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Fungicidal Activity of Mercury Compounds Co-existing 

With Proteila in Rice Plalnt 
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Introduction 

A number of experiments have been attempted to make clear the effects of mercury 

compounds on the control of rice blast disease from chemotherapeutic view point ( 1 6) 

Mercury compounds were absorbed and translocated 'e,a.sily by rice plant and proved to be 

quite effective as the control agents of rice blast ( 8 , 9 , 10, 14, 17). Considering the 

results of these obsei~vations, the cherr'*otherap..',.utic actiori of mer,"-1_"~r'~.' ,~'-empr_,unds seems to 

bc direct to the causal fungus in rice plant. On the othet hand, the fungicidal activity of 

the compounds is inactivated by mixing with the macerated juice of rice tissues ( I , 7 , 15, 

18, 19). And it has been clearly shown by scme investigators that inactivation was due 

to the formation of the mercaptide of mercury group with thiol-group of protein (18, I O 

This fact seems to be cor.tradictory to the prominent chelnotherapeutic effects of the 

mercury compounds in the plant 

One of the well-kr,,_own hypotheses on the chemotherapeutic action of mercury compounds 

is as follows (~ 6 ) : When the causal fungus invades the plant tissue and make contact with 

mercury which have been absorbcd and hav~e cornbined with the plant components probably 

with the rice proteiri, the mercury getting free Lrom the rice protein combine with fungal 

After the mycelial growth of the fungus is prevented, disease development is com ponents. 

checked. This is an interesting idea, but in order to prove the hypothesis, fungicidal action 

of mercury co-existing with protein **hould be examined elaborately. The present study 

was designed to secure information in relation to this problem 

I ) Amtifungal aetivity 0~ proteiln so~ution which was ~ialyzed._ against n&ereury 

chloride solution 

Mercury compounds were supplied to protein solutions through cellulose membrane in the 

present investigations, for, the chemicals which have been applied to the plant in field, are 

probably diffused successively from the outside of the treated plant to the inner tissues 

Cellulose tube with 2 ml crude protein solution from macerated juice of rice seedlings was 

suspended in a beaker of mercury chloride solution, and the outer liquid w~as exchanged in 

every 24 hours. After this procedure, the solution was dialyzed again for 24 hours against 

running water to remove the mercury un-combined with protein. Antifungal activity of the 

dialyzed solution was assay~ed with slide-germination method, and conidial germination and 

growth of germ-tube of Cochliobolu.s miya,bea,nus were recorded 
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Antifungal activities of the dialyzed crude protein solutions were shown in Table I . 

The protein, mixed with the mercury chloride solutions, did not show antifungal activity at 

any concentration of mercury chloride, but got an antifungal activity when the liquid was 

dialyz:ed more than 24 hours against mercury chloride solution. Then, pure albumin from 

bovine serum was used in place of the crude protein. Table 2 and ()~ show the experimental 

results carri*~d out on the antifungal activrty 

Table I . Conidial germination of Cochliobolus of the protein solutions dialyzed under va-

m,iyabeanus in crude protein solutions from rious combinations and concentrations of 
rice seedlinge dialyzed against mercury protein and r.nercury chloride. The antifun-
chloride solutions 

Conc．of Dia1yze“i皿e（ho岨s）
皿erc岨ych1or姐e 0※　24 48 72 ／20

10■4M 冊燃一 一 一 ’

払× 〃 糾　　十 ⊥⊥

’ 一

弘2X 〃 糾　　冊 冊 冊 I＋

払3× 〃 冊　　糾 冊 冊 冊

0 冊
■

~~ Means the protein solutions mixed with con-

centrated mercury chloride solution to give 
the final concentrations j-u~st before the dialy-

ses against running water 

~･;;i Length of germ tube +H~･･････above 20C I/ 

H+･･････1CC/h to 200 /:L +"""2C/L to ICC/h 

_ ･ ･ ･ ･ ･ ･ - ･ ･ ･ ･ ･ ･non-germination 2C kL and less + 

~1'able 2 . Conidial germination of C. miyabeanus 

in albumin solutions dialyzed against 1/4 >(( 

10-4 M mercury chlorlde solutions 

Conc. of 
albumin 

16 mg/ml 

4 ll 
1 ll 
1/4 ll 

Dialyzed time (hours) 

