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Flow meter

Effluent

ceeesp QD

Packing material
(¢: 8-10mm)

Wastewater Biofilm

01 00000D00O0000:00 11em, 00 60cm0O0

01 0OO0OO0O0OO

Run Run-0? | Run-1 | Run-2
Influent concentration GP® 500 250 0
(g-C/m’) DMF*| 0 250 | 500
Flow rate (cm’/h) 200
Hydraulic retention time (h) 14
Volumetric loading DOC 1.2 1.2 1.2
(kg-C/m’-d) DMF | 0 0.6 1.2
Temperature (°C) 20%2

* Cultivation of microbial film in the biofilter

® The artificial wastewater composed from glucose and
peptone (1:1, w/w).

¢ dimethylformamide

gooooooOoooOooOOoO0O0oooooooooODOo01L000ooDOoO0O0d 4mg/L
gooooooo
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Oo000dd PEGeoo+KOH O ODOOODOODODODMmMOOMM OO 60mL/min00000
0200°CO000000O200°CO000000 140°CO00000000O0O0OO0O 10pxLO00000O
gooboboobo4spm oo boobboobboobboon
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3.24 DNAOO
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1.5mLO000000000O000O0 1mLODOODODOOMD8,000xg, 10min[0] 00 00.05M
000DO00oo0obOooo@pH7OMOODODODOODOOODOOOODOODOOO 0.o06MO0O
000000000 000DO000 —20°CO000000DNAOOOOI1I5M NaClO1ODO
go0doob0ooboobOoobOobobO CcTABMI 0.1 M Tris-HCO pH 8.00J 0.1 M EDTA pH
8.0J0.1MOOIDDOMMIpH 80T 1450200 SDSO 10pLOO0O0O00000000
0000000001000 00000O0DbO0O0OeCODb0OO0O0ODODOODOOOOODOn
gooOoooOooooooobwoopLD c-MOMmM2:1, v/vMOOOO5000000000
goodbobodobboooobobOosooooboboce-MUOUdUn Mycobacterium O OO
Jd0b000oobboOoobobOoU0ObC DNAOOODOOOUODO OO Mve-Obiang, et alll 2001111
0000000000000 0O00O00OD0O0ODO0ODO DNAODODODOODOODOODOODOODO
gooommi4,000xg, l0min[(0 000000000 0O0OOOO0OO0OOODOO0O 10000
1.2~140 0000000000000 0O00OO0DO0OO09o0Db00O00OODO T 14,000%xg, 15 minl
ooooDoOoO0o20000995000000000000000M 14,000%xg,15min,4°C O
00000020000 7000000000000 0714,000xg,15min,4°COO0O0O0OO0O
00ODNADOODOODOOODOODOOODODOODOOODOODOO0ODOOOD DNADOOD
0 TE buffei] 10 mM Tris-HCO pH 8.0l1J 1mM EDTA pH 8.00b0pL O0O0O0OOOOOONO
[ cell lysatel1] 0 0O O

000000000 v-5500Jasco O MO0 Ay UOOOODNADODOODOODODO O Ageo
010000DNADDODO 50ug/mL 000000 I Crecchio and Stotzkyl 1998111

3.2.5 PCR
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clamp(:CCTACGGGAGGCAGCAG-3'10 00 5171 5'-ATTACCGCGGCTGCTGG-3' M 000
PCROOUOOODNAOOODOODOOO AmpliTaq Gold] Applied Biosystems O[O OO OO2.5
U/reaction Taq Polymerase[ 1xbufferd 0.2mM dNTPO 3.5 mM MgCly solutiond 100 pg/mL
Bovine serum albumin special quality for molecular biology solution[] Roche Applied Science
Biochemicals O 0.25pyM OO OOO00O0O0OO0OO DNADOs0ngtI OO OO0 PCROO
000000094°CO9min—094°CO 1 min—65°CO 1 min—72°CO 1 min0— 3cycle 0O 00O
O0OOoDOD 1°cO00 60°CO 20cycldd OO0 35¢ycled— 72°CO10min D O0O0ODO0O
pCROODOODO

PCROOODODOOOOODOODOODODOOODOODOOOODOODOODOOD DNAOO
gobDoOoOoObpGGEOOOOOOO —20°CcOOOD0OO
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00000000 oo000eoccCcO130VvO40 00000 PCROOODOODOODODODODODO

000000 VistraGreerl ] Amersham-Pharmashia O [ OO0 0000 3000000000
oo0oooooooooooooooon

3.2.7 DOOooOoOooO

0000000oooooDoo0 o000 mooooooooooooooo 3000
000000000000 0o0ooo0ooooDom@ —20°CO0000O0D0 DNADODOO
00 pPCROOOODOOODOPCROODODOOODOO PCRUODOODOOD DGGEDOODO
O00OD00ODNADO spgDOO0O0O000DOODOO PCRUDOO QIAquick PCR Purification
Kit0O0OoOoOoooooooooooooooo

