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Characteristics and product analysis of naphthalene degradation by
Pseudomonas stutzeri YC-YHI1
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Abstract: [Objective] Naphthalene is the simplest of polycyclic aromatic hydrocarbons and is
considered as an environmental pollutant that has gained a lot of public concern owing to its
carcinogenicity and persistent organic properties. Biodegradation is generally recognized as the mass
balance-wise most important route of naphthalene degradation. A previous study has revealed that
Pseudomonas stutzeri YC-YHI1 could degrade naphthalene effectively. This study aimed to characterize
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degradation, optimize the degradation rate of Pseudomonas stutzeri YC-YH1 for naphthalene and
investigate naphthalene degradation pathways. [Methods] Firstly, effects of pH, temperature, inoculum
amount and initial concentration of naphthalene for the naphthalene-degrading rate of Pseudomonas
stutzeri YC-YHI1 were determined by single factor experiments. Then based on the results of the single
factor experiments, the software Design Expert 8.0.5 and Box-Behnken design was used to analyze and
optimize the model of naphthalene degradation rate by three key factors (pH, temperature, and
inoculums amount) through response surface methodology. LC-MS was used to analyze the
degradation pathway and products. [Results] An optimization model was then constructed, and its
validity was verified. The model was significant (P<0.001) and fitting well. In confirming experiments,
under the optimization condition of temperature 32.4 °C, pH 7.10, inoculation 5.74% (V/V), the
degradation rate of 100 mg/L naphthalene was 100% after incubation for 3 days. LC-MS data indicate
that it is possible to find three major metabolites of naphthalene, which include 1,2-
dihydroxynaphthalene, salicylic acid and catechol. [Conclusion] The results suggested that three key
factors (pH, temperature, and inoculums amount) could affect the degradation rate of naphthalene, and
optimization of the response surface methodology could improve the biodegradation efficiency of
naphthalene by Pseudomonas stutzeri YC-YH]1. The possible degradation pathway of strain YC-YHI1
was catechol pathway. Naphthalene was first turned into1,2-dihydroxynaphthalene, and then salicylic
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acid and pyrocatechol, finally entered the tricarboxylic acid cycle.
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Table 1 Box-Behnken design of experimental
factors and codes

= iy 4AsKSF Code level
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Figure 1 The effect of temperature for the naphthalene
degradation of YC-YH1
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Figure 2 The effect of pH for the naphthalene degradation
of YC-YH1
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Figure 3  The effect of inoculums amount for the
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Table 2 Box-Behnken response surface design and results

] 4t Code %l‘%ﬁ?%
Experimental No.  y, X, X, Degmiiion ot
naphthalene (%)
1 -1 0 = 88.3
2 1 0 = 94.6
3 0 1 =l 93.1
4 0 -1 1 84.5
5 0 -1 =l 89.2
6 0 0 0 98.7
7 -1 -1 0 76.4
8 -1 0 1 83.1
9 -1 1 0 78.2
10 0 0 0 99.3
11 0 1 1 93.5
12 0 0 0 99.4
13 1 1 0 89.3
14 1 0 1 96.7
15 1 -1 0 84.5
16 0 0 0 97.2
17 0 0 0 98.4

VLTI . pH R L R i Y LN R,
Fo i A pH A WA e Ko R AU 3
(P>0.05), BEIIECE A S AL, BURLE 22,
XA A5 BE AT 7 22008, 4RI 4.

AR MR R 17 KA I A 0BT, A5 BN R 1Y
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Table 3 Analysis of variance of binary regression equations

IR (=S Rl A HE ¥J5 F P-value
Source Sum of squares df Mean square value Prob>F
Model 876.64 9 97.40 81.73 <0.000 1
Xi 191.10 1 191.10 160.35 <0.000 1
X 47.53 1 47.53 39.88 0.000 4
X; 6.84 1 6.84 5.74 0.047 7
XX 2.25 1 2.25 1.89 0.211 8
XX 13.32 1 13.32 11.18 0.012 4
XX 6.50 1 6.50 5.46 0.0522
X’ 266.12 1 266.12 223.29 <0.000 1
X’ 307.80 1 307.80 258.27 <0.000 1
X’ 2.632E-003 1 2.632E-003 2.208E-003 0.963 8

#%7% Residual 8.34 7 1.19
R# Lack of fit 5.20 3 1.73 2.21 0.229 5

4liR 7% Pure error 3.14 4 0.78

AT Cor total 884.98 16

x4 MEEERAFEDH
Table 4 Analysis of variance of experimental results of response surface
WiH Item $dli Data i H Item ¥ Data
FrifE2 Std. Dev. 1.09 I Z% R-Squared 0.990 6
¥l Mean 90.85 WIEARIC RS Adj R-Squared 0.978 5
BREH CV.% 1.20 FHIAHSE 2% Pred R-Squared 0.900 4
Tz 22 ¢} PRESS 88.15 {FM . Adeq Precisior 27.559

BIAHFEHR: ¥Y=98.60+4.89X,+2.44X,—0.92.X;+
0.75X1X,+1.83X, X3+1.28X,X3-7.95 X7 —8.55 X, +
0.025 X7 .

