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Wastewater Treatment Systems with Molecular Akira Akashi :

Biological Techniques
—Specification of phthalate-degrading anaerobic
bacteria using RT-PCR-DGGE—
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Recent development of molecular biological techniques provided us new approaches to the analysis
of microbial dynamics in biological wastewater treatment systems. Phthalate-derading anaerobic bacteria
were specified using molecular biological technique, RT-PCR-DGGE. An upflow anaerobic sludge
blanket (UASB) reactor was inoculated with granular sludge from a full-scale UASB reactor treating
brewery wastewater, and was fed with synthetic wastewater containing terephthalate and/or isophthalate
as carbon source. Changes in bacterial diversity during treatment of both compounds were monitored
with DGGE. Three specific bands were observed in the granular sludge which degraded terephthalate
and isophthalate, but not in seed sludge and the sludge which did not degrade the compounds. DGGE
pattern did not change in the granular sludge during the feed of terephthalate-containing wastewater.
After the change of component of the influent to isophthalate, one of these three bands was
disappeared. These results indicate that two kinds of bacteria participated in the degradation of both
terephthalate and isophthalate, and that the other contributed the degradation of terephthalate in an
anaerobic granular sludge system.

FHEESEME 7S v MEE Upflow anaerobic sludge blanket (UASB)

e I Anaerobic bacteria
TV 75 VR Terephthalic acid
4V 7 ¥ Vg Isophthalic acid

RJAF=E¥F2A ) T2¥a”  Polymerase chain reaction (PCR)
EUF LB, )V BKRIKE)  Denaturing gradient gel electrophoresis (DGGE)
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DRFED D072, HERMEY O - EEIF
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1. 1 7 % JVERALEE UASB R FSas D EEx
$100X1000 mm (B SL) DFUGEEIZY =L

T IVRIMLEY S =2 — ViBREPH2TLIEA

L, L7 % VB (TP) &4 V7% )VEE (IP) @
MRS % RER & T HRKEERENICMBETLZ &
WX Db BT, RIBEOEEE, 35~37 Tl
B X ICHIE L 72, 2R 1 ICBRAKAMLEL & EHE TOD-
SS B &R, EEEZ b EIFIE, TOD-SS &7#0.05
kgkg/d X WBIMEL, 75 VEEO DR B H5
‘AT vy T L7z 0%, BEKME%E TP B,
KNT, P B 28 L7,

1. 2 WEMBE DRI '

79 = a— )\WHRICAERT S MEWEEOMITIL,
DGGE HEIZ X D ERL 72, BRIy Y 7Y v 7
L7279 = a—)ViHRM»5 RNA 2FH L, EXM
B (BApME) RN RS9 14~v—ky hEd

& 1 UASB D4
Tablel Operating condition of UASB reactor

Run Composition of TOD-SS Loading
Influent (kg/kg/d)
1 TP* +1P** 0.05, 0.1, 0.2
2 TP 0.2
3 P 0.1, 0.15, 0.2
4 TP 0.1, 0.15, 0.2

* TP: Terephthalate
**IP: Isophthalate
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£\ 72 RT-PCR 12 & 1) 16SfRNA @ V 3 #HE 2 & T
DNA % HElE L 72, PCR EWiL, 40~45 % DEMH]
BENE D65 %R T2 )T I FIIVESIKE
IZE D 4E L7,

1. 2. 1 RNA OFFH

75 =2 — )ViGJE D RNA X, TRIzol Reagent
(Invitrogen Corp., Carlsbad, CA, USA) &b H W\ T
it L, Bl&HK W T, RNeasy Mini Kit (Qiagen,
Tokyo, Japan) THEHE L7z, T%bbH, /I =a2—
VERK100 mg& 1 mL ® TRIzol Reagent, 7 & OF
2, 02mL o272 RxVA%BEEL, 1mLOF S
AE—Z (BEF0.1mm) 2L 2mLEDAY ) 2—
vy S Fa—T7HT, 3000rpm, 3THIEE
TAHZ LI L 7, HAEHE L2 RNA I,
DNase AL 2 X Y {RTET A DNA % 7f# 1%, RNeasy
Mini Kit &% H\WTHERE L7z,

