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Regulation of potassium supply and signal inhibitors on acetate effluxes by

ectomycorrhizal fungi

YANG Hongjun, LI Yong, YUAN Ling” ,SHI Andong
College of Resources & Environment, Southwest University, Beibet 400715, China

Abstract; Potassium (K) , an element required slightly lower than nitrogen (N) , is one of the essential major nutrients for
trees in forests. K deficiency inhibits tree growth and limits forest productivities. Ectomycorrhizal fungi are one of important
microorganisms in forests. Many forest trees have evolved mutualistic symbioses with the fungi that contribute to their
nutrition and growth. In the fungus-tree associations, the fungi obtain carbohydrates from host trees and, in turn, provide
the plants with mineral nutrients such as phosphorus (P ), calcium (Ca), magnesium (Mg) and K. In our present
experiment, ectomycorrhizal fungi isolated from pine and eucalyptus forests were grown in liquid culture media with various
K supplies (26, 130, and 650 mg/L K,SO,) and with Ca® signal and anion channel inhibitors such as Trifluoperazine,
TFP; Verapamil, VP; Ruthenium red, RR and Niflumic acid, NIF. The efflux of acetate and protons by the fungal isolates
in the response to the K supplies and inhibitors were studied in vitro in order to understand the mechanisms of
ectomycorrhizal fungi to improve the nutrition of host plants. The results indicated that the fungal species varied greatly in
both growth and nutrient absorption (N, P and K). The hyphae biomass at harvest, for example, showed at least twice
difference, ranging from 52.91 mg/flask to 121.72 mg/flask. The reasons for the variations in growth and nutrition could be

explained by the biological adaption to soil nutrient environments where they lived for a long time through evolution and
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selection. Oxalate, acetate, malate, citrate, succinate and large amount of protons were detected in the culture solutions.
Taking into the account of dissolution and decomposition of minerals and rocks caused by protons and organic acids,
ectomycorrhizal fungi could thus make K in mineral structures available for the host plants. In addition, all study fungi
released acetate into liquid culture media and the low K supply stimulated significantly the acetate efflux. The efflux rate
correlated negatively with K concentration in culture solutions (r=- 0.734, n=60) and fungal K absorption (r=- 0.617,
n=60). In forest soils, therefore, the influence of K on acetate efflux by the external hyphae of ectomycorrhizas could be
physiologically and ecologically important for the improvement of tree K nutrition at low K supply but prevention against K
leaching in fertile soils. The inhibitors of Ca signals and anion channels decreased the acetate efflux by ectomycorrhizal
fungal isolates in culture solutions with low K supply. It seems reasonable to suggest both Ca signals and anion channels
involved the process of the fungal acetate exudation in this case. The primary signal of K deficiencies could act as the
intracellular second messenger to react on calmodulin (CaM) , by which changed the Ca® distribution inside and outside of
the hyphae cells, and then stimulated the cascade reactions responsible for acetate efflux, including gene expression,
acetate synthesis and anion channel activation. Concerning the difference between the ectomycorrhizas in the field and the

fungal isolates in wvitro, further investigation is necessary to carry out on the mechanisms of the detail processes with

ectomycorrhizal trees.

Key Words:; ectomycorrhizal fungi; potassium; signal inhibitor; acetate secretion; soil ecology
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Table 1 The concentrations of organic acids in the liquid culture mediums
Sk Stain B/ (mg/L)  ERER/(mg/L)  HER/(mg/L) TR/ (mg/L) L/ (mg/L) 5 PR LR
Oxalate Malate Citricate Succinate Acetate 2 X
Bol5 23.78ab ND ND 30.11a 32.04a 85.93b
Ld2 16.41bc 24.16a 21.17b 20.41b 36.06a 118.21ab
Pi715 30.77a ND 58.64a ND 32.50a 121.91a
Cg04 11.13¢ ND ND ND 36.01a 47.14c
ND IR AAE

