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Response of amino acids in ryegrass root exudates to polycyclic aromatic hydrocarbon stress

HU Fang—yu', MENG Fan—bo’, ZHANG Wen", GAO Yong—chao', ZHENG Li-wen'

(1. Qilu University of Technology (Shandong Academy of Sciences), Ecology Institute of Shandong Academy of Sciences, Shandong
Provincial Key Laboratory of Applied Microbiology, Jinan 250103, China; 2.Jinan Environmental Research Institute, Jinan 250102, China)
Abstract: In this study, a hydroponics experiment was conducted to investigate the effects of different concentrations of phenanthrene
(PHE), pyrene (PYR), and benzo (a) pyrene (BAP) on the amino acids in ryegrass root exudates. A total of (84.2+10.3) pg- g™ of amino
acids in ryegrass root exudates was identified in the control group. In total, ten amino acids were detected, of which valine and glutamic
acid accounted for 43% and 24%, respectively. The biomass of ryegrass increased to different extents after exposure to polycyclic aromatic
hydrocarbons (PAHs ), which showed different effects on the total concentration and composition of the amino acids. The total concentration
of amino acids in the root exudates decreased in PHE and BAP-L groups and an increased inhibition effect was observed with the increase
in PHE concentration. Other treatments did not result in significant differences. The exudation of tyrosine was not detected under PHE
stress while the exudation of valine was inhibited. At the same time, the exudation of glutamic acid was inhibited by PHE-H stress.

However, the exudation of isoleucine and leucine were promoted by PYR stress. In addition, the exudation of methionine was promoted by
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PYR-H stress while the exudation of valine was inhibited and that of histidine was stopped by PYR-L stress. The exudation of isoleucine

and leucine were initiated by BAP stress, which stopped the exudation of tyrosine and inhibited the exudation of valine. Furthermore, the

exudation of methionine was promoted by BAP-H stress and that of histidine was stopped by BAP-L stress. Exploration of the effect of

PAHs on amino acids in ryegrass root exudation can provide insights into the mechanism of phytoremediation in contaminated soils.

Keywords: ryegrass; root exudates; amino acid; polycyclic aromatic hydrocarbons (PAHs)
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Figure 1 Plate of teflon

B2 BEERIKEE

Figure 2 Hydroponics of Lolium perenne

Figure 3 Collection of root exudates by Lolium perenne
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BAREER LI E R ME I 22978 . Kolmogorov—
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AN TR BE R 1GR3 S 3 it PR A2 T Jo o 4
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PAHs X} & 22 B3 A 24 BE R o 1t 1 52 i DL 1T 5
Xif HE 4, B S A0 U ) S SR IR i R (84.2+£10.3)
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fICF X BRZH (P<0.01) , 6B FE X B8 22 B SR 1) 40 b
AIDHIVER, Hom ik B AR B0 /B FH 58 . Muratova

1 3FPAHs EAREAL MR
Table 1 Basic physico—chemical property of three PAHs

Lo SR ATE AT

AL JE W

I3 FHERE (A)Molecular dimension

PAHs Structural formula M()le.cular M.elecular logK.. S()lu})ll{lly/ M():ltlng B().lhng K i JE
weight formula (mg LY point/°C point/C Length Width Breadth

iF PHE O‘O 178.2 CiHio 4.57 1.29 101.0 339.0 11.6 7.96 3.88

EEPYR C‘O‘ 202.3 CisHio 5.13 1.35E-01 156.0 403.0 11.6 9.20 3.88

HIE(a)eE OO 252.3 CaoHi 6.13 3.80E-03 176.5 496.0 13.7 9.20 3.89

me (L)

T R R R 25 CF A
Note: The data in the table is at 25 °C.
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[ 28 i it Dry weight of stems and leaves
O MR Dry weight of roots
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Figure 4 Effects of PAHs on the biomass of Lolium perenne
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Figure 5 Effects of PAHs on total amino acid excreted by

Lolium perenne
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HAEPERRANER 3 P o Se R 55 S IR AN 40 2 IR e
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PR e 2 TR -5 SV R 2 [ D M A (DA A 2 L R
TEAEYI R NAAAESS DU T . F R S B IR 2 AT Y
FEHUE I AL Sh MR N B A B (H e ) 1A
PR T T A i 2 o MR 20 I8 v B 2 R R A A
Yy 2 AR B ACH 4, AL K R AR A SR AR )
RGP fe A T e . 0T SN A

