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Phenylpropanoid pathway in plants and its role in response to
heavy metal stress: a review

GE Wenjia, XIN Jianpan, TIAN Runan’

College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, Jiangsu, China

Abstract: Phenylpropanoid metabolic pathway is one of the most important secondary
metabolic pathways in plants. It directly or indirectly plays an antioxidant role in plant
resistance to heavy metal stress, and can improve the absorption and stress tolerance of plants to
heavy metal ions. In this paper, the core reactions and key enzymes of the phenylpropanoid
metabolic pathway were summarized, and the biosynthetic processes of key metabolites such as
lignin, flavonoids and proanthocyanidins and relevant mechanisms were analyzed. Based on
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this, the mechanisms of key products of phenylpropanoid metabolic pathway in response to
heavy metal stress were discussed. The perspectives on the involvement of phenylpropanoid
metabolism in plant defense against heavy metal stress provides a theoretical basis for
improving the phytoremediation efficiency of heavy metal polluted environment.

Keywords: phenylpropanoid metabolic pathway; key enzymes; secondary metabolites; heavy

metal stress
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Figure 1 Etabolic pathways of plant phenylpropanes[ 1 PAL: Phenylalanine ammonialyase; C4H:
Cinnamic acid 4-hydroxylase; 4CL: 4-coumarate-CoA ligase; C3H: p-coumarate 3-hydroxylase; HCT:
Hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyl transferase; C3'H: p-coumaroyl shikimate 3’
hydroxylase; CCR: Cinnamoyl-CoA reductase; CAD: Cinnamyl alcohol dehydrogenase; CSE: Caffeoyl
shikimate esterase; COMT: Caffeate/5-hydroxyferulate 3-O-methyltransferase; CCoAOMT: Caffeoyl CoA
3-O-methyltransferase; F5H: Ferulate 5-hydroxylase; CHR: Chalcone reductase; CHS: Chalcone synthase;
CHI: Chalcone isomerase; IFS: Isoflavone synthase; F3H: Flavanone 3-hydroxylase; FNS: Flavone synthase;
F3'H: Flavonoid 3'-hydroxylase; F3'5'H: Flavonoid 3'5’-hydroxylase; DFR: Fihydroflavonol 4-reductase;
FLS: Flavonol synthase; LAR: Leucoanthocyanidin reductase; ANS: Anthocyanin synthase; ANR:
Anthocyanidin reductase; GTs: Glycosyl transferases.
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3.1 AREEXNEEREMERIRN

2 BE 2 R ) B D S 1Y OC BT
AL, R -t 2 AR ) WSO 8 i R 4 ) B T Y
—IH B DN R T 2 AR S ) A R L
Bz —, TEE &R B T e b B A
BN . A Al A T 1 S (reactive oxygen
species, ROS)H i (1) A i A AE H , il 1) 75 45 @ 5

http://journals.im.ac.cn/cjben

T HARFUERREE . WAk S WSS E RE M 255
¥ R B e TR RE BRI EAE )
RN TR RE 7, 0 o 4 8 2 1 A4 BT
DT 184 SER A 0 ) o <5 i M3 ) TS 52

AR G SRR R A 0] 4 i
A DL P i R AT, LR T
AT EA B OsCCoAOMTI ., CCoAOMT20 3
5 CCoAOMT & PER IR B3, 3 ARBR
FRAH, AR S5 R W R T E T
KRR S, 3 A R T R A 0 20 B A I
Cu® VR, BWRE ARG SR T RE e
WG ff Cu Tk — i B PESR W . Xia 2507
KI, VsCCoAOMT HkH it 323k 1l 75 JF BE %
fie JE 5 38 R R BUR A R RGBT I . XA R
8T B P35 [Phragmites australis (Cav.) Trin. ex
Steud.]”” . K5 (G. max)"'p 15 5] THESL
Elobeid %""& B, 4 ric R4S 42 i 2k K
RWENG A T T, S EUE K R R IHAE,
T A A3 2 1) 15 ol AR B R w9 AR & i, 3R
Wi FEYARRSES KRR EYS
WZ W AEAE R TR T R, R, AR
U T AT & B, Cd™ il &3 SR
(P. cordata) i KR E Frim FREDY, RURH
BERARTEN R Cd™ e Hh ) 4 B AR R
K, TRES 4CL. CAD K POD F:H T
E Sy S

