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Abstract: Wheat ( Triticum aestivum) was chosen to analyze the effect of two polycyclic aromatic hydrocarbons ( PAHs) ,
Phenanthrene (PHE) and Pyrene (PY) in brown meadow soil at low concentrations. The effects of PHE and PY were
determined by analyzing the changes in activity of Cytochrome P450 ( CytP450) and antioxidant enzymes superoxide
dismutase (SOD), peroxidase (POD) and catalase ( CAT). Results indicated that both PHE and PY caused changes in
activity of CytP450 and the antioxidant enzymes, SOD, POD and CAT. CytP450 activity was significantly stimulated with 1
mg kg ' of both PHE and PY individually and significantly inhibited with 4 mg kg ', which showed that pollution stress of

PHE or PY can damage the metabolism and detoxification systems of plants. Moreover, as PHE and PY combined at

EETH : FEKEAERPTIR AR 973 $E B3 H (2004CB418503 ) ; [ ZERHE SR ¥E B H (2007BAD8IBO3) 5 [ ¢ i BB L K Jié 863
Y BhI H (2006 AA067386 )

75 H H#A :2008-04-05 4 f&1T H A :2008-10-20

* W iRAE#H Corresponding author. E-mail ; Songyufang@ iae. ac. cn

http ://www. ecologica. cn



7 REFF 4 Y CytP450 FHT A MBS TR BEIE L BB 38 A 3769

1 mg kg ™', CytP450 was increased significantly more than when PHE and PY were applied individually, which illustrates
obvious synergistic effects. No significant variation were found in activity of SOD in response to individual exposure of PHE
or PY in soil, but SOD activity decreased slightly in response to a combined PHE and PY exposure. Great decrease
variation was found in CAT and POD activity in response to individual exposure of PHE or PY in soil. No enhanced toxic
effects were shown by POD in response to a PHE and PY combined exposure, however CAT showed increased inhibition.
From the aspects of metabolism and detoxification as well as antioxidant enzyme activity, our study has provided

experimental basis for the pollution diagnosis of PAHs in soils at low concentrations.
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AW LA RS /N B, LA (BE N B PAHs ff CytP450 58 1 SOD, POD Al CAT 15 PE R4
B R IEPRSE & , 2EAT 139 PAHs SR RI BT ST, B 1E NSRBI BT 13875 Yo A 55 B AR M S 58 3
AR , 220 N HAE T IRT Y2 W AP B R R R o
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Table 1 Physical and chemical properties of test soils

. e LA AL
1 Mg T P EC/1 H
HHESL Soil type &% Total Total K Kjedahl-nitrogen ~ Organic matters CEC/100g P
R 0.04% 0.18% 0.091% 1.65% 12.26 6.22

Meadow brown soil

CEC/100g: FHES FAc# &4 100g + , Cation exchange capacity
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3E N 4, W H Hi £ Fluka /3 &, Tris #1 DTT 1 H 32 E Amresco A ], /o #i4li, £ MEHEH
(BSA) 5% L5k G-250( CBG) ¥ T BigA T, ;p#réi, HAhZy m¥ il #rati, CO Mg TIki<
Ak, 4 99.99% |
1.2 FEUHREE

CP-80MX IR B 0L H L) s BANBOEHR G BT UV-2550 (538 ) ; NP A5 588 (T
Z) s Foh B AR AR LR IR W R B SR L,

1.3 Smikit

F 90mm ERFEIIEF M AR 22U, B IBIRAZE KRG R F AR R L, #2073
BRI, B TERSE AT 25 CRAEES R . MR EZFRKT 90% Hi e RN HI % 5% ~20% Mk E
X8 (10 ~40mg kg ') , H-Ha e IE EEMMAKRE G , FFLATE E R BRMHEYIRE 7L

FREX 50g T 13 F 90mm HERMBEIIEFRIp . 25K — R ENIFERERFRERLWIEEELGE
(TR ) Y5 I A SR LA, V5 Yo vk BE 435100 1.2 4 .6mg kg ™' il 8mg kg ™' Fl—/~25 A XFHR CK, BFJRIL
BETHASFAIELZT, . WY HIESKEZRRERKFIKER 60% 8674 48h, [FH, l—E &K+
R T IE BRI S I E .