0000000000 SequiTherm™ EXCEL II Long Read™ cycle sequencing Kit-ALF™
O Epicentrell Wisconsin USA Cy-50000000000000OC0OO0O0OOOODOOODO
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3.3.5 OUOOOOOO
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uobobooooboobooooobooOoooOoOooOoooOboOooboOoOobOOOoOoOoobOOoOoOoOoDbOoo
goboOobooOoobOocOoobOocoboooon0O wadOOOOOOO3MOO00O0O00DOO

Nu —+ Nt Nv + Nt Nt
. Zw = Zu ZU - ZuU
(3.5) Nt N TN TN T N

gobobd«0b00gbob bbb w0 wbbOOooo
gob¢+bgoboob Zz,.,00000000D 0000000 000D ODODbOO td
goooobo ZzplZ,, OO0 «00ODOO0O0 »0bbboo zw, oo N,O
N,ONJON ODOOOOoooobobbbooooooooboobbooooooooobooo
StatPartner/V4 0 0 0 00 for Excel O-ha 010000

4. O0gooo

4.1 DMFODoCOOOOOOOO

goobO bpocUubboboOoobo pocUuubl pMFOODOOOODOO 20000000
ODOCOOODMFUOOOORuw-000 Run-1000 5000000000 290mg/LO O
530mg/LO0OOOOOODMFOOOOOOOODOOODOOOOOC DMFOOOOOOO
goboGpUdboboboobobobbobo2sbdb 20b0b000b0obg boc
UbMFOOOODOOOODOO

DMFO OO bDoCcUODUODOODLOOD30000Ruw-00000 DOCOOODOO 9000
goo0oODMFOUOUOODUOMRun-100OO0 500 0000000200000 DOCO DMF
goboboobbgogbo s oggbboobboobbooobbooobs320b0booo
gogboboeobbooboobboobbobbob Rren20000booopboCcooboog

L Run-1 Run-2 Run-1 Run-2

A Influent DOC

@ Effluent DMF
O Effluent DOC

Concentration (g/m?)

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (day) Time (day)

DOC and DMF removal efficiency (%)

02 0000 DOCOODDOOO DOCO 0 3. DOCO DMFOODOOOOODOO
DMFOOOOOOOO
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Time (day) Run-1 Run-2
0 10 20 30 40 50 60 95 100 110
Quinone composition (-)
UuQ-7 0.023 0.051 0.021 0.028 - 0.018 0.012 0.009 0.014 0.016
UQ-8 0.443 0.420 0.461 0.335 0.284 0.249 0.251 0.301 0.280 0.345
UQ-9 0.061 0.050 0.047 0.052 0.060 0.041 0.033 0.044 0.036 0.027
UQ-10 0.130 0.155" 0.166 0.130 0.112 0.088 0.086 0.064 0.053 0.048
UQ-11 0.005 0.007 0.015 0.018 0.014 0.002 - 0.003 0.005 -

UQ-9(Hz) 0.009 0.015 0.024 0.014 - - - - - -
UQ-10(Hz) 0.044 0.042 0.037 0.036 0.026 0.016 0.008 0.003 0.004 -

MK-6 0.085 0.073 0.039 0042 0.012 0.017 0.005 0013 0.013 0.021
MK-7 0.079 0073 0.053 0.073 0.052 0.023 0010 0019 0.016 0.018
MK-8 0.021 0021 0025 0038 0.017 0.023 0017 0022 0.015 0.027
MK-9 - - - - 0.007 0.009 0007 0018 0.024 0.017
MK-10 - - 0.008 0.005 0.001 0.001 0002  0.001 0.001 0.001
MK-7(H) - 0015 0011 - 0002 0006 0.002 0.002 0.005 0.003
MK-8(H;) 0.011 0.010 0.019 0.059 0.152 0.196 0.234  0.202 0.203 0.189
MK-9(H;) - - - 0.083 0235 0290 0311 0281 0318 0.283
MK-10(Hy) - - - - 0001 0.002 0.001 0001 0001 0.001
MK-8(H;) 0.046 0.040 0.043 0.034 0.012 0008 0.004  0.003 0.001 0.003
MK-9(H;) - - - 0010 - - - - 0002 -
MK-10(H;) 0.005 0.001 0.004 0.003 0.001 0001 0.001  0.001 0.00 -
MK-1I(H) - - - - - oo o

MK-11(Hg) 0.015 0.017 0.015 0.010 0.006 0.006 0.011 0.010 0.002 -

MK-9(Hyo) 0.009 0.010 0.014 0.020 0.006 0.003 0.005 0.003 0.007 -

VK1 0.013 - - 0.010 0.001 - - - - -

Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Quinone concentration (g/m®)

