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B OE ONBHFENFRELEE 10 k@ E( SBOI—SBI0 ), # % T A( K L )EEF(H
A ¥ Glu, 3t 3 PHE )Xt 40 [ A ¥6( PYR DB B v, £ R K W 4 DL PYR " — 8 JF fn a8 R Bt
( MS, ),SBOI # PYR M ## %55 ,5 d 7 5 30. 4% ; DL Glu 4 3£ % 2 i #H( MS, ), SB09 &y
PYR [ f# & & &, ¥ ik 37.7% ; WL PHE 7 £ X # 2 JT 6 ( MS, ), SB10 #9 PYR [§ f## & %
50. 2% . Glu #1%] SBO1 .SB03 *f PYR #4 [% ## , xt SBO1 4 #| 1€ F i ¥ & , {# SBO1 By PYR & f#
F B1K 7.9% ; Glu *F SB02 .SB07 .SB08 .SB10 [# ff % & ¥ B (2 ¥ 2 91 %] 1€ . PHE x{ 28 H [%
fE PYR ¥ (RIEAE A, Xt SB10 By (R FE1E A 5 A 8, 5 A £ 3R 5 29.8%. Glu 5§ PHE Xt
SBO4 fn SB09 [4 ## PYR ey {R ¥t 1E | T8 % = 5, T a2 v & # #% 5 ,PHE Xt PYR [§ f# &y (&

#1EH AT Glu.
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Effects of co-substrates on biodegradation of pyrene by ten bacterial strains. SU Dan'?, LI
Pei-jun', WANG Xin’ ( 'Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang
110016, China; °Gradate University of Chinese Academy of Sciences, Beijing 100039, China;
*Shenyang Key Laboratory of Environmental Engineering, Shenyang University, Shenyang 110044,
China ) . -Chin. J. Appl. Ecol. ,2007 ,18( 3 ): 636 —640.

Abstract: A total of 10 bacterial strains represented as from SBO1 to SB10 were isolated from a
petrolium-contaminated sludge, and their potential of degrading pyrene ( PYR ) was investigated on

the substrates pyrene ( MS, ), pyrene plus glucose ( MS, ), and pyrene plus phenanthrene ( MS; ).
The results showed that on MS, , the degradation rate of PYR by SBO1 was the highest, with 30. 4%
of PYR degraded after 5 days. On MS,, the degradation rate of PYR by SB09 was the highest, be-
ing 37. 7% after 5 days, while on MS;, 50.2% of PYR was removed by SBO1. The degradation of
PYR by SBO1 and SBO3 was inhibited by glucose, which was more obvious for SBO1, but no signifi-
cant difference was observed among SB02, SB07, SBO8 and SB10. The biodegradation rate of PYR
by all the ten bacterial strains was enhanced on MS;, and that by SB10 was increased by 29. 8% .
For SB0O4 and SB09, the biodegradation rate of PYR had no significant difference between MS, and
MS,, but for other strains, the stimulation effect of phenanthrene on PYR degradation was higher

than that of glucose.

Key words: bacterial strain; biodegradation; pyrene; glucose; phenanthrene; co-substrate.
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o A it BT O 0 T A I S AR 21100 (L SRR 5
Z e AR TCHLER RS IR DL H AR ) A ol — ik FH R
PEHEAT G 2 3895 42( polyeyclic aromatic hy-
drocarbons , PAHs ) J& Xk B fff 19 A3 HLT5 3 90, 2B
ARUME P 12 WA A, 3K 9l 405 O 5 80 200 it 185 4% 1
PAHs FFRATR TP

T IR Af = 43 T i PAHs 19 2L 2 30
2 R b0 252 2 g A1 s 1 IME R S S B e BN 4 [
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PAHs FEAf A K W 5, T FIAE PAHs B34
Yy A B AR AR L, 2R P AR E 4, R
8 B R A SR A ) I, T VA PAHs B AR
Pyt Sk 2 B R R AR A KR
5 Rl 1) S

ASCHIZE T 10 AR X 4 3£ PAHs &M, 18
WTACSTE AT #4H Glu, 33 PHE )
B R X EEC PYR )R B A BB 1, IR0 25 15T T 4 1A
REfr PAHs POARI 7 X R AR S R I I P HLEE , B
Je O 6 M 2 R o 2050 A e TR AR AR 5 Sy [ Ak T
BEE UL KA A B SR A LTS Y s A 2 R R
77 AR LR 2 KA.

