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Nonylphenol-degrading Microbe

Katsuhiko Fujii, Naoto Urano and Shigeru Kimura

Abstract: Nonylphenol (NP) is an important intermediate in the production of various commercial and industrial
materials, but is also known as a ubiquitous pollutant in urban aquatic environments. Recently, it has been shown
that NP has a certain estrogenic activity. Many studies demonstrated that NP is highly toxic and accumulative in
some aquatic organisms.

To contribute to the protection of a natural aquatic environment, a main field of fisheries, we have tried to
search NP-degrading microbes from natural or artificial environments, and have successfully isolated a bacterial
strain S-3 with a strong NP-degrading activity. Furthermore, the strain has been identified as a novel species of the
genus Sphingomonas, and we have named the strain Sphingomonas cloacae. In this paper, we introduce the bio-
chemical and genetical aspects of the strain S-3, discuss its potential for future applications on bioremediation, and
review the recent world research of NP-degrading microbes.
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Table 1. The preliminary list of endocrine disrupter chemicals (prdesented by EPA in 1996)
(Known)* (Probable)t (Suspect)
* Atrazine » Alachlor * Aldicarb
» Chlordanes +» Aldrin * Butyl Benzyl Phthalate
« Chlordecone * Amitrole * tert-Butylhydroxyanisole
(Kepone) * Benomyl * Para-sec-Butylphenol
*DDT * Bisphenol-A * Para-tert-Butylphenol
- DDD » Cadmium * Carbaryl
* DDE *+24D * Cypermethrin
« 1,2-Dibromo-3- * Di(2-Ethylhexyl) * 2,4-Dichlorophenol
Chioropropane Phthalate * Dicyclohexyl Phthalate
» Dicofol (Kelthane) -« Endrin * Di(2-Ethylhexyl) Adipate
+ Dieldrin * Heptachlor » Di-n-butyl Phthalate
* DES » Heptachlor Epoxide +» Di-n-hexyl Phthalate

* Dioxin(2,3,7,8-)
* Endosulfans
* Furan(2.3.7.8-)

« Hexachloro-benzene
» Para-Hexachloro-
cyclohexane

*» Lindane * Lead
* Methoxychlor * Manzeb
* Para-Nonylphenol -+ Maneb
* PCBs » Mercury
* Toxaphene + Methyl Parathion
* Tributyl Tin * Metiram
* Mirex
+ Para-Octylphenol
* Parathion

« Pentachloro phenol
* PBBs

*» Styrene

+2,45-T

* Trifluralin

* Vinclozolin

* Zineb

* Di-n-pentyl Phthalate
+ Di-n-propyl Phthalate
- Esfenvalerate

* Fenvalerate

» Malathion

* Methomyl

* Metribuzin

* Nitrofen

* Octachlorostyrene

* PAHs

* Para-iso-Pentylphenol
* Para-tert-Pentylphenol
* Permethrin

» Ziram

* Known: Chemicals for which strong evidence suggests that endocrine-
disrupting effects occur in intact animals.

t Probable: Chemicals for which the preponderance of the evidence (in both
intact animals and in bio-assays) suggests that the chemicals can
cause disruption of the endocrine system.

¥ Suspect: Chemicals for which only assay evidence exists.
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Chemical and physical properties

+CAS No.=84852-15-3

« MW. = 220.35

- Spec. density = 0.95 g/cm? (20°C)

« Melting point = 2°C

* Boiling point = 295°C

» Appearance : Transparent and viscous liquid.
* Solub. in water: Insoluble

« Many structural isomers through its nonyl-group exist.
* Acute toxicity : LDgy = 1,620 mg/kg (rat, oral)

* Para-NP show estrogenic activities.