SRRSO R AU AL 2 AT T 0, R B
AR A AEBUR T8 AR R AU, b T H A
PR I 2 R 55 S R TR AL 7 1 &5 1 TA A I A I £
T R 5 1 1 A A O 10, S — i PR R . AE)
RN EILIR S 5 2 2T B B IR R R /Y
VFZ A P AR, L SRSk B R R AU
PAHs 2520 i) AL R4, PAHs iR T KR 43 &
MR S5 FERR A . PAHsJIMA T , PAHs 23 W AE W
o, ZERE IR K it 8 SR AR, Al Sy g K P
1), 7= A A A AR S o BlJS , e S =

2 PAHsBMEX IR RSP RERA S (g ™)

Table 2 Effects of PAHs on amino acid composition excreted by Lolium perenne(ug-g™)

ST K PHE PYR BAP
Amino acid PHE-L PHE-H PYR-L PYR-H BAP-L BAP-H
REHIR 1.5¢1.4 0.5+0.7 0.3+0.3 3.5¢1.9 7.7+7.7 0.6+0.6 44.2+81.8

IR 1.2+1.0 1.6+2.6 0.2+0.3 4.6+2.7 7.7%6.7 3.52.1 6.66.3

2R 2.0+2.1 1.6+3.2 0.2+0.4 3.8+2.7 12.7+17.1 3.742.7 13.4+14.3

HHER 20.4+8.5 8.9+7.0 4.4+0.3%% 32.8+13.8 37.0+19.6 19.1+9.9 17.5+9.9

TR 1.4+1.9 1.9+1.1 1.4+0.5 3.6+1.8 7.946.0 2.2+0.5 5.44+2.9

N 7.3+5.4 2.4+2.4 1.4+0.7 8.0+3.5 19.0+16.5 5.2+3.9 5.9+5.4

SR 36.4+2.0 25.745.3%% 19.9+4,3%% 12.925.0%%* 22.5+12.6 13.344.6%% 14.4+6.6%*

AR — — — — 3.2+4.9 — 0.1x0.2
SRR — — — 0.7+0.8 3.1+3.6 0.1x0.3 1.1£1.5

SEARIR — — — 1.7+2.1 6.2+5.3 0.2+0.3 1.743.3

ik 2 4.843.3 — — 0.3+0.6* 1.0£1.5 — —

AR 6.3+3.2 6.3+3.5 5.3+3.7 5.1+3.8 6.3+3.7 3.242.6 6.1x1.3

HARR 2.9+3.4 0.6+0.7 4.8+8.5 — 11.0+12.6 — 2.2+4.3

TE R E IRA U 25 53 B 3, P<0.05 5 ++ R 50 B4 A 2 Sl 3, P<0.01.

Note: * mean significant difference when compared to the control, P<0.05; ** mean highly significant difference when compared to the control , P<0.01.

3 ZPAHs MBI RERENH R

Table 3 Characteristics of affected amino acids

B EEYIA IR EpERe PR S HL AR a—JRIRHI pK, a5 pK,
Stress effect  Amino acid Structural formula Acid=base property Isoelectric point  pK, of a—carboxyl substituent pK, of a—amino substituent

Tasri & E (CHy)r—CH—CH:— ik 5.98 2.33 9.74
AWM CHy—CH—CH(CH;)— ik 6.02 2.32 9.76
ELAm CH;—S—(CHy)o— ok 5.74 2.17 9.27

AP BEEER 4—OH—Phenyl—CH,— ok 5.66 2.20 9.11,10.07"

e =g
HAR HN\ /}‘1 itk 7.59 1.81 6.05,9.15"
fi

BEMEH WER (CH3);—CH— Hh: 5.96 2.29 9.72
AR HOOC—(CH,):— itk 3.22 2.13,4.32 9.95

o dE a R IEBURIER pK.; Al o BRI EE Y pKLo

Notes:* pK, of non—a—carboxyl substituents ;" pK, of non—a—basic substituents.
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FEIR Wl A e T RS & AR SR T T LR K PR
SRIHPE ST PAHs OEEAL )™= P 6E 5 2 S &
Az LB, T A R 11 1 A, 52 20 R 1) 41 53
PR AR b o SRl 85 A A A i s R T Y
YEFH KT8 B AT P 256 0 DX 2 A B T vt sl 1) 4
JRLBE | DAl A0 e A1 20 B AE AR 1 52 . PAHSs B
B, HAAE S ) ) £ 2RI B ) A
PEFNA W6 b T S8, IR BT 2R A W 1 R
FCRRAIE I X FPREAICRRAE AT BE AR R LU Ry T
TR S Y EE E AT R A R Y, W AT R TS ek
IR T MR AR OE H A2 BRYE ol s A0 L P9 A WL B T i
R . ABFZE R, X T 52 PAHS R0 & AF B 27840
PR RO R 43 I I TR AL 5y, B AT R A5 5 i
FLAARSZ 3 T BRI RZ IR, 2 5% BR S A ) 2F F oL R
PAHs Jilri 55 2 35 9 A i 17 22 [R) A5 ] S0, L rf iy
AAL 5o FHUEA Re il — 5% .

RILTRAES S SH WIS Y BB R LR e H
FORIEER . e AR5 Kk BRANRE i g
FEMB 5 PAHs V5 44 T B A SRABE T, H 2R A2
iR I F e iR 52 A A B (4% 0.3 mmol - kg ) FUR I £E,
XF A+ HE PAHs S 9 L BRRIE & T 4.46 15, HEW i) fig
U8 F & e oh e YR A T I L. Sun
SEUOTIDL TN S R RN 22 24 1R R DI E 9 T R R X 1
o PAHSs W B A 0 K A= ml R R B 52 ), ke B
FEFRIFAR T PAHs 76 + 38 F AW B, (v B 10 2 JE 1R
& 3IF PAHs P9 A W, o e 5 DO 400 o] i %, i 2, 56 T ¢
BERATN, T EE T HEBGS A PAHs 5 =4 . Huang 557
WFFE T ML 2R 50 s 20 6t 1 4 v 22 LI R Tk 114 A R
AT R R AR AT R AR s e, e B 2R 4
Iy RE S AL E BDE-28 FIl BDE—-47 A4 fift W , 384 T st ]
PSR LB, Pem TR DL R RIE A B RTE
ST R AR R W h Z A K . T AT,
Pl BB B 558 PAHs V5 ¢ 3t b HOR R4
WP EIERRA A RE S S R AR T RR S R
ERUAE A o S 0SB TR 1 5r T AR5 AN ]
P B CAn LAk s - R B AR N ) A BT
255 R 2 Sl BE s H S 5 1 fb 2 Ak
o K HAe AR AR L R BT A VE . % i L R
HAAARER R AL 5, HLAL 2 0] B R TR e L P RE 2>
FEAERIRIZON o 3% PAHSs Wil , B 32 550 U0 1) 2 SE 1R
Oy K i R T AL X RV LR R 2 5
15 YL - e A b AR 2 2 U W R B PAHSs )
IRAFARAS B FREEA o 55 7 T 7™ A 50 348 17175 i) 1 43¢

HPAHs (9 LBRBCR . RTE PAHs [l T R ZZ HAR R
ORI R BB RR AL S BRI, 1A AR AR 2H o A0
i, 0 TIRE MW A LTS G A ML A

3 #ie

(1) JC PAHs 360 Bif | BB 32 B AR 3R 0 W 0 11 4 Ok
Mg BN (84.2410.3) g, HoAG Y 10 Fh 23t iz , H:
HP 41 R PN A% R FE AR X A v, 45 o R R R Y
43% F124% .

(2)PAHs 361 ff B8 37 B A6 ) i A A [ 32 1 34
T, IR MR AR 28 0 Db B FE R A A L AL 43 KA i, L
JE O PR PAHs Rl B 177 5

(3) X F LR B, JERRIR B 2RI () BE H
TR T, L i v T AR e 5 0 o 55 7 B i 5 LAt
VISP RTES AT

(4) X F 8 FE TR A 43 44 1, FE A 2R 52 BN FE 43 b
i S R A0 ] 1 B B TR 1Y 0 , v VR JEE R X 4 1R
SN o B B A ALE A B 2 B 4R 43 W S5
SR S5 R, 1 T E A ] i B S R o b, (IR R
JEE B DO ) T 4 SR R ) 43 W LA T RN T A A A
SR, AR (a) BB B3 BT IR 70 Wb S5 AR L5 2
PR, T AN P W T A I, - IR T 4 R 1 43 L It
A, TR VR JE B A foff A T U 43 D0 B 2R IR B
1) 75 fifi B A T 0 2 R
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