ALY 58 KA

sk #R4 (Yayoi ICHIKI)

AL DL TR it (L)

FAE T (=) $£15%5

AR GAEH A T2 03H25H

A SCRE H A A R T TEEA O BRI 2 B ) & L 72 UAEY Fr9irgE

RO Microbiological Study to Clarify the Environmental Fate of Nonionic Detergent

(BEFR & 7213 FaaR)

i CEAEEZR mEALZAR
FZEFE RN LERFPRFGEWEAFE S AT A LPHEHE &)l i
FHEAZER B LERFPRFEWEAEPES AT L T HRHR )L wR
FREZLER A LERPRFGIMEEE S AT A LPHEE R —H e
FFELZE W LERFPRFAFEEF RS AT A LPHLEE AR K

Al SR A RS et o] L3RR B L ot

SN DO E W < ELBLSII R e & L TELRmE-> TS, NOWRIZEDL D

(Fn30) EEL LT, BEAY, BIOKEEDIIBW TAMBEEZSISE T2 ERHES

NTW5b, B, < OEREHEDE X T OMEMIZ X - TEWFEN DR E2 %),
FOFEMEELI, ZRICKHL, TLFALT72 ) —A R x> L —k (APEOs)
TR sFEBEOMEAS SR 7, BEHRICKMN ST APEOs VB H I3 #E M
I, UL, FONMBEWTIZ A o Ui, B 0P T v R 7 Uit
wEET 5,

Z O XIE, APEO OBREEICHEL LT THMAEMONM L FE, B—#EER
JxF L7 a—, (PEG) g% H> APEOs O FH & k. APEO 4y fif i
DA IIIRA T = X L BREEMAEY ~D MALDI-MS O f i >\ TRt L7z
HLOTH D,

% 1% TlL, APEO RN D53 & 3 RIEM ORIEIZ DWW TR 5, HASKL

174 iR EZRIL T, SEERE OO, 42 > 70 & Triton X
(tert-octylphenol polyethoxylate) % Hi—RREIH & 3 5 MARHE R HI TR L 72, £

DOFEF, 72 7 Fr o LY > T U Triton X D RIGEEEZ /R LT, ZOHO—>

MIENS I L 72 1313 Triton X 2 OP1EC (4-tert-octylphenoxyacetic acid) -~

HRENZ R LT, SEFEE R & BB L 7= Triton X 23 f# 14 1< PEG 85 % 5 851t

T HRENEFH, Kdiz, OP3EO (4-tert-octylphenol triethoxylate) & OP2EO
(4-tert-octylphenol diethoxylate) % #fL 7=,

5 2 TlE. APEO /iR Ol & FEIC DWW TR 5, LRI O HEfE L7
1% 16S rDNA ® RFLP fi##riz & v B E@HIC R & & 7=, Pseudomonas., Agrobacterium.
Alkaligenes 72 £ © APEO 73 fi#fe % Ff->—i# D y-Proteobacteria £, HARD THEIZJA <
AL, BREFRCZ A ha o mE R R ONRED 2 EFET D Z E A LT LT,

H3ETIX, RWHE—HE D PEG ll$§% Ff> APEO K€ 1 — 7 OFHLAERHIZ DN T
WD, REEA Y U AEE FIZBIT % 2-[2-(2-chloroethoxy)ethoxylethanol (2 & %
4-tertoctylphenol D7 = / — /LHKEEFE DD 4 U T LY T VX ALITR T 5
9-(4’- tert-octylphenyl)-3, 6, 9-trioxanonan-1ol (OP3EO) % & &M 5- % 7=, R Ehfik
BT T, ROV U LORDITHFELTZKERET Y DA EHEHATDZ 82X,
KIFKEEIEN T L F L b S 7= OP3EO, 18-(4-tert-octylpheny)-3, 6, 9, 12, 15,
18-hexaoxaoctadodecan-1-ol (OP6EQ). 27-(4-alkylphenyD-3, 6, 9, 12, 15, 18, 21, 24,
27-nonaoxaheptacosan-1-ol (OP9EQ)7s & DIEEM & A LT-,