PR T2 2% M XUEK R ETTH B Smin, FIZEIE/K R B 0PUE S i, IBAR T/K 0 J5 , % 20 Rifh 35 #%
T L B R R B B3 TORRRBESRAE D (25 £ 1) CHF TR OERE tL ol 14:10)
FEBTBEK MR R LR A ., LR 5 NEE, S 144,

1.4 MR LTk

(1) CytP450 SEE

WERES (N 30 ) BYRE R 213 Sml )38 2 i (250mmol L™ A%, 50mmol L™' Tris pH 7.5,
Immol L™ DTT,1mmol L™" EDTA) ) 25ml B0 H , YIRS 48 LA 8000r/min 5)3K 40s, A3 ¥l it
SR AL U8, FHIEBEEA 10ml FELL B, 7EMRIR (4°C) M EOHL L 12000 r/min B0 30min, BL.OE
P LW T 4°CF 46500 r/min FERES L 90min, S UTHE B A HoRL A , AR A7 2% th i (250mmol L™ BN,
50mmol L' Tris pH 7.5,1mmol L ™' DTT,1mmol L' EDTA ,20% H ) %%, B 1ml £ 5 & &, KA F;
I P450 &,

H) P450 & B5E S 18 Omura Fl Sato B BEFEATIE Mt ™ o SORLIAE B 6ml, N AGE B 3% —
AR BRI AR . RSG5 T WA 3ml AL RIS e HL e dR e, FAE AR A — S bk 2 R N 58 42,
BE A ZG , ZHPOEHR BT L 400 ~ 500nm Kb, 43330 5% 450nm F1 490nm 4b R EE, 8
BWUTARIE P B &

= o _ 450nm W YG{E — 490nm HG({E
Puso B B (ol me T ) = G UL VU F VB (gl )

AH,0. 091 SHIHEREL

(2) PrAMBEREENE ™

B 1g 245 60, A Sml Y& B2y 0. Tmol L' FIBE AR ZE v B (pHT. 8) , VKA th 51 3% J5 W2 D 1 1d U8,
15000 fiifi (4°C) B 4> 20min,, b3 BI M BERBGR, T 0 ~ 4 CIkAE PR TT

FBAACYEALES (SOD) 1E PN RE , R FIRIE U MEv% , A 560nm N I BOLETH A BEE 1 , B4 U/mg Pr,
LA 50% 0 il A R Bl — A S BAL(U) o

W E ALY EE(POD) FEPEIIE , R A A BIARBI% ,470nm T2 WG (E #4372 AOD/mg Pro min, L4535
MO8 AR LR R Bl 1 R/

AL E S (CAT) 35 1 I R R 56 S ik, LA 240nm Kb W6 B2 28 fh 3 BE 53 15 4, B2 U/mg Pro
min, A 1min Py A240 370> 0. 1 (& —DEREBAL(U) o
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B it A B SR P AR XS R 2R - BV i 2 5 0 A R 1 P B

(3) AR ENERA% DR EE"

(4) H3rhE (AR IS T SR Rl A R - AR ik
1.5 BdEoHr

RIS YR FHGE T8R4 SPSS 12.0 17501401 XA i 5% BRa] B30 28 $8 AR kAT T LA 38 501 &4
1B R R J5 25397 ( One-way ANOVA, Dunnett’ s ¢ test(2-sided ) ) , Xf 2 3775 4 ¥ 55 1 5 38 AR (B #17 AH
oM 56 ( Pearson Correlation ( 2-tailed ) ) 1 [2] 1543477 o
2 ZR5H5m
2.1 1IEGEERNESENE

WK 2 fios , FEM BIRLE 74. 1% ~76.3% , e 1 BIHETLE 82. 5% ~86.6% , BINCRIRILSIE EM BA
B R T SRR B % o ARIRSE R 5 SR IRE A E

