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Changes with Growth in Cellular Proteins of Psychrotrophic Pseudomonas spp.

Having Different Growth Patterns

Hideaki Morii, Kentaro Kasama, Tomohiro Kousul, and Kazumasa JyoJmma

In order to study whether the psychrotrophic Pseudomonas isolates showing different growth
curves are composed of different ecotype, cellular proteins of the non-halophilic psychrotrophs during
growth were determined by two-dimensional gel electrophoresis using isoelectric focusing in one di-
mension and sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) in the second
dimension. Growth curves of the psychrotrophs showed an increased slope throughout growth (in
Type 1 strains) or a decreased slope after the stationary phase of growth (in Type 2 strains) under
optimum temperatures. Protein bands on both isoelectric focusing gels and SDS gels and protein
spots on the two-dimensional gels were very clear for Type 1 strains and unclear (become foggy) for
Type 2 strains, suggesting that the protein molecules have compact structure in Type 1 strains and
deformable structure in Type 2 strains. The number and amounts of the protein spots increased in
Type 1 strains during growth and decreased in Type 2 strains during the death phase of growth at
the optimum temperatures. That is, the difference of growth curves between Type 1 and 2 strains was
considered to be based on the difference of physical and chemical structures for tertiary folding of
protein molecules. In other words, it was suggested that the two Type strains of the psychrotrophic
Pseudomonas isolates are composed of different ecotype. In Type 2 strains, moreover, growth curves
showed an increased slope throughout growth under 100, the number and amounts of the protein
spots increased during growth at 100, and the protein bands and spots were more clear in the strains
grown under 100 than those grown under the optimum temperature, suggesting that the molecules
have more compact structure in the strains grown under 100 . These facts suggest that Type 2 strain
have evolved to be adapted to more cold. In addition, the protein spots obtained on the two-
dimensional gels were very different between CBB and silver stainings and were more observed in the
acidic side in the former and in the neutral side in the latter.
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Fig. 1 Growth curves of psychrotrophic Pseudomonas strain
PS237 (Type 1 strain) grown at an optimum tem-
perature (200, m ) and 100 (O), and Pseudomonas
strain PS344 (Type 2 strain) grown at an optimum
temperature (300, e ) and at 100 (O).
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Fig. 2 Isoelectric focusing gel electrophoretograms of cel-
lular proteins of psychrotrophic Pseudomonas
strains PS237 (Type 1 strain) and PS344 (Type 2
strain) in the logarithmic phase (A), the station-
ary phase (B), and the death phase (C) in growth
at optimum temperatures (200 and 300 in Type 1
and 2 strains, respectively).
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Fig. 3 Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) gel electrophoretograms of
cellular proteins of psychrotrophic Pseudomonas
strains PS237 (Type 1 strain) and PS344 (Type 2
strain) in the logarithmic phase (A), the station-
ary phase (B), and the death phase (C) in growth

at optimum temperatures (200 and 300 in Type 1
and 2 strains, respectively).
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Fig. 4-1 Two-dimensional gel electrophoretograms

of cellular proteins of psychrotrophic
Pseudomonas strain PS237 (Type 1 strain)
in the logarithmic phase (A), the sta-
tionary phase (B), and the death phase
(C) in growth at an optimum tempera-
ture (200 ). The electrophoretograms
were detected by staining with Coomassie
Brilliant Blue (CBB).
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Fig. 4-2 Synthesis level of cellular proteins of

psychrotrophic Pseudomonas strain PS237
(Type 1 strain) in the logarithmic phase
(A), the stationary phase (B), and the
death phase (C) in growth at an opti-
mum temperature (200 ). The proteins
analized by two-dimensional gel electro-
phoresis were stained with Coomassie
Brilliant Blue (CBB). Relative value show
the value when the lowest volume of pro-
tein spots in two-dimensional gel is 1.
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Fig. 5-1 Two-dimensional gel electrophoretograms
of cellular proteins of psychrotrophic
Pseudomonas strain PS237 (Type 1
strain) in the logarithmic phase (A),
the stationary phase (B), and the death
phase (C) in growth at an optimum tem-
perature (200). The electrophoretograms
were detected by silver staining.
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Fig. 6-2 Synthesis level of cellular proteins of

