZH-§ 3|43t
DNA 947|1- g% Z273to], NCBI GenBankE ©]-&5to 4
TS vl G AL, Table 13 ZHo] &4 H 1T}, Bhe|
Z]o} 16S rRNA geneol 34 77l bandsol gt G714 <L
< ZAA5H¢h(Fig. 3). BrE 2o} 16S rRNA gened #4413
Table 1. Identity of the bands obtained from 16S rRNA gene

DGGE profile of the HWTC.

Band Accession
no. no.

Description

1 DQ223670 Cellulomonas sp. zf-lIRht4

2 AJ244761 Methylophaga sp. V4

3 FJ871055  Azospirillum lipoferum ATCC 29707
4 AJ302088 Halomonas sp. IB-16

5 AY635468 Idiomarina seosinensis CL-SP19

6 AY635468 Idiomarina seosinensis CL-SP19

7 AY962237 Halomonas kenyensis AIR-2

8 EU656113 Oceanibaculum indicum P24

9 FJ671504  Uncultured bacterium LL143-8D11

10 AB021183 Paenibacillus chitinolyticus IFO15660
11 DQ289069 Halomonas nitritophilus WST6

12 AB021183  Paenibacillus chitinolyticus IFO15660
13 CQO076331 Uncultured bacterium clone nbw363g05c1
14 DQ343837 Rhodocyclaceae bacterium 5BCVA
15 AB301614 Lewinella cohaerens

16 DQ330452 Uncultured Bacteroidetes bacterium

05D2764
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Clone 32 (JX658136) _

9| 44 Luteimonas sp. (JX658136)

Arenimonas sp. (AM990839)
62 Arenimonas sp. (HE616177)

DGGE 4, 7, 11 (AJ302088)

Halomonas nitritophilus (DQ289070)

— Clone 18 (AJ302088)

69 54 Halomonas sp. (AY962236)

100 ~Clone (AY394865)

lAlcanivorax sp. (HE601937)

L Alcanivorax sp. (AB435570)

100 (/diomarina seosinensis (AY635468)
Idiomarina sp. (EU603445)

y -proteobacteria

53(Clone 28 (DQY85070)

43 100

99 IDGGE 5 (AY635468)
Clone 3 (DQ118948)
92
Pseudidiomarina donghaiensis (NR044537)

DGGE 2, 20 (AJ244761
— ( )

100 I—Methylophaga alcalica (NR028824)

Clone 7 (AF411851)

51 DGGE 3 (FJ871055) -]

68 Azospirillum sp. (AM743175)

100 PGGE 8 (EU656113)

a-proteobacteria
lOceanibaculum indicum (EU656113)

—'jDGGE 9 (FJ671504)
87 Rhodospirillaceae bacterium (NR 044595) —
DGGE 14 (DQ343837)

100
] 60 I;Rhodocyc/aceae sp. (DQ343837)

Rhodocyclaceae sp. (EF019789) [-proteobacteria

41

95

Rhodocyclaceae sp.(EF020309)

DGGE 16 (DQ330452) -

99 rDGGE 10, 12 (AB021183) 7]

100 LDGGE 13 (CQ076331) Firmicutes

Paenibacillus chitinolyticus (JX988408) -

o 100 lScardowa wiggsiae (HM596282)

|Scardovia sp. (GQ892826)

97 —— DGGE 1 (DQ223670) Actinobacteria
90, _CCelIulomonas sp. (Y09656)
81 DGGE 15 (AB301614) _

Fig. 4. Phylogenetic tree based on 16S rRNA gene sequence using the neighbor-joining methods showing the HWTC.
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A3, 9% 9] ghe| 2] ot2} uncultured bacteriaZ £ & ¢}
t}. 61 band (Idiomarina seosinensis 165 rRNA gene,
AY635468) ] 7 band®| 7} =7} 7 eHA et W,
3 band (Azospirillum lipoferum 16S rRNA gene,
FJ871055), 49, 7H band (Halomonas sp. 16S rRNA
gene, AJ302088, AY962237), 8 band (Oceanibaculum
indicum 16S YRNA gene, EU656113), 155 band (Lewinella
cohaerens 16S rRNA gene, AB301614)2] band intensity
7} 9FsHA| UrEbgth(Fig. 3, Table 1). DGGES £ 7 &
Aste n|WEL 51, 61 bandQl Idiomarina sp.2F 49, 7,
119 band?Ql Halomonas sp.2 2A%|31t}t. Halomonas sp.
£ 55 @RS ST ik 4SS Ao naE
AR ZAste 202 BuET ACHIs]