Fig. 1. A chemical structure and chemical and physical
properties of NP.
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Fig. 2. Degradation of nonylphenol polyethoxylate
(NPEO) by natural living microbes. *NPI1EC:
Nonylphenoxy acetic acid.
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Fig. 3. Typical time courses for degradation of NP by S-
3. Recovery of NP is the percentage NP remaining in
solution. Results of 4 independent experiments (O, @,
[0 and M) are shown.
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Fig. 4. GC/MS analyses of degradation products. Total
ion chromatograms of hexane extracts of a 0-day-old
culture (A) and a 7-days-old culture (B) are shown.
Peaks of NP and degradation products are indicated
by “*” and “**”, respectively.
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Fig. 5. 'H-NMR spectra of 0-day-old culture (A) and a
20-days-old culture (B) are shown. The signals corre-
sponding to the aromatic proton are indicated by ‘“*”
and “**”.

Fig. 6. A transmission electron micrograph of S-3 cells
(magnification, 8,000X). Bar length=1 um.
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Fig. 7. A phylogenetic tree constructed by the neighbor-
joining method based on 16S-rDNA sequences of S-3
and related bacteria. The scale bar represents evolu-
tionary distance (K,,.) of 0.01.
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Table 2. Levels of DNA-DNA reassociation for S-3 and other Sphingomonas strains
G+C % Reassociation with labeled DNA from:
Strain content
(mol%) S-3 yan pau chl  hrb HV3 RA2 sng cap nat  asc
S-3 63 100 17 10 20 16 16 18 5 3 1 0
S. yanoikuyae (yan) 62 19 100 8 19 17 15 16 6 5 4 3
S. paucimobilis (pau) 64 13 10 100 9 7 5 8 40 6 5 7
S. chlorophenolica (chl) 65 27 23 11 100 23 31 66 9 6 4 2
S. herbicidovorans (hrb) 16 15 7 17 100 18 15 5 5 4 2
Sphingomonas sp. HV3 (HV3) 64 18 19 7 31 23 100 35 7 5 5 4
Sphingomonas sp. RA2 (RA2) 23 21 9 69 23 36 100 () ] 5
S. sanguis (sng) 62 9 9 42 9 6 5 5 100 4 3 5
S. capsulata {cap) 64 9 9 6 8 6 5 4 4 100 3 0
S. natatoria (nat) 65 5 7 6 6 6 6 8 5 5 100 5
S. asaccharolytica (asc) 65 3 4 7 4 3 3 3 6 1 3 100




8 goooooboooooooo

goooooooooooobooooboog 2-
oooooooooono a4:02-c0m0oooog
gogs3-oHOOOOOOOoOoOooooooooo
0oogbdd Sphingomonas 10O OOOOOOO
00 Sphingomonas 1 0 00O DO0OO0OOOOODOO
goooooboooOo0opooOooboboooooodg
goooTLcoogoooooos30o00ood
0000oooooooooos30000 Sphin-
gomonas OO0 D0 0OO000O00ODOODOOOOOOODO

S300000000000000ob0oo0oobag-10
goooooboooooobooooboboooooog
gob Q-ooopboboboobooobooboon
OO0Q000ogno Sphingomonas sp. 00O DO OOONO
100000

S3000dood

000000000 Table 3 00 00O 4°CO
25¢ccO00ng4occhObn S30000o0bo0a
gobga2seccobboboboobd4ecO 40cCcOb
goooooooboobobboboobbboobobboo
gboboboobooobooboobooboboboo
gboobooboboooooooobooboobobon
gooboobobooobooooooboobobob
goboboboos3booooobooboon
goos3000o0osogbooooooooogon
gobooboos3b0b0ooooobooboooo
gobooboobooboobos3gooaon
gbobooboboooooooobooboobobon
gobooboobooboboobooobooos3o
gbobobooooooooboobobooboon
gbobooboboooooooobooboobobon
gogoboobobooooooooobooboboob
gboboboboboooooog

NPOOOOOODODOOODOODOOOODOOO
goboooboooobooboboobooobooo
gbobobooooooooboobobooboon
gooobobooobobo s30NPDOODOODO
goobooboboooooooooboobobo

guoooboood

gboooobobooobaoN,OODODOD

govooooooboooooooobooon
199500 Corti0 0000000000 OOOO
OO0O0oONPODOOODODOOOODODOOODDOO
00000000 nonylDOODO NP (n-NP) OO
goooOooooboooobooooboooOooooo
go0oOoO0o0oDoOoOooboooooooOooooboo
gooboooobobooobooooooboooooboo
goooOooooboooobooooboooOooooo
od
goboooooobooobobooooobooooo
goooOooooboooobooooboooOooooo
00000o0oDO0bOOo0O0o0ooOOoDbDOobDOoDbooo
199900 Tanghe 0 “ 0000000000000
opDooONOODOODOOODOOCOOODOOOO
O00OoO00DOOoOooOo s3000oooooo
goooooobooobooon 670 ppm O NP O
le0000000OODODOOODOODODDOOO
O000DOO00ODOOOOOO000d({(1,000ppm/10
days)/(670 ppm/16 days)=2.38}0 S-300 00 200
goooOoooobooooboooooooOooooo
000Oo00DOoO0oo0ooDooOo s3000o00
Sphingomonas U0 00O UOD0OOO0OO0OOOOOOO
oo0o0oo00ooOOooOOobOoOooOOobOOooOoDOooo
00000000 0DOO00OO0O0DOoO0O0ODO s-3
gooooooboboooboooooooboooooo
O000ODOC0OOO000DO0O0000 Tanghe OO
00 Ss30000000000D0000000DO
goooo
ooooooDbOoOooOooOos3000oooon
0000000000 S-300 Sphingomonas cloacae
OcloacaJ0O0O0O0OO0OODOODODOOOOOOO
0000ooools-30000000000o0o0o
Ol000 s-30000000100000000
gooooooooooboobooogn Interna-
tional Journal of Systematic and Evolutionary Microbiol-
ogy00000®00000000 12080000
oboobOoooo0oooobDgos. cdoacae 00
ooooOoo0oDbDoOoooooooobooOooooo
go0ooOo0o0oDooOooboooooooOooooo
gooboooooboomobooooNeOODOO
000000000 oDoo0ooo NPOOOO]
OO0 [00o0O0000loo0o00o0oooooo
Journal of Biochemistry 1 0 0 0 0 0 *90 Tanghe O O



ooooooooooood

*3SEPISOON - ‘ISEPISOUUBN-O :S}NSal oanebau aseb suieqs |je Yoiym 1o} sjsa)
-aselpAyoydsoyd-|g-gy-joyydeN pue ‘asepiuejiie suionat ‘osejeydsoyd auenjy ‘osejeydsoyd :s)nsas aasod aaeb sujens [je yoym 10} 159 (q
*auIf)sA9 ‘autaf|9 ‘aUIUOIYIB ‘aulue]y ‘BJeuodn]H-0}aN-g
‘31eu0an|H-0}9x%-Z ‘9jeUoIN}H ‘asouurur-g-JAYIap- 0 ‘usbooAlg ‘loliqlog ‘lopuuel ‘lopiAY ‘jouoing ‘[oNuopy ‘[oIIpug faulnu)  ‘lolsou] ‘asoqry
‘asojix-|Agei-{ ‘touqesy-g ‘asojebe)-qg ‘asoxA7-Q ‘asoqrog- ‘asolAX-T ‘jolqedy-1 ‘asouiqely-q sYnsas aanehau aaeb suless jje yoym 1oj sisay (e
-eofgfjoseysoese ‘ase ‘euojejeu ‘jeu ‘pjemsded ‘sdo isinbues ‘Bus
‘zvy "ds seuowobuiyds ‘Tvy "eAH ‘ds seuowoBuryds ‘gEAH ‘surioAcpIdIqiay ‘qiy ‘earjousydolopys Jyo loeAmijjourA ‘uel isiiqowroned ‘ned suoneialiqqy

aseplujwesoanib L R L N a)euoIn|H
- - - + - - - - - - - ~griAyiaoy-N - ~- - + - - - - - - - 10199410
+ O+ O+ o+ =+ o+ o+ - asepisoanjo-d - - - 4+ - -~ - - - - - opsoonB-gAyen-o
+ 4+ o+ o+ o+ o+ o+ o+ o+ - asepIsoon|o-o LA L B A T L R asouein}i-g
L T T asepiuoinonjo-d L e S asoonj
+ + + - - - -+ o+ - asepisojoejed-d A L A L A asoani-g
D . . T asepisojoe|en-0 L S asojeyai]
- 4+ = 4+ - =+ o+ o+ - wisdAnowiyn + 0+ 4+ - - = -+ - asolong
L T T R S uisdAa) LA T S S asolqiay
+ + + + = = « - 4+ 4 - oseplueilieounsis ¥+ + + -+ - -+ - asojeN
+ - + + + 4+ + + 4+ + + osepiwejlie aulep + - + o+ - - - =+ - 8s0j087
- d e e e e e+ 4 - (#0) asedi . T EELS TP ETET]
+ 0+ + + + 4+ + + + + -~ {g0)osedijasesnszy - - - *+ - = - = + + - asouljey-a
Y (#0) sseseysy LR L T unepbAwy
! @SaNANOe dwAzugz - - = 4+ - = - = 4+ + - uoptury
e T T S S asoqonusg-y
- - + - - - - - + + - aulpusiy + - + + - - - + + + - 9s01q0419)
- - 4 e = 4 e = e e = auiubiy LA N aupleg
- = -+ = 4 m = e = aushy L A T L sugnqiy
+ 0+ 4+ o+ o+ o+ -+ o+ o+ pioe sjeIn|o 4 - - 4+ - - - - - 4 - sulwesoonib jlieoy-N
- =+ -+ o+ o+ =+ o+ o+ ptoe oiedsy R e A S A asouweyy
+ O+ o+ F o+ A+ =+ - aupueIn|o ¥ - -+ - - - = - 4+ - asouue-d
e T e, suibesedsy - =+ 4+ -+ - = -+ - as0joni4-a
+ 0+ o+ o+ o+ o+ o+ -+ o+ - auisouf} + o+ + o+ o+ o+ o+ o+ 4+ - asoan|9-q
- + +* - + + - - - - - suluoI | + - - + - + + - - + - asojoefen
- e e e e e e e 4 e = auueg - + o+ = = - -+ o+ = asolAX-q
-+ o+ o+ o+ o+ o+ -+ o+ o+ auwoad - = = 4+ - + - - + + - asoulqesy-
- - -+ = 4 e = - - - ueydoydAag : (¢S]59) UoRHILISSY
- 4+ -+ =+ o+ =+ o+ o+ suluejejAuayd + + + + + o+ 4+ o+ o+ 4+ uoi3onpas ajeliN
e auianajosy as0onjb woyy
U aujonaT L T T uononpodd pioy
e 1, autjep T T S uopanpoud ajopuj
- - + + - - - - - + - ajejaoe ->=0—_E + + + + + + + + - - + Js3) asePIXQO
- - + + - + - - + + - d;qNeIPD - + + + + + + - + + + Jso} aseiejen
- -+ o+ -+ o+ -+ o+ - aele -+ = = = = = = - + = 2,00
- - + o+ - + - - + + = ayedipy + + + o+ 0+ + +  + + o+ + foX-14
e L sjesdes-u - = = = = - = . - - - 3, ¥ Ul mory
& PP A.Mv 04%. ™ W %.4 oav &£ opsueoeseyy | & & P oo@ ﬁmv nv%. S & oef o&o & snsuaoRIEyD

soroads spuowoIuyds 1910 pue ¢-S AENUAIJIP YITYM SOISLIONBIRYD) € I[qeL




10 goooooboooooooo

gboboboobooobooboobooboboboo
gboobooboboooooooobooboobobon
gbooboobobooooooooobooboboo
gboboboobooobooboobooboboboo
goobooboboboooooog
ooboOooboobo0ooboOoOoDboO NP
gobobONpEOUOOODOOOOODOOOOODOO
gboobooOoNPOODOOOONPOODODODO
gbogobobobooooooooobooboboo

gobooboboobobooboboobooboonb

goooooNeOOOODODOOODODOOO
0o0o0oO0obOO00o0oO0ooooDooooooooon
goobooboboooooooboobooboboo
go0ooOOobOOooOoOooOo1nbobooo 12000
000000 DOO0o0oDooOoobOoOooDbOO oo
goobooboboooooooboobooboboo
00O0oboOobOg Pseudomonas D DO OO OO
0oobo0oboooDbOo 1200boobooo
goobooboboooooooboobooboboo
good

g oddand

gdo0o0oo0o00O0oO0oO0oO0oO0oO0DOoOoOoOoOoOoOoOOo
00oooooooooooooooooooooo
O00o0ooooooooooNPOOOODODOCOO
00000o0ooo0oooooooooooo
O Fisheries Sci., Int. J. Syst. Evol. Microbiol. 0 O O J.
BiochemD OOOOO0OODOOOOOOODODOCOO
0oooooo

gobooboooobooboboobobo1boao

gooogoogn S cdeacae UOODOOOOOOO
gobo0ob0oobOoobOoOoONPODOO ppb
gboboboooobooboobooboboboo
gboobooboboooooooobooboobobon

gobooooboboboobobooobooboon

gboboboooooooobooboboboo
gboobooboboooooooobooboobobon
gbogobobobooooooooobooboboo
gobooooNpDOODLOOODOODOODOO
gboooNpOODOODOOOODOODOODOOOO
O S coacae D0 DDOO0DO0O00O0OO0OOOOOO
gboboboooooooobooboboboo

gbooooboboNpObDOOOOOODODOO
gboboboooooboobobobooooog
obo0DbO0000S coacae0000000O00O0O0O0
gboooNpOOOOOODOOOOOODODOO
gboboboooooboobobobooooog
00o0b0ob0ooboooonboD1,000ppm O NP O
sobobooooooboobooban
gboobooboooobooooboobobobo
obobobooooobooobobobooooog
gboboooooobobobobooooog
goboooboobooobooooaonNeOoDnDO
oobooboooboobobooobooobooo
gbooooogan
gboobooboooobooooboobobobo
obobobooooobooboobobooooog
gbbooboboboooboboobans. coacae
gbooooboboooooboNeOOODODOO

goboooobooboobboobooobooo

gbooooogn

goooo

1) T Iida, H. Hirakawa, T. Matsueda, S. Takenaka, and J. Na-
gayama: Polychlorinated dibenzo-p-dioxins and related
compounds in breast milk of Japanese primiparas and
multiparas. Chemosphere, 38, 2461-2466 (1999).

2) A. M. Soto, H. Justica, J. W. Wray, and C. Sonnenschein:
Para-nonylphenol: An estrogenic xenobiotic released from
“modified” polystyrene. Environ. Health Perspect., 92,
167-173 (1991).

3) P C. Lee, P. Arndt, and K. C. Nickels : Testicular abnor-
malities in male rats after lactational exposure to nonyl-
phenol. Endocrine, 11, 61-68 (1999).

4) R. E. Chapin, J. Delaney, Y. Wang, L. Lanning, B. Davis,
B. Collins, N. Mintz, and G. Wolfe: The effects of 4-
nonylphenol in rats: Multigeneration reproduction study.
Toxicol. Sci., 52, 80-91 (1999).

5) S. Jobling and J. P. Sumpter: Detergent components in
sewage effluent are weakly estrogenic to fish: An in vitro
study using rainbow trout (Oncorhynchus mykiss) hepato-
cytes. Aquatic Toxicol., 27, 361-372 (1993).

6) M. A. Gray and C. D. Metcalfe: Induction of testis-ova in
Japanese Medaka (Oryzias latipes) exposed to p-
nonylphenol. Environ. Toxicol. Chem., 16, 1082-1086
(1997).

7) L. A. Ashfield, T. G. Pottinger, and J. P. Sumpter: Expo-
sure of female juvenile rainbow trout to alkylphenolic
compounds results in modification to growth and ovoso-
matic index. Environ. Toxicol. Chem., 17, 679—686 (1998).

8) T. Shioda and M. Wakabayashi: Effect of certain chemi-



9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

ooooooooooood 11

cals on the reproduction of medaka (Oryzias latipes).
Chemosphere,40, 239-243 (2000).

R. Ekelund, A. Bergman, A. Granmo, and M. Berggren :
Bioaccumulation of 4-nonylphenol in marine animals. A
re-evaluation. Environ. Pollut., 64, 107-120 (1990).

M. Ahel, J. McEvoy, and W. Giger : Bioaccumulation of
the lipophilic metabolites of nonionic surfactants in fresh-
water organisms. Environ. Pollut., 79, 243-248 (1993).
ooooooOooooooooooooooooo
O0000oo0Oobo000oooomoooan, 4, %65-
995 (1998).
goooooboomoooooooooooooo
gooOooooooooooooomooooog
000001, 160-206 (1999).

M. Ahel, D. Hrsak, and W. Giger: Aerobic transformation
of short-chain alkylphenol polyethoxylates by mixed bac-
terial cultures. Arch. Environ. Contam. Toxicol., 26, 540—
548 (1994).

H. Maki, N. Masuda, Y. Fujiwara, M. Ike, and M. Fujita:
Degradation of alkylphenol ethoxylates by Pseudomomas
sp. strain TRO1. Appl. Environ. Microbiol., 60, 2265-2271
(1994).

R. Kvestak and M. Ahel: Biotransformation of nonylphe-
nol polyethoxylate surfactants by estuarine mixed bacterial
cultures. Arch. Environ. Contam. Toxicol., 29, 551-556
(1995).

S. Frassinetti, A. Isoppo, A. Corti, and G Vallini: Bacterial
attack of non-ionic aromatic surfactants: Comparison of
degradative capabilities of new isolates from nonylphenol
polyethoxylate polluted wastewater. Environ. Technol., 17,
199-213 (1996).

D. M. John and G. E. White: Mechanism for biotransfor-
mation of nonylphenol polyethoxylates to xenoestrogens
in Pseudomonas putida. J. Bacteriol., 180, 4332-4338
(1998).

W. Giger, E. Stephanou, and W. Schaffner: Persistent or-
ganic chamicals in sewage effluents: Identifications of
nonylphenols and nonylphenolethoxylates by glass capil-
lary gas chromatography/mass spectrometry. Chemos-
phere, 10, 1253-1263 (1981).

W. Giger, P. H. Brunner, and W. Schaffner: 4-Nonylphenol
in sewage sludge: Accumulation of toxic metabolites from
nonionic surfactants. Science, 225, 623625 (1984).

M. Ahel and W. Giger: Determination of alkylphenols and
alkylphenol mono- and diethoxylates in environmental
samples by high-performance liquid chromatography.
Anal. Chem., 57, 1577-1583 (1985).

P. H. Brunner, S. Capli, A. Marcomini, and W. Giger: Oc-
currence and behavior of linear alkylbenzene sulphonates,
nonylphenol, nonylphenol mono- and nonylphenol di-
ethoxylates in sewage and sewage sludge treatment. Water
Res., 22, 1465-1472 (1988).

J. Ejlertsson, M. L. Nilsson, H. Kylin, A. Bergman, L.
Karlson, M. Oquist, and H. Svensson: Anaerobic degrada-
tion of nonylphenol mono- and diethoxylates in digestor
sludge, landfilled municipal solid waste, and landfilled
sludge. Environ. Sci. Technol., 33, 301-306 (1999).

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

oooo,0000 :00000000000000
oooooooooboooooon0o (apE)OOODOO
O00O0O0oO0OboooooO,21,302-309 (1998).
goo0o,00o00oo0ooooooooooooo
oO0ooO0oo000o00o00oooo0oo0ogeat, 203-
208 (1998).
goooooooooooooooooooo,oo
gooooo0ooooooooooooooDooo
oo0o00ob 24-000000000000000
00000000 40,460-472 (1999).

K. M. S. Sundaram and S. Szeto: The dissipation of
nonylphenol in stream and pond water under simulated
field conditions. J. Environ. Sci. Health, B16, 767-776
(1981).

R. Ekelund, A. Granmo, K. Magnusson, and M. Berggren:
Biodegradation of 4-nonylphenol in seawater and sedi-
ment. Environ. Pollut. 79, 59-61 (1993).

K. Fujii, N. Urano, S. Kimura, Y. Nomura, and I.Karube:
Microbial Degradation of Nonylphenol in Some Aquatic
Environments. Fisheries Sci., 66, 44—48 (2000).

M. Alexander: Activation, in[] Biodegradation and Biore-
mediation (2nd edn)l] Academic Press, Massachusetts,
51-72 (1999).

F. S. Sariaslani, D. B. Harper, and 1. J. Higgins: Microbial
Degradation of Hydrocarbons. Biochem. J., 140, 31-45
(1974).

A. A. Kahn, R. F. Wang, W. W. Cao, W. Franklin, and C.
E. Cerniglia: Reclassification of a polycyclic aromatic hy-
drocarbon-metabolizing bacterium, Beijerinckia sp., strain
B1, as Sphingomonas yanoikuyae by fatty acid analysis,
protein pattern analysis, DNA-DNA hybridization, and
16S ribosomal DNA sequencing. Int. J. Syst. Bacteriol.,
46, 466469 (1996).

S. L. Eaton, S. M. Resnick, and D. T. Gibson: Initial reac-
tions in the oxidation of 1,2-dihydronaphthalene by Sphin-
gomonas yanoikuyae strains. Appl. Environ. Microbiol.,
62,4388-4394 (1996).

Y. Wang and P. C. K. Lau: Sequence and expression of an
isocitrate dehydrogenase-encoding gene from a polycyclic
aromatic hydrocarbon oxidizer, Sphingomonas yanoikuyae
BI. Gene, 168, 15-21 (1996).

E. Kim, G. J. Zylstra, J. P. Freeman, T. M. Heinze, J. Deck,
and C. E. Cerniglia: Evidence for the role of 2-hydroxy-
chromene-2-carboxylate isomerase in the degradation of
anthracene by Sphingomonas yanoikuyae B1. FEMS Mi-
crobiol. Lett., 153, 479484 (1997).

U. Karlson, F. Rojo, J. D. van Elsas, and E. Moore: Ge-
netic and serological evidence for the recognition of four
pentachlorophenol-degrading bacterial strains as a species
of the genus Sphingomonas. System. Appl. Microbiol., 18,
539-548 (1995).

Y. Ohtsubo, K. Miyauchi, K. Kanda, T. Hatta, H.
Kiyohara, T. Senda, Y. Nagata, Y. Mitsui, and M. Takagi:
PcpA, which is involved in the degradation of
pentachlorophenol in Sphingomonas chlorophenolica
ATCC39723, is a novel type of ring-cleavage dioxygenase.
FEBS Lett., 459, 395-398 (1999).



12

37)

38)

39)

40)

41)

goooooboooooooo

D. L. McCarthy, A. A. Claude, and S. D. Copley: In vivo
levels of chlorinated hydroquinones in a pentachlorophe-
nol-degrading bacterium. Appl. Environ. Microbiol., 63,
1883—1888 (1997).

C. Zipper, K. Nickel, W. Angst, and H. P. E. Kohler: Com-
plete microbial degradation of both enantiomers of the
chiral herbicide mecoprop [(RS)-2-(4-chloro-2-
methylphenoxy) propionic acid] in an enantioselective
manner by Sphingomonas herbicidovorans sp. nov. Appl.
Environ. Microbiol., 62, 43184322 (1996).