c 24 48 7 1 2c 
~+;:; +jL I!: + +_ 

+~ _ --H + 
+HL -

+ -
Length of germ tube : see Table 1 

Table 5 . Conidial germination of C. miyabeal7;us 

in 4 mg/ml al~bunrin solutions dialyzed 
against mercury chloride solutions at diffe-

rent concentrations 

Cone. of 
mercury chloride 

1 0-3 M 

1 C-4 M 

1/4 X ll 
1/4-' X ll 

1148 X ll 

Dialyzed time (hours) 

O 24 48 72 1 20 

+ -+H- ~ 
~+ +h 
+hh ~+h +HL +h +

 

Length of germ tube : see Table 1 

gal activity of dialyzed solution was under 

the control of total quantity of mercury 

chloride which had been made contact with 

protein. When sufficient time for the 

dialysis is allowed, protein solution gets an 

antifungal activity by the dialyses against 

znercuty chloi~ide solution even at low con-

centration of mercury chloride. 

ll ) Antif~n*-al actrvlty of protclm 
solutiora which was dialyzed against 

solution uf nnetallic co~22:pound 

Solutior*s of several metallic compounds 

were used as outer liquids in place of mer-

cury com_pound solution. Albumin solutions 

were dialyze~d for 24 hours against silver 

nitrate or some metallic compound solutions 

at the concentration of I O-41':Vl', and antifungal 

activity of the dialyzed solutions v~'as exa-

mined . 

There was close correlation between poi-

sonin*' o~*ling to the metallic compounds and 

antifungal activity of the dialyzed solution 

(Table 4 ), but, silver, copper or chrom_iun, 

as well as mercur'y, Io*-e their antifungal 

activity forming the l~nercaptide of metallic 

compounds with thiol-group of the protem 

easily, besides, metallic compounds un-

combined with protein do not exist in the 

dialyzed solutions after the dialyses agamst 

running water. Therefore, the antifungal 

activity of the protein solution was proba-

bly due to the action of metallic compounds 

adsorbed to the protein, but not due to the 
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action of metallic compouds combined with 

thiol-group of the protein 

II) Alatifungal activity of precipitate 

comtained iu the dialyzed s_olutiom Metallic compounds 

When metallic compound vJas supplied to 

protein solution more than enough to combi-

ne with the thiol-group of the protein, the 

metallic compound will be adsorbed to the 

protein and become insoluble to water. The 

fungicidal action of the dialyzed solution 

may be related to the antifungal activity of 

the precipitate. The following experiment 

was carried out to make clear this point. 

Solution of 4 mg/ml albumin was dialyzed 

against 1/4 X IC-4 M solution of mercury 

water, the soluticn ,7ras centrifu.*-"ed at 12,0aO rprn 

from the solution. The supernatant was poured 

roughly and resuspended in distilled water, and 

examined. Conidia of C. m,iyabeanu.s germinated 

germinate in the suspension of the precipitate 

antifungal activity of the dialyzed solutions was 

preci pitate. 

IV) Behavior of the mercury adsorbed to 

The following experiment was carried out to 

action of the precipitate. 

If the precipitate was made contact with 

probably, getting free from the protein, combine 

After albumin powder was added to the antifungal 

activrty was examined after 5C minutes of mixing 

Mixing with albumin powder, the suspension 

activities dropped down (Table 5 ) . As the 

Table 5 . Comdral germmatlon of C mtyabeal~us 

Table 4 . Conidial germination of C. miyabealhus 

in 4 mg/ml albumin solutions dialyzed for 
24 hours against several metallic compounds 