866 509 406 553 1401 1240 2677 2389 1793 1245
®_: not detected., "under line: dominant quinone species
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Time 1 2 - i - N 1 2 e+ § e+ N
Removal rate (-v) P Pr, -+ Pr -+ Pry Ity Zr, v+ Iy v Zrx
Quinone mole fraction (-)
Quinone species 1 Pip Py cor Py oo Py Ziy  Zyy v Ly v Iin
Quinone species 2 Pyy Pyy o Py cr Poy Zoy  Zoy vt Zy; vt Zon
Quinone species j P, P, -+ P -+ P Zn  Zn 0 Zy ccr I
Quinone species K Pk, Pxs -oc Py e Py ey Zxa 0 Zxi vt Zkn
DGGE band intensity (-)
Band 1 PK+1,1 PK+1,2 e PK+1,i o PK+1,N ZKH,I ZK+|,2 e ZKH,i e ZK+1,N
Band 2 Prizy Prin o Preai *°* Prion Zgizn Zxiap *°* Zxezi ** Zgean
Band L PL,] PL,Z cee PL,i A PL,N ZL,l ZL,z e ZL,i e ZL,N
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O7. ODMFOOOOOOOODDOOOODDOOOODOODGGEODOOOOOOOOO
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04, DGGEOOOODOOOOOOOO

Band no. Highest similarity Homology
B10 Aminomonas aminovorus C2A1 194/199
B21 Bacteriovorax stolpii Uki2 191/197
B27 Uncultured bacterium DSSD13 166/167

OO0OMK-RHO00 MKO H.OOOOOOOODOODODMFOOOOODOODOODOOODOOO
goooooooooobpMFOOOOOOOOOODODODODODODDOODOOOOOOODOODO
OO0 DGGEODODOOODMFOOOODOODOOODODODODDOOODDODOOOOO DGGEOOOOO
B20B5O0B1oOB21 000 B2rOdddodooooooB20 BsOoooooooooood
ogoooooobpMFOOOOOOOOOOOOUOOOOOoOooooooooobobooBiod
B21 000 B27rO DNAOUOUOUOUOUOOOOOOoOooooooo pMrFOOOOOOOOOO
ooooooooooooo

ogodoooboooo 3sgdbo bpGGEOUOODODDODDOOOOOOOOobOOooonD 40000B10
00 Aminomonas aminovorus C2A1 0000 G+COOOOOO0OOODOOOOOOOOOONO
0000 MK-bln <8100 0O O I Hiraishil 1999111 B10 O Aminomonas aminovorus [1 [
godoooobboobooobooboboobooobpMFOODOOODODO Run-200000
O0o0odoobooodddAminomonas aminovorus DO OO OOO0OO0O0 DMFOOOOOOOO
gobooobobooobobbOobdgB21U Bacteriovorax stolpic Uki2 [ O U §-Proteobacteria
O0o00odoobobooooooboboodod MK-bl n < 80 MK-al Hx[ 0O O O O [0 Hiraishi
g dooooooooo pMFOOODOODOOOOoOoOoOoooooooooon
000 DMFOUOUOOOOOODOODOOOOOOO DMFOOOOOOOOOOOOOOOO
goodoooobMFOUOODOOOOODOOOOOOOOOODODDO MK-RIH200 MK-G HoOO
O0000ooooobbOd B27 0 Uncultured bacterium O DMFOOOOOODOOOOOO
ooooo

o000 DGGEOOOODOODODOOOOODOOOODDODODODO0O0O00O0ODOWardOO OO
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Dynamic Analysis of Microbial Community Structure and Identification of
Refractory Chemical-decomposing Bacteria by Combination of
Quinone-profiling Method and PCR-DGGE Technique

Tadao Kunihiro,! Masafumi Fujita,? Hong-Ying Hu® and Koichi Fujie!

IDepartment of Ecological Engineering, Toyohashi University of Technology
2Department of Civil and Environmental Engineering, University of Yamanashi
3ESPC, Department of Environmental Science and Engineering, Tsinghua University

A simple method for finding target refractory chemical-degrading bacteria statistically
from a mixed culture system was developed by combination of quinone profiling and
DGGE banding pattern.

Techniques for identifying degrading bacteria species by applying two kinds of
biomarker (16S rRNA and microbial quinone) are still limited. To statistically evalu-
ate the change of DGGE band pattern, a matrix based on DGGE band intensities has
been made by digitalizing DGGE band pattern. Refractory chemical-degrading bacteria
species were identified by cluster analysis with repeatedly measured data such as spe-
cific degradation rate, mole fraction of quinone species and DGGE band intensity. This
approach has been applied to analysis of microbial acclimation to dimethylformamide
(DMF) in biological wastewater treatment experiments.

Key words: Cluster analysis, DGGE, dimethylformamide, microbial community structure, quinone
profile, submerged biofilter reactor.



