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Effects of inhibitor and safener on enzyme activity and phenanthrene metabolism

in root of tall fescue
GONG Shuaishuai, HAN Jin, GAO Yanzheng” , ZHU Xuezhu

Institute of Organic Contaminant Control and Soil Remediation, College of Resource and Environmental Science, Nanjing Agricultural University, Nanjing

210095, China

Abstract: Polycyclic aromatic hydrocarbons ( PAHs) are a group of persistent organic contaminants commonly found in the
environment. Due to their highly mutagenic and carcinogenic properties, their behaviors and fate in the soil/water plant
system are of great environmental concern. Because plants form the basis of human and animal food webs, potentially
harmful organic contaminants including PAHs could find their way into human and animal populations via this route.
Clearly, increased understanding of how plants take up and accumulate PAHs from the environment could have considerable
benefit for risk assessments.

In recent decades, considerable interest in the uptake of PAHs by plants has emerged. Plants can be exposed to PAHs
in different ways. Foliage uptake of atmospheric PAHs occurs via the deposition of particle-bound compounds and the
retention of vapor-phase PAHs on waxy leaf cuticles. The rate and extent of plant root uptake depends on the physiochemical
properties of the PAHs, soil characteristics, and plant species and physiology. Recently, metabolisms of PAHs have been
observed and proven to be related to the enzyme activities in plant bodies. To this end, how to control and regulate the
activity of plant enzymes and PAH metabolism is of worldwide concerns. However, little information is available on this
subject.

In this work, impacts of inhibitor and safener on the activities of PPO ( phenol oxidase) and POD ( peroxidase) and
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the metabolism of phenanthrene as a representative of polycyclic aromatic hydrocarbons ( PAHs) in roots of tall fescue
( Festuca arundinacea’) were investigated utilizing hydroponic cultivation system in a greenhouse. 0.3% NaCl and 2. 00
mg/L Ve were chosen as representatives of safener and inhibitor. Root concentrations of phenanthrene were found to be
significantly higher with the addition of 2. 00 mg/L Vc¢ in 1—16 d. However, no significant difference was seen for root
concentrations of phenanthrene with the addition test safener. The activities of PPO and POD in root were much lower with
the addition of Ve, and were only 1/6 and 1/9 of the controls without inhibitor or safener, respectively, indicating the
strong inhibition of test inhibitor on PPO and POD activity. In contrast, no significant difference was observed between the
test enzyme activity with and without the addition of safener (0.3% NaCl). The initial activity of enzyme in roots of tall
fescue is a key factor of the phenanthrene metabolism. With the addition of test inhibitor, the inhibition efficiency of
enzyme activity was positively correlated to the inhibition efficiency of phenanthrene metabolism. This indicates that the
inhibitor affected the metabolism of phenanthrene in root mainly by regulating the enzyme activity.

To our knowledge, this is a primary investigation on the inhibitor and safener regulated uptake of PAHs by plant.

Results of this work would be of high values in risk assessments of organic contaminants in the environment.

Key Words: phenanthrene; safener; inhibitor; plant metabolism; PPO; POD
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1.2 Rk
] — 2RI AT 0. 9L K5 R A BEES B v hin AR B0 R Bk 4 0 (4 B S <1%0) 7 TRD P03 A4

http ; //www. ecologica. cn



14 4] FROPIN S5 A0 30 R 22 7R 85 = 2 AR T PR AN QI 2 ) 4029

SEFRE  (a) B4 450 NaCl IMA BB FR b MR BEH 0.3% 5 (b) % Ve IMABIEFRIE M EEH 2,00 mg/L;
(¢)JE Ve 8% NaCl % FRACFEZH | BN F2 M P A A NaCl 8% Ve, SAEBBIERE 1.00 L, HI5& 1 mg/L JERY
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TG 1AL
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1.3.4 JKFERY PAHs 34T
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MR AEE i (mg/kg) 5 Cp, I Ve FERIT PR EE & 5 (mg/kg) .
1.4 ik
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2 #ERE5TE
2.1 HYRPIEN S &

il T m AR h R S R SR (B 1) . BHORE ,0—16 d, SFEF R IES EE T RNE
B AMEIR Ve FEFTT AR R AR % 5 8 3% 5 T8 Ve B¢ NaCl B9 B AL B (785 27% —313% ) ( P<
0.05) . %47 NaCl EFH T, FEPHR R AR 0 75 2 ) HE G FEMEAIG , (H 25 5K .35 (P<0.05) , fildn, 16 d 1,
Ve AP NaCl ZbBRATXS B AL AR TR 093 1430l A 24. 3 4. 24 5. 88 mg/kg, Ve AbBAEYIAR (K JE 5 240 3

http ; //www. ecologica. cn



4030 £ A ¥ W 31 &
NaCl FXt FRAMFE 5.7 F1 4.1 4%, 50 .