solutions at a concentration of 10-4 M 

Serial dilutions of the 
dialyzed solutions 

1 1/~ 1/4g 1/4s 1144 
l -}~' - -HgC12 :1: + 

AgN03 - - - _ + +_ C uS04 - - d: +h ~+ 
Cr03 + +h +h +hh ~+F 
CdCl**. 2i/2H20 H+ +~ +H~ +H~ +H-
Pb(N0$)~ ~+ +H- ~+ +Hi +~ 
N i(I~ 03) 2. 6H~fO +~ +H~ +FF +}+ ~+ 
FeC18 ~+ +Hi +Hr ~4~ ~+ 
MnC12 ~+ ~+ +HL +FF +fF 
Length of germ thbe : see Table 1 

chloride. After the dialysis against running 

for .c)~O minutes to separate the precipitate 

off, and the precipitate was washed tho-

antifungal activity of the suspension ,was 

normaly in the supernatant, but did not 

Judging from the experimental results, the 

surely due to the antifungal action of the 

protein 

make clear the mechanism of antifungal 

thiol-rich compounds, the adsorbed mercury, 

with the thiol-group of the chemicals 

suspension and mixed well, the antifungal 

became transparent, and their fungicidal 

mercury which had been adsorbed to the 

in the antifungal suspen*~ions mixed with albumin powder 

Antif ungal suspensions 
Final albumin conc. 

Made f rom 4
 
mg/ml albumin Made from 1

 
mg/ml albumin 

in the mixture 
Before addition A fter addition B ef ore addition Af ter addition 

40 mg/ml H+ ~+ 
Lr?O ll + +h 

lc ll + + 
5
 

ll +_ 

Length of germ tube : see Table 1 
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Table 6 Conidial germination of C. miyabea7lus in the antifungal suspensions boiled for 5 mimJtes 

Wat er 

Antif ungal sus pensrons 

Made from 4 mg/ml albumin 

Before boiling After boiling 

Made from 1 mg/ml albumin 

Before boiling After boiling 

~+ 

Length of germ tube : see Table 1 

precipitate, probably combined with thiol-group of the added albumin the suspension sbecame 

transparent and lost their antifungal activities at the same time 

Antifungal activity of the suspension dropped down also by boiling for 5 minutes (Table 6 ) 

V) Action uf t~le adsorbed mercury wheu the naercury has made contact with fn~ngal 

body 

If the adsorbed morcury, getting free from the precipitate, combine easily with thiol-

group of fungal components in the living plant, the mereury will play an important role on 

the disease control effects*. Action of the adsorbed mercury, which ha.d been made co,.'-'+t~."et 

with fungal body, was examined in the following experiment 

Dialyzed albumin solution was centrifuged at 2 , 50C rpm for 5 minutes, and the supernatant 

was used as antifungal solution, because, in the following procedure, the solution will be 

centrifuged under the same condition before the starting of the antifungal test. The super-

natant have kept the antifungal activity, for, some amount of antifungal substances, which 

had not been precipitated, remained in the supernatant. 2 ml of the supernatant were poured 

mto test tube, in which C. m,iya,bea,nus had been cultured for two weeks on potato sucrose 

agar. After 5C minutes the supernatants vvere centrifuged at 2 ,50C rpm for 5 minutes to 

remove the suspended fungal bodies 

Antifungal activity of the supernatant dro~pped down in contacting with the fungal bodies 

as shown in Table 7 . These expe_,rimental results suggest that, the adsorbed mercury, 

getting free from the rice protein, combine easily with fungal components, when the causal 

fungus invades the plant tissues 

Table 7 . Conidial germination of C. ~is'abean~* in the antifungal supernatants made 

contact with fungal body 

Antifungal supernatants 

Water Made from 4 mg/ml albumin 

B ef ore cont act Af ter contact 

Made from 1 mg/ml albumin 

Bef ore contact After contact 

~, F TH+ ' F'F 
le' + +,Av'- H+ 

Length of germ tube : see Table 1 

DiseEassiom 

Substantial understanding of the fungicidal mechanism is possible only when one can give 

an insight to the mutual relation_s among the fungicides, suscept cells, and fungus concerned 

