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Abstract: The bacterial community structure in a biological
reactor fed influent from a wastewater treatment system was
investigated by denaturing gradient gel electrophoresis (DGGE)
and in situ hybridization. Sludges were collected from three
biological reactors (aerobic,oxic,and anoxic tanks) at the M
wastewater treatment facility (WTF). The influent of the
MWTF consisted of mixed tannery wastewater (40~65%)
and seafood wastewater (35~60%). The treatment processes
resulted in a removal efficiency for BOD (biochemical oxy-
gen demand) and COD (chemical oxygen demand) of 83.6~
98.2% and 72.8~84.6%, respectively for tannery wastewater
than for seafood wastewater resulted in greater survival of
biomass in the biological reactors and a higher removal of
BOD, COD, and T-N of about 8~18%. In contrast, addition of
greater amounts of seafood wastewater decreased the amount
of biomass in the bioreactors due to the increasing concentra-
tion of chromium from that wastewater and it also. The domi-
nant bacterial species during the high seafood wastewater
input period were Burkholderia cepacia (JX901049) and an
uncultured bacterium (JF247555), while Pseudomonas genic-
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ulata (HQ256559) was dominant during the high tannery waste-
water input period. Flavobacteriumsp. BF.107 (FM173271) and
Hyphomicrobium zavarzinii (Y14306) were dominant under
anoxic conditions.

Keywords: Mixed Wastewater, Biological Wastewater Treat-
ment, Microbial Community, DGGE, Chromium
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situ hybridization)2} DGGE (denaturing gradient gel electro-
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Table 1. Characteristics of influent waters

== 247 376~524 mg/L @ 500~555 mg/LZ 4] COD -4 &
4 Zoll A BOD7} ZFA| 8= H]-&2 68~91%2] ¥ 9| & et
o} T-NZ} T-Po] 79 7}7} 353~371 mg/L & 25~31 mg/L
o] W& Yetyttt. E3t, 9y 749 {u]&of uhet 1
Y g Fol E F AF sk 4837 99l ZH7f 32
mg/Le} 13 mg/L2 B 5% 2po| & KRt

2. AT LA= AH

2 Ao AHEE M Ftol /X5t & F A 2| 3e] A A
A 2] 4= Fig. 1o 7HeF4 0 & Yety lot. A 2542 1
B 2 AR, 57 % (Tank 1), 13} A X, A4 R (Tank 2), 22}
WAz, FAREZ (Tank 3), 32} WA %, {0 FHC2
T EO1A St} ot AFAILRE 7] % (Tank )&= 24,
AbAZ (Tank 2)= 0.36Q0|m FARAZR (Tank 3)= 3.6
o[t} E3H S 7| X (Tank 1)ofl= £ 7] AJ A o] A= oA gl
o] FEeh §EAA Y] Fo] o] Fol Xt Al & A<= 2009
d 44 9 20099 9ol FdH= 3 w2k 7 whezo]
A A HefeE A psto] AR E 5H9 o, 7 vk
Z(Tank 1~3) Y &] &2 A& A ste] vre|2jot S RA
shoich

2.3. DGGEE o] -3 dtg glo} 2 E£4

A5t £21%] 600 uLE fast DNASPIN for soil kit (MP
Biomedicals, France)E ©]-235}¢] chromosomal DNAS &
5193tk 225 chromosomal DNAES F3 © & 27F2} 1492R
primerE ©]-8-3}¢] 16S tDNA FE-&- direct PCR3F Z-0f|, GC-
clamp7} ©# 341F-GC2} 518R primerE ©]-8-3}¢] nested
PCRE A3t T2 PCR 4AHE2 PCR AA| kit2
DNAE A5ttt [20]. 2 Aol AHE-H primerd] FFE
Table 20 YEtf it PCRE F3f| S3&5ko] A ¥ DNA
2 ug/ uLE 8% acrylamide gelo| loadingd}$ith. Gele] &&=
FHl= urea?} formamideS WHAIAZ AFE3}] 30~50%=
3ttt A7) 95-S Bio-RadAl] D-Code system (USA)S
0]-8-3}¢] 60°Col| A 20 VE 3057} pre-running 5, 200 V2
2107} runnings}$3th. 0.01% SYBR Gold (invitrogen)E- ©]

pH BOD COD T-N T-P SS Cr Temp.

“) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) O
Apr.  Sep. Apr. Sep. Apr. Sep. Apr. Sep. Apr. Sep. Apr. Sep. Apr.  Sep. Apr.  Sep.
7.9 8.2 376 524 500 555 353 371 25 31 23800 31500 32 13 19 25
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Fig. 1. Schematic diagram of wastewater treatment process.
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Table 2. Synthetic oligonucleotide primers for PCR amplication

PCR Primer Primer sequence (5'-3")
. 27F AGAGITTGATC(AC)TGGCTCAG
Direct PCR
1492R GGTTACCTTGITACGACTT
341F-GC CGCCCGCCGCGCGCGGCGGGCGGGGCAG
Nested PCR i GGGGGCACGGGGGGCCTACGGGAGGCAGC
518R ATTACCGCGGCTGCTGG
. 341F CCTACGGGAGGCAGCAG
Sequencing PCR
518R ATTACCGCGGCTGCTGG

£35}0] 2087} stainingd} 3.2, UV tansilluminator (MyImager
1000TM, SLB, USA)& 25191t} [20]. DGGE band 2 H-g]
Y E3DNAE 8 2 2 GC-clamp”} §l+= 341F, 518R primer
£ AM2319] PCRE Z13Y3} 4 th. T-blunt vector (Solgent co.,
Ltd., Korea)Z 0]&3} 16S rDNA tHH S plasmide]] 4F¢) 5}o]
H7IAE A4S 2353 Tk 415 168 tDNA 9714 9
CLUSTAL W (Ver 2.0)Z 0|83 A &35}5t} [21]. Phylogenetic
analysiso]] AF&-3t 16S rDNA sequence= NCBI data base]|
=75} th. Phylogenetic treex= neighbor-joining method &
AR89 31, MEGA (Ver 4.0) & 12882 0] 83 1,000419)
bootstrap analysisE 3 3s}o] HhH|2|ote] F {84 4=

SHaE [22].
24. vre 2o} A F 4 [23-25]

e 2ol A 242 f8l A= (55 1 295 4% para-
formaldehyde solution (A &:11 g B = 1:3) 0.2 4°Cof| 4] 16 A]
2H S DA ZTh TAHE AR E 4C, 12,000pme] 270,
2 208 59k 4 elste] A5 |75k phosphate
buffered saline (PBS)2.2 1174 918 A 2] 35}o] Eubacteria 2
total bacteria 54 o] A}-8-5}93 ¢}

FISHH-&- 0]-8-3}¢] Eubacteria 42 5} o, 1 = A]
"2 E gelatin® 2 FE 4 slide glasso] =37, probe 2 uL (5 pg/

uL)&} hybridization buffer (0.9 mM NaCl, 0.01% SDS, 20
mM Tris/HCI, formamide 20%) 16 uLE #7151 46°Cof| A
905 Zof vh-3-A| 7t} v) 2] 7} ¥ ¥ washing buffer2 48°Coj|
Al 155 B AR SEAL 371 ol A A=A Z T F3E 7
(Axioskop 2 plus, Carl Zeiss, Germany)Z} scanning confocal
laser microscopy (LSM 510, Carl Zeiss, Germany)S A}-8-3}

o 8008} 5L 4008 2 ulj &0 A fieldujoll WreR Hhe| 2ol 5

Table 3. Characteristics of oligonucleotide probes used in this
study

Probe Probe sequence(5'-3") Specificity Dye Ref.
EUB338 GCTGCCTCCCGTAGGAGT Eubacteria FITC [23]

= 103] o]} Alg=sto] 1 H+ 7k A4ttt

Total bacteria 42 74 H A| & 2 GIE gelatin®. 2 ¥
= slide glasso] &1, DAPI (4',6-diamidino 2-phenylindole; 1
Gg/mL;Sigma, USA)= 52 3¢ GAsHIch A H Alme=
it SHTE AT & 397 (Axioskop2 plus, Carl
Zeiss, Germany) & A>3} 4 th.

REE-EL R k-
3.1. YETHH A TP A EE BTt

217k o] &4 A g)5-A ol A <] BOD, COD ¥ F2 4 (T-
N)oll thgt A A &S Table 40 eIt BOD Al A&
Tank 1 (3.7]2)0]| A] 2F 75~90% A =7} 9] 2.1, Tank 2 (A
22%), Tank 3 (FAFARZ)O A] OF 8~9% A= A A = o], XA
Ao 2 A 98% o2 AlALE YeR oy 1 4=
o] H]-go] =9 2009 495 BOD A| A &-0] 83% A==
A el COD Al A-&-2 Tank 194 65~77% A7 =
%121, Tank 29} Tank 30 A= 8~9% = AA o X%
A O F 73~85% Lo AALEE Bor, 7Y w49 v
o] =Ud 20099 4€o= 10% oA A|AEo] AstE
%t T-N A 7] &L Tank 1~Tank 32 7 X8 A 61~79% A &
¥on, Tank 394 & A|AE TN 60% o]4ro] A A=
At

Table 4. Removal efficiencies of unit biological reactors in wastewater treatment

BOD COD TN
Apr. 2009 Sep. 2009 Apr. 2009 Sep. 2009 Apr. 2009 Sep. 2009
Influent conc. (mg/L) 376 524 500 555 371 353
Tank 1 removal (%) 75.2 90.4 65.2 77 4.5 5.5
Tank 2 removal (%) 4.5 43 4.2 4.1 18.2 22.5
Tank 3 removal (%) 3.9 35 34 3.5 38.6 51.2
Total removal (%) 83.6 98.2 72.8 84.6 61.3 79.2
Effluent conc. (mg/L) 61.7 9.4 136 85.5 143.6 734
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3.2. DGGEE o 4% AETF HFFE U9 v
ol #3 &4

Z7ke] B AL THNA AT LA BRE 22
=] DNAS 302 16S tDNA £ 9 £ direct PCR3F 23},
AAAT = YetlA] ko oF 1460 bpd size= 1%
agarose gelof| A W=7} 82l =] Q) 01, direct PCRS £3 &
25 16S tIDNAE &3 2 &2 DGGES 93} nested PCRS
35t A3} 150~170 bp2] sizeZ 1% agarose gelof] A W=7}
gl =it DGGE gel9] &= Hl= 30~50%= 4% 5}
20 Vol A 30, 200 V 2005 runningdt <=, 0.01% SYBR gold
2 Quiatoleh. A7 2kzhe] e ez RA 7T
(band profile)E Fig. 20 et QIt}. Fig. 20014 = Hle}
o] 44of| Tank 1 (T1)~Tank 3 (T3)o A & F band®]
M= 1270 A= 0w, 94 TI~T30) A4 9] G band 7}
 I57) A== Ui, 490 TI~T30 A 2 bandEs
< 994 9] band &A1 A o A T FEo] EA 53 TI~T39
W H3lE A 499 F 9= & HE gl vk, 999
B5-5 H 34, SH, 79 band= Tl A H =7} 7 =4
e o w, 81, 98 bandi= T3l A A UEbstth T12 &
7|22 G754 AlA 9 Aistrt dojub, T3= FAk
Z 2 g0l dojub= whg-xo|th

Fig. 20| UFEFW 20094 49 (TI~T3)Z}H 2009 9€ (T1~

Apr. 2009 Sep. 2009

30

T IT2) T3 T T2 T3

50
Fig. 2. DGGE analysis of PCR-amplified 16S-rDNA fragments of
total bacterial population from sludge samples.

T3)¢] DGGE band& 9] £423}E Fig. 331} Table 5¢f L}E}
wilek. 2H7+e) A=k wkg2 (T1-T3)EolA 1% band
(Burkholderia cepacia (7X901049))2} 2 band (uncultured
bacterium (JF247555))= &4 5+l 1L, 53] 1] #|4=9f g
of AA H GAT| 65% AL H& u e AT
20094 4ol = T1~T30] A 19 bande} 2% band7} oF 2]
Q) £79€ wolo} 58 w40 kol WA #5: £l
40% A== YeERGE 20099 9€ o= 1 band2} 2 band
9] W7} EA Yelytth. Burkholderia cepacia= Wani %
[18]9] dAFATto| A =/do] 73t 67} Aol izt 2Hels
W uFEo 70| hE A ole & stz AoRE B
115 ¢l th. uncultured bacterium (JF247555)9] A Q&= &9
et WS 7AW, 252 0]-8-5t= vtE 2ot 7Hs Al o]
=0 Aoz wereEt 3¥ band (Pseudomonas geniculata
(HQ256559))= 1 & #H|4= H]go] Wt 9o vt vehd A
O g Hol 394l g 2 T FH 50l o] & HE Y
o529 Aol ¥ Asfste] Ued At wekEh
49 band (uncultured bacterium (JQ697102))2} 5 band
(Mesorhizobium metallidurans (AM930383))2] 74 9-= band
Sof yof Zfol= 99l O Lt 493} 99U B band7} ZA)3H
Rtk 4via} 591 whe 2ok 9l 0] Ao gl
o] Z+ AyAFs} o, Wani 5 [26]> Mesorhizobium®| 73-5-
28 e 9 ago] EAels S 2 AL A
o2 B3ty ek 69 band (uncultured Actinomycetales
bacterium (HM073699))2} 7 band (Uncultured Rhodoferax

@ I:sws
Mesorhizobium metallidurans (AM930383)

SW7
Incultured Rhodoferax sp. (JN819798)
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Fig. 3. Phylogenetic tree based on the 16S rRNA gene sequences
of DGGE bands from sludge samples.

