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Effects of cadmium on the distribution and accumulation of benzo| a | pyrene in

subcellular fractions of Eisenia fetida
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Abstract; This experiment explored-the mechanism underlying benzo[ a ] pyrene (BaP) distribution in different subcellular
fractions of the earthworm FEisenia fetida (Fraction C: associated with the cytosol; Fractions D associated with granules;
and Fraction E: associated with tissue fragments and cell membranes) under conditions of contamination with both BaP and
cadmium ions (Cd*) ‘at different concentrations. The results showed that Cd** inhibited the accumulation of BaP in the
earthworm, and that BaP \was accumulated to the greatest extent in Fraction E, followed by Fraction C and Fraction D. With
the addition of .Gd>", BaP"concentrations in the three fractions initially decreased, but subsequently increased with the
increasing concentration of Cd®*, whereas protein content and acetylcholinesterase ( AChE) activity showed the opposite
trend. In contrast, glutathione s-transferase ( GST) activity initially decreased and then subsequently increased with
increasing Cd* concentration in Fraction C and E, whereas the activity gradually increased in Fraction D. Correlation
analysis indicated that protein content showed a significant negative correlation with BaP concentration in Fraction C and E;
AChE activity showed a significant negative correlation with BaP concentration in Fraction C; and GST activity showed a
non-significant correlation with BaP concentration. Collectively, the results indicate that BaP mainly accumulated in

Fraction E, and that the accumulation of BaP in Fraction C and E was correlated with the content of protein and activity of
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AChE, which was influenced by Cd**. Furthermore, BaP concentration initially decreased, but subsequently increased,

with the increasing concentration of Cd*".

Key Words: benzo[ a]pyrene; cadmium; Eisenia fetida; subcellular fraction; combined pollution
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TR E TG Y R A R IY AR (Cd) B e b s Y s e e S T EE =
19 630 J3 km® B2 Y 1 4h b G 7% 0 SO L AR . I (a) B (BaP) A AN MM BRI B
e, SR 2 IR e KR TS e 2 e TR DA s ol HE AR R | 5K B TS e A A
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W sl IR AR Y R R BRI Z — , EAMUTE4E R A= 25 R G g e 8 Al 2 ARV T (Can i i
TIEA DU 2% TR IEER SR, st HHEMERAE) | iy B2 R i QRO S R A Y, 2 M ERK
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B AT ERAEE O, MWk 22 TF & 1 5 K e 2L AR PP AN 75 G 9 B2 M 9 B X sh W, O S 1 AH I B9 A o T 3K
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HAT, FNAMIOIR 2 L0 T 8 4 R S 2 307 I 5 - 3 B A F T 0 Wil i AR S 3 R0, B — 5
T, EE RS TR TR IR T s A P A £ A 2 B T AR R VR TR R R RIAZEIE ()
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AV S AR AN SR A 4515 Y 2 X Wi M1 0 S A A UM D, L v T g PR AP I ek 0 A, 2R
T B E T E AR ( Cd) 1 #7825 55%E JE ( Phe ) & & 15 YL X 28 745 52 W 15] ( Eisenia andrei ) F1 H 2k 15|
( Fridericia bulbosa) WITEITERIN , & PRIG G W) 2H 155 DA Nk BE 52 52 675 Y i 28 AR S R 9 B 45 Pk
D) AR SEONE | A= A N A A IR IR 2 B W Bl ( GSH-PX ) 58 Ak T 4 Ry R AE Cd-Phe & A75 Y4 1 — 10
HEWSHIE .
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FHOT s i 25 240 i 43 2 TR) X b4 4 R 10 245 Rz i D RED7) T DL I 5% 58 2R Pk TS Y s AR SR B 2%
TR

http ; //www.ecologica.cn



6618 JAE = 37 &
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1.1 SEgepbel

IR T B WEWS| ( Eisenia fetida ) We F 22 (0 5] 7% 58 36 . 356 FH /N S AR E ARG (300—500 mg) , CVEL T A
PRHT B et BT s kg A2 AR