1. 2. 2 RT-PCR

cDNA DAL, HHERE R ReverTra Ace (REE
) bV, BLEROWRRTIOLEMFICLN B
Zhol, Thbb, 90C, S4EEMEL0.1ug
? RNA 1225 pmoles @ random hexamer, 1 mM @
dNTP, FUSHEW®, BL, 100U OMEEEE %
Tz, 25 CTIs4MLE L 7288, 42 CTASRIGST
HZ LI cDNARER L7,

PCR (%, EMEMIE D 16SIRNA Bz T DV 3 $HiH%
% BEIiE 4 5 GC-PRBA338f & PRUN5S1Sr % 7° 5 4
Y=t LTdbwiz, FUSHIE, 10ngd cDNA, 2
mM @ dNTP, 2mM O MgS04, 05uM D75 A
< —, 1U®DT#E DNA polymerase (KOD-Plus-,
HPERS), B LU, 1 XKOD-Plus-buffer (HE#H)
FVHA, CORIGHEZ9 T, 24008%, 94T
30%5, 65 C30#p, 72 C0MORKISE 100, Fl Xk
&, 94 T30%, 60 C30#, 72 C308 0 It % 10,
X512, 94 T30, 56 C308, 72 CIOHDIL%E

12H B %\, 16SIRNA BZ T2 HBIEL 72, 32
FOBIEKISHE, 2CT7T9OREEZ1RBI %o
72, PCR EYE, ~A 712100 Millipore) T
BiiE - iB#4E L 727% DGGE 12 L 72,

1. 2. 3 DGGE

DGGE 1, 40~45 % D& MFEEAE (100 %
BHFIL, 40%F VLTI FETMREOREY
THhb) 2&L65%BRVTZINVT I RXVELE
B L7z PR - BH#E L 72500ng? PCR W% 7 7
4L, 50V 3057 DikEIHR, 200V 5 K OKE) =
BIRIZEIWCLVER L, REKTR, SV i
SYBR Gold T204r %%, 302 nm DSV % B
LCEg L7,

2. #& R
2. 1 UASBIC & % 7 ZIVBRDINLIE

UASB UB%51, Y — VL UASB Kt gs D
LRSI = a— ViEREzHEBRE LT b L
7 RIWCET LIS, T, 7LV 78 VLA
V7Y IVEBOW S % RFRIR & T 5 BEK % dE I
fEETAI IV EEY L BT Runl),
FITE TOD-SS 77 0.05 kgkg/d & 0 E&Z AL,
FOHBTVIINEREAL VT ENBOGEE RN
5MEXRO0.1 kg/kg/d, 0.2 kgkg/d IZBMZ T v 7 L7,
FlEfE, BAHBRET VT ¥ VERRMEEKICHR 2
Wl1rHAERELZE Run2), 4V 7 ¥ IVEEEM
B cH 2 #ix L7 (Run3),

B, 2i2FnFhFL Iy VEO—HL7-0D
BREE L TASEROWRB ZIRT,, EEFAHH%RT L
TINBEA VT FVEBEOSREESEE LiED 5
FTICHIOHEL L7z, #0O®REGLICHKS O
FEIZEH L, TOD-SS &Afi0.1 kg/kg/d EExliF D T
L7y VEBRORKKRFERIZ106 g/d (RERT8A %),
AV 7y IVEBORKEERIT3 I gd (BREES
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%) Tdholz, TOD-SS EFf0.2 kg/kg/d EERFIE,
FNFN167gd (BREH64%) L64gd (BE
911 %) THo72o 0.2kgke/d 1ZB1F % EEx AR
B, 4V T7 ¥ IVEOREEI, 6gdiifETIEiz—
FER oDz, FLI7 ¥ NVBOKRERTI—EY
T, REETHo72, T2, REEDPHERT B0
Vv, TAFEEE DKL,

FLIINBEEAL V7Y NVBOEES 2 EET 5
BE K D MLER % 280 H BIfkSE L 7225, MRS OREE
OEIMIFRD N holz0T, BEAMEEZTL 7
5 VEREMEE KT UL 2 ke U722 (Run2 ),
BREED EFAIZBD LN o7z,

BlERE, B E A Y 7 ¥ OVERBHC# 2 L
BiEBZhol Rum3), BHOLEFICEL DRV
BREEDEMIZEA L, TOD-SS &i70.25 kg/kg/d
BRI IR AR30.1 g/d (BREZRT %) DFREEN
Z bz,