2.2 /NFE CytP4s0 st L HESE PR IE (Wi B2 LWDREERER( 2=3)
1\ TR 1 ~ 4 k 1 Table 2 Recovery of phenanthrene and pyrene amended in soil
i Tju,gﬁi %%Tm%ﬁ o e k8 Bomuk [5] it Recovery (% )
E?J- ’ /J\i CytP450 ﬁi Fﬁﬂ?ﬂqﬁiﬁ%ﬂ‘ IE'_J ’ %j‘ [:EX{I‘ Concentration 3’E W
Hﬁ%—‘%— 2.02 ,f%; QEWJ}Z“ EE 4 mg kg—l i‘%’@ 6 ~ Smg (mgkg™!) Phenanthrene( PHE ) Pyrene(PY)
1 74.1 £5.1 82.5+3.2
-lgs = -1 I
kg ™ B, CytP450 ﬁlglﬂa 2.9 nmol mg ﬁ%]?ﬁ%i 2. 5 152438 6.9 144
6 #11.6 nmol mg™", CytP450 7 B BEIRYR FEHEfin“ Se 4 74.1£5.2 86.0£2.7
FREJE TR REHEER, 1 ~4 mg kg KU BEIEMA 8 76.3 5.5 86.6 +6.2

SR ARG R R R D MR, = — R L = R
o JEVKEE 4 ~8mg kg~ AT REREHAEY) B B MARSHE AR, S BT BE— AR B AR ES , = — R
Lo AHFFE A A — S50 LA F KA BHAAE Y, FEURE 4 mg kg ™' BF CytP450 & B AMECH 1.2 nmol
mg ' MR, NG X SR i B AR EE B B, S /INE D URAE

FIREHRBE T, EE 8 T30 CytP450 & B 75 (L i B B (5 EL IR (1B 1b) o B8 1 mg kg ™' B CytP450 & & H
Xof FEME A N, EE 4 mg kg I, CytP450 &8 1 XF BEAY 0. 89 nmol mg ™' 34N ZE 1.4 nmol mg ™', 6 ~8 mg kg™
BERT CytP450 S B4 H FREZE 1.2 nmol mg ' 1 1.0 nmol mg ™', CytP450 B ZHMEBERETBEME T
R AR S 3E I B RS ARBL (B 1a) 6

CytP450 i B il 360 1 Jo7 588 J8F 0 55 7T -5 B O AP (0. 013 mg L) kY, BJLF AW Tk, 76+
WA A AR B 3E. (EAE 1b T, CytP4S50 FEBE VR BE T 1= VE PSR BERG 58 , BP e Aok B2 T M55 RN #%
B BT BOIM IO , X VLA RR T 5 W A ASAHSC AR ER 2 BEXTAE YY) CytPAS0 FEFISN, i HAM A WA 3L
P (IR B 7E 393 T BRI R O S R EE ) MR CytP4S0 EA/ERT . X S 4H5| CytP450 X 3E | BE R ) 45
RAF o BB XU CytP450 5 SR, H R TFIES o XA RES A YR E Y M BB AEAFA %,

B Le AP 0L, 3E BB S B AT CytP4S0 & B T M, 3E PEMREE 5 CytP450 & & 2 18 2 77 & - 3500 5 AH

3.1 1alb 100 - ¢
g 2.6 1.3 0.96 y=10.0032x - 0.0456x + 0.9805
g 12 R?=0.9995
S 21F : 092 |-

1.1 . 2

B 161/ y=-00764x+0.8004x + 1.0588 y=-0.0219x"+0.2196x + 0.8494 0.88 |-
<o S 1.0 R2=0.9588
S R*=0.9769
2 11 00l 0.84 [
X b .

0.6 | | | | | 0.8 1 1 1 1 | 0.80 1 1 1 J

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
JE¥k & PHE concentration (mg/kg) K JE PY concentration (mg/kg) JE+EEIR BE PHE+PY concentration (mg/kg)

B 1 (a, b, ¢)/IN3E CytPA50 Rl X IE LB B — 5 526 il B i

Fig. 1 The Stress response of Cyt p450 enzyme content of wheat to single phenanthrene or pyrene and their combination
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K, X GIE R T5YEMET CytP450 S5 EFHE T RER R B AR, BB EE B & Wi E R B RS 5

3E EEIRFTRE 5 P450 MYHHES , i JFRRVEF , 35 R XY RSB R G2 , BRI R
FREISS . T IE EEA BN R IRFEIEY) BT, A vl i 5 HAA I B A K.
2.3 PUEAEERIEMEXT HIRIE R — 5 E G e R
2.3.1 SOD FEgxf3E BB — 556 il 1 iy