HIF(a) TR IIHTEE, SN 98% 10 T A REFHLARR AR, S0 (CACL) oA al 4Ry 99% , 1k
A B RL T
1.2 Lkt

AR S0 R FH A S AS VU 5 O EE AT B B L 50 mg/ T BaP ASLULEE SR B AN T L SR T R S
(Ca(NO,),) JBiEREE(MgSO,) AHMRE( NaNO, ) M ASFRH (KNO, ) Beiil 5 0.4mmol/L'Ca™ , 0.1 mmol/L Mg**,
1.0 mmol/L Na* &% 0.1 mmol/L K" B FUAII , BaP LA ERIA A , I8 T ALK LWL R 50 mg/L, AR AR FL
LRPE N 1%0, FEMILRN [, 5 4 AAHE, RIS [RVR B Y) CdCL, , (45 Cd™ &k %4 0,0.2,0.5,0.8 mg/
L, & H

SRR HBEEE R R, A5 3R ML A 10 Fxfe i8] K 20 mL V53440l K g 0o F 8 101 B3, e 4L
/NE B Ak 5k BRI S, T (20+1) CHEFRAFTREDGEESE . R ERIET M| T TE R SR, 5 7
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AR SR M IS 43 3 AN AL 4y, HASEERR N R i sl Bl AL S5 HCE T35 A S mL vKA 8 Tris-HC1 (0.01
mol/L,pH=7.0) SZESIHIM T, 76 1500 v/min 55 1F F 219K 5 min (421515 A% DYR9-2, T AEWH AR A
Al) o SRJE IR AE T A R B DAL Sigma 3K 30, Sigma 23 Al ), 43 HI7E 10000 r/min, 4 °C F F &L 30
min, WA L3 (AL B8R40 ) o AFEIADTIEMA 2 mL Z4EALEN (NaOH ) ¥ (1 mol/L) 4T 78401 , -4k
SLAE = A TR B DAL, 43 BI#E 10000 g,20 C 51 T B0 10 min, WCHE_E 3 (4RI RE F 5843 ) B oE (144
RiFRAY) o WEERY 3 N AR HRIGE T ALPHA 1-2 LD plus A% g h T4 . SIGEESMBELET —70 CUkAH
o SRR
1.4 R (a) EIME

#IF(a) EEAYHREUE % Contreras-Ramos 25 ({5 IR ek zh . il 28 4 WAL 3G | A4 70 FR S
5 3 £%F Hs i TR BRFR 1 ( Na, SO, ) IR G )5 , B TR EE b oK . KR R 52 2% G 38 5.0 88 P (40
mL, ZHHR A RS E) A 15 mL P B/ ERRIGR, % 5, K 85088 B TR VKoK 088 75 5 I Ve s h i
TS ALY h, ARG 7E— IR AE IR TE 60 s, FRUGE S 1 h, 2R LE 3500 v/min 457 F &0 15 min, $2HL
LU, Wil BREE 2 R, BIEWAIFEBI6 mL, IF A 3 ¢ #E)ZE TR B RECAE ] 11 mL 1:1 ;)
ST IE C e o PR R BE G 5 BRI WUAER e 25 D 7E 40 °C JKIB - Mgkt 25k ka2 1, 1
2 mL A TIA R E S, 1 0.22 wm AHLIEES EALHT,

I (a) BB 5E K FH SRR S0 RO AR (2335 ( LC-20AT, HAS Shimadzu 23#]) K, JEECAT £ 50-7] WAG I &%
(SPD-20A) , A%+ &y C18 #3 ( Shim-pack VP-ODS, 250x 4.6 mm, 5 pm) , f#34 & C18 ¥ ( Shim-pack GVP-
ODS, 10x 4.6 mm, 5 pm) . CFERMANT RSN EIS 209 B B, 3 S AH A R B UG AE AT 0.45 wm 8
FEREA A FEFE 1.0 mL/min FSZATAE VR HEIR 30 °C s KM K 254 nm EFERE 20 pl, AR g}
) 8 M AR G T AR R A MR R R IS S HW-2000 (538 T A (B 5 TR A BR A B ) i s I FAb 23
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1.5 Afkiz