2 MR5FE

2.1 HER R

3E( phenanthren, PHE ), ££( pyrene, PYR ) f*) 4§
JE >97% , ¥ NTEE Fluka 23772 5. BHRBA 91 A
AmiE g Yk GE B SR 10 BRATE ).
ZAAV R S sE T, SBOT . SB02 . SBO3 . SB04 . SBO8
ZEIATFE( Bacillus sp- ), SBO7 "N FT & ( Microbacte-
rium sp. ), SB06 K 3K IF ( Micrococcus sp. ), SBO5 .
SB10 M EHF 7 ( Flavobacterium sp. ),SB09 Kzl
B ( Zoogloea sp. ).
2.2 [

RA 00 FH 3 PRI AR 5 3R 3 1 ) HLER 15 9%
B MS, ), FTFK A MgSO, - 7H,0 0.2 g, CaCl,
0.02 g,KH,P0O, 1.0 g,K,HPO, 1.0 g, NH,NO; 1.0
g,FeCl,0.05 g,pH =7.0 ~7.2; 2)MS, +0. 1% Glu
RiFRF(MS, ); 3)MS, +100 mg - L™'PHE 15 3E %
(MS, ). 7E 150 ml = FHEFMA 30 ml BEAFREFR 5,
1.01325 x 10° Pa, K 30 min. ¥ J5H1A PYR 50
mg + L™ FERHRAESRME R B 1 ml BWBEEF T =
FAE, B TE AR A A 1.0 x 10° ml 'L 25 C,
FEIREGEEFR S d. IR Xt I8, 2 b 38 3 1K
.
2.3 JKEER PAHSs AUIIE

JKEE PAHS BN 5E WS % SCHK . 6 = i
HKEERR I S 23BN 250 ml A3 W0 <1, 16) T
SEIA 10 ml S F BE, B A HL S min, H AL
L HESYE 3 min K T ERA VAR AR BT,
LTS ml A9 G H BE AR ] A A A0 R AR R 2
W3 WRAEBGRA T, B4 SRE 0. 1 ml 28 2R
BEA 1.0 g RER M WAL B A, IE O/ —
AHBEC 11 )IRA W, FEE 1 A0 1 ml YEM

WSS 2 2 2 ml YRRV T KD P, B LAAER
R, e 25 e B A G i AR, P v 0 A ik
( HPLC )M E PAHs. i 2544 : 23 1090- I =20
AT, B A A8 RS KL #5( diode array de-
tector, DAD ), B 3EAT N C18 Kedbmd et A1 1R( 39. 9
+1) C;Tshtf: H s, i 0.8 wl « min ™', JEFE R
10 pl. #ZE K . PYR 240 nm.

3 ER59%

3.1 7 MS, AR PYR HYREf#

TEAR A LA L BT TP AR B PYR B fiff 5 DL 1A
1. A1, 2 PYR #IURHE R 50 mg - L' H.
LI PYR Ay ME— B U5 AN BE JR EHC MS, ), 10 Ak 41 B X
PYR 4 —E IR 1. ANOVA 7418, R[]
WHRE MR A R EZR(P<0.05). ZEHLK
( Tukey multiple comparison )2, 40 %F PYR f4 %
fRBE SRl 43 M 5 %8 4%. SBO1 X PYR [ 4 fi fig
o, 5 d FER%N 30. 4% ; SBO2 il SBO3 25 A i
FH(P>0.05),5dFFEfEEN 23.6% ~25.8%;
SB0O7 .SB08 . SB09 #1 SBIO [H] % R A B FE (P >
0.05),5 d F&f#HIH 20. 0% 7545 ;SB04 5 SBO5
ZRARGEE(P>0.05);SB06 it R HRAK,5 d [
HH11.1%( 21 ). Kruskal-Wallis & 5-HiESE T |
LS. LRI UL, FE A TG S AR 5L ), 4 B 6
PYR W PSR A . PYR & 4 DR, &
=47 PAHs  ZERREE 5 A — i L, A I B
FEVE  FERR B AR MR 25
3.2 7EMS, X PYR BYFEf#

M1 o] WL, 78 MS, FORRIFERER) PYR BEffRR
EFEE R EZER(P <0.05). Giit/rbr W, Glu Xf
PYR B2 B (2 2 sl 4o il 45, 7 ) 34 6 200 1 2 B
PYR A 50 ; Glu XF SBO1 i1 SBO3 [#fi# PYR ¥4

60T
M MS,

i O Ms, -
50 O ms,

40 [
30r

20

[% 7 3£ Degradation rate (%)