C. Zipper, M. Bunk, A. J. B. Zehnder, and H. P. E. Kohler:
Enantioselective uptake and degradation of the chiral her-
bicide dichloprop [(RS)-2-(4-chloro-2-methylphenoxy)
propionic acid] by Sphingomonas herbicidovorans MH. J.
Bacteriol., 180, 3368-3374 (1998).

L. J. Nohynek, E. L. Nurmiaho-Lassila, E. L. Suhonen, H.
J. Busse, M. Mohammadi, J. Hantula, F. Rainey, and M. S.
Salkinoja-Salonen: Description of chlorophenol-degrading
Pseudomonas sp. strains KF1, KF3, and NKF1 as a new
species of the genus Sphingomonas, Sphingomonas sub-
arctica sp. nov. Int. J. Syst. Bacteriol., 46, 1042—1055
(1996).

A. Stolz, C. Schmidt-Maag, E. B. W. Denner, H. J. Busse,
T. Egli, and P. Kampfer: Description of Sphingomonas
xenophaga sp. nov. for strains BN6 and N,N which de-

42)

43)

44)

45)

46)

grade xenobiotic aromatic compounds. /nt. J. Syst. Bacte-
riol., 50, 35-41 (2000).

D. L. Balkwill, G. R. Drake, R. H. Reeves, J. K. Fredrick-
son, D. C. White, D. B. Ringelberg, D. P. Chandler, M. F.
Romine, D. W. Kennedy, and C. M. Spadoni: Taxonomic
study of aromatic-degrading bacteria from deep-terres-
trial-subsurface sediments and description of Sphin-
gomonas aromaticivorans sp. nov., Sphingomonas subter-
ranea sp. nov., and Sphingomonas stygia sp. nov. Int. J.
Syst. Bacteriol., 47, 191-201 (1997).

A. Corti, S. Frassinetti, G. Vallini, S. D’Antone, C. Fichi,
and R. Solaro: Biodegradation of nonionic surfactants.
Biotransformation of 4-(1-nonyl)phenol by a Candida
maltosa isolate. Environ. Pollut. 90, 83—87 (1995).

T. Tanghe, W. Dhooge, and W. Verstraete: Isolation of a
bacterial strain able to degrade branched nonylphenol.
Appl. Environ. Microbiol., 65, 746—751 (1999).

K. Fujii, N. Urano, H. Ushio, M. Satomi, and S. Kimura:
Sphingomonas cloacae sp. nov., a nonylphenol-degrading
bacterium isolated from waste water of a sewage treatment
plant in Tokyo. Int. J. Syst. Evol. Microbiol. (in press).

K. Fujii, N. Urano, H. Ushio, M. Satomi, H. lida, N.
Ushio-Sata, and S. Kimura: Profile of a nonylphenol-de-
grading microflora and its potential for bioremedial appli-
cations. J. Biochem. 128, 909-916 (2000).

gbooooooboobanb

goooooooooodo o
gbooooooooooooooo

00000000000 (Nonylphenol: NP) DO O0O0ODOOO0ODDOODOOODOOODDOODOOOOO
gooooOoOooNPOOOOOOOOOOOOODOOOOOOODDOOOOOOOOODOOOOOOO
go00oooO0o0ooo0oUoo0oUoOo0oUooOOoU0ODDOOOOO

00o000o00ooo0o0o0o00o0oOoO00DUUDOOoOO0OD0ODUODODOOOODONPOOODOO
000o0O0O00o00ooooOoOO0O0oO0OoNPOOODOOOOOODODOODOOO S300000000
o0oo00oo00ooo00DOOoO00DOO0O0 s30000000000D0DO0O0OoOoOOoOOoDOO
O Sphingomonas cloacae 00 0 0000000000 O0O0OOOO0OOOOOOOOODOOOODOOOO
000000000000 0O000U0O0O00OO00D0OOO0D0DO0DODOO0ODODOOONPOOOO

gbooooooooooooooo

gooooooooooooboooboooobobo0oOoobooOonDodSphingomonas 000000



