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Abstract: Arbuscular mycorrhizal fungi (AMF) and dark septate endophytes (DSE) are the two
key types of root symbiotic fungi that enhance plant growth and resistance of plants to heavy
metal stress. Arsenic (As) and As compounds are highly toxic, which accumulate in plants and
then enter biologic chain. Our team has been committed to the study of relationship between
endophytic fungi and the growth, synthesis of active substances, and arsenic absorption and
accumulation of medicinal plants and has made some progress. According to our previous
research outcomes and available research results, we summarized the role of AMF colonization
in the growth and As uptake and accumulation in host plants under As stress, expounded the
responses of host plants to AMF regulation under As stress in terms of physiological activities,
antioxidant system, hormone level, and transcription level. In addition, 7 synergistic regulatory
mechanisms involved in improving the As resistance were summarized at cellular level:
‘growth dilution effect’, ‘isolation of hyphae’, ‘chelating and filtration’, ‘mycorrhizal
immobilization’, ‘transporter inhibition’, ‘biotransformation’, and ‘protecting the host and
reducing oxidative stress’. The interaction among mechanisms was plotted. There are limited
studies on the regulation of As stress by DSE-host plants. We found that the mechanism of
DSE in enhancing arsenic tolerance of plants is similar to that of AMF. Our work has important
reference value for studying synergistic antagonistic mechanism of endophytic fungi and host
plants against As stress, alleviating As-polluted soil, implementing ecological agriculture or
ecological planting of Chinese medicinal materials, and reducing As accumulation in key parts
of plants.

Keywords: arsenic; arbuscular mycorrhizal fungi; dark septate endophytic; stress resistance;
growth dilution effect; mycorrhizal immobilization mechanism
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1.1 WMAMEHRHT, AMF MEEEMEK
A0

ZRAFR 1 ATHL, AMF Al 358 1 EhiA
et , f2kE IR P B, sERAYE, 97K
P/AS(V)UIT LA, R I W A AR 2R 55 5 Aok
PR YE, BN AMF RO, PR32
RESBE. Chen FEPFFTLEL, MlHAT,
1 AR EE VY 3|48 BE B (Funneliformis mosseae)

TS 22 S HEFE(F. caledonium) FIAR AR U 8855
(Rhizophagus intraradices)Y:] B 5. 35 18 i i vy B
(Pteris vittata L)W F AR ZBEHE, #2715 P/As
P, MEAMEIESE, AT, $Fh AMF
L E LT IRAE (Gossypium  hirsutum L) HHE
(Nicotiana tabacum L), 16 E 15 (Medicago
sativa L) HI#Mi(Robinia pseudoacacia 1L.)P*
G G R KoK RE ST, NI B 254 i 1
FHYAERKIRREAKLT . A, AMF FiZ 5
SRR TP RO 22 1) 5 R 2 D) Yu 25U ST R
7 9 B Fh F. mosseae 41 E it B Bk % &
(Claroideoglomus etunicatum) ¥J 4 Jil £ K (Zea
mays L) £ W) & H B W B (F. mosseae>C.
etunicatum), J/Dih FES AT R (F. mosseae~C.

F1 WEPHET, $EM AMF X318 EEME K LR ZNS0E

Table 1 Effects of AMF on the growth and arsenic accumulation of host plants under the stress of arsenic

Plants AMF Arsenic concentration in Effects on plant growth and arsenic absorption
each treatment group and accumulation

Zea mays L. Funneliformis mosseae, 2.02 mg/kg Enhanced the antioxidant defense of leaves;

Diversispora spurcum

Claroideoglomus 0, 25, 50, 100 mg/kg
etunicatum, Septoglomus

constrictum,

F. mosseae

F. mosseae 1 204.99 mg/kg

C. etunicatum 5,30 mg/L
Pteris vittata L. F. caledonium, 106 mg/kg

Rhizophagus intraradices,

F. mosseae

C. etunicatum 5,30 mg/L

F. mosseae 75 mg/L

Limited arsenic transfer from roots to shoots;
Reduced arsenic accumulation in shoots;
Promoted the uptake of phosphorus and sulfur
The biomass and phosphorus concentration
increased with the inoculation of F. mosseae and
C. etunicatum (F. mosseae>C. etunicatum) and
the arsenic accumulation decreased in shoots (F.
mosseae~C. etunicatum). Inoculation with S.
constrictum produced a negative effect on
biomass!'®!

Root length and dry weight significantly
increased with the inoculation of F. mosseae, as
well as the decrease of arsenic concentration in

[17]

Reduced the accumulation of arsenic in stems
and leaves, and the arsenic transfer to shoots;
Increased the types and quantities of organic
acids secreted by roots>”’

Increased the dry weight of leaves and roots;
Elevated P/As ratio in roots and leaves; limited
arsenic transfer from roots to leaves!®!!
Reduced the secretion of organic acids in the
root system; Promoted the absorption and
transport of arsenic; Elevated the ratio of As
(III)/As (V); Improved the transfer rate of
arsenic from the roots to the shoots*”
Increased dry weights of leaves and roots and the
concentration of phosphorus and arsenic!??