101

0 | | || Ll
CK SB0O1SB025B035B04 SB05SB06 SB07 SB0O8 SB(09 SB10
i 4 22 A Microorganism type

B 1 fEARFEEERT P EARR PYR BOREfR
Fig.1 Biodegradation of PYR by bacteria strains on different

substrates.
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Tab.1 Tukey multiple comparisons performed on the degradation rate of PYR in MS,
i) SBO1 SB02 SB03 SB04 SBO5 SB06 SBO7 SBO8 SB09 SB10
Bacteria
SBO1 - 4.60 6.80 15.70 15.10 19.33 11.13 8.70 10. 13 10.00
* E * * E * * * *
SB02 - 2.20 11.10 10. 47 14.73 6.53 4.10 5.53 5.40
0.065 * " ¥ « , . )
SB03 - 8.90 8.30 12.53 4.33 1.90 3.30 3.20
* B * # 0.096 * #
SB04 - -0.60 3.60 -4.57 -7.00 -5.63 -5.76
0.058 * kS * * *
SBO5 - 4.27 -3.97 -6.40 -5.00 -5.17
* % * * %
SB06 - -8.17 -10.60 -9.20 -9.41
* * * *
SBO7 - -2.43 -1.03 -1.13
0.065 0.759 0.661
SB0O8 - 1.40 -1.30
0.695 -1.249
SB09 - -0.11
*k
SB10 -

% P <0.05. TA] The same below.

HIVER , (HXT SBO1 B PYR B4 i 4 FH 5 10
i PYR P REEAR 7. 9% 5 7E MS, F1 MS, i,
SB02 .SB07 .SB08 A1 SB10 [8] PYR [&fii R 2% 5 AR i
F(P>0.05), 7EFEMR PYR B EATX 3085 8 520k 00
BAWHAE T ; Glu {2 #E SBO9 Xt PYR H [ fif# , i
SBO9 7 & B IR M N R SR RS d B
R F0] 35 37. 7% 5876 MS, iR 17. 4% ; Glu XF
SB04 .SBO5 F1 SB06 F#fit PYR A5 {2 #E4E . Mt
AT UL SN 2540 0 s o — 2 AR R A4 S5 R 4R
Fit, 4R B SR AN Y PAHSs £ FBRR , (HIX e
YERIAR A M . PR, 76 52 BRI FH H R AR 4 T e
[BGR7/E ST NN E Ay We s e R 4
(BIF 5 2 — By, SRS SE 2 BIF 9T R B, AMINEY Glu
WHE/NT 100 mg « L7'B), AT PYR AOREAR ;2
Glu 3 — & BEIF, PYR M REAR R0 T B SRS
S5 SAHg  SMINRE BRI R Glu, AT R G 2R 4
KRR PYR MR R, S22 6% T RS £ W, Glu
X5 A RR A [5] #4) 85 FTF B ( Flavobacterium sp. FCNI,
FCN2 Ff# PHE A5 9 4E H.

Glu i PYR [ AU AL EE AT fE & Glu B0 T
S AT R B U T B8 TR ) JES 0 435 4, DT 38 R T 44 1 %o
T 5 R BB R 1 S BE30 FET, (EMERA A 1) PY R Je 2 4
AR 540, Glu 78 A Ak 22 P2 4 NADH, hy
WA AL AT B K 7). Wang 25 2 BF5E 2B, Glu
AR AR A Ay B 4-S R T ( 4-CP ) By AR IS

Y, vl R R A K B AR IR AR YR ; Glu H 4-CP
SE RO AR 15 S

25 LTI R A i B R MR B AR
BT, — Lo W R R ) mT gz 2 BRI
B AR ASCRAE T — LS A W B A e ) e (2 i
4N, SBO9 7E & & F5 4 F T X PYR WY R Al RCR TE
U, Ay vE R ik TR PR
3.3 TEMS, THEXS PYR Y F%f#

7E MS, HORE] B bk PYR [ A R (8] 47 7F i 3 2%
(P <0.05) & 1). &2 v UL, PHE X 41 b4 R fift
PYR ¥ 45 {2 ¥k 1E A, ffi SB10 A9 PYR [% fif % ik
50. 2% , %G PHE HHE T 29. 8% ; SB02 ,SB0O7 . SB0S
1 SB10 8 PYR P& 3AE MS, I MS, 8] 25 55 A i
F(P>0.05), B Glu X A0 B A R 38 %A o1
1k ; SBO4 .SB09 [ PYR F#f#A7E MS, FI MS, [H] 25 5
ARZECP >0.05);SB04.SB09 1) PYR [ fift R A&
MS, 1 MS, B4 %2 5( P <0.05);Glu #1 PHE
#REAE UE SBO4 ., SB09 XF PYR Ay F% fi, Bl Glu f#
SBO4 F1 SB09 4 PYR [ fift & 73 Jil $2 & 15. 2% Fil
17.4% ,PHE fif SB04 1 SB09 F/ PYR B fif >R 73 1 $2
= 14.6% F115. 5% .

