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Abstract: Effects of temperatures (37 and 45°C) in combination with varying pH (6, 7, 8
and 9) after 24 and 96 h of incubation were studied on soluble protein content and protein
profile of PY 79 (wild type) and sporulation defective mutant strains (5, 19, 96 and 99) of
Bacillus strains. These strains were isolated from local polluted environments around Lahore,
Pakistan. Soluble protein content is more in PY 79 as compared to the defective sporulating
mutant strains (5, 19, 96 and 99). In strain 5, it appeared that polypeptides of 55-59 kDa
(pH 6, 7 and 8), 50-54 kDa (pH 6, 7 and 8), 45-49 kDa (pH 8), 20-24 kDa (pH 7) and
10-14 kDa {pH 8) were the heat stress proteins. While in strain 99, at high temperature
different stress proteins appeared especially at pH 6 (30-34, 25-29 kDa), pH 7 (25-29 kDa),
pH 8 (50-54, 30-34 kDa) and at pH 9 (45-49, 30-34, 20-24 kDa). At temperature 37°C, the
polypeptides of 55-59 kDa at pH 6, 7 and 9 were observed which disappeared at high
temperature.
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INTRODUCTION

For substantial period of time bacteria can survive under stress condition by synthesizing stress
as well as general proteins (Holtmann ef @f., 2004, Schaik et af., 2004). With different temperatures,
pH and different chemical reagent the protein and model peptides are modified as time scale of
seconds to minutes (Yohannes er af., 2004). In B. subtilis stress proteins are induced in response to
different environmental conditions such as changes in pH, heat shock, salt stress, glucose limitation
or oxidative stress (Emrington ef af., 2003). These stress proteins have been previously grouped
into general proteins (Gsps) and heat specific stress proteins (Hsps). DnaK and GroEL are Hsps in
B. subtilis. Proteins GsiB, Cte and RsbW belong to a class of Gsps that are induced by various
stresses including heat (Volker ef af., 1994).

Bacterial culture respond to pH changes by selective expression of mumerous stress proteins,
redox modulators and envelop proteins (Tucker ez e, 2003) External acids, whose uptake is amplified
by the pH gradient, induce heat shock and oