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Abstract: Heavy metal pollution of soil has a long residence time. Recovery of heavy metals and treatment of the polluted soil is difficult.
Remediation of heavy metal contaminated soil has attracted much attention. Dark septate endophytes (DSE) can coexist with a variety of
plants and are important role in promoting plant growth, strengthening the tolerance mechanism of plants to heavy metal, and repairing
heavy metal contaminated soil. To systematically explain the function of DSE and the mechanism of heavy metal tolerance, structural
characteristics and colonization of DSE and their mechanisms of growth promotion of host plants are reviewed, with emphasis on the
mechanisms of DSE under heavy metal stress (adsorption and chelation, regulation of gene expression, anti—oxidative stress and
compartmentalization ). In addition, the current applications and prospects of the symbiosis between DSE and plants in the remediation of
heavy metal contaminated soil are summarized. The findings provide a theoretical reference for the remediation of DSE in heavy metal
contaminated environments.
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Figure 1 Microscopic structure of DSE mycelium and
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Figure 2 DSE promotes the growth of host plants

P 1%) WHARTY



FII52 45 TR B N A= EL R (DSE ) Jy e AER 4 Ja T PEBIL i A 78 0k e 245

FEARTRIVE R, Rt , 1R & 368D DSE BE 3 AU B — DSE
RAR IR BORIE 1 ARAT W R 458
2.2 EETE FEY T EE Y AE B P

A 4w A s B R PR AR, R A i &S
Fy N G B T B e R T Mg A RO
R AL R GRS, DSE (9 28 A8 AT L4 241 i
I 240 R A% R0 2 s A 5 NIV 240 i 285 4] B 52 Fd A7), R
R ZR TR B 25 S RS T, AR AR A B A
MUK IIRePE . B4 JEMHA T, DSEEMEGE 1T £ KN
FOCEAVER AL T £ Cd™ R RFEAR B, BEAIR T 2
Cd™ & B, — 72 5 3l i [l 4 2 Fh DSE, GSH
SOD i 22U B2 AN AT v 1 2 1 2 R By 1 2 i T I K
Gy Ak PREES 32 B Alternaria chlamydospora 7] $2 5
GSH %5 5t , #Fh Neocamarosporium phragmitis 1 Micro-
ascus alveolaris A] 4 fmy A K R A4 3 0 |1, VB
IBE T Knufia sp. Fl Leptosphaeria sp. 38711 T Ammo-
piptanthus mongolicus S\ Hy it , FAE B KU VD FIb 5
FERINR Sy T e 4 B A ),

FRRAE T el T AR LT AT R e A ) R R
S TN 4 A i 6 IR ARG P T R R R
Qu AF K BLER 38 T He b DSE TO10(—Ff £ DSE)
Ja 7RI s 2R 0K IR R SR IR VabZIP 12
25 1R T 4 4%, VabZIP 12 1 Ji 3R 3k 40 R I+
PR PEAR = AR DGR 38, fl B HoAy 5 4
{0
2.3 IREEMIRRE

0 LR AR R E S A IR AR K SR
{5 Y T 22 1) AR 200 i 40 L AN L ) o S0 #RLA DSE 5
51 A8 i 3 B A8 S 7%, DSE 236 Y £ 11 7 B
AR SR S5 P A T e D T A 22 , A R X R
17855 TR 8 F2 W) R R P (#] 2) o Harsonowati
SN 5% & B $2 Bl Exophiala sp. . E. pisciphila
Cladophialophora chaetospira 3 FI DSE BEWE =Y =
K AEZF R MRS i, M AR T T 5 R A A
MR IR IR 555N % . DSE 7EARAEN 4 iR EL iR
L AU 5 T R AERWAE R L 41 Heteroconium chaet-
ospira(Grove ) M. B.Ellis 8 11 5 R QU A1 & A7 A5
S A, 980 A B AN RS 7R EL T (Alternar-
ia spp.) BRI BERG ), DSE A 23 U 15 FAEY)
— P U AR AR A R AR £ B A A £ > P,
il L SO 112 . DSE S84 8 37 MU YL R T R
& DSE ZZ it )12 3 19— R BILN ), DSE TEAN BT\ FL AT
15 B B A A 5 T AR BT R AR FE