Li fl Ge'"™ &3, MARE kG E
2 J S 1 W R R BAT B R RS E A L AR A
VRGBS, PR n) DL R BT 3R S HA A
Ve Ak T 4 Jm 7 1 BT AR AR AT PR IR .
Wang 5 U 8 i R TR B m T E
(Triticum aestivum LA, BEAILT/NE
(T. aestivum) P E B R, Al iR H AR
AN S T AL A, AT ROR Y
TR P RO R B R T, BRI T s E A



BXiE FENFRRAHRENESRINERIMHRHE

Jm AR S A A R o AR Tl 27 AR R
R RARBTR, AT DR A B R
JE—FPARA A AR5 K HE B T7 vk
3.2 XEIX EEEERIN Y

KB E A 2 P kST E
M () FERB DT E AR, BARER A h
SEUFERAE ) TR T, JLREUE DL A il BR %
ZARBIEABEAG A HBEE N (2) SELR
BEA, WA AR E Co® i
RENS 15 T 7t (Trigonella foenum-graecum L.)
R 2R B R 6 Jo 7 ek B 0 I, A AR 4 i
it f ROS (4 HyO,)id e v 3R B Y s At A1k
MU0 BRGE NN, 2 A R PR R Y
AT A A B RS SR B R A
B, RS HAL A d RSO, TTZ IR
FEANL, AR H BRI 50, 2R B 7R
PR DL TR R AL E T, ZEdER A
AR 50 5 R S R SR TR RS AR TN,
2 USRI, ST R % A2 A
[Avicennia marina (Forsk.) Vierh.JH &%} Cd*" #
WESCR a5, AR 28 BH S il 6 Cd® ik
We, [ REAS fE HE AR R AT TR By, 3R
AL BT 28 ) IR AE B S AFL ) Cd™ o it v L
AEEMEH

5 T T A, 8 4% 5 A 2 i v Y S
WA EAE L, BELAS 25 /0N o 7 W o ik A 3]
JE X3 2 00 i K X, DT £ 47 4 42 40 i
FRE R 56 R Ve o R R CAPT A TR, BhR
IrA AN R . EAR TS E R EY
T, REARAES SR o K BT 4 e W R IR
(H. sativum)"'"' P 5 (Lupinus luteus L)'
Rt (Kandelia obovata Sheue et al)!''*1 | Jijsk+
[Gynura pseudochina (L.) DC.J" F1 #i] #2
(Robinia pseudoacacia L.)*EZFEY), X0l
B PR ol 4 J 38 BE RS 75 5 R N ot 2 S AR

&: 010-64807509

WA PAL. C4H. CHS SR il A%
# FLS. F3H., MOMT3. ANS. CCoAOMT % H
A [ Fa k102 114-115]

3.2.1 #HHEEREMEERBIERINEN

HF R REEMERAERE Y, H
WG G R S 2 R N TS WESE AR,
H 4 JE B 38 BE 0% 15 3 5F 5K [Brassica juncea
(Linnaeus) Czernajew]!"' ., g+t 71" g5
(Lactuca sativa L)' )\ Al #£ [Hydrangea
macrophylla (Thunb.) Ser.]'"*"" 5 E K (Zea mays
L) SR IR N AL R S RSN, X
AR A O 4 Jm M E BEA2 5% CHS . DFR
SRR B R IR, NTITHY SR S ANS (1)
DR AN 1 G £ B 1407 A7 O N TP g
PAL. CHS. F3H FI§% 5[ F MYBL 5 3EN K5
R, TS AL T 2 & H 2127,

