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Alteration of yeast cell protein by denaturing agents 

MANABU KiTAMIKADO 

In microbiology the treatments for inhibition of microbial growth 
have been carried out by using the denaturing agents such as acids, 
bases, organic solvents, salts of heavy metals, detergents, and other 
compounds as well as by heating, irradiation with ultraviolet rays or 
ultrasonic waves, and other physical means. It is commonly considered 
that the denaturing agents bring about the alteration of the microbial 
cell proteins and disturb the growth. By means of the determination 
of phosphorus or nitrogen flowing out of the cells, Hotchkiss1

) has 
demonstrated that certain detergents disrupted the surface structures 
of bacterial cells. 

The author studied the effects of cations on the penetration of 
Na ion into the yeast cells and found tha t the cells took a larger 
amount of Na ion when certain heavy meta l ions were present than 
when Ba, Ca. or Mg ion was present or when no other ions were 

Table 1. Amounts of Na ion taken in yeast cell in the presence 
of various cations. 

Metallic salt 

BaCh 
CaCh 
MgCI, 

CuClz 

HgClz 
AgN03 

Control 

Cone. of metallic s~~~j __ N_a_;_o_n_;_n cell'* 

I x lQ- IM 

1 >< 10- 1 

1 X 10-1 

6 x 10-~ 

2 X 10- 8 i 
, 

2 x 10-$ i 

2.0 mg. 

2.0 

2.0 

3.0 

3.6 

3.5 
._ ..•. _---------

o 
J 

2.0 
.. -------

* Amount of Na ion in cell is expressed as mg. of NaCl/ lOO mg. of yeast cell. 
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(Table 1). It was considered that this phenomenon resulted from the 
alteration of the yeast cells by heavy metals which act as denaturing 
agents of proteins. Therefore the changes of the amount of Na ion 
taken in cells, brought about not only by heavy metals but also by 
some other kinds of denaturing agents, were studied. 

In microbiology it is a well~known process to distinguish living 
cells from dead cells by using certain dyes. After denaturation some 
proteins change their original capacity to combine with certain dyes.2

-
r,
) 

Oster) has reported that fluoresceins (eosine, erythrosine and Bengal 
rose) hardly combined with intact tobacco mosaic virus or egg white, 
but that they combined with heated proteins and moreover modified 
their absorption spectra by the combination. 

In this paper, therefore, the relationship between the adsorption 
of eosine yellowish by yeast cells and the denaturation of the cell 
proteins was also studied. In addition to the above experiments, the 
change of the activity of SH groups contained in yeast cells was studied, 
because the denaturation of protein is frequently accompanied by the 
increase of the activity of the groups. 

EXPERIMENTAL METHOD 

1) Amount of Na ion taken in yeast cell 

After centrifuging the cultures of Saccharomyces sake (Peptone­
Hayduck medium,* 30°C., 40 hrs.), the cells were washed with distilled 
water 3 times and suspended in distilled water. Five ml. of cell suspen­
sion (including about 100 mg. wet cells), after the denaturing agent 
being added to it, was left for 5 min. at room temperature (15,.....,,16°C.). 
After centrifuging, the cells were washed with distilled water 2 times, 
and suspended again in 10 m!. of distilled water. Then 10 m!. of 2 M 
NaCl solution was added to the suspension, and the latter was left for 
10 min. The suspension was filtered with No.4 glass filter by using 
a strong sucker. The external moisture was removed from the yeast 
cells during the process of the filtration (the layer of the cells on the 
glass filter was less than 1 mm. thick). Fifty mg. of the treated cells 
was suspended in 20 mr. of distilled water, the Na ion content in 
this suspension was estimated by means of flame photometry at 589 
m.u, and the amount of Na ion taken by yeast cells was calculated. 
In this case the cellular components scarcely interfere with this flame 
photometry (Table 2). The effect of heating was studied with the 
cell suspension which was heated in water bath at test temperature 
for 5 min., then cooled quickly down to room temperature . 

.* Peptone, 1%; MgS04 • 7H20, 0.3%; KI-hP04, 0.1%,; Glucose, 5% 
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Table 2. Effect of yeast ce ll components on the flam~ photometry of Na ion . 

