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Protein synthesis in psychrotrophic and psychrophilic

bacteria at various temperatures

Haruo SARUYAMA and Shoji SASAKI

Effect of temperature on amino acid uptake and protein synthesis by intact
resting cells of two mesophilic, five psychrotrophic, and one psychrophilic bacteria
was investigated. All these bacteria could incorporate L-leucine into hot TCA-
insoluble fraction at 0°C, and the incorporation activities of the psychrotrophs and
psychrophile were always higher than those of the mesophiles. The temperature
coefficients (Q31% of protein synthesis were in the range of 1.2 to 6.1 for the psy-
chrotrophs and psychrophile contrasting with 28.0 and 54.7 for the mesophiles.
These results indicated that the activity of protein synthesis of these bacteria at
low temperature may reflect on the capacity of growth at low temperature circum-
stances, but it was strange that the activities of Flavobacterium sp. strain G-3 and
Vibrio sp. strain ABE-1 were unexpectedly low in consideration of their high
growth rates at 0°C.

We have examined whether the difference between mesophiles and
psychrotrophs or psychrophiles in the protein-synthesizing activities at low
temperature correlates directly with the difference of their capacities of growth
at that temperature. In a previous paper (SARUYAMA et al., 1979), it was
described that there seemed to be a correlation between cold-sensitivity of
the protein-synthesizing system of Pseudomonas aeruginosa and diminution
of its viability under low temperature, and that protein synthesis at 0°C
was always less in the mesophiles than in the psychrotrophs as far as we
examined. However, results of psychrotrophs were limited only by Pseudo-
monas sp. strain 351 (P. 351) in view of the purpose of that report. Thus,
we considered it to be better to publish the other results which were the
basis of the above description.

In this paper, incorporation activity of 3H-leucine as well as growth
rate at various temperatures between 0° and 50°C in five strains of psy-
chrotrophic, one psychrophilic, and two mesophilic bacteria are described.
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Materials and Methods

Bacteria and growth conditions: Psychrotrophic bacteria, strain I-9%,
strain G-4*, Bacillus sp. strain 1-12 (B. 1-12), and Flavobacterium sp. strain
G-3 (F. G-3) (SARUYAMA et al., 1978), and psychrophilic bacterium, Vibrio
sp. strain ABE-1 (V. ABE-1) (TARADA ef al.,, 1979) were used in this study.
Growth conditions for psychrotrophs were the same as those reported pre-
viously (SARUYAMA et al., 1979), and V. ABE-1 was cultured under the
same conditions as above except that 0.5 M NaCl was added to the nutrient
medium and the growth temperature was at 10°C instead of 20°C (for the
psychrotrophs). Cultures in the late log phase were used for examinations.

Assay of amino acid incorporation: Uptake of SH-leucine and the
activity of protein synthesis of psychrotrophs were measured as described
previously (SARUYAMA et al., 1979), and those of V. ABE-1 were measured
by the same methods as above except that 0.5M NaCl was added to all
buffers. *H-Leucine was added to the reaction mixture in the following
concentration, for strain 1-9, 0.56 ygM; strain G-4, 0.94 uM; B. I-12, 0.94
¢M; F. G-3, 0.75 uM ; and V. ABE-1, 0.86 uM.

Chemicals: 1-[4, 5-*H] Leucine (50~58 Ci/mmol) was purchased from
the Radiochemical Centre Ltd., England.

Results and Discussion

Total uptake of *H-leucine and incorporation of leucine to hot TCA-in-
soluble fraction by five psychrotrophic, one psychrophilic, and two mesophilic
bacteria were determined at different temperatures between 0° and 50°C.
These results are represented in Table. 1. A part of the results by mesophilic
bacteria, Pseudomonas aeruginosa and Bacillus subtilis, and a psychrotro-
phic bacterium, P. 351, were already reported in the previous paper (SAru-
YAMA et al., 1979). As the maximum temperatures for the protein-syn-
thesizing activity were higher than the optimum temperatures for growth
in B. I-12, F. G-3, strain G-4, and V. ABE-1, the protein-synthesizing
system in these bacteria did not limit the maximum temperature for growth.
Other limiting factors such as thermolabile enzyme, cellular organization,
membrane and so on which were reviewed by MoriTA (1975) may exist.

Although both total uptake and protein-synthesizing activity of psy-
chrotrophs and psychrophile at 10°C were similar as or rather low than
those of two mesophiles, the activities of psychrotrophs and psychrophile

* Strains I-9 and G-4 seem to belong in genera Pseudomonas and Bacillus, respectively,
but have not been identified.
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were always higher than those of mesophiles at 0°C.
Further, Q,, values showed more definite cold-stability of the protein-

synthesizing systems of psychrotrophs and psychrophile.
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Qo values were

calculated from the results in Table 1, and summarised in Table 2. Low

TABLE 1. Growth rate, total uptake, and incorporation
to hot TCA-insoluble fraction of 3H-leucine
at various temperatures

Bacteria 0°C 10°C 15°C 20°C 25°C 30°C 40°C 50°C
Strain I-9 Growth rate 14 103 173 371 433 310 00 00
Total uptake 135 490 — 9701193 790 37 00

Hot TCA 36 220 — 390 338 327 23 00

Bacillus 1-12 Growth rate 14 80 154 396 179 00 00 00
Total uptake 49 98 — 207 — 249 91 00

Hot TCA 05 20 — 75 — 120 53 00

Flavobacterium G-3  Growth rate 43 172 265 348 301 7.7 00 0.0
Total uptake 09 15 — 22 — 39 16 00

Hot TCA 06 07 — 10 — 24 13 00

Strain G4 Growth rate 27 107 190 277 317 103 00 00
Total uptake 48 170 — 380 — 600 120 0.0

Hot TCA 1.3 39 — 140 — 230 13 00

* Pseudomonas sp. 351 Growth rate 15 117 — 191 — 277 74 0.0
Total uptake 111 431 — 669 — 1086 170 0.2

Hot TCA 29 158 — 209 — 605 48 00

Vibrio ABE-1 Growth rate 65 185 259 196 0.0 00 00 00
Total uptake 07 09 13 18 20 1.1 05 00

Hot TCA 06 07 08 1.1 13 1.1 05 0.0

*P. aeruginosa Growth rate 00 37 — 252 — 625 712 —
Total uptake 1.1 422 — 1570 — 2037 1782 22

Hot TCA 0.3 164 — 983 — 1640 796 18

*B. subtilis Growth rate 00 41 — 164 — 613 85 —
Total uptake 12 96 — 361 — 771 543 00

Hot TCA 01 28 — 164 — 547 193 00

Growth rates are expressed as hr-1X 100, and total uptake and incorporation
to hot TCA-insoluble fraction are as pmol/min/10% cells.
Growth rates of V. ABE-1 and the other bacteria were calculated from the
results by TAKADA et al. (1979), and SARUYAMA et al. (1978).

* A part of these data were reported in a previous paper (SARUYAMA et al.,

1979).
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TABLE 2. Temperature coefficient (Qg) for the activities of the
total uptake of 3H-leucine and the incorporation of
3H-leucine into hot TCA-insoluble fraction

f° (031

B .

acteria Total uptake  Hot TCA  Total uptake Hot TCA
Strain I-9 3.6 6.1 2.0 1.8
Bacillus 1-12 2.0 4.0 21 3.8
Flavobacterium G-3 1.7 1.2 1.5 1.4
Strain G4 35 3.0 2.2 3.6
*Pseudomonas sp. 351 39 54 16 1.9
Vibrio ABE-1 1.3 1.2 2.0 1.6
*P. aeruginosa 384 54.7 37 6.0
*B. subtilis 8.0 28.0 3.8 5.9

* These data were reported in a previous paper (SARUYAMA et al., 1979).

Q% values were shown not only in P. 351 as reported previously but also
in all other psychrotrophs and psychrophile. According to HocHACHKA
(1973), low Q,, values mean an advantage for the strategies of low tem-
perature adaptation, and our results obtained by psychrotrophs and psy-
chrophile may powerfully support his theory.

As seen in Table 2, Q) value was lowest in F. G-3 and V. ABE-1,
both of which could grow more rapidly at 0°C and gave a larger cell mass
than the other psychrotrophs, but the specific activities of protein synthesis
at the temperature range tested were unexpectedly low. It was a strange
phenomenon, but has not yet been clarified.
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