<l actamicro@im.ac.cn, & 010-64807516
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(E=3)
Plants AMF Arsenic concentration in Effects on plant growth and arsenic absorption
each treatment group and accumulation
Nicotiana F. mosseae 0, 1, 30 mg/kg Promoted the growth and development
tabacum L. metabolism under arsenic stress. Regulated the
synthesis and secretion of reduced glutathione
(GSH); Reduced the accumulation of arsenic in
the plant'>
F. mosseae 8.5 mg/kg Increased GSH content in N. tabacum tissue,
thus affecting the content of metal-induced
chelator; Reduced arsenic content in leaves and
roots of the adult plants!®®)
Medicago F. mosseae 0, 10, 50, 100, 200 mg/kg Increased the absorption of phosphorus in M.

truncatula Gaertn.

Medicago sativa L. F. mosseae

Pityrogramma F. mosseae, (243+13) pg/g
calomelanos R. intraradices,
(Linnaeus) Link C. etunicatum
Melastoma
malabathricum L.
Tagetes erecta L.
Holcus lanatus L. F. mosseae, 353 mg/g
F. caledonium
Solanum F. mosseae
lycopersicum L.
Robinia R. intraradices 0, 100, 200 mg/kg

pseudoacacia L.

Pisum sativum L.  F. mosseae

Lens culinaris L.  F. mosseae 0,2,5mg/L

0, 25, 100 mg/kg

0, 25, 50, 75, 150 mg/kg

0. 30, 60, 90 mg/kg

truncatula; Reduced arsenic accumulation in
stems and roots; Improved dry weight of stems
and roots”)

Increased dry weight and the level of total
phosphorus; Reduced arsenic transfer to shoots
Inoculation with these AMF can reduce arsenic
accumulation in P. calomelanos and T. erecta,
but had no significant effect on their growth
However, these AMF significantly promoted the

growth and arsenic accumulation of M.
[29]

[28]

malabathricum

Significantly reduced arsenic uptake in H.
lanatus; Inhibits phosphate transport system
The biomass and phosphorus uptake of S.
lycopersicum were significantly increased at 25,
50 and 75 mg/kg, respectively. Increased the
P/As ratio of roots and aerial parts; Decreased
arsenic concentration in stems’*

Enhanced the growth and root development;
Regulated phytohormone concentrations and
ratios™*

Promoted the nutritional uptake; Increased the
biomass and antioxidant enzyme activity;
Reduced arsenic concentration in soil by
sequestering arsenic in subterranean parts of
symbionts, thereby enhancing antioxidant and
osmotic protection mechanisms!**!

Root phosphorus concentration decreased with
the increase of arsenic concentration; Reduced
arsenic concentration in edible part of L.
culinaris®

[30]

etunicatum) , 1 $% ) 45 [ Bk 3¢ 2% (Septoglomus
constrictum) ¥ A= ) A AL ZR5Z AR, A
WL F. mosseae . C. etunicatum 1 S. constrictum TE
Hhom KR b, F. mosseae Fl C. etunicatum
ROR AR, A BRI GEZ B, R. intraradices
X =R AR RO BT C. etunicatum,

1.2 WMBEHET, AMF X718 &K
. FARFE

(b7 B STiRuy iy Na e Lol g LN DOR
WA —E W IREFE, — 8N, As(IID)>As(V)>
DMA>MMA, HHFZPL AsIDFT As(V)HIE
RIEAAYI AN, BEIG As(V)TERP BRI 5 1k
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HEZR AR 1) AR, ot e
MR BREAL, HORZE L b RS R

R A SR B, 5 il AMF (R. intraradices, C.

etunicatum) ., DSE (BRH K #1 8 Cladosporium
keofil MR R 1 FOC
cladosporioides) "] LA FEAR = L X fift i W fie . A
Ho XIPEEPI A, Ma T, a5l
i R. intraradices 1 F. mosseae 1] AL HL T
BRFNM AR AR A, BT MRS R,
) M AR . Degola ZEPSILIMHEE AN F.
mosseae FHWFFEXTZAFE] T ARG R . HAR
AMF A RO BCR I AR, Zhan
USRI, Rl F. mosseae 43 FEF KR
FR AR N,

2 ApEAET, HUWAERT
. JEMRL. EHBERE.
# FKT-AEM R AMF 358 & 1,
21 WENE R, YL EE DN R

AMF FiE T 1L
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sphaerospermum .
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1M AMF M E 5 AMA 2 il 3 56 GSH, i n]
JHEEAEYIE N GSH RpAY) iR #h i s A n 3
ik, ML R GSH K-,
23 WBERET, EUREREWE
AMF Rk

