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Abstract

Two bacterial strains, N-21 and N-22, which were isolated from natural oil-producing wells at
Kurokawa, Niigata Prefecture, Japan, were identified as Pseudomonas cepacia by using the phylogenetic
analysis based on the 16SrDNA sequences. Both strains were gram negative rods capable of decompos-
ing naphthalene. The degradation rates were 2.24 X 10~® M/h in both strains. The main metabolite was
c¢is-1,2-dihydro-1,2-naphthalenediol. Salicylaldehyde, salicylic acid, gentistic acid and catechol were
also identified. These metabolites were less mutagenic than naphthalene itself in the Ames test using
the S. typhimurium TAL00 strain. The mutagenicity of naphthalene also decreased by the two bacterial

strains.
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Fig. 1 Transmission Electron Micrographs of Naphthalene Degrading Bacteria
Strains, (A) N-21 and (B) N-22, Isolated from a Natural Oil Producing Well

at Kurokawa, Niigata

Cells were negatively stained with 1% sodium phosphotungstate solution. Bars

indicate 1.0 gm.

Table 1 AP120 Test of N-21 and N-22 Strains

Trait N-21

N-22

Gram strain —
Oxidase —
Catalase —
Nitrate reduction (Nitrite production) —
B-Galactosidase

Asgine dehydrogenase

+
Lysine decarboxylase +
Omithine decarboxylase —
Citrate utilization +
H2S production -
Urease —
Tryptophan deaminase -
Indole production
Acetoin production —
Gelatinase +
Utilization

Glucose +

D-Mannitol -

Inositol

D-Serbitol -

L-Rhamnose

Saccharose

Melibiose -

Amygdamin -

Axabinose

+ and —mean positive and negative, respectively. Bacteria seeded in strips were incubated for 72 h at

15°C.

Pseudomonas cepacia D16SrDNA OEFI L H—TH -
Too BTEAMEEIC L 2 WBEHEORKRE, WEkke LEH
T, BOKE &1X1.5 gmX 0.5 gm THo7z (Fig. 1),
7 APIHBREES Yy b OFER, MEkE b 7 7 Ak
TH5H, BREERVREZFROF AL CERIRD 5
17z (Table 1),
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ZOREE (3.4 X 107 cellsem/{™Y) kKL € N-21#%
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(126 x 107 cellssm{™Y) ML ZOFRIZ LY,
Fikk: b Nap ZREFEE U CHETE S 2 LR a
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Fig. 2 Time Courses of Naphthalene Concentrations in
the Presence and Absence of (A) N-21 and (B) N
-22 Strains
O, precultured in glucose/polypepton-containing
medium ; @, precultured in naphthalene contain-
ing medium.
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Fig. 3 Typical Chromatograms of Incubation Mixtures of Naphthalene and (A) N

-21and (B) N-22 Strains

Initial conditions: naphthalene, 19.5 mM ; bacterium, 1 X 10-° cells « m/~".
Incubation conditions: temperature, 27°C; incubation time, 33.5 h. HPLC
conditions : column, Cosmosil 5C18-MS (4.6 mm i. d. X 25 cm) ; mobile phase,
acetic acid (pH 3.0) - methanol, from 20 % (0 min) to 90 % (30 min) methanol ;
flow rate, 1.0 m/ - min~'; detection, 275 nm.

Table 2 Identification of HPLC Peaks of Naphthalene Metabolites by UV Spectra

and Mass Spectra

Standard Test mixture
with N-21 strain with N-22 strain
Compound Rt UV spectra Mass spectra Peak? Rt UV spectra  Mass spectra Peak® Rt UV spectra  Mass spectra
min Max (nm) Base ion (m/z) min Max (nm) Base ion (m/z) min Max (nm)  Base ion (n/z)
Catechol 9.0 216,276 109 [M-H] P-II 8.7 109
Gentistic acid 11.7 236,328 153 [M-H] P4 119 153 PIV 119 153
cis-1,2-Dihydro- 14.6 216,260 145 [M+Hz20]* P-5 147 216,264 145 P-V 147 216,264 145
1,2-naphthalenediol
Salicylaldehyde ~ 18.0 256,324 121[M-H}" P-7 185 P-VII 18.5
Salicylic acid 21.7 236,300 137[M-H} P-9 217 236,300 137 P-X 21.7 236,300 137

a) Numbers 4-9 and II-X mean peaks on chromatograms A and B in Fig. 2, respectively.
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Other identified metabolite (1 x 107 M)
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g P-1
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-0 gig-Dihydro-1,2-naphthalenediol (P-5) ll"-.
¢~ Galicyclaldehyde (P-7) ‘
-0-- P-§
~&- Salicylic acid (P-9)

Unknown metabolite peak (cm)

Incubation time (h)

1ok @ Pef (B) Ip
- Catechol (P-11) DN
Al =\ @ ‘,’ ‘
—0- gig-Dihydro-1,2-naphthalenediol i’ ‘b
(P-V) i d \

-0 Salleyclaldehyde (P-VII) i
e PuIX /
—&— Salicylic acld (P-X)

Unknown metabolite peak (cm)
Other identified metabolite (1 x 107 M)
1
N

cis-Dihydro-1,2-naphthalenediol (1 x 10-6 it
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Fig. 4 Time Courses of Peak Heights of Naphthalene
Metabolites in the Presence of (A) N-21 and (B) N
~22 Strains
Initial conditions: naphthalene, 19.5 mM ; bacter-
ium, 1 X 107° cells - m/~'. Incubation temperature,
27°C.