VE Wy An i b i — MR bt 8L ), FE
FRAEAE Y LR 4 A b BT A R A
Mo EFR P EAZMHREME, g5 A
H S 0 AR A AR Rl B, S
FIH SRR N, T I R T R 1 e S
Xu HE N, ROS HIEH ZRZ MAFAERL
XEEN . AEEEEMWIE T, EE4[Petunia
hybrida (J. D. Hooker) Vilmorin]H i 4 L7
AL Bl (superoxide dismutase, SOD). i & AL W fifi
(peroxidase, POD) J it % fk. & iff (catalase, CAT)
AR Ak R, SRR T KA S K
5 T RsMYBI 3Kk 2 6] 2 3 i
A IE A JCU X 7E R 4 S B aa T LR
W% (Brassica oleracea var. rubrum L)/OFI3TF
S (B. juncea) V5 Z R ALY A8 F] T HE
B TR, AR AE 75 3R T 5 SR K R i
SOD. POD. CAT FIHt A il iz it 5k ¥y ity
(aseorbateperoxidase, PAX)i&i 14, JfHH W2 &4
BeH Bk PUIRIMAER . JEE AR ARG R
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Fram Pl X R AT R AR B A Y TR
B A L R IE M, IR S AR BT A AR
i, A R FREARAN M b s A S B A
H, M E SRRy R e R,
E5E&RBETHEA I FHRENE2 B
Wby 3,47-0- L, Hu] LARE(RAH ML N H
SR E T RHRE, NI 4 JE T
Hale %5/ YHF5E & B, 1675 % A6 5 H 4 )8 $H(Mo)
G Mo-tbHRIEY, RIGHHE 20
L, DT A2 4 e 1 B 31
3.2.2 Hif, BERBEMFERANESEHEN
i Rz

W EEAEES R TRERFREY,
W R R AT S A WA, Bt
FER M, H A PR 08 5 5 24 B 3% (Althaea
officinalis L)R N Z . 5 T 552k &4 &
AT, XL A YR HBERS SR A
M 3E R N, HS T S EE R E TS
DAREARAN M P A s 4 8 B 1 i, MM
4B W aa i & n A AR 410 Keilig Al
Ludwig-Miiller! % PR, 4MJE # [ B RE 0% 305 A%
TR MKE . PUIRIMm R XA b H RS Ak
ffREE R GE, DT SO 38 T 00 IF i A Kotk
Ao [, Mira W05 R B, TR 5 R
R B cu RA RN E GBS . Xt
FOT MR 3R AN A A R A
PIRaHsE K BE, XEEALEY C iy 3R
S-FESE L 4R S &R B T A EAE N B %
SR AN, SR FLS RN RES IR m YA
B EARERBE FT, I HE S AE ) 4 40

Dowling 25Nk, S8R () A ) 7 B
A FIYSRIR E 1 4-F | 5-OH 7 S gt 5 Cu™
A, JFHRSEEMN & RE S YW EA TR
H B EEREE S, RN A R HUE A .
WFoE kB, HYAL BRSSP e EAR T YRR R

http://journals.im.ac.cn/cjben

OB 5 % T
4 & PhE T BB 18 (Medicago truncatula
Gaertn.)!' | KE(G. max)'?!, YRl K (Genista

)[144]

tinctoria L. \ ;ﬁﬁ[Astmgalus membranaceus

var. mongholicus (Bunge) P.K.Hsiao]'"**!}z %4F
B 15 (Medicago sativa L)% ZFpEY), X0
A2 A o 4 i e 5 A AR N IFS
PAL. C4H. 4CL. CHS. CHI }% CHR 5y I-
PERIR, NI I T 42 e S v ) 2 ) 5 1t 1Y)
?ﬁ,lﬂ;[loz,143,147—148]0
3.3 EHBRERNESREMERINE N

Ve —R Wi, JRAEH = A HEAR
SRABTAELYE, W EXE cu*t. PYTE N AR
BT HAMRBMESERNY, R EW, &4
J& 30 e 1A IR WA BT (Preris vittata LM Fk
MRt (Kandelia obovata Sheue et al.)!"' 2454 )
M. EEE R SR, K256 4
BETFNES, AR THREYYUE. SMEG
IEAEE 2R el #5406 A FIE R i ia T
MR ZFF . REFHR . K FFRECRNG T8 8055 0
RAGHTR IR . R R FEAR R AR IS5,
SR SE iy ANV A 7 A 0R: L) [INT(TE: ) /1
X Ak RN B kBT AR M e T A R RR