e M| AS [0 4 L2 53, B SR B 25 T 3 (T D a5 595 nm YK AW T
A B i SR AR R B A 15 1R FH TNB (XK = Al 2%, Sym-Trinitrobenzene ) H (00 % | 7E 412 nm 3
KT S W B R M B DL 2 A VR A HE 37 CCAREL 6 43, KR R MR Z 1 pumol BT 1 ANIE
JIHAL  ZE RN U/ mgprot; 77 M H RK-S-EE RS B A 15 1 R F A0 Y66 BE T 76 412 nm KR E WOGEE
WAL S B H K (GSH) 5 1-5(-2, 4 il 55 (CDNB) HI45 4 ok FRAE , B % PE 2007 DL 2 se A 4UE M L 1R
37 °C KL 1min FOBRAEBEE S , 6 5 1A 22 o GSH MR FEREAIR 1 pumol /L A 1 NG 3 800, LA 1 005 3051
ST Y T AR ST T
1.6 it

I 45 R SPSS 20.0 Fodis Ab B A 1T et 3 M, LR R 5 22 43 Hvds (one-way) ANOVA ) 1 iy
Duncan VAT AR E CA™ A HEEAS [R] (1) 22 5 8 Z VR0 (P < 0.05) , K Pearson #HIS K 7 #r A4 AL 52
iR 5 X N BaP 5 BYAH M (P < 0.05) , #42R H] OriginPro 9.0 # AR,

2 #R

2.1 XML ZRTT (a) B AT IC AR A 5 0
H & 1 AT, 525 (AR, BN Cd™ AR BETR , df 451 7R N 1) BaP (AR 225 B AR, FLREZE Cd™ YR E
FI T, S A Y BaP (1% B 52 I SEREATRS T 1B A I 72005 mg/ls Cd** Kb B BaP (¥ IR B e/ IME
Fb A e W5 S [R) S 4 41535 BaP AR B (& 1) AT A5 AR AL B R, BaP 32 5248 B B2 e 151 14 40 i 1
43P, ROk [ R0 A 43, TE AR B2 o h A FR B eI, SRR BE Cd™ TR INBE RS A ] BaP 7 41 i
1R R A A 4 R B R ORAE 0.5 mg/ L Cd™ Zb R ik B /IME, {HZ: 0.8 mg/L Cd™* b FRAEHE T 41 75 5
205 BaP HIFLER

20 1 10 - 10 mg/L Cd?
0.2 mg/L Cd**

——®

Bt 3 g | Y 0.5 mg/L Cd?*
= _I_ B 0.8 mg/L Cd**
g
S
2% 12t 6t a
=]
Er be :
7’Fk§ 8 c 4r ab
¥ < v b
S /RE:
o : N
& /NL:
0 0 N
0 0.2 0.5 0.8 MY R AR F N Tipa
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Bl 1 FRERE CA* 3Bl R EIH (a) EHERENEIN
Fig.1 Effcet of different concentration of Cd** on the distribution and accumulation of BaP in the earthworm

a. fREAMREEE, b, A EE 40 M 2H 5343 A

2.2 TS| A Y B S ) R

H & 2 AT i 0 A P 8 R R S B Cd™ VR B RGN S 0 L TR R R FE 0.5 mg/L Cd™ b B
TEASRDEN,

e A e 1 5 IV 200 20 4w ) B 1 i (B 2) MR R TR BT 40 M B 2 rh ) R 1 B R e, R
YA A oy, R RURLE 4 dse /b FETR I Cd> IR BER S A ar h E F E RE L TR TR
FOFE 0.5 mg/L Cd* Kb b 204N 2 55 KAE, B 5 7E 0.8 mg/ L Cd™ Ab 3 S HR AN [R) R B () RAAIR
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\g 60 -
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B2 ARERE Ca* 33HislmE 8 R ERRm

Fig.2 Effcet of different concentration of Cd>* on the concentration of protein in the earthworm

2.3 G M P 2 T AR e S T %) R

F P 3 ] 60 i s A P, . BRE AR G AT 7 52 5 B TH IS R R AGEA 3 FE 0.5 mg/ L Cd™ AbFR T 3 35 58 i,
KB B KA, BEJSTE 0.8 mg/L Cd> b FI R i B AR, i 3 B/ ME