2.4 M EYIRFRGAIEIAE

AR B 22— St iR ARE AR B S, 53 — i e A 4
R ZR b R4 A AR W S T L, A A AR B
TOAEE, P2 R YIAR PR E Y 2 e . TR & B
A DSE 60 d J5 M AT AR B 41 T QS T A 2 R
i T B A DSE 2l AR T A AT AR B 40 TR B i, 5
TN BEIE ThRE SRRV AL ZRENE . HEPRTA 225
WA LR T L R Ak 45 SR E R A
HL TG R S5 i T 4 R iR RS S L, Wil
SN BERE IR pH Rl Ph> 5 43 BT R R
600 mg- g™ Pb* I, DSE FFUf 70 WA HE R A LR , W iy
JFE 43K Ph* W38 R DSE 43 i A3 HLFR 2 2% i 45 2
() —Fhf 7R o CA* AR E.pisciphila K BERH 2 R
o B N, AT R AR T 5 4 JE Y T RS sl M N B
PEOSO1, pH 5% ) - RS A7 R A i G R R L AT
pH B 4 Ja V5 A B 30 O, s M o, 1 48 pH S k4R
SIS S & AR U G R, HakiE S
B MLES G AR S R AEE B C KR, 10 mg-
kg™ CA™ R T, FE A0 BEAR 6B TR 256 T A0 v e 4
LM AT R R I pHL, PR AR T 4R B s AR
R TR AR 50 TR AR S 25 0 5 AT IR - 48 pHL, 3
MR R 2 28 0, G Aif pH BRI R i B 7Y

3 DSE-1E4#14k 41858 E & 8 B L &

HEREE 7 HA®RE R, TSR
FE b AR SRR AU B A T AU FR O 604
JiL PN B 115 FI DNA . DSE S 4tz | w] s 1o 1 b
[ T 4 B N 5 4 TR A A AR I B R AR, 5
PR AR Y L B AR AR R AN RN A A b e AL
Wy J5 46 () 2 45 IR AE 7 4 JE W37, DSE W] 34 56 15
FAEY) 53 W 5| Mk £ TR 5 AR g 3R DA SR AR ) AR KT
LTI B U AP @ (Coprinopsis sp.) T AK 7= 05| g 2,
FRRE 14 72.29 g mL™, & BRI AR F £ KR K3
T 17.2%. BRSS9 % B DSE Al 2 5 4 7 b i 4k
fiti (CAT . SOD H1 GSH) 1 1 5 & &, B A 4t o 5 17
R,
3.1 WmME5EEER

W B 5 2% B ) A R 2 e AL ) 2 46 s i
PR Bz —. DSE 22 3 BAR SR R R 5%
TR BN L A S D T 4 1 1 AR A RE I FR
il E 4w B FiE R . W R A 21 A S o A
L E. pisciphila T8 224 2 K& (B2 5k R I R SL TN
Tk B 55 B RE AT, Cd™ ¥R FE AR T 400 mg - L' IS 77 22 W2 i

www.daes.org.an




m@g 246

VRS RSy F43552H

AEJ) 5 CA™ W IR YR J3E 52 TE ARG, 45 T 400 mg - L7 I 7
22 W [ i d K, R 8.17 mg- g™