psychrotrophic Pseudomonas strain
PS344 (Type 2 strain) in the logarith-
mic phase (A), the stationary phase
(B), and the death phase (C) in
growth at an optimum temperature
(300). The proteins analized by two-
dimensional gel electrophoresis were
stained with Coomassie Brilliant Blue
(CBB). Relative value show the value
when the lowest volume of protein
spots in two-dimensional gel is 1.
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Fig. 7-1 Two-dimensional gel electrophoretograms

of cellular proteins of psychrotrophic
Pseudomonas strain PS344 (Type 2 strain)
in the logarithmic phase (A), the sta-
tionary phase (B), and the death phase
(C) in growth at an optimum tempera-
ture (300 ). The electrophoretograms
were detected by silver staining.
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Fig. 8 Isoelectric focusing gel electrophoretograms of cellu-
lar proteins of psychrotrophic Pseudomonas strains
PS237 (Type 1 strain) and PS344 (Type 2 strain)
in the logarithmic phase (A), the stationary phase
(B), and the death phase (C) in growth at 100 .
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Fig. 7-2 Synthesis level of cellular proteins of
psychrotrophic Pseudomonas strain
PS344 (Type 2 strain) in the logarith-
mic phase (A), the stationary phase
(B), and the death phase (C) in growth
at an optimum temperature (300 ). The
proteins analized by two-dimensional
gel electrophoresis were stained with
silver. Relative value show the value

100 when the lowest area of protein spots

in two-dimensional gel is 1.
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Fig. 9 Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) gel electrophoretograms
of cellular proteins of psychrotrophic Pseudomonas
strains PS234 (Type 1 strain) and PS344 (Type 2
strain) in the logarithmic phase (A), the station-
ary phase (B), and the death phase (C) in growth

at 100.
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Fig. 10-1 Two-dimensional gel electrophoretograms
of cellular proteins of psychrotrophic
Pseudomonas strain PS237 (Type 1
strain) in the logarithmic phase (A),
the stationary phase (B), and the
death phase (C) in growth at 100 . The
electrophoretograms were detected by
staining with Coomassie Brilliant Blue
(CBB).
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(oH)

psychrotrophic Pseudomonas strain PS237
(Type 1 strain) in the logarithmic
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and the death phase (C) in growth at
100 . The proteins analized by two-
dimensional gel electrophoresis were
stained with silver. Relative value show
the value when the lowest area of pro-
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| Fig. 121 Two-dimensional gel electrophoretograms

of cellular proteins of psychrotrophic
Pseudomonas strain PS344 (Type 2
strain) in the logarithmic phase (A),
the stationary phase (B), and the
death phase (C) in growth at 100 . The
electrophoretograms were detected by
staining with Coomassie Brilliant Blue
(CBB).
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Fig. 12-2 Synthesis level of cellular proteins of
psychrotrophic Pseudomonas strain
PS237 (Type 1 strain) in the logarith-
mic phase (A), the stationary phase
(B), and the death phase (C) in growth
at 100 . The proteins analized by two-
dimensional gel electrophoresis were
stained with Coomassie Brilliant Blue
(CBB). Relative value show the value
when the lowest volume of protein
spots in two-dimensional gel is 1.
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Fig. 13-1 Two-dimensional gel electrophoretograms
of cellular proteins of psychrotrophic
Pseudomonas strain PS344 (Type 2
strain) in the logarithmic phase (A), the
stationary phase (B), and the death
phase (C) in growth at 100 . The
electrophoretograms were detected by
silver staining.
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Fig. 13-2 Synthesis level of cellular proteins of
psychrotrophic Pseudomonas strain
PS344 (Type 2 strain) in the logarith-
mic phase (A), the stationary phase
(B), and the death phase (C) in growth
at 100 . The proteins analized by two-
dimensional gel electrophoresis were
stained with silver. Relative value show

70 the value when the lowest area of pro-

tein spots in two-dimensional gel is 1.
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