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Abstract: Plants require a large amount of phosphorus for metabolic processes. However, the
available phosphorus in the soil is typically less than 0.1% of total phosphorus, which is difficult to
meet the growth and development of plants. The symbiosis system of ectomycorrhizal fungi and
mycorrhizal helper bacteria can significantly improve the availability of soil phosphorus and
promote the efficient uptake of phosphorus by plants. In this review, we discussed the
solubilization and mineralization of chelated inorganic phosphorus, soluble organic phosphorus,
and chelated organic phosphorus by ectomycorrhizal fungi and mycorrhizal helper bacteria.
Ectomycorrhizal fungi mainly promote the solubilization of chelated inorganic phosphorus by
regulating the organic acid and proton metabolism of mycorrhizal helper bacteria. They accelerate
the mineralization of soluble organic phosphorus by enhancing the activities of related
phosphatases in themselves and in mycorrhizal helper bacteria. Ectomycorrhizal fungi may first
stimulate the mycorrhizal helper bacteria to secrete organic acids for solubilizing chelated organic
phosphorus into soluble phosphorus before mineralization. Moreover, we explored the molecular
mechanisms of metabolite signal exchange and secretion in the symbiosis system and outlined the
prospects for studying the interactions between ectomycorrhizal fungi and mycorrhizal helper
bacteria in promoting plant phosphorus uptake.

Keywords: ectomycorrhizal fungi; mycorrhizal helper bacteria; soil phosphorus; organic acids;
phosphatase; phytase
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Table 1
ectomycorrhizal fungi

Changes in the organic acid metabolism of mycorrhizal helper bacteria under co-cultivation with

Organic acid Source Performance in the combined treatment References
Gluconic acid Burkholderia The content of gluconic acid increases. The expression of the glucose [27]
cepacia dehydrogenase gene (gcd) is up-regulated. The biomass of the host
plant and the mycorrhizal infection rate increase
Lactic acid Bacillus sp. The expression of the lactate metabolism-related genes (gapA, pckA) is  [28]
up-regulated. The amino acid metabolism pathway, energy metabolism
pathway and membrane transport pathway are enriched
Gluconic acid, succinic ~ Pseudomonas The expression of the acid-producing genes (gcd, pqgA-F, mps, gabY) is  [31]
acid, oxalic acid and aeruginosa up-regulated

tartaric acid

IR B AR B R B A R, bk
R AR TR T ) TR A 1 TR il S B /K e O TR L T
A HLBE, XAE R S5 A ML 0 1h R AR
XE LA 2 1 AR B0 K 75K . Mei SE00F
W, JEIRFLAR BT (Suillus grevillei) 5 4 4
411 T $7 K PG M 75 B (Cedecea lapagei) B A 12
FF L R B AT Ak R R T SR Rl B AT Y 1.8
, AR R AT I S N T 22 X R T R R
it OB W TR A A TG, DR TS A S AR
U7 BT W e D == VNS I R o A i 7
A B 2 FT B (Pseudomonas fluorescens) 1-42 Al
W PR FL2F T 1 (Suillus luteus) NO4 ] L4 & AL B
- R R VR R A MR N AL e, BE R
5 FRE IR 2o e, RERTmRma
KB peAh, Battini %5 & BLAN B 0T L E a4
R 2K E SR, R A LB
AN
32 IMEREESERFHEKE
L RLA M BRI ML

A W HE - R T A AR AT TR 1 3 R R L
TEATTAE AN 35 77 i v B 22 /0 7 40 i B 23 (] rh
PPAAEIRBERRE T . bR T HERR , T IEA DL
HCTA TR T SE 5 ) AT 0 Ay T TR LT SIS R R TR
2, 43 T ER BT S R T R TR TR A P K i

VE K B R BR S FT I, B ML DS, fiF 5
FU, AR A R RT AE R AR T R E
5% B8 gt A LA W AR OC R L B,
A 2R N, HOHIE M S I b R e
AW &R 2 W IE A, A HiEma =
TR, A G R il 6 vk B 5 BT w g R A
BLBE A R

BEAh, Mei ZBRF 5 R0, Ak AR LR
S AR B TR B G 5 SR, i wh s v
Ko, SRR IEAR L, e ol 1 il I DR AR
PR T R 20l 25 ) T 7.13 4% AN 9.35 %, IF
H R BEIRER (poly-P) A AH OC 1) 22 W 2 15 13 it A1
) 22 TRl 1R R Wl 1R T A O ) 5 DR R 2kl L
RIS IR R0 AR AR =, poly-P {Li
TR, W5k 2 o, — 7 T A TR LA A RE
(R SR TR AR B A0 3G A . s, A
W RGAHCHEE N R IR B E LW, e
g A 0 0 5 S Ao b R A S i sl B A B Y i PR
fifg 3£ X (phoC . phoN. phoD. phnX F1 appA) &
ik, JFPE AR R IR MG Ve, LR BfE A AL
B AL R Y D FER33842 55— T AR B
G TRt AT DA A A TR L v A B I
REL U A DG %, e m H W AEMIETE, &
LTS L

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



520

CAO Gengyue et al. | Acta Microbiologica Sinica, 2025, 65(2)

*2 MEEREESERFARKESLENTN

Table 2 Changes in the combined treatment of ectomycorrhizal fungi and mycorrhizal helper bacteria

Main Performance in the combined treatment Reference
phospholytic

enzymes

Alkaline The transmembrane transport pathway is enriched. The expression of the secretion system-related genes  [33]

phosphatase  (SecY, SecG) and proliferation-related genes (dnaG, dnaN) and phosphorus starvation protein genes
(PsiE, phoH) are up-regulated
Phytase The expression of the phytase gene (phy), secretion system genes (gspF, vib8), cytokinesis-related genes  [40]
(fstA, fstZ), mycelial phosphate transporter gene (GintPT) and polyphosphate synthesizing gene (Vct4p)
are up-regulated
Phosphatase  The enzyme activity increases with the increase of mycorrhizal colonization. The expression of ATP [41]
metabolic gene, aerobic respiration gene and transmembrane transporter gene are up-regulated
Acid The enzyme activity increases. The expression of genes related to flagellar movement and chemotaxis [42]
phosphatase  are up-regulated. The biomass of the roots and stems of the host plant increases and the expression of

phosphorus transporters in roots is up-regulated
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