No. ' 

~ 

3 

4 

5 

6 

7 

Component o f sample 

10 ml. of 3.4 x lO-sM NaCI+ 50 mg. washed cell 
q + 50 mg. cell heated to 9OQ C. 
q + 50 mg. cell exposed to MIlO KHzP0 4* 
q +50 mg. cell exposed to 2 M H2S04* 
q +50 mg. cell exposed to 3 x lO- 2M CaCIz* 
, + 50 mg. cell exposed to 2 x lO- 3M HgCl~ 
6 +50 mg. cell exposed to 509a Ethanol 

Cone. of 
i Na ion 

101.8% 

97.5 

102.0 

102.2 

103.3 

102.0 

104.5 

100.0 8 110 ml. of 3.4 x lO-sM NaCl (Control) 
.. _-_ .. _ ... _._--- - '---

'* It has been reported that a large amount of P, ea or strong acid interferes 
with the Na determination by flame photometric method. 

Wallace, W. M .. Holliday, M., Cushman, M. and Elkinton, j. R., 1951. J. Lab. and 
Clin. Med., 37, 621. 

Parks, T. D., Johnson, H. O. and I..ykken, L., 1948. Anal. Chem., 20, 822. 

When the yeast cells were suspended in 1 M NaCI solution, the 
amount of Na ion taken in cells was 2 mg. expressed as NaCl per 100 
mg. of the cells, and the percentage of the moisture of the cells was 
46, therefore the concentration of the Na ion in cell was about 75 per 
cent of that of the external environment. 

2) Adsorption of eosine by cells 

The denaturing agent was added to 5 m!. of washed cell suspension, 
and the suspension was left for 10 min. The cells were centrifuged, 
washed with M/50 phosphate buffer solution (pH 5.4) 2 times, and sus' 
pended in 10 m!. of the same phosphate buffer solution. Ten m!. of 
2 x lO-'~M eosine yellowish solution was added to this suspension, and 
the optical density of the centrifuged supernatant of the suspension 
was determined at 511 ffi/.l after 20 min. 

3) Activity of SH groups 

After the addition of the denaturing agent, 10 m!. of the cell 
;uspension (dry weight 63.6 mg.) was left for 10 min., then the cells 
were washed with distilled water 2 times and suspended in 18 ml. of 
distilled water. One ml. of 8 M a mmoniac solution and 1 ml. of 2 M 
NHj.No3 solution were added to this suspension, and the SH groups 
contained in the cells were determined by means of amperometric 
titration with 10-' MAgNO, solution. 

4) Fungicidal action of denaturing agents 
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Yeast cells (dry weight 10 mg.) were suspended in 5 rol. of distilled 
water containing various amounts of denaturing agents, and left for 
10 min., then 2 drops of the suspension were inoculated to 5 ml. of 
fresh Peptone-Hayduck medium, and the turbidity of the medium was 
inspected after 2 days at 30°C. In the case of acid or alkaline treat­
ment, the cell suspensions were neutralized with dilute NaOH or H~SOi 
solution and then 2 drops of the suspension were inoculated. In the 
heating test, the cell suspension was heated in water bath at test 
temperature for 5 min., and cooled quickly down to room temperature 
and then 2 drops were inoculated. The fungicidal activity of HgC1:r 
was also determined after one of the following treatments being carried 
out. 

(1) Cysteine-HC) (O~50 mg. in weight) was added to the cell 
suspension exposed to HgCI..l and then 2 drops of the suspension were 
inoculated to 5 ml. of fresh medium. 

(2) The cells exposed to HgCC were washed 3 times with water 
and the cells were suspended in 5 ml. of distilled water and then 2 
drops were inoculated. 

(3) Two drops of the cell suspension exposed to HgCI~ were inocu­
lated to 5 ml. of fresh medium containing 0 .......... 5 mg. of cysteine-HCl. 
The results showed that hardly any difference could be found in the 
fungicidal activity of HgCL, whether treated with cysteine or with water 
or without either. 

RESULTS AND DISCUSSION 

In these experiments the change of the amount of Na ion taken 
in cell has been applied to the indication of the denaturation of yeast 
cell proteins, which was formerly done by the increase of SH groups 
or the change of adsorption of eosine. The denaturation by HgCl2 or 
formaldehyde was indicated by the change of the amount of Na ion 
in cell and of the adsorption of the dye, because the chemicals react 
to the SH groups contained in the undenatured and denatured yeast 
cell proteins. The mechanism by which the amount of Na ion taken 
in yeast cell is changed remarkably when the cells are exposed to 
certain chemical or physical treatments is not yet certainly known. 

As a result of the comparison between the concentration of de­
naturing agent to show the fungicidal action and the concentration at 
which the denaturation of yeast cell proteins was brought about, it 
was found that the chemicals fell in 2 types. One typical agent was 
alcohol, the action of which on the yeast cells was similar to that of 
heating. Alcohol, even below the fungicidal concentration, brought 
about the denaturation of cell proteins, and the concentration of alcohol 
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Figs. 1~8. Effects of de natur ing agents and heating on the amount of 
Na ion in yeast cell, adsorption of eosine by cell and :lctivity 

of SH groups of cell protein. 
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• - e ,SH group (expressed as r uf cyste ine) liberated from dry weight 
63.6 mg. of yeast cells. 

0 -- - -0 Eosine Yellowish adsorbed by yeast ce ll 
Dcy we ight of y east ce ll 

Heating 54.3 mg. 
Ethanol 
Acetone 
Phenol 

used for 
Mercuric chloride 
Formaldehyde 
Sulfuric acid 

54.3 mg. 

1.8 
Potassium hydroxide " 

• . _ . . Na ion (expressed as mg. of NaCl /lOO mg. of yeast cells) taken in 
yeast cell 

The longitudina l line in each figure (Heating, 6O~C.; Etha nol. 35%; Acetone. 
35% ; Phenol, 0.2 M; Sulfuric acid, 0.9 M; Potassium hyd rox ide. 0.26 M; Mercuri c 
chloride, 0.001 M ; Formaldehyde 0.5 M, shows the mini mum temperature nr 
concentration to show the fungicidal action. 
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Potassium hydroxide 
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in which the complete denaturation of t he cell prote ins arose was 
a lm ost the sa me a::> the fungicidal concentra t ion. Acetone, acid, base 
and phenol fell within this type. The fungicidal actions of these agents 
a nd of heating were due probably to th eir a lterative influence exercised 
on t he fungal cell protei ns. There are some theories w hich contribute 
to the explanation of the fungicida l action of heating in the wet 
condition, s uch as protein ' denaturation theory, poisoning theory, as­
phyxiation theory, li p id liberation t heory. The a uthor's experimental 
resu lts may help to give a foundati on to the denaturation theory. 

HgCl, and forma ldehyde fell in the other type, and showed strong 
fung icidal action even at the concent ration below that which is effective 
in causing the denaturation of cell prote ins. It has been reported that 
the bacteria l cells which have apparen tly lost their reproductive capa­
hility by Hg ion regain it when the cell s have been washed with water 
or exposed to such sulfh ydryl compound!) as cysteine or g lutathione.1) 
i t was co nfirmed by my experiments that, when the HgCl, treated 
cells were exposed to the sulfhydryl compou nds, the concentration of 
HgC l ~ to ShDW the fungicidal action was a lso below that which is 
effective in causing the denaturation of cell proteins. Therefore. it 
ca n be reasona bly considered that the reaction of Hg ion to cell pro­
te ins is irreversible even at the concentration at which t he denaturation 
of the proteins never arises. 
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SUMMARY 

1. The fungicidal action of 7 sorts of denaturing agents and heat 
treatment were studied concerning their capacity of alternating fungal 
cell proteins. 

2. The alteration of yeast cell proteins was indicated by the 
change of the amount of Na ion taken in cells. 

3. T he comparison between the concentration to show the 
fungi cidal action and the concentration at which the denaturation of 
t he cell proteins arose showed that the denaturing chemicals fell in 2 
types. 
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