(16). As fungicidal activity of mercury compounds is closely related to protein in the rice 
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Kad．zunor1TATsUYAMA Fmg1c1da1Actmty　of　Merc㎜y　Co皿pomds　Co・ex1stmg　W1th　Prote1n1皿R1㏄P1ant

p1ant（1，15，18，19）多fmg1c1d．a1actw1ty　of㎜erc皿y　co・ex1stmg　w1th　protem　was　eヱa㎜1ned

in　the　present　investigation．

　　　Prote1n　so1ut1ons　get　ant1funga1act1wty　by　d．1a1y刎ng　aga1nst　i皿erc1皿・y　ch1or1de　so1ut1on

The　d1a1yzed－so1u抗ons　aga1nst　s11ver　n1trate，copper　su1fate　or　chrom1u㎜tnox1d．e　so1ut1on

a1so　get　the　ant1funga1act1wty．　The　ant1fungal　actw1ty　was　probab工y　d－ue　to此e㎜erc岨y

adsorbed　to　prote1n　　　　Further　exper1皿1ents　shou1d　be　carried　out　on　the　コ皿echan1sIn　of

ad．sorpt1ons，lhowever，the　㎜ercury　may　have　been　ad．sorbed．to　prote1n　e1ec枕ostat1ca11y

When　th1oLnch　substa皿ce皿ade　contact　w1th　the　adsorbed皿erc岨y，the皿erc岨y　ge抗ユ皿g

free　fro㎜the　prote1n　co二mb1ne　w1th　the　th1o1－groUp　of　the　substance　　Dropp1ng　of　the

an抗fungal　actmty　of　the　prec1p1tate　shown1n　Tab1e6a1so　was　due　to　comb㎜1ng　of　the

㎜ercury　w1th　the　exposed　th1o1rad1ca1s　of　the　protem　by　bo肚ng　When　prote1n1s　b011ed

or杜eatedw並hsomeche㎜1ca1s，ユn施血o1ecu1arlmaskedradヱca1sareexposedastheresu1tsof

unfo1d1ng　or　unaggregatユng　of　prote1n　m．o1ecu1es　（4，5婁11）

○眺s量de　of

＊　　＊

tre塾克ed　p亙設nt

　　　十十十十十十十十十十
　　　十十十十十十十十十十
　　　十十十十十十十十十十
　　　十十十十十十十キ十十
　　　十十十十十十十十十十
　　　十十十十十十十十十十

　　　　　　　　　　　　　　　　　　十キ

＊　　＊ ＊　　＊

PI＆nt Protein
＊’＊’

＊

＊

．＊．＊

＊’＊．＊

一←十十十十十十十十十
十十一ト十十十十十ヰ十
十十十十十十十十十十　　　Jハレ
ー1＋＋＋＋＋＋＋

　　　　　　　　　　　　　　　　　÷十
＊　＊　＊　　　　　　　　＊＊

P1ant prot6in

Mercury　coI皿pounds　free　fr01皿

p1ant　Prote1n

Mercury　coI皿pounds　co－nb1ned

wエ曲曲101．group　of　p1ant

prote虹

Mercury　co亘npounds　adsorbed

tO　p1an亡prote1n

Check比e㎜ycelia1grow曲of
CauSa1funguS

＊　　＊　　＊

＊　　＊

＊。＊’＊

十十十一ト←一1一十十十・←

十十十十十十

＊

P1ant protein
＊。＊‘＊．

↓
P1ant prote1n

Fig．／ D1ffus1on　of固ercury　co㎜poundsエ皿hv1ng　pla耐
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Table 2 and 5 suggest that if mercury compouds are diffused successively from the 

outside of the plant to the inner cells or tissues, the antifungal precipitate will be formed 

gradually in the plant. Mereury compounds are observed as particles scattered in plant 

tissues when the compounds were supplied to plant (9, 2O･ The writer can not tell whether 

the particles observed in the plant tissues are the same substance with the antifungal 

precipitate or not.' 