% 4 T TIX, APEO OAEWIMRIZE T 5 APEO O 7 VX VDO EBIZ DWW Tk~ 5,
FHEBRD para (illkkx 77 VX VA FFD APSEO # &R L7z, AP3EO I 3 Bk
Pseudomonas putida \ZH.—[XFJ{R & LTH X iz, 7T/F/VED tertbutyl D &
X, TXTO P putida 7 AP3EO Z53fif L. EEMIIKHET D AP2EO &/ L7z, /)
SIWT xR (R=H, methyl, ethyl) %#F#> AP3EOs & 5-%27- & &, P putidald
AP3EOs % /rfif L, 55212 AP2EO, AP1EO #%fEL7-, Zh b OfERIZ, APEO
DRI T F R para DT IVFIVIEDSRI R RE SICKREL B EZ T2 L




LT,

%5 ETIE, EHE—HE PEG 842 FF> APEO ORI oW Tik~%, RHE—
#E PEG 844> APEO OF|Hi%. APEO D4y fif A 51 = X LDRFZEICH N TH - 1=,
OP10EO # AW 7=k DfER, 1 EO == MMEWAEr—2 OPIEO ® HPLC %
FrZE 2 E—27 U 72, 552 2~4 BRI IR 2 ([N L7, K538 6 RefEIft ORI D
MALDI-TOF < 2 27 kL% OP10EO OER{L AR T 5 OP10EC DIFEZ R Lz,
Z OFERIT BP0 PEG ISHO KD 5 exogeneous (ZHETe 2 & A 5T LTz,

6 = TIE. BREMAEY ~D MALDI-MS OGS I OWTIR~R%, 15 » s J—2
THEIZ oW T APEO 3 fifRE Z 15t L7z, 10 » T 13813 PEG IS O 8 LIE A 5 5 |
LoD H3IT R KR HE 2 I3 D W VR U VAT R LTz, DT R IE R E S
L2FE7= 720y APEO 23 fif# 0 2o =— % Wi L. MALDI-MS /3% — > PCR-RFLP /<
Z—, gyrB B FRATIC LV 3 LT, BBEEIL MALDI-MS /X% — /12 X 5 43I
L0 3T N—TT5 T b iz, 41f & 1066r primer & . 3 FEIEDHIREESE (Alul, Haelll,
Hhal) % H\7- PCR-RFLP g, HEERE 2 Pseudomonas B\ZJBT 5 Z & &R LT,
L UHEEE XX TR U RFLP "% — > % 5 2 7=, gyrB &fn D> — 27 = A ©
X, BEEFE T 2 7 v—TF I bz, MALDL v~ A A2 hL, BN gyrBy—7 =

AN KD FERERIIFE—TH Y . HEEE O APEO S fifiEME & —E L Tz,

i XNEDEE
(H30)

There is growing concern that the endocrine disruption is a global phenomenon
and endocrine-related effects have been reported in wildlife causing reproductive
failure, especially in aquatic organisms. Usually most environmental pollutants are
biologically degraded by some microbes and lose their toxicological activity. On the
other hand, the alkylphenol polyethoxylates (APEOs) cause a different type of
problem. The APEOs originally emitted to the environment are not toxic, the
biodegradation products, however, acquire the estrogenic or anti-androgenic
activity.

This thesis deals with distribution and identification of the microbes affecting the
environmental fate of APEQO, the new synthesis of standard APEOs having single
length PEG side chain, the biodegradation mechanisms of the APEO degrading
microbes, and the application of MALDI-MS to environmental microbiology.

In the 1st chapter, the author discusses with the distribution of APEO degrading
bacteria and the identification of degradation products. Topsoil samples were
collected from 174 different fields in Japan. Each soil sample was incubated with
Triton X (tert-octylphenol polyethoxylate) as a sole carbon source to find degrading
bacteria. 72 soil samples exhibited Triton X degrading activity. One soil sample
collected from Okinawa Prefecture degraded Triton X to OP1EC
(4- tert-octylphenoxyacetic acid) under aerobic condition. Triton X degrading bacteria
isolated from the enrichment culture media had the ability of shortening the
polyethylene glycol side chain and accumulated the degradation product OP3EO
(4- tert-octyl-phenol triethoxylate) and OP2EO (4-tert-octylphenol diethoxylate) in
the culture media.

In the 2nd chapter, the author discusses with the separation and identification of
APEO degradation bacteria. The bacteria isolated from the enrichment culture
medium were tentatively identified by 16S rDNA RFLP analysis. It becomes obvious
that such a series of y-Proteobacteria with APEO degrading activity as
Pseudomonas, Agrobacterium, Alkaligenes, and others are distributed widely in
Japanese soil and the bacteria may produce estrogenic metabolites in the
environment.

In the 3rd chapter, the author discusses with the new synthesis of APEO
homolog with long and single length polyethylene glycol side chain. The Williamson




alkylation of a phenolic hydroxyl group of a 4-tert-octylphenol by
2-[2-(2-chloroethoxy)ethoxylethanol in the presence of potassium carbonate afforded
the corresponding 9-(4- tert-octylphenyl)-3, 6, 9-trioxanonan-1ol (OP3EQ)
quantitatively. By using powdered sodium hydroxide in place of potassium
carbonate in the presence of phase transfer catalyst, the alkylation of terminal
hydroxyl group occurred to give a mixture of OP3EQO, 18-(4-tert-octylpheny)-3, 6, 9,
12, 15, 18-hexaoxaoctadodecan-1-ol (OP6EO), 27-(4-alkylphenyl)-3, 6, 9, 12, 15, 18,
21, 24, 27-nonaoxaheptacosan-1-ol (OP9EO) and others.

In the 4th chapter, the author discusses with the effect of bulky alkyl group of
APEO on the biodegradation of APEOs. AP3EOs having various alkyl groups at the
para position of aromatic ring were prepared. The AP3EOs were fed to three strains
of Pseudomonas putida as a sole carbon source. All strains of Pseudomonas putida
could decompose AP3EOs and accumulate the corresponding AP2EOs
quantitatively when the alkyl group was tert-butyl group. When AP3EOs with small
alkyl group (R = H, methyl, ethyl) were fed, they decomposed the AP3EOs and left
AP2EO, AP1EO, and corresponding carboxylic acids in the culture medium. These
results indicate that the biodegradation of alkylphenol polyethoxylate was affected
by the steric size of alkyl group at the para position of the aromatic ring.

In the 5th chapter, the author discusses with the application of APEO with a
long and single length polyethylene glycol (PEG) side chain. The use of APEO with
long and single length PEG chain was effective for studying degradation mechanism
of APEOs. Result of biodegradtion test with OP10EOQ, the peak area of one EO unit
shorter homolog OP9EO gradually increased after 2 and 4 hours incubation by
HPLC. MALDI-TOF mass spectrum of the medium after 6 hr incubation indicates
the existence of OP10EC, the oxidation product of OP10EO. This result suggests
that the oxidative degradation proceeded from the end of the PEG chain.

In the 6th chapter, the author discusses with the application of MALDI-MS
instrument to environmental microbiology. Fifteen soil samples from water’s edge
of creek were investigated for APEO degrading ability. Ten soil samples possessed
PEG chain shortening activity and the other soil samples oxidized the terminal
hydroxyl group to corresponding carboxyl group. The colonies of APEO degrading
bacteria having slight morphological difference were isolated and the bacteria were
grouped by MALDI-MS patterns, PCR-RFLP patterns, and sequence analysis of
gyrB gene. The isolates were divided into three groups by typing with MALDI-MS
pattern. The PCR-RFLP analysis using 41f and 1066r primer set and three kinds of
restriction enzyme (A/ul, Haelll, Hhal) indicated that the isolates belonged to
Pseudomonas sp., but all isolates gave the same RFLP pattern. The sequence
analysis of gyrB gene divided the isolates into two groups. The grouping results by
MALDI-MS spectra and gyrB sequence were identical and represent the APEO
degrading ability of the isolates.

In the 7th chapter, the main results of this thesis are summarized.
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