Table 5. Phylogenetic affiliations of 16S rDNA sequences obtained from DGGE bands

Band no. Similarity (%) Closest species Accession no. in GenBank

SW1 95 Burkholderia cepacia JX901049
SW2 99 uncultured bacterium JF247555

SW3 91 Pseudomonas geniculata HQ256559
SW4 99 uncultured bacterium JQ697102
SW5 96 Mesorhizobium metallidurans AM930383
SW6 95 Uncultured Actinomycetales bacterium HMO073699
SW7 95 Uncultured Rhodoferax sp. IN819798
SW8 91 Flavobacterium sp. BF.107 FM173271
SW9 97 Hyphomicrobium zavarzinii Y 14306
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Fig. 4. Variations of bacterial biomass (Eubacteria and total
bacteria) in the biological reactors (T1~T3) at Apr. and Sep. 2009.
Parenthesis is the percentage of Eubacteria/total bacteria.

sp. (IN819798))2] 7-9- 49 9] band 4] A 3}o] A= 3u|3}
A S Yebt o, 999] band 24 Aol A= ATt
bandE EF QlTh Rhodoferax sp= A ZHYule| gjof2 &
A A glon [27], AEFolA] S5 A= Ao R Bl
o] 28] ZE 22 FaSol tzt Aol Sl oz i
E ). 8 band (Flavobacterium sp. BF.107 (FM173271))¢}
99 band (Hyphomicrobium zavarzinii (Y14306))= 1] & o=
ool =9kd 499 A= TI-T3o| A o] W 2}o]7}
glo] 3lw|stA| Urebst o, 1 8 | 4= ghefo] gheko] Wold
994 9 band 24 A ¥of A= T12} T2¢ H|sf T30 A= &<
5] A8 3k bandE LR QLT o] 9] of 2 A 5ol A]
Flavobacterium sp.2} Hyphomicrobium zavarzinii= 272 3
& vhggjobz Hawa glon [29-31], 447 94 O] T-N A
AgoA B ZJo]E Ho|= o|F %= Flavobacterium sp.2;
Hyphomicrobium zavarzinii®| band 24 A1}9} #&Ho| Q&
Ao 82 HehE

3.3. 3883 A4 W9 g 2ol JAF F7

49399 0] §9) 0] AA Bhol W 2t7o] Ay A
A SollA AHFTE S Aol et HrE 2 of AT 4]
2312 Fig. 4ol LFel ) 91 Fig, dofl Lrebal 7)) w59} 4
A 5| 4=9] H]8-0] 6.5:3.5 (2009 49), 4.0:6.0 (2009 9%)
= o] vt ejol WA F A5 B| sl HH Eubacteria
9} total bacteria®] A 4| -2 4 € o] v 3l 9€ 9] -7} <F 3n
ol4F 7 el 914 52 58] w4 v g B
ez vhe globs o] AR B e A AL
= vepstith e A ejx M= 2 Tank 1 (T1)2} Tank
2 (T2)of| 4] Rt} Tank 3 (T3)o|A] Eubacteriat/total bacteria
Hjgo| Zradhs 20 ® Kol Tank 3 (T3)ofA &4 ¥
Eubacteria 0] 2] 2] of 2] iF-50] th= Z25h A 2 & wheheint.
BOD/T-N9J H]-&-2 4o 1.01, 9o 1.52 Yelto, 7}
=S AAES Bl odol A as E3t = eyt

188
3 Ao AL DGGEES o] §3to] £ o150 B3 A
el 250 e elote] 242 AT AT b e A
2292 % gl

O MetpAg o s e ALERE 1Y
o AF H| =0 - H| &2 Ao 2 Qlsto] @ H=
A O] Aol g& Aol & ek STt

@ F4F H4=0] fdulgo] =39 A7l 1Y H4
o] Egtu]go] 2 A7) Kt BEsHA A2 2E W
dhe| g ob= 9] Aol 53] &=3kom, BOD, COD
4 TN A ALE 8~18% F &= A Yepd §hd
g H5o] fgulEo] =2 Al7lodle 91E Hg Sl
A AE w9 SV FF R s 4 A=
hA A2z W o] vhe| g ol=9] AA| o] asgtol wt
2t e A=Al et A2 a&ol] AstE Sl

® Td H59 §UvjEo]| =& Al7]o|= Burkholderia
cepacia (JX901049)2} uncultured bacterium (JF247555)7}
Azt o, 4t Ho) fdnjeo] =5 Al7lole
Pseudomonas  geniculata  (HQ256559)0] -3} o
Flavobacterium sp. BE.107 (FM173271)2} Hyphomicrobium
zavarzinii (Y14306)= F-AAZ o A 24 B ¢}
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