A AT PAHS B9UR IR F T 4 b PAHS ) —a Vet Phe
fEKAR R0 — RIS A B by 2 o o el
WX PAHs BOWR UK 35 55 PAHs WO EBEK PR B 23
(K,) Bl & B 6wtz amm - 25 |
MRS PAHs K9 REK YRR EL(K,,) Akl e E5 )]

BT, I, SR AR R E

FILSRTERE 70 B W EE B, A3t 400 1 300 22 4 ) 4 g ot

T RUAR T PAHS B it 925 507 B T 1 7

PEAGIR R 5 B Ve 8% NaCl i a5 52 0 H2 A i 2R 36 4 3k %02 4 6 s 10 12 14 16 18
SN IE RO TR ] , SO AR 5% BB R B AL A il Time/d

YIaE & EANE] Bl EEENERNSE-HEXREE
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Fig.2 Activities of POD in roots for different treatments Fig.3 Activities of PPO in roots for different treatments
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FH AR P HE & B IEAARAS  FE Ve X POD 1 PPO S B5RINE]VEF T, 4P AR X HE A A L P52
1E; B, POD F1 PPO XA Py AR A I FE A SCEEAE L, Ve MU AT S i) POD i1 PPO 36 | 1 17 BH A4
FERACI

45 NaCLAEHR , S E 22 AR H POD A1 PPO 4 ULIEL 2 FIEl 3, HECHST (] P9, NaCl 4b BE A9 FE P AR G
TR £ 376 P S Ml T Ve AR PR W TR B AL (E Rk B 25 5 S K OE (P<0.05) . 1—16 d, 5%t Ak
PR EEAARL, NaCl FEH T = E 3R i POD (G MR 2 R RER#EH, 1i PPO MFLALA T AN ;1—2 d, NaCl
Ab P55 %) R AL R AR AR P PPO TR MR K TS (2—16 d) M FREm s, REF LR Rk EIES
YW AT 1 BB DI e AR5 , A A PN T SR A W KT ST I S B R, AR 1 R PR SRR D0 AR SR 2
SRR AHIEE N AN (1—2 &) A TR LA S BRI R 755 PPO TG PERS R, DAHRHTH T JE b
SER g AN E=WENEEE- Sy

£1 VextiE#RS POD 70 PPO &R HI R
Table 1 Inhibition efficiency of POD and PPO activity in plant roots by Vc addition

A A] Time/d 1 2 4 8 16
POD #1|3%#% Inhibition efficiency of POD/% 40 151 139 707 798
PPO 3% Inhibition efficiency of PPO/% 36 77 77 358 481

MEBCR(E, % ) = (BB oporye ) /By s 21 By, JOA SR SAHHERRRET v, SRR T T B0 AR

2.3 FEHWARES POD Al PPO TEPE S PAHs fLHI & &

DA ST 2 B ARSEAE DR PAHSs AOTRIBRRAL Y A IR P 28 16 M S AE AR PAHs 22 [R1 G R3],
A A TG AR S Bl 1% 2 ) 27 o RAE RS AR I G &R . 23kl 7 AR v POD 1 PPO i 1 HIEARI I e Rt £k
WE 4 FES Fias, MRS, 1 Ve A FE XFIRALBR NaCl AbFRAGHR o POD 5 50 2426k (Bl )3 5 #2433
K=0.0002U-0.0808 (R*=0.9496) ,K=0.0002U-0.5188 (R*=0.978) ,K=0. 0002U-0.5974 (R*=0.936);
PPO 1 MESh J12p 2 vk [ H J5 #2431 K = 0. 0004U-0. 0509 (R* =0.9409) , K =0. 0002U-0. 4607 (R*=
0.8891) ,K=0.0002U-0.3297 (R*>=0.9091), = K AL BRI R] AR ; U SRR 0 AR P9 )3 12 o

12
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Fig.4 Kinetic activity of POD in root for different treatments Fig.5 Kinetic activity of PPO in root for different treatments
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PIAR H AR I 3505 R 313% , 280 H 3 20 A 10 7]
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B i AT AT AR I Ve SR F POD Fil PPO IEPE RN R (E) SHARFIEI MR 8eR (R) 2 1E
AHOC s X E— 20 R WY L A B A AR A QI R R SCBEE P 00 41700 3 30 o 0 1 ol 0 Mok 5 R R A
3 4ig

3.1 2.00 mg/L 9 Ve fEHTT ,1—16 d, & =F 2P AR I E & i i 2 v T 0 REAL 3, 3R I AR 340 o1 55 7 1 2 4900 1)
FEYIAR AR, 1 2e 4 TR AR rh JE B S A s e N

3.2 IR EERRAR T SR SEARES PPO A1 POD BTG 16 d, HEAM &I FI/E H AR ER PPO A1 POD 4%
SRR RRAY 176 F1 179, KRB SRANEIN . 224 FEH YA PPO F1 POD [T 1 B v T % i {H 22
SARERE K (P<0.05)

3.3 FHYR P AT AG TG P S R AR R G DG, AR PN ) G T AR IBTEE Y RE e
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BEl6 HEMRFIERBEIHIRE

Fig.6 Inhibition efficiency of phenanthrene metabolity in root
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