AR, m A 22 9.17 £5 (3R 2) o TR, B R

AT HILIR F B8 7 A B VR B R 1.20x107°—4.56 %

107 mg/L AL 5 B TR E 1.37%—8.59% , i 4h

A R AR AR HEE W KRN EE T,

2.5 BRES(E 5/ BH B 1 40 i 006 A0 A R AR A
B 43 £ R 52

F3 UL, 4 MRAMVE R AR ELTE Y, Bo 15 Fl Ld 2
Sy IR RIS A AR, B T 0.90 mg g7 T
d'—1.05 mg ¢ ' TH 47" Z[H], Pt 715 K Z, } 0.75
mg ¢”' TH d7',Cg 04 /I, 1 0.54 mg ¢ TH d7',
HEEKOF B E 5 M AR B I TR, SME
PRAR LT 700 TR 1) S SRR B Ay, TE B R 2
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AL, AT 131 mg g7 TH AT (IRAR) . (FET) .
0.74 mg g71$i d™ (IEH ) F10.37 mg g71$i d!
x2 HEREEFRE
Table 2 The concentrations of hydrogen ion in the liquid culture mediums
Wtk Strain Bol5 Ld 2 Pi715 Cg04
YH*/(mg/L) 0.25b 0.44ab 0.53a 0.04c
ﬁ+$},1@%% Hv(mg,/L) ) 3.45x107%h 1.87x1072 ab 4.56x107%a 1.20x1073¢
H" ionized from organic acids
H* B HLERH.E H/ (mg/L
gH . _if fjliffrom (()rg;ji(: )a(:ids 0.25b 0.42ab 0.49b 0.04c
TEF A7 A AR R RO R OR 22 57 . (p=0.05)
x3 HNESHHFTIIMERREFS P ZBRERNZM
Table 3 Effects of potassium and signal inhibitors on the secretion rate of acetate by ectomycorrhizal fungi
B ) HME TR B LR WA/ (mg g7 T8 d71)
S Signal inhibitor/ Rate of acetate efflux by ectomycorrhizal fungi
K fevels (mol/L) Bol5 Ld2 Pi715 Cg04
K, CK 1.78a 2.68a 1.75a 1.57a
RR 1.09¢ 1.72be 1.67a 0.38¢
TFP 1.22be 1.42d 0.98c 0.36¢
NIF 0.67d 1.65¢ 0.35d 1.25b
VP 1.23be 1.84b 1.32b 1.36a
Y averages 1.20 1.86 1.21 0.98
K, CK 1.23b 1.82b 1.46b 0.43¢
RR 0.78d 0.98¢ 0.41d 0.42¢
TFP 0.86d 0.91ef 0.48d 0.38¢
NIF 1.06¢ 0.77¢ 0.47d 0.40c
vpP 0.84d 0.36g 0.44d 0.39¢
HE averages 0.95 0.97 0.65 0.40
K, CK 1.32b 0.35¢g 0.39d 0.40c
RR 0.31e 0.33g 0.40d 0.11d
TFP 0.35e 0.30g 0.34d 0.27cd
NIF 0.32¢ 0.33g 0.35d 0.21cd
VP 0.39% 0.29¢ 0.37d 0.26cd
P Averages 0.54 0.32 0.37 0.25
BN Effect of K P=0.1674 NS P=0.0001 = P=0.0001 = P=0.0001 =
I FIZLN Effect of Inhibitor P=0.8399 NS P=0.0003 = P=0.0095 = P=0.0248 =
BN RN, Effect of K X Inhibitor P=0.1981 NS P=0.0001 = P=0.0001 = P=0.0001 =
PRGN Effect of strain P=0.5596
FH IR TR SR B (P<0.05) ; = 3K 0.01 KPR B3E NS RRERAENE
FOAE SN RIS AL AR B R - M SRR ([ RR XF Cg 04 fl51) .
SR B bR R S AN TR S . FEAREP SRR, 2.6 AMERRREE SR MEE 170 W HR 58

A5/ Y 5~ 368 T 400 1) 590 S [ R b 410 o) P AR
B4 2R (1L RR X Pt 715 1 VP Xf Cg 04 il4h) .
TEIEH 2T 85455/ [ 2 73 18 41 1 570 A [+
FEEHAME] Bo 15 Ld 2 Fl Pt 715 53 2R (B3 Cg
04 /i LTRTC B E I, FERER AT 85055/ ]
BT E A X Bo 15 43 £ R 26 B H A
L EX} Ld 2 Pt 715 F1 Cg 04 431 £ TR TG i 25 52 i)

AHICE

F 4 TIUL AR TR R LT Y £ R 53 Wb TR 5
FEUR TSR FE RN A= AR TR A B I AT o S AN
TR G, 5 S0 3 WA 50 1 25 TE AR OG , A OC R 4L
S r =-0.734" | r=-0.617" .r=0.404" (n=
60) o SRS Wb A 5 1 IR W b Bk B DL R BRI
W S AR DG A RS r =-0.453"
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r==0.643"(n=60), FEH0SE L Hh A TR AR LT 1
AR IR AT B 2 B 2 TR O AR R BN r=0.4717

(n=60)

x4 SMMEREEZBEMSEFIEESHNEXG

Table 4 Correlation coefficients among potassium, proton and acetate efflux of ectomycorrhizal fungi

LIPSt e i S QBT WK LRGP W R
Correlation coefficients Kconcentration Kahsorbed Secretion rate of H* Secretion rate of acetate
B ¥ K concentration 1
Y Kabsorbed 0.471" 1
QB F /iR Secretion rate of H - 0.453" - 0.643" 1
RSy WA Secretion rate of acetate -0.734" -0.617* 0.404* 1
* FRNEEE (P<0.01)
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