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Characteristics and Pathway of Naphthalene Degradation by Pseudomonas sp. N7

JIA Yan, YIN Hua, YE Jin-shao» PENG Hui,» HE Bao-yan, QIN Hua-ming, ZHANG Na, QIANG Jing

(Department of Environmental Engineering, Jinan University, Guangzhou 510632, China)

Abstract: The biodegradation characteristics of a typical polycyclic aromatic hydrocarbon, naphthalene by the strain ¢ Pseudomonas sp. N7)
were investigated by using HPLC and UV analytical techniques. The results showed that the addition of nutritious salt and microelements
accelerated the degradation of naphthalene by 23.65% . Degradation efficiency increased with increasing dissolved oxygen and reached
95.66%: then remained stabilized when dissolved oxygen was over 4.3 mg/L, yet decreased with increasing naphthalene concentration.
Neutral and weak alkaline condition favored the biodegradation with degradation capacity all over 82.88% . Pseudomonas sp. N7 had a
maximum degradation capability of 95.66% when dealing with 100 mg/L naphthalene at 30°C and pH 7.5 with 165 r/min rotary shaking for
72 h. By measuring the absorbance, pH and degradation of substrates during treatment of different substrate with strain N7, it was
demonstrated that Pseudomonas sp. N7 could also degrade other aromatic hydrocarbons, such as toluenes dimethylbenzenes phenols 2,4-
nitrophenols; benzyl acid, 1-naphthol and salicylic acid, utilizing each of them as sole carbon and energy source for growth and breeding, thus
showing its good biodegradation diversity. The pathway of naphthalene degradation was explored through analyzing metabolic intermediates at
different degradation stages by using UV-Vis and GC-MS. The result revealed that there were two possible degradation pathways for
naphthalene: one was phthalic acid pathway, and the other was that naphthalene was first oxidized to 1 2-dihydroxynaphthalene; and then the
cleavage of rings caused the formation of salicylic acid, catechol, and 2-hydroxymuconic semial-dehyde. Finally these metabolites entered the
tricarboxylic acid cycle (TCA) .
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TR A 2%, 0 1 2 A AL 2 a0 A B A D
R IR R 2, 4- AR IR IR R | 1- 25
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1.2 BEgRAE Mgt

BIREE TR A WS o BEEIR2 o IERERD L o
pH 7.5, H,0 1000 mlL.

JoHL Eh 5% 97 KL NH,NO, 1.0 g, KH,PO, 1.5 g»
K,HPO, 3.0 g 7§ #& JC % # 2 mL, pH 7.5, H,0
1 000 mL.

TrZEKFE AR LR MR R TR A P NN R
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H Spectrumlab 54 %8 #h-w] W, 53 560 FE 11 (UV-
Vi ) 0] 25 B2 it v 18] 7= ) 2k AT 23 B R 0 . e K i v
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2 HR51TE

2.1 EIFRER R T EN BRI

3 1 mL N7 B 3] 100 mL 28K
100 mg/LI) 5 AN/KFE, #EIR IR G 15 9%, Horb 1 508
TEKEE, 2 SRR IS 78 5k NH,NO, 0.1 g, 3 5
IKFEAR IS 7% 5 KH,PO, 0.15 ¢ 1 K,HPO, 0.3 g, 4
SKFEA N8 5 £k NH,NO, 0.1 g.KH,PO, 0.15 g
K,HPO, 0.3 g,5 5 /KFEBE NS 77 58 NH,NO, 0.1 g+
KH, PO, 0.15 g-K,HPO, 0.3 g, X INTHEITCHE K 0.2
mL, 72 h JG W ZE I g 2 .t it 45 (I D rrLL
F L E SRR I SR S T BB R, UL X
I FEN TR AR B A VBB T TR R
PRIAA TR 2B Ay 5 30 1 DLSE ity B G v i R 6 2% L
P R 2R (MR B, T g DRk 78 28 119 22 40 % e 1ot
R EAA RS OL R NOy BEREF2 4t vl 7 52 44
SIS WS I N TR G 3 R R 2R I R A, IX
S E TR 28 1 R A ot v A A P o A e —
P8 O R AEEDS T, I AN BOR CERA F T
MRS T, AT AR HE XS 2R I B 5 E A L, 5



758 7N 58

F} 2% 29 &

FIKFER 2B R = T 23.65% .

100

80 -

60

AR 2R /%

40 |

20 -

0 1 1 Il 1

El1 EF#E.WELREREI

Fig.1 Effect of nutrient content and microelement on degradation
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Fig.2 Effect of concentration of naphthalene on degradation
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Fig.3 Effect of quantity of oxygen on degradation
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SRR EY) T, AT E ) pH AE BEAS, B
B A4S B /b, W) pH (B S A 0Bk AN . 55 Ak, 4 5
AR B S ) K FE I N7 3598 72 h 5 T
200 ~ 500 nm PEATEHE A, RILH 2, R OR
P22, 4- A KL IR Y L 2K FH R L 1-28 1 A K M 12 1)
LIS ST U 47 3k 55 B9 2, JE — 2 3R B A% TR PR O Y.
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Table 1 ~ Biomass production of N7 by utilizing different substrates

& _ JEA A /g1, !

S| 25 50 100 200
LI 0.043 0.064 0.068 0.075 0.078
R 0.042 0.088 0.088 0.089  0.090
P 0.043  0.100 0.130  0.174  0.200
2, 4- ZHHHOR 0.043 0.090 0.078 0.053 0.056
KR 0.042 0.083 0.141 0.156 0.156
1-Z5T%) 0.040 0.060 0.075 0.066 0.055
KW 0.043  0.086 0.097 0.098 0.068
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Table 2 pH of different substrates with various concentration

Y - E%iff‘zglmg’L_]

S| 25 50 100 200
LN 7.50 6.67 6.54 6.57 6.54
R 7.51 6.74 6.88 6.94 6.90
R 7.52 7.36 7.15 7.02 6.91
2, 4- i HOR 7.50 7.29 7.11 7.08 7.04
X TR 7.49 7.35 7.20 7.10 7.07
1-Z81 7.51 7.37 7.19 7.14 7.03
KV 7.48 7.14 7.05 7.00 6.96

PR AT NI AR 258 T A R o T ) 1
Ah-n] WA B DL 5. BB s RTER, 2545 275 nm
b AT AR R ) MR WA U, B 8 ~ 10 h S, 1 R AT UV
2, HAE 300 F1375 nm &b HEH 2 AN/ NI O s 12 ~
16 h B [ B, 230 ~ 252 nm 6 [ H ILES 2 (1) IR i 0
WU B T 46 28 s 22 i R =4, B 300 F1 375 nm Ak
(IR AL UEE AR K5 18 ~ 22 h BT B, 300 11 375 nm 4b H
I R S S U i P 0 — 0 1A K, FLOSC AT 22 h ik F
K532~ 120 h BB, 32 K172 h B 300 AT 375 nm
Aab HE B PR IR WS U i B2 9 59 HL 32 h INFAE 215 nm A
1A Sl A0, % MR AT 0 i 5 A 120 IS K
X B 2152300 F1375 nm A5 W PR 0 I A 8 Ay 48 2
T KRN 2-FR R R e s )

2.7 ZEIEMAET R GC-MS 73 AT

A GC-MS X 5 MO AT N7 B fid 2 2o A 1 o )
FEREAT T b, A R L 6. Bl 6 mr A, B
BRI TR IO RE K, ¢ N 5.91 min [FI 28 R5IE U6 150 7
TSS E AR, UIE B 28 4 50 A B AR AR AN (R I [R] B
PR IAT S P T B I, KD IR DT 28 7 P At o e rp
B P IRSEAL s 1 M 12.66+13.19 F 14.58 min /&
-3 ke -4 AT D 2 5 G Ak, v D) AU 4 (A7 A 1R
SERD R RGP 0 M 13.70 min A& 4R-FE 2L
-2 A P 1 5 Al v T A5 4 R A SO T A [
F=W)s 1y 4 15.52 min A2 20K = F IR — 1F BE IR 1) 4y
FIE0EE 5 LIk 6 B figt v (1] 7= 49 11 <t B 1T 1) 506 389 i fs
2.8 ZHAEWEIRIER

TE 2 IR 05 A5 W) 1 A= ) I At Jok R v, AR i)
TERAI TR FEAL TN 2 J5 1 A M B N v, lin 48 i ke
B A A L A 5 Ah-0] W4 BT L GC-MS 43
Hr 4 S R0 AR ) A0 B IV TR RS R, HE D BT BR N7 ) 2%
A RERE MR IR 2 2 4 CUNIE 7): — 45 AR 2K —
BRigAR, 250 12 56 2- 25 W R, SR 5 ZE XU
S T 4 7K A TR0 N SRR R A o AT OR
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(a) Oh 5.91min (b) 8n 13.70min
0 0
J\/\/W\/\/
[HOOC
O
/ .
] | 12.E6min 14.58min
1 1 | e 1 1 1 1 |
5.00 5.20 5.40 5.60 580 6.00 1260 1320 1380 1440 1500 1560
t/min t/min
¢) 24h d) 120h
© 015.52min @
NN
13.19min M
1 | L L | Il | | | | |
12.60 13.20 13.80 14.40 15.00 15.60 12.60 1320 13.80 1440 15.00 15.60
t/min t/min

El6 ZMERHE=MA GC-MS Bk
Fig.6  GC-MS spectra of naphthalene metabolites during degradation
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Fig.7 Degradation pathway of naphthalene
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