&l 2 R3E EER—/E G TE T 5 SOD EgiE MmN 3¢ R &, an & AT WLIEXT SOD EgE tEma A K. FEW
BER 1 ~8mg kg ™' SOD EIEHERAFUESE 1.0, IR S SOD BHEMEM AR 3 S5 IEAH M. U Hy 8mg
kg ' B SOD E§IEENE A FH iR . SOD E2 M — Lk 0, B i3 RIKY Wbl AL EE, + 38 b SRSt e e R 51 e
SOD I 14 1y B S ek 2% , 3 Bt ik 21 T P A sl P 3 R 3 /N AR R AL B 455 o

FEEEE A MHE T, SOD EEEME S BUEES T RS, TR 1.0 FRER0.9(E 2) . FE R BITHN
SOD EgEERA P RIVE A, (B U EIE A B, S5, LLEKR B, [RIAE & BT 3E 208 e i
SOD RV B Al , 3k BB & 724 SOD FHE Ve B I3 RS H/E A o X R BIM Py Fh 22 8 %5
Yyia N A 22 R . BB MA SH A LERE P EA BB R 5 R Y H SO IRGE B R E R b
8 PR B — R . 10,10 mg kg ' J%2 50 ~ 150 mg kg ' Cd AT, EAEHAEY) D (Iris lactea var. chinensis)
FIERAT I SOD E M2 EFHIRHA"™ o CdWRBERT 80mg LA, & LAY SOD EHF IR B TR o 1
B EARGERA] I, FE EEX Y BT RIS R VE VR LL Cd R 2, AR, MAE I BT S AL G ¥ M o, 7047
AYS R T R AL E R FE 8O0 H SR B 5
2.3.2 CAT ExHIE BB — 55 G ihE rnm by

HE 3 AL, JE B — 5 A a Xt CAT BiiEHEA B2 MHEA. JEWER 1 mg kg™ BFEIF[#Z CAT
REHETE I 1.0 TFREZE 0.72; FEUR BE 2mg kg™ Al 4 mg ke ™', CAT 23512 0.64 #10.7, 53 B Z R B (p <
0.01) ;JEVRE N 8 mg kg ~'BF CAT EIEHERH BRI T, PEMME T CAT F A B i $5 5 FE AL, 3 Hi7E o
CAT BEEPE A X FRA 1.0 [ %2 0.78,0.6 1 0. 62, 5 E R B E (p <0.01), . EREEGWHET,XF
CAT FgTEME B M HIRE SIE R ERE B ELMERAAHR, WK, IE EEE 58 —HiExX CAT i
TEVEVE R, FERBARMR BE T 26 I il o BEACE (BB 55 , T ZE B R WK B R 0B — e i SE A B 8, X R A3E (BB R
B TEBARREE T 7 A — € BYFE UL , TTHR BE T i P, B A A 28 1 5 R i

N

- O 3 PHE

=g o PY =g l4r O 3 PHE
€ & 12| @ 3E+% PHE+PY < E2 ., o % PY
5 W Eg 12 @ -+ PHEPY
& Q10+ T T ‘ E [ i
22 1IN % % % % 55 10 NG
gz E %
Szo0sH N N7 =% 0s 1 N/
221N N =N

206 | N % #HE 06| NA
ol \ \/ o \/
SN N 2.1\
x o =
2204 N \é 22041 N
255,01\ N .Y
52N N %N

= 0 \\ SA= 0 é

0 1 2 4 8 0 1 2 4 8
15 5413k & Concentration (mg/kg) 15 4443 B Concentration (mg/kg)

B2 /NFE SOD FHEMEXTE | BE 8 — 5 543 Jihitd R g B3 /NFE CAT BHEMENTE | BE B — 5 54 it IR W
Fig. 2 The Stress response of SOD enzyme activities of wheat to Fig. 3  The Stress response of CAT enzyme activities of wheat to
single phenanthrene or pyrene and their combination single phenanthrene or pyrene and their combination

