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Synergistic Effect of Different Chemicals on the Thermal Injury
of Microorganisms

(1) Thermal Injury and Repair of Candida utilis
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This study was undertaken to investigate the thermal injury and repair of Candida

utilis in order to elucidate the mechanism of the effect of antimicrobial substances during
thermal treatment of microorganisms. These substances increased the damaging effect of
heat treatment. The leakage of 260 my absorbing substances and others from heated cells

increased with increasing temperature.

These results suggested that the damage to the cell membrance and degradation of
ribonucleic acid took place within the heat-treated cells, but the amount of leakage of
260 my absorbing substances was not proportional to the loss of viability of the cells.

After sub-lethal heat treatment at 45°C for 15 minutes, more than 90% of the viable
cells were unable to reproduce on modified Czapek-Dox’s medium with 7% sodium chloride
added. When these heat-treated cells were placed in the culture medium, phosphate buffer
or distilled water, they were observed to recover their salt tolerance within a short time.

The time course of macromolecular synthesis in the heated cells and the effect of 8-
azaadenine and cycloheximide during the recovery of thermally injured cells were also inves-
tigated; the results obtained suggested that the resynthesis of ribonucleic acid and protein
seemed to be essential for the repair of thermally injured cells.
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Fig. 1. Effect of temperature on the viability of and leakage of 260 myu absorbing materials

from C. wutilis cells.

The cells were heated in M/10 phosphate buffer at pH 4.0, plate- counted on Czapek-
Dox’s medium+ polypeptone 0. 25% -+yeast extract 0.25%(CPY).
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orcinol reaction: positive materials, and total
carbohydrate from heated cells in M/10 phos-
phate buffer (pH 4.0) at 55°C.

1: RNA 2: carbohydrate (as glucose)

3: 260 mp absorbing materials
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Fig. 3. Leakage and degradation of 260 mu absorb-

_ing materials of the heated cells in M/10 phos-
phate buffer at pH 4. 0.

1: remaining RNA in the heated cells at 50°C

2: remaining RNA in the heated cells at 60°C

3: RNA released from the heated cells at 50°C

4: RNA released from the heated cells at 60°C
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Fig. 4. Effect of sodium chloride on the survivors
of C. utilis heated at 45°C in M/10 phosphate
buffer at pH 4.0.

1: survivor curve plate-counted on CPY agar
medium.

2: survivor curve plate-counted on CPY agar
medium plus NaCl, 7% stationary phase
cells used.

3: survivor curve plate-counted on CPY agar
medium plus NaCl 7%, logarithmic phase
cells used. ’

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

96 AR - b BB - RRECHE - 20 B

(MBI #50%, 19724

Log survivors per ml

I [

[ 1
0 1 2 3 4 5 6 7 8
Time in hours

3 | 1 | 1

Fig. 5. Recovery of heat-injured cells incubated in
CPY medium or M/10 phosphate buffer.

Medium
No.
for incubation for plate-counts
1 CPY CPY agar
2 CPY CPY plus NaCl 7% agar
3 | Phosphate buffer CPY agar
4 | Phosphate buffer | CPY plus NaCl 7% agar
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Eig. 6. Recovery of heat-injured cells incubated in
CPY medium.
The cells were heated in CPY medium at 45°C
for 15 min, incubated at 30°C in CPY medium.
1: plate-counted on CPY agar medium.
2: incubated with shaking, plate-counted on
CPY agar medium plus NaCl 7%.
3: incubated without shaking, plate-counted on
CPY agar medium plus NaCl 7%.
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Fig. 7. The cells were heated in the following medium at 45°C for 15 min.

a) CPY medium
b,c) Czapek-Dox’s medium+yeast extract 0.25%

d) Czapek-Dox’s medium-+yeast extract 0.25% +casamino acid 0. 4%
The heat-treated cells in above medium were added C-adenine (2 p Ci/culture) (b,c),
or “C-amino acid (4 g Ci/culture) (d) and incubated at 30°C under shake condition.

1: unheated cells 2: heat-treated cells
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Table 1. Effect of 8-azaadenine and cycloheximide on the recovery of heat-injured cells.

Medium Plate counts per ml after incubation for
for incubation for plate-counts 0 1 3 5 hr
CPY SIC 1.5X107 1.6Xx107 — 1. 7x107
CPY SIC+8 AA 0.3 mg/ml — 1.3 %108 9x108 8.5Xx10¢
CPY SIC+8 AA 0.2mg/ml - 8.0x10° 1.35x108 1. 1x107
CPY CPY 1.2x107 1.2x107 — 2.0x107
CPY CPY+CH 5 pg/ml - 1L.2x10°  7X105  7.5x10°

SIC: sucrose, 5%; KH:PO,, 0.1%; KCl, 0.05%; MgSOs, 0.05% ; casamino acid, 1%

pH 5. 5.
8AA: 8-azaadenine

CH: cycloheximide
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Fig. 8. Effect of cycloheximide and 8-azaadenine on
the recovery of heat-injured cells.

The cells were heated in M/ 10 phosphate
buffer at 45°C for 15 min and incubated in SIC
medium plus 0. 3 mg/ml of 8-azaadenine.

1: plate-counted on CPY agar medium.

2: plate-counted on CPY agar medium plus

cycloheximide, 3 pg/ml. '

3: plate-counted on CPY agar medium

cycloheximide, 5 pg/ml.
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