R 3 A 45 R A5, [l e 8T R AR W
(P<0.001), KAUA HLE (P=0.229 5>0.05), FEH [T
FIREE R RAF, AER R EIE R EAER
R 0.990 6, FKEAHAAIAT LIRS 99.06% %5
R AR 2 B N BRI BR YC-YHI [ 24 {3
T — A AR A B 3 R SRR A pH
{E A H A AR Y C-YH T P25 A e L T P45

LRI 4 P o R R [l ASE R A TR 43
G ET S TN D IA O] S v S O P 1
32.42°C, pH 4 7.08, #EfhN 5.74%, Tl
RIEEFHR N 99.82%.
2.5 MAUEHTEHR YC-YHI 3 ZER9FE RS 14
A 7 LA B 55, DL 5. 74% 3R i
# YC-YHI WM B EA 5K E R 100 mg/L 1Y
pH 7.10 I TCHLEREEFR 3, 32.4 °C. 80 r/min $i&3%
B3t A LE AN SA iR 7655 3 K YC-YHI
RIPHE28 58 2 P, BRI 100%, S
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Figure 4 Response surface (A) and contour graphs (B) of
the effect of temperature and pH for degradation rate of
naphthalene
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Figure 5 Bacterial growth curve of strain YC-YH1 during
degrading naphthalene under optimum conditions (A) and
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Figure 6 LC-MS scanning profile of the metabolite of naphthalene during the degradation by strain YC-YH1
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Figure 7 Degradation pathway of naphthalene by strain YC-YH1
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TR A= WA, Xk s sz P R IEF TR AL REE 4R =
ok At 1T ) AR R gtk R, AR 9l A A R S0
T S D PR B A 8 ) £ R A T T, 159
TR R ENINHEER, pH, RE . Rk
BT [N e P | S RPS e M Al Z 1 Wi 10| B S P
R A EAE IO R CR 0 52 , R A T
BLHA Y SR T R e PR R A T — 2B Ak

M )7 1175 (Response surface method, RSM)J&—
PRI A P AR RIATLEA A T, b
LA 3 A DR 3R 5 ) S 5 v I AR ) R R
Bt o 38X BT A AR A T RS I A
o7 FAy ) 7 T AN A 2, AT ARG H X T A
SR N RO N R, 7R IR 1, nT RIS
H W 7 I PR TR T 500 ) i 7 5 £ (L B S AH I
(RIS PR R AR o ASHIFST 7 HRL R R S0 45
AL b, I FDesign-Expert 8.0.5%K b & 4 1Y
Box-BehnkenSZ i1 %tpH . IR | fERE3 DR
HEAT R AL AT, RS T R 2R R M A A
FRREHD Ak T HERRY C-YH X ZR KA S5k . 22
SEHGIESE, TERGFRIRE M32.4 °C, pH 7.10, $EFhE
5.74% (L) B S5 40 T 15573 dBD AT K vk B oy
100 mg/LIYZE100% %0 . 25 R0, BEmARRIE

TLRERSIEHEY C-YH T MR X 2R 00 A e i, Wl 4 e
ZRIIBERRRCR

Tattersfield T 19284F- 1 ¥ & ¥+ 58 iy 41 1= i
W 25T BliJE, VFE e # Lo B B 2 Fhk
BRI P2 AR SRR US4 T AR e 1) A P RN TR . AR5
o F it EC AR BRI TR Y C-YHI RS 73 d PNk B Ky
100 mg/LIYZR100%A% , HFEM AR R TR
GBS BN ZRPRME D, R AR B B — kY R 2R 7
¥ (Bacillus fusiformis) 7] AR FHZ5/E B IR HEA T
K, TE96 hAfRsE 2R IO Eh G TR A TPk T
H100 mg/LE 258 B o0 f TR N7 7 25 M i oy
100 mg/LIYTCHLER BRI 2872 Wt 2RI By
95.66%"3, BRI, YC-YH X i vl B ZE A i 52 1 il
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filp T K94.7% A B R 544 I A G U
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THFR96 hJF WHRIE K2 000 mg/LIYZE %
FF98%>,

Davies fllEvans T 1964 4F 15 il T 28 2E W) %
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FRBHEAR I T E LR AL Z5 ik My i
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f il e FEA IR, —Fio AR Ea DY, 28
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Table 5 Mass balance of naphthalene and its metabolites
i) % IR K SE SE
We@) | Neplibelms (el 1’2'D‘hyd(r;’gg‘phthalene Sl e ot (inalll))  Coimelill gl L0 C(‘I’r‘:gc/elf‘)“a“"n
0 100.0 0 0 0 100.0
2 98.4 2.2 0 0 100.6
4 943 5.1 1.4 0 100.8
6 89.2 8.6 2.1 0 99.9
8 85.9 12.4 5.2 1.7 101.2
10 73.4 15.1 6.8 2.2 97.5
12 68.7 16.2 8.1 3.4 96.4
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