CAT B&EME TR/ NET R RGN 138 PAHs {5 E MBI L. JE BEHR— A T CAT BE I
B EHHEARL. ZUREBAEHABIF P G o A T SR N A Wb AR 3 e L A B
ZIE e R e ST AR R — B R B BN R, BB R AR VR BEE R A . AneRAY
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M52 Cd YREEAE 50 ~ 150 mg kg ™' B, 78 G ALK Cd ¥R B 1d 80mg kg ™' B, FFUAXF CAT B ¥ 7= A=
HIVST BT I, A ML SR EE R B M R AEE £ 5, IR T B B Sh AT, 51 4T Ak i B Y v
A, UAAHFFT NG, 3E BEIAE A AEY CAT f B8 S BL A VR FRYR R 1 mg kg ™", PR b HL 4R A Jo a0 280 7 5 B
EAE Lk

2.3.3 POD EIEMERTIE BB — 5 A e i iy 14 oiEpHE

I 4 AT, 96 BE SRS POD BREHERA 22 2t ey g 7

HIER . FERG SECPOD B R, JEKAAE 1 -8 £2 10| Tog

mg ke8P POD Bk Al e 1o s E2 o |

0.8,0.5 71 0.6, BAWE#iE 0%, GHMERBE 2Z || N

(p<0.01) . Bl 350 POD WiTE I, Hukxt 25 | §

POD BEOIMHISRIET o BEMIEN 1 -2 meke B, ES || N

POD FIE HEWE T s BEMCIETE 4 mg ke 'BF POD B =5 || R
TEHELLXH IR 0. 358245 8 mg kg™, POD B 1 ] N

153453k B Concentration (mg/kg)

Fro Bk EIE EEMMEXT POD R4 H1308 BB

e EEE A X POD [ 1% P 3 ok 1B 7 1 3 (0 5 MRk B4 /A2 POD BETE MR | 26 20— 5 5 A bl R B
520 *ﬁ fi, Eg /l\ ﬂ‘}_ﬂﬂ( E_F, POD %(ﬁﬁig%o ﬁ[l Fig. 4 The Stress response of POD enzyme activities of wheat to
E',E . _Eb" E é’ m E‘f j{] 24 mg kg_l i ﬂ‘ POD @@ fﬁ‘ﬁ ﬁ‘ {5’,Ij ﬁ single phenanthrene or/and pyrene and their combination
1.2 f11.16, {HEEANREETERE N, 155445 POD BHE M Z H AR BB R R X 5L H K H AL
FH G R e DL AE AL, BPFE (EE B 51 A2 POD VS M Sh e i

LIS YR ST EACERZ 8] R rE m N R B . APFR S — LIRS IRR Y, TR 5 /ANEX R
BEE B A ma S A AR AR o YR R SPTRALES 18 A Ma BB Rk, A SCERIR
EEWENESE S POD BTG Z M AFETE 2N OC R , T 76 50 = VR BE T = A M 248 #ilan, Cd ¥kBE
7E 50 mg kg ™' AT, Xt POD BT 147 A= i 375 %07 , ot 50 meg kg ' iR AR B AR o B — s
B8 Cd ¥BETE 0 ~ 100 mg kg ™' JE I A, POD JEHE—H 2 7MW EIH# " . BT H—B R AYF 2 E X
S 3 e 7 Y BBURRPEFEAE 22 R A0, WA Bt i — 2P U A A WLTS G i AL S5O BB SR . JE BB XS POD E§ Y
AR L E &R N,
3 g

AW LAY (N ) TORL AR 4 M 65,38 P450 & & 70 SODPOD il CAT B M ds 45 , WF o g 28 Kbt
FALEEXT HAIE R —/ B AT AN R . B F R AT SE I IR RS AR X BRI BE S L e e o
RARHR I BURAE , ol H 5 I35 R ERE AR LG e W AR ST MR R A 2 Tk, 6 R A S XU
FIPE SR B YE . A SCIRRE— 2 UE SCTE e i aE 5 R AR W AR AR B BT Ak B R R G B o YRR f R A5 R
o MHHLZT , CytP450 XY Bk 3w o7 58 RURK

FHRERSELBIEM L, 258 (FE B8 51 M1 25 B S bt S AL EE 1 e B vk BE 58 AR A4
B4 PR AR BLTS GRS 2 B B R G BE R, AR S R Al
PA50 & &1 SOD . POD 1 CAT BE 3845 AR (L AE B , FT AEAE P AR A 35 AT S AL B B /K 7 L e 23055
K5 G AR ST IR AT IS GLIs Ik KX T
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