A AR Y R BUE Y A R WER A
AR IR ) SR AN REAE i A W AR R BE o, 1
BE M LR W P2 Ak AT [ PAHSs OB, PHE J2 3 4
ARIR) PAHs. [ H I IR 737579 PAHs, 775
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*R2 BEEREER Glu, PHE BB PYR HIMEMEEE

Tab.2 Differences in degradation rate for ten bacteria strains between MS, and MS, or MS;

kb B [ At % 2 4H Differences in degradation rate ( % )

Treatment SBO1 SB02 SB03 SB04 SB06 SBO7 SBO8 SB09 SB10
MS, - MS, -7.9* -0.7 -1.2° 15.2* 10.0* -1.7 -0.7 17.4~ 0.2
MS; - M5, 10.4* 3.3* 4.7" 4.6~ 15.0" 13.0" 6.4~ 9.0" 15.5* 29.8"
MS; - MS, 18.3" 4.0* 5.9* -0.6 10.1* 3.1* 8.1°* 9.7*  -1.9 29.6*

SR A R 4 T i PAHS (25, Chen 25t %
i, PHE TE40 1 Pseudomonas saccharophilia P15 [#ff
BaP il B AR LoEom A B % 0 . Al PHE
X VAT AL B, 3 5 BaP 1Y [ A S 10, AT 4
155 BaP MY REM# R PYR 51843 F i PAHs Z [ 45 3t
R 2 PHE A JE PYR AYRESR , 1X 5 A SCHIFSE
50— BB PAHs AR B — 1R TR, A
SB10 3 FHF B g 24 5% Hh 9 5. PAHS( B 55> T &
o+ ).

PAHs MR 2%, M40+ PAHs 5 A — & [k
B AR B i R AR AR > IR, R i
EYMESE PAHSs V5 i}, W & B T X5 4> F & PAHs
(b T, 308 3 R T 7 3 4 o — e A R e 4 5 A
A, R AR S E M s B AR

KA AE Z A S h Z 305 BTG e i, B
T e o S AR L =2 71, S T A A T ) I i e
T R S5 A 5 a8 A o A 25 IR P R AT B 50K ) 3
WA BN o 20 74 PAHSs [ A7 BE 7, B3 18 1
SHEA BT EA W H SRR IR m M E e R
BB Wl BB AR,

4 N &

1) 24 PYR #ILAHE A 50 mg + L™ LA PYR
ME—B JR A BE TR N, SBOL (9 PYR FAfit R de s, 5 d
AIPEAR 30. 4% 5 LA Glu Ay 3 AR 58 BT 1), SBO9 1Y
PYR [ %% 5,5 d 73k 37. 7% ; Lk PHE 34t
WL, SB10 9 PYR K& FN 50.2% .

2) Glu #17] SBO1 F1 SBO3 %} PYR HYF&f# ; Glu
%} SB02 .SBO7 .SB0O8 F1 SB10 % PYR 4 [ fi## 7 W fik
PEPESAMEIEA ;. Glu ik SBO9 XF PYR AYFESR , L
TEMS, H 17. 4% ; Glu XF SB04 ,SB05 Fil SB06 1)
PYR RSl AT {2 2E/E H.

3 ) PHE X} PYR [f EAT SR #E4E AT, X SB10 B
fift PYR PG ZEVE o , (LR A 34 55 29. 8% .

4) 7 MS, Fl MS, H1,SB04 f) PYR [fi R 2% 5
AR E(P>0.05),SB09 [ PYR Bl R 25 A
Z(P>0.05);7E MS, 1 MS, H',SB04 1) PYR F&fit
REFSARECP>0.05),SB09 1Y PYR MR 25

WAEZE( P >0.05);Glu A1 PHE #BREHE = SBO4 Fl
SB09 A PYR [fiR. X HAM A Bk T 5 , PHE X340
R PYR AR HEVE KT Glu.
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