3} 16S rRNA gene clone libraryS £3f n|Y&E +3
o] kT #9271 grlstiet. BHE 2ot universal
primer?Q] 27F¢} 1542RE 0] €3} PCR SZA=S A
o, cloningg £35}o] G7]4gE A543 NCBI blast
£ AMste] AR HWTCY 54 23} Paenibacillus
(AY571847, 25%), Pseudidimarina (DQ118948, 19.4%)%}
Idiomarina (DQ985070, 11.1%)7} £4& YEeEW Tt
(Table 2). T3t Azospirillum (AF411851, 8.3%), Scardovia
(HM596282, 5.6%), Halomonas (AJ302088, 2.8%) 5°| 7]
o 20 0|21 Itk S FUEAE £9) SelE o
M EZo] jproteobacteria (Alcanivorax, Arenimonas,
Halomonas, Idiomarina, Marinobacter, Methylophaga,
Pseudidiomarina)7} 47.2% =2 |9 =4 &43l= AL &
015} % 2o (Fig. 4), HWTC U0l 243} jproteobacteria
S2 3% olale JEE FHT A4S AYele A

Microbial Community Analysis of Hypersaline-wastewater 383

nAE AFUEHAANE S = B ESOITH1S, 34].
Halomonas sp.-= halophilic proteobacteria®|™, G4& =
5-25%9] H&E FEolA o] 7Hed Ao dEA S,
dtHo 2, 3-5%9 HiEe Fhote Hee ATHU AE
4 g9 A oA HeA Y ago] FAF] AstETt
dE A UTH19, 33]. 4% FES TR HEE Foete
HWTCO| A t}eFst Halomonas sp.& &213} 9 2 ™ (Table
1, 2), Halomonas sp.2| =48] 7|4 RHolgtal &
& 4 9lth. Alcanivorax:= halophilic bacteriaZ A FE 2
2 g9 EYS A3ete 58S 7L 912, crude oil
I} diesel 01l thoF3t aliphatic hydrocarbon (Cqa-Css)S
Bagtct B 1 Qth4]. Arenimonast® halophilic bacteria
o, 22%9] HE-Z ok e AN ol 7hsst
o, 37°Co| L&A A A 7HA L Q= Aoz B
5 ATH30]. Idiomarina= 1L E H 45 7 36H= halophilic
bacteria consortiumo]| A A E L 1 2™, phenathrene,
diesel &3 Z-2 hydrocarbong A &at= 52 0] UTH17,
27]. £33t 199 374 ol A Methylopaga?t BAsITHL B
A=Y, A4 AA, §7122 Y A3feitial B §)
t} [29, 35]. HWTCY] oF 25%2] £ R o= Paenibacillus
£ Firmicutesol] &3t= R ER L F SH oA LA
At}5, 31]. @A R 1= X = Paenibacillusol T3t B
= HolA #7122 56t BOD biosensor24 0|82
T den, 29 Mg F7H] 7] azo dyeE =351
529 MRS AR, AolA] Ao AASo] S5t
ot B uEojx] 1 Qths, 25, 26].

2 AFNA FEI 4% dES TR H59 Ads
o] L% HWTCY| u|¥E AFYE o= yproteobacteria

Table 2. Analysis of microbial community structure of the HWTC based on 16S rRNA gene clone library analysis.

NCBI accession no. Description Number of clone seq. Distributions (%)
AY571847 Paenibacillus sp. 9 25.0
DQ118948 Pseudidiomarina taiwanensis PIT1 7 19.4
DQ985070 Idiomarina sp. JL1018 4 111
AF411851 Azospirillum sp. 5C 3 8.3
AB125942 Marinobacter alkaliphilus ODP1200D-1.5 2 5.6
AMO084043 Rhizobium sp. R-24658 2 56
HM596282 Scardovia wiggsiae F0424 2 5.6
AB071665 Tistrella mobilis 2 5.6
AY 394865 Alcanivorax sp. EPR 6 1 2.8
JX658136 Luteimonas sp. 1 2.8
FJ357426 Fodinicurvata sediminis YIM D82 1 28
AJ302088 Halomonas sp. IB-16 1 2.8
AJ505850 Thauera sp. PIV-1 1 2.8

Total 36 100.0

December 2014 | Vol. 42 | No. 4



384 Lee et al.

o 5t tlEl thbgo] B A % 4 k. 12
U, HWTCY & AFYENA ddF2
of &3dt= Paembactllus sp.7b A5t st

+= firmicute
glom,
2] oo
24 meln gt o]t nsEY §EE FHIAT AL
g2 A3toll oI A Halomonas sp.7t B2 719 & rh
T ouwE vsh e B ATo)H AEE HWICH AL
Paenibacillus sp.2] ¢ 2 9L 3= AL 228 4 k.

A7 Tl e LE He9 B3] B A ¥
oA QRS AAZE FHAIAeH, HEH 9 Fetet
olof Tojst= HAYE AFYE 24 ‘_{P Ate= A A
Fgk Aoltt. 7129 #Hey 3% ol dES TR A
< #4=9] A3t Ebssivha g A Sk, 33]. LU &
AFdAE 7129 A 3% FE)ETE =2 4% EES
ARt HeE 7154 HAE ARFYE HWTCY 25 9
g5 ot It 4 ’ﬂﬂ% gl A3 Hat 84%
(CODcr) o9 &2 AYa &S sttt £, 4% F
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