DSE #f fifd BE v f14 8 €2 22 T 40 M e 04 i 4
T BRI P4 F il SRR 4 5 4w BH B TSR T RE L R
TR PRI R R BRI RS RE A AT O 4
JE B RS AR 3) o BRAEAR TN
20 L BE LB, 2R A B S A 38 SR, LT
hy 4 BH B TS 5 ALY, A A i BE 222
T PR A0 X C W B 1 Ca R
ZES AN EE B RERMILT B2k
A B R AL, G 5 DSE 7N R EE th i A A7
AESI™, Ban MG I G. eylindrosporus i 12 S 25 &%
TR T T 007 TR A TR 22 465 TR R 1 22 181 ke IO %o
A o REEBEZESVUL I Cladosporium cladosporioides
1, 8- R REZR M R (5 3K ] i P> I Bk
#19.54 mg- g R R G N H A Jm W B D T
CIS— R  (HRR R A A Kl R &
FEMVE R AT T, DSE [ S84 KRB 02 2%, 5006 4
RGNS AR KA 22, R e o5 2k — 25 % b
SEHART

FLTR AN M0 0 £ — TR 2 T 45 J WML i i i
1L AR PR LAY 4 SR AR R SR F R B
T FL1 45 75 DSE B8 22 77 BRI I , & B 400 mg - L™
CA™ B T & R4y Wi B =115 34.93 mg - ¢ T4
JEETIE T, BRI R E AN Cd
Ph* il Zn S8 OEVE #9 £ R 4h (I 3) o AT HLIER XS

¥  DSE

~—"_ DSER#

- HEIREE pH  Eh DL FE 4 T 1 T 11 5 e i 0 —
ST (1) A HLER 4300 0 XoF B 4 i Vs 1 FEE 1 S i) 5
HLER K HAH M 5 (2) 5 4 J8 Ml 51 ke DSE 43364 HL
PR I R S R

DSE n] 85 JE R ik R T 4 R il 52 . Dake
LT YOG B B2 b DSE 8 T K 5 S 40 4R
153575 S FRB TN M T #a R DSE &2
A LR ACGFIIZ 5 42 s B 25 6 N8 L Rt s IR
T FI DNA B S 4 8 i Z ik % . Wang ™%
10 mg kg™ CAWrA T, BN FIHS A Z1P Fe K R ik 1A
FEAE , 50 mg- kg™ Cd* 1 100 mg- kg™ Cd> [l T, i
FHR H Z1P (155 S5 K P32 230, Cd* JBlkiE 5 PCS AN
MTP B IIEF COCFR . H DSE A9 5 4 i
FEIR R B \DSE 58 90 H0 ELAE F A9 43 F HLBRA i A< 1Y
1y, DSE B3 F 53 95 05 2 38 5 F— 2 4k, #4 8 DSE
TS ¢ 528 W] ol DSE-HE 018 52 B 4 ) 15 e SR AR o
PSR
3.2 AR EHFI

PR T AR T A A A T B )
it A R ) — B, AT A SR R . E A
JEINA T, DSE 23 Wr AR H 43 Wbt A 4 5 1 % LAk
L, PR T HE B AL B AT A AR L PR
fiti 3 24 SOD . CAT A4+ bt H Ik 2t 424k 9 i (GSH -
Px) %5, BRI GSH AR A R I 4) , R
RIEWENESESRE TSR 4w WU R
s, FEANE S B E AR N B o TR0k it o i

@ 14
& rnm /

2 B0 N T JR R P AL

DOPA- B0 %

[ @ #imt s e mom s

RS °
K ’\ OH
; — s ZnC0,/CdG0,
H
0

LR

3 DSEE £ BB RMEVEIT EEE R HLE

Figure 3 Adsorption mechanism of heavy metals by melanin of DSE mycelium and organic acids
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Figure 4 Anti-oxidative stress mechanism
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Table 1 Heavy metal transport factors and function of DSE before and after the colonization of host plant roots

nEg_2* 43 BE 2

HeF DSE R N T A1 DSE S N 4

Heavy metals in plants

WA E A

Culture

Host plant ~ Heavy metal

before inoculation with

. ik E=BUN
Heavy metals in plants . .
Function Reference

after inoculation with

DSE transport coefficient DSE transport coefficient
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0.02) SR A AR
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