Fe A 45 A 2 43 T Y £ BERE AR S 0 (P9 3) mT A, MR IR ARTROR , A H2H 0 v ) £ Tk el G
it , FEUR Sk A0 B A AR ZH 43 . AEVRIN CA> R AL IR 40 B 5 20 43 vh 2 Tk RE R G 6 114 355 ) Bl
C™ ¥ BE I3 0 522 320 W AR AU P A 34 5 T 40 Ry R [ A R 4 2 vl 0 Tt L B P il P00 0 22 58 IS N R
#OFE 0.5me/L Cd™ A FE T IR R B K AH, Bl 76 0.8 mg/L CA™ LB A TR,

~ 200 140 r
5 b a a 10 mg/L Cd**
E < 160 F b_ T 120 2 i N vzz4 0.2 mg/L Cd>
2 é‘ 100 | 0.5 mg/L Cd**
R 5 c B 0.8 mg/L Cd>*
s 120 80 |
é%ﬂ 2
B2 60
= § 80
= = L
EZ w Pl 8§
2 L b
Hil|F e
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0 N ot
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0 0.2 0.5 0.8 Eilithaany R [ A AL
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WEFKE
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Fig.3 Effcet of different concentration of Cd>* on the activity of AChE in the earthworm

2.4 | GRXMLAG AP A BT IR S-Hr RS B g S

F T84 770, M A5 S AR D IR S RS BHIG I BEAE Cd™ e BE (48 fin 52 5B BARS THss i a4 72 0.5 mg/
L Cd™ AR 3k 3 /M, BEJRTE 0.8 mg/L Cd* ZbH T 1 2 19 N3k B i KAE .

HeB A AN 20 53 v O A T IR S-FE RO BT g (18T 4) TR, A0V o 5 A e v i o0 v v 23 T ik S-5%
RO B 3 SAAHIE | A [T ASOREZH 73 85I - CA™ RESE N 4 v 5 X% [T A OREZH b A5 e H IR S-56 A% i 1Y
TP, T A A R A B T Ik S-SR ROTE A . FEENAN Ca™ B AL BT, 20 MO A 20 MO A R 4L 0 T ) A
JDEH K S-S RIS RS T RS AR H IFAE 0.5 mg/L Cd™ Ab 3T 35 B d5c/MH, B 5 AE 0.8 mg/L
Cd** Rh B 581G , 17 B (A ROREH 43 v A3 DG T K S-e RS B TR MEBE S Cd™ YR EE A3 INTE 0.8 mg/L Cd* b3
T REER,
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Fig.4 Effcet of different concentration of Cd?** on the activity of GST in the earthworm

2.5 FHXMS T

T AHSCHE M AT AR ORIV CA™ BMALEE T | 20 M3 I3 4 43 v 1) R 1 RRE A Tk R sk S ity 1% 3 5 4
JRLPS I 2H 43 H G BaP B 2R 5 I S TR G ; A0 I IR - 240 P B 2 P R S AR e 04 R G BaP BRI
WEAMIC(EL),

x1 TRLAMAS PEEFEIRSEHF (a) EREZ EEIHEXES T

Table 1 Correlation analysis between enzyme activity and BaP concentration in different subcellular fractions

BTG FE bR AR T 1] (A L AR R
Enzyme activities Fraction C, cytosol fration Fraction D, granules fration Fraction E, debris fraction
% 1 Protein -0.702* -0.456 -0.591"*

Z AR AChE -0.635" -0.001 0.048
AW Ik S-HeF5RE GST 0.231 -0.102 0.494

AChE; acetylcholinesterase ; GST: glutathione s-transfer; * 781k 0.05 7K ( DR TE R EES

3 e

AWFFEEE R WoR R RV EE Cd* XF BaP 1Y FR 224G AN [ F2 B2 (0 4 ] VE 1T, e 5] 4K P4 19 5L BaP ¥ BEAE 0.5
mg/ L Cd*" AbBRALI IA B f M E, B SCA BT R T  HE/NT RSN Cd* p4b 3], B BaP EEAEh AURTEA
W AL, LR EHAIUR 5y, TEAN RIS T 41 4 R i B R i iR D . X 5 Bepe b I B R 45 i — 8, X ]
REJE PRy A LA 2 53 v A 2R M RS A o, BT B0 1 SR IR, B 5 B K PR AR 2 W AR 25 5 1T BaP 2
—FPF KA HLIG G0, AT BaP 7E4HAAE A 20 43 P A AL R g i >3