T SR R R T R OB 5
— AR R AT DA IR A, A
FIGH, ERAPUrEE R, TN A B K
FRB844 - Abd Allah ™ 5A%, AMF mlfagEdk
A=Y a 51 ALK Bl . Zhang ZEP2E—
AR LI, WINE-R. intraradices FLHE 1A R iE 1)
VARER G SEM UL YN e a e UIS LN E E N
MNP ER KT, Qe IE WK, 35
TEY A0 M 75 e, T B v AR &) v A 38 4t
M. Bi WG RI, F. mosseae T F KM R
S FH AT LA 25 4 e AR ER v g | P 2 TR R A4 i 43
R, JFRAB R B, T8 AR R i A
KAH, #ESahadm:fa <,
24 FEMBEMHT, EHYHERKFNN
AMF 2K

A E T, AMF @i JE95E B S
W, Seia | FEAAHSCEE R ik, DTS20 15

Sharma

B L7/ P GHOD T e 2751 S 5 S e i
R S i ey 23 A TR h A 4 2 1 R DR A EL A
ShHEE Th R R R k|, HEREE 1
(Medicago truncatula Gaertn.)fs 3= FIBEIREL ¥ 12
EHIENHE GIiPT FiAiE S5 R. intraradices F37MNA
2% As(V) I HRIRCE YIAH S 22 50 p S Iy
K, R. intraradices i#1L FRITHERERIA [ i L
K (RiarsC) ) Fe ik 5, MR TE As(V)id il
As(IID LB, 38 sk g sEae . it
5b, AMF Al MBS R s RE . I
PATE EAEYIAE Y G R BRI, NI IS B R
e, MR EP . a0, R. intraradices 5
SN KFE (Hordeum vulgare L.)F AR L AL
W HvPhtl B JE32A TS0 R, intraradices
Y G P 2. I Ul fE[Sophora davidii (Franch.)
Skeels] R FI it rh A W28 & R AL SvPCST 3R
K, FA G R R A0 e e R AR AR

3 AMF 548 A8 4t 6] 8 45 A
i 36 700 AL

3.1 WEMEZHT, AMF 57EFE#«“5Hh
Rt EBIE ML

LEOIANIE LB, AT, AMF
5518 F AR B <HNE O [RE AL AT VA 9 <A
KRR Ta 22 B 25 FHBE A 1 83 Wik A=
FE A AN 72 A VE FPL (B 1),

KAEWFFEFRI, AMF A] 5 i 8 8 70 R
W, $REDEEERRCRES RS, KRB
WK, Edwa, ALK ENH
(22 SRR B A, PR A BN EY)
AR BRI IS, R R R R
% (growth dilution effect)”!, AN L 1E
KD AR R EERT . B EED . K
T [Glycine max (L.) Merr.P2v & Bl HAESE

TR 22 B s AL R T R A i AR A

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



2376

BI Yue et al. | Acta Microbiologica Sinica, 2023, 63(6)

AMF B 2225 F R R K S Ab 59, AT R
I fE FAEY A JE AR, Jd DR R PSS
FE X — 1 AR, BB 45 A 2 TR A 2
PR . G PR VAR 6 3 55 1 HL fap A - 25 ol AR A Ay
A, R A AW B AR T AR, BRI
Rl peah, Li SRR A B, WL
AEMEANR G R, AR ML, BRAR%
BHReR], @RS REUIIE ., &1 KGN
MESE, EL TR 2230 .
FEATLUE ML JETE AMF 0 1 AR ZN 22 5
BRI E T, HAEATER 22T, BT
AR RE , DA B2 2 0 o) e B4 T 52 1501 AMIF
PR IR 22 R ] i g e s S0, 45
AR R, BRI R AR,
Zhang ECGERBL, AMF [ 2238 ] il 1d 431

Growth dilution effect
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PR AEXT SO B 1 AL (1)

“P R[5 2 AL HL e HE AMP-15 FAEY 3R
{4 22 ] 3 g 1 5 ) A4 R << R AR D B
IR B AR [ R AR PR 00 s 1) 5
RGP GIFSTRM], B RS TR A G EE R
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Binding sites

Mycorrhizal

symbiosis system

[solation
of hyphae

As(V)

As(III)
Phosphate/Arsen
ate transporter
Inositol/Trivalent
arsenate transporter

Unknown transporter

P/Ast
| ["7/1!61} Inhibit transporter

Biotrans-

GSH formation
j MMA DMA

GSSG
Water, P
and other
nutritional, As(III)-PCs
mineral

elements As(IIT)-PCs

Mycorrhizal immobilization

El 1 AMF-T8 =&Y EEE B R LE

Figure 1

MMA+
DMA

Cell wall
Cell membrane
Vacuole

Root cell

o & _prov ided by

2 ® * extraradical

myelium and spore

Inorganic arsenic
® GRSP, organic
acid and other
substances
Polyphosphates
in extraradical
mycelium

Chelating and
filtration

Synergistic mechanism of endophytic fungi and host plants on arsenic stress. AMF: Arbuscular

mycorrhizal fungi; As(V): Arsenate; As(Ill): Arsenite; P: Phosphorus; GSH: Reduced glutathione; GSSG:
Glutathione oxidized; MMA: Monomethyl arsenic, DMA: Dimethyl arsenic; PCs: Phytochelatins; GRSP:
Glomalin-related soil protein.
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