(Cannabis sativa L)'

MR R, AT R A5 oo i 05 & A A
AZAW . LT EE R, HAA S BUR 1
SAKE AL, IR Bl AR, T
B 1k E AR [, AR Rl — AL
RREERILRRBEMN, BEEBR, Pt
PERRGR, TR A AR dblRY, Hak,
JEAET RILREW I = AE Y /K A SOD | POD i
1 GSH & &, M2 itk 51 4 i JoiaE 15 2 i) A Ak
F", Chen 51N 38 K ¥ (Metasequoia
glyptostroboides Hu & W. C. Cheng)H &5 4E
HROES A o 5E bR sy 8 A T Z ] 1Y
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KRBmAEE. TEREMET, &0 (Pinus
sylvestris L) %5 5 ™ C B8 U P A4k
AE S BN, Xl T (- LR R ML
RO RS BN E, RULS R MIFEAE R
FERE T WA G 1 B S AR S P g E R,
BRI, SNRRAE TS £ 5 CdP ReRg IRl VE
T EDSI1 FEH, 555 KIK(C. sativa) N IR KA R
A RS RE, NmEEEEER . A
Y590 A LR ) B A R AR G i e e

4 REEREZ

VE M AE Y A N 2 )k AR AR hg R 22—,
IR P E A A A2 A A ) 0L X T 4 R b 2o R
BT HEMGIEMER . REEAREHERE DR
Y SCEE R M IR N B R . B FSR
il T AR PAL. C4H. 4CL. F3H. FLS,
CHS 7P le A Qg A2 B AR DG 2L R 0t — A 56
TEHIIEE, HEZNHTFRMSIR . B, T
Aelb A 7= 5, FE R E 4 e ik T A AR
KM A0 o AL AT I 5T T 2R R B AR
w5 5MREOE(P. cordata)li i 8 4 J& 5 Wr 8
FIVEFIMLE , & B R 2 g s, HAg
% B2 o A e . R P R ARAE ™Y [,
RSN, 240 26 S5 2E N B RS
MG 25 SRR BE I, J3 i) Gt A N e AR g 2
AR 3 ANCHEEE . 5 DARTE A BUOCHE B
DL K 7 A B BOCHERE , Horh C4H . ANS.,
CCoAOMT =5 £ 7E B i e vh Ao 1 2
VERIUMOA ) g4 I e — A R 5T 2R R e AR hR A 7E
W F(P. cordata) LA TE 4@ Wit v B9 4E FH S
AL T He AR . (HE, RKEk®E
AR ) N X} H 4 S T 3E v ) AR AL D e Ay
TFHLHI I ARG B S m R bT . R, ZikE
TE T 4w V5 e IR BE B A W5 R 0 AR s AE
EE S — 25 . A5, Y n

&: 010-64807509

Pt AR 348 A% e 107 T 4 S W 38 A AH DG A 58 AT A
wr 3 AJrmREH

(1) HPAR N B A 2 )5 5% (R RN R
g AT 0N S E AP BUR (L1 3]E = e
W%, EARAAMLE A, BRELSEbE
TOREEEL R A 5GHE R A, A
Bl 538 B o AR 0 R D B A, AR
) 4 e 0 T P R AL 2R AR A

(2) DITEZAR N LA A DG By 2 P TR 5%
Eh T RMEY =, DERZE . T
AR 1 A 7 o FH e SR U TS A A ) A
Ja W30 T T T R A . R, A JE T LA
248 42 R I e T AR AR N 2R N e AR DG 1Y
Mip ke JE R, O aE I e TR R R i — 2 i
Pyxt a4 Jm 0 AT Az, AT A 4 4w
15 PR M AE Y8 Z AR PR AL 0 S 8

(3) WFFTRM, Wik AMEA I 2Kk A
R ARG A b v, (H 255 & T
P RN R e, A SRR Y B
WS R SEa, TERFANT RSN B S L & i
e AT ) T 4 PR TR AR DG Y, O R R R
4 @ 15 G 1 3 B K AR B AR ) 15 2 R B e B
WAL
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