Me,_rcury poisoning of cells is due to inactivation of enzyme system through reaction 

between mereury and thiol-group which form biologically inactive complex (_7, 5, 1~~, 15) 

If mercury combine mainly with thiol-group of protein concerned in the constructions of 

plant cells or tissues without remarkable injury to the plant before making contact with 

enzyme system of plant cells, besides, in those places, the mercury are adsorbed to the 

protein, the adsorbed mercury will play an important role on the disease control effect as 

suggested in Table 7 . Diffusion of mercury comnounds in treated plant is illustrated 

schematically in Fig. I . 

Summary 

Since fungicidal activity of mercury compounds applied to the plant against ~athogen is 

closely related to the protein in the plant, the fungicidal activity o~f mercury chloride co-

existing with protein has been examined to make clear the di*_ease control action of the 

com pounds 

Mercury compounds were sU_pplied to protein solutions through cellulose membrane in the 

present investigations, for, the chemicals which have been applied to the plant in field are 

probably di-ffused successively from the outside of the treated plant to the inner tissues 

Protein solutions got an antifungal activity when mercury compouds ',vere supplied to the 

protein solutions more than enough to combine with the thiol-group of the protein. The 

antifungal activity was probably due to the action of mercury compounds adsorbed to the 

protein, but not due to the action of mercury .compounds cQmbined with the thiol-group of 

protem 

Mercury compounds adsorbed to plant protein may play an important role on the disease 

control effect, for, the adsorbed mercury combine with thiol-group of the protein of causal 

fungus easily 

~i ~: 
~~:~~~f'--(~~~~~~(Z)t*- ~)ic~~:~.'diC~~~~:1 ~~ ~~~D- .-/j~~j~"!J~)~t~i)~j~, ~~:~~~I~r~~]~)f,_-1.i~ < _~I~~'~~f~~~;'*'"^~~/~~ ~~f.~t~r~~~~~.~.~,z) ~ CD '._-, 7~ 

~~~1Jc~~;~~~~i~~~~~;~I~;~~:1 ~ ~,ec~~~~ t･~*~)Ic~, f*,-'1~i~ < ~:*;L ~~~ U c~v~ ~~~~~_~ ,_=c!)7jc~!~+ Ij~)~~~~:,~~Icl)v･C ~~~~;fff~-

_/*'-. 

~~:4;frd~l~iC~~~FEI *~~~f*'-7ic~1+~Ajl~, ~-'* ~)~~:~~c~fr~~:~>~F~i~j~~~L~~~-+~r~'--c'f~/~ ecf*~,=･~~~~~ ~~)~ ~i*.~)tL~c~=c, ~~~ 

~~iC~~~~ c~i~~~f~;~~,~~;V~C7j~~};~)_~~~{~~A~i<L~~'-*/~1~<~:~:t~i~~~:~~~t-*. ~t~~~~ f /~i~~I~;~,~,f~~~ 7i~~~~~:~~~~l 

c=~;~?Uf*-~~, t*･･/~i,~~< ~:~~c' ~)~;~-)v~;(~t+ 7~ff*- UCt~-~5~~;~uc~)7i~'~~~1_ ~)~~~~i~~f~t~-'~)~'~f*'-~~~=A*, f*-1~i-~' < ~~i~~)L+-

~i'f~k~'f*~ft*-. cc~)~t~l'f~ki~~;~-)v~~~~~~fA* U c~V'~7i(~~lcJ~~; ~CD (:=e~t~- /. , f._"I~i~~ ~ ~:iC~~~~' ~:~~CV*~7ic~~.~c 

J~ 7~ ~~)~.~:~)~~t*-. ccD7j~~~:e~~~J~~~i~~~~~~~l~)t*･･1~i~< ~:~~~~F~'-~ilc~;-~'~･~;)cD c=, ~~:4=',I~f~P~ c~)~;~~~:~~P~ ~!<u~~;Ic~~ 

~:t~"rf~;~~~1j~i~~1) ~ CD ~: ~~ ~ ~t ~ . 
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