B, EBRMEAP, EKOFEREEEIZ10 mg/L
KRB TH-o77,

2. 2 RT-PCR-DGGE iE(C & % 7 2 ILEE D RRAAE DIEE

2.2.1 FLI7ZZNEBEA VT VEEEHERKTD
BIEHM A IC BT 2 MEHENENL 75V
B R O HEE

R3CTL 77 VBEEA YT 5 VB S % &4
TARKT 22— VHERELHIELZ-HE
(Runl) 12B1T % MEEHEDOREHEE(L% RT-PCR-
DGGE 2 X VBT L =R * R T, BHE (L—
Y1), BLUD, 79 NVEBOGEEED R WER

Lane 1l2l3lalsl6l7(8Tal10
TP Elimination (g/d)|—1 0 0.1|1.2|4.5]6.7|10]9.5/10 |11
IP Blimination (gid)| — | 0 /0.1/0.8]1.4]2.9]2.8/2.7/5.9]6.1

¥ 3 RunliZBITAMEEEDEL
Fig.3 Changes of bacterial communities in Runl

(L=r2&3) TRAFETAIMEYHEEICEIR
SN olze LL, 77 VEBESEEEOREL
LB, HLwIERONYF (3 LV—r4—10,
KEla, b, c), Thabb, HEIHHAL, 1
LONYE (ME) &, FHRSSBEED WG
RICERONT, SBEEDOD B FERICIFENICE
b, o, RICEYVREICBESIN -2 L0b,
NS 3EOMBENT LT Y NVEEEA V7 7 IVEED
TRIZEBEIIEGE L ThwAdnLEZ NS,
2. 2. 2 BEAKHBROEAICE bR ) BEWBEEDE
1t
FLIINBELY 77 VBOTBRS % &8T5
BEKM D, TLTHVERIZTERTHEEK, RNT,
AV 7 NVEERERRRK, 2612, FL 7Y VEEEE
BEK & BEAROMBE B Z, FhIZk bk ) AUt
£ %A% RT-PCR-DGGE E12 & h L7z (&
4), 7L T7INVEEFZITECERKTH L » HRLEL
7205, ISV RNy — B LR O ol (L—
¥3—5) RWT, 41V 7% VEREABEKIZHEZ
72 ZAhH (L—=r6—8), ak cHONV FIZZEAL

T2 BAKHEEE 7Y VERSHE OB
Table2 Influence of influent composition on the presence
of phthalate-degrading bacteria

Composition of Influent

Band }

TP+IP TP P

a + + +

b + + -

c + + +
Lae [1!2]3]4(5]6|7[8]9]10]n

4 FXKMBEOENIZE D %) MEEEOE(L
Fig.4 Changes of bacterial communities following the
changes of influent composition

% The arrows indicate the DNA bands which were observed in the granular sludge

which had phthalate-degrading activity.
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RN o728, THEIWINY FbdERL:
(L—=6), T2, —EWEELZNY Fbid, BK
M Z TV 77 VERICRE L THBIE L o7z (X
41 —r9—11, £2),
SEOERIE, 7 NVBREME—DRFERL T L
JK T UASB Ftgs# b Eif7z, LidsoC, &
B 7 7 VB IER O 2 WIBRIZIGER S d,
SREEE BT AHFRICRENICHET AN
(HiE) 7 4 VEBBOEAL, Thbh, FRICHEE
LTWwadhntEZLNA,
SRIDIERN S, FLIINEBEA )75 VEED
SRIZIE, D &b STEEHOMBEAESLTEY,
ZFOW2HE (akc) &, WYWEDOHTHEIZHEG LT
By, By 18 (b) 37V 7 % VEERZ T DGR
5L TWn5a Z EARIBINIZ,

9 U

B O 5T EWMFERNTFETH 5 RT-PCR-DGGE
2LHb0nAI EICE), SFTCRAUTH-7-T7%

FEALIE UASB EEBHNO 7 ¥ VER W 2 HET 5
ZENTE, SEZSNERIE, EROERE
BRIz, MAEWZENETE 2 O OEREEIEE
TRETEHOTHY, 7 NBNHEHEEBED X D #H
UTRELREGERPRRICLADDLHFEIN
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