-218k (Fig. 4A) K P N-22%k (Fig. 4B) & b ¥ X
-1,2-Y e Ru-1,2-9 78 v Y3 —AThHD, RES
N REY L N TRBBRER 5 ~20ERESr -
Teo SRV A-1,2-VEFu-1,2-F78 VvVt —)v
2, Nap R#TEOICERShILEWTHY, ZD4&
BRI TR E ISR <, C DEREY Nap i
B A2EHIERBE > TWwWATDEEZOND,

N-21#k DB CRAZEORBP -2 D> b
HPLC Itk 2V — 7 B3 OREBEIEBHTHETH-
72P-1, P-8 i 2onwTiERnhh» s ZOEZFICEEE
BEIE LTz, N-22BR DB TH 2R F R L E—DREF
EBREE2ET 3 P-1, P-IXBMEESH, BaF»rs Z0HE
R BEBBEICELR, CORBRY, MBI X 5/ H
WE—DOKFFIC LB I L BRBL T3,

N-214k, N-22#DWw3"ho HPLC Zu~ b 7 F A1
BOWTHRBEY —2713% %L, FBES iz Nap
YIORHE R U Z & OB E OFRFEREOBIME R, 5
Nap OFRBEK S Fig. 5O XS HEEL, 2O
Bix, FREFETTHREINTVARROLE—~TH-
72e

3.5 Nap RU ¥ O RBEWHEREME

iz, Ames REICBWTE { O PAH i3 HNE
BHEIOERFMEEET 50T, S typhimurium TAISEE
kDb TAIREH W A2 L D EOERESESEN
3%, 22, TAIO0BREFEHAL, » 4K L 3HE
2HEL T Nap OEBLZEFE L HBEELEFEEZHEL
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Fig. 5 Proposed Pathway for Methabolism of Naphtha-
lene in N-21 and N-22 Strains

TofER, I g CERERENHE SN TR Nap 25
WA o EEREMS (+S9mix) XD Lk
(Table 3), U2 L, N-21%kH % & N- 22%@%%?@27’3)
SEER NIV A-1,2-Y e Fu-1,2-F 7% vy od—
Ny FUFAUTATER, YU FNE, ¥ iy /R,
AT 3—n0D Ames BREROHER, Wi bR E L
THEERERAONEP T, &6, WTNOBEKED
BERICOVWTD, BARERFREIRD s o0
(Table 4),

Pl Eo Table 3 B Table 4 OFEHR L D, N-218K
U N-22881C & 3 Nap fR#1Z, Nap OFEFEOET W
HNTHB I Lhbrols

4. F & &

AWFFE T T 5 Nap 2 #E N-218 Kk O N-22
PREBEEL, 7 O Nap D8 & £ L - B OxR
B DWTHHN, BREUTOEBY ThHo7,

1) N-2U1EER U N-228:13 vy Pseudomonas ce-
pacia WIBT HRLLZEHRTH 72,

2) N-21¥K U N-228k1Z & b o Nap 2 RFBIE L L
TR Lz,

3) N-21#B U N-22#kic & % Nap 9 fERE I & b
W 2.24 X 107 Mh ' THoTz,

4) N-21#kB U N-228kic & 2 Nap 0 TH, &b
WY A-1,2-YE Ra-1,2-F7 7 vVt — R
EFYTHY, FVFAUTATER, ¥V FLER, 5
F /@, AT “"/V@i&%)&ﬁmué nﬁ.’_o

5) Nap iz N2l R U N-28kicfREfa s L R
BEMET U,
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Table 3 Ames Test of Naphtalene Metabolites in the S. fyphimurium TA100 Strain

-S9mix

+89mix

Revertant  Corrected revertant®) Revertant Corrected revertant®)

Compound  Concentration
(ngplate)
Control 100
Naphthalene 20 111
40 119
100 132
Catecol 20 118
40 101
100 126
cis-1,2-Dihidro- 20 125
1,2-naphthalene- 40 139
diol 100 155
Gentisic acid 20 90
40 89
100 99
Salicilic acid 20 107
40 93
100 78
Salicylaldehyde 20 113
40 122
100 110

100

70
69
109

174

54
48
60

79
76
73

73
94
121

100 100
145 152
147 196
94 345
130 74
144 75
135 67
120 58
183 69
143 52
119 64
119 70
138 67
105 108
150 147
74 84
122 127
133 120
60 57

a) Corrected Revertants = Revertants x (alive cell numbers of control sample / alive cell numbers of

test sample). b) Correct revertant > 200.

Table 4 Ames Test of Naphtalene-Bacteria Mixtures in
the S. typhimurium TA100 Strain

Corrected Revertant
Bacteria Dilution ratio
-S9mix +8%mix

Control 100 100
N-21 1 138 181

13 85 147

1/10 123 140
N-22 1 147 90

13 123 120

1/10 100 140

Initial concentration of naphthalene in the mixture, 19.5 mM.

(FRE32AT 200049 H 6 H)
(FAe3  20004E118 7 H)
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