BaP A0 T Wi 451 3 /> 5740 4 40 v e R IR R B A I B R R BE i R S R S b pyaH,
AHOCPEATHIT AT A 20 B 5T 5 A LA 253 BaP VRS540 VR B 5 10 35 SRR OG X P R R R BE Cd™ ik
FERSE, SRt A YR N S 4 R R RE L T EORT A P P AR A SC ER Y A i, 9 0 4 R R AR A
(Metallothionein, MT) ¥ ZAEFSE R 2GR W LME 4B ME A FE MBS I 4 8 mi & A ot
B IR, PR AR A i 0] A R IR R T R4, Mosleh %8S ST K BEAG HILTS Y 0 — B FR TR S TR e )
it AT LU 7K AR S| ( Tubifex tubifex ) Y4 JRAR AL 25 5 O I I0 o 7 48 Ja At A P 0 o 4 Jg 1) e B SR PR
# BaP H5HEHMEEZE] Cd WFE P MHIER , WITFEAR T BaP 7ERMISHA N AR R 5 L2, FE R EE Cd™
WREETR e 051 28 1 223k 52 S, i R AR AR 70 e 451 0K PR RO RR 2R k55 1 A B S 4 AR T BaP 7E B 5144 Y
LA,

SAETSYT BEE CA> WREERYIG AN, 3 A0 AL 53 v (Y £ ot AR ARG 6 1% ) B Cd™ ik B8 Py 385 o £ e 3
T BEAR A a3 TR E, Uk 2 AE Cd Wil N RIFSE 22 KA WA N £ Tk IR R 7l B PR 3R 3k DL SGBKTR HE Cd
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A M WTTEAR TR A LR BRE AT 12210, 3305 1 S BL A 2 2R | BVARXoF £ T JIEL ol 1 B 05 3 1) 52 i L2 fER
JER, =R BRI R R  ARIREE Cd* AL BT A= MR 2R B B 4 A ROV, fE it AChE BY3RIK , 23X A= W)
PREIE S ARV E I, 2 R B Cd™ b B R 2 R B B W R 200, 4] 1 AChE B35 1, %) A= 9 A
TEH 1 A AR 1 R A A R A 20T e A g e A A A o R Y BSOS 235 0 75 e ) AR A
AW A LA MLV ST 4L 53 1 B9 BaP R BE 55 2 ot MEL B RR Tl 175 0 S22 35 SRR O, ik T RE IR PR M AR IR BB €™ i%
7 AChE 3R 3K, {2 #E 8 8500 BaP i AQ % 2 VR T, AT F20 T BaP ¥R BE A9 FREAR , 1 i VR 2 Cd™ 40l [T
AChE (235, D855 1 Meisi %S BaP i QI 2E0E T, 5 BaP W3 12 BEME TN i

A3 DT K-S R B 1 AR Wy A R AN IR TS ey A Pl S S APE T, A3 e H IRAE 20 7P S AR LR ke
R, B n] DU A e K S-Fe R 1 -5 S A W Al 5, AR B K B A e H IR AT A= g, e 0 HE )
Jr Qe RSN, B BRAR AL 25 SRR A0 > B ARS8 T A, e 0514 P #5253 T BaP (9 MRS 5 73 b
HK S-He RO BigG ) 2 18] B AR BEAT AR SCHE  (HE B Ca™ W BZ A%, 45 bt Hlik S-56 R B RO 1 2255
Wi, B S X TS 35X Lei 5 IR — B0, A B H K SR8 BERE IS S 55 SNBSS Mo ACIss | Bt 1
B I [] LA S e A7 A S i ) JE KA (7

4 Zig

L5 LRTA, Cd* EHNE] T BaP 7EAEISI (RN Y SR R, BaP B AR BN R R AL A 410 b U [
PRBURLZE 73, PR A0V S 2 T AR R B el G BT LA BaP 70 40 M 48 7 1] (A 50KE 2 23 v BaP
MR R H ik FERY Cd™ i T AUV B 20 43 b BaP BYAR B Cd* AT BB i 15 3 £ o A R R  1r) 223K, £ i
T AU SN IR TS Gt B B AE RE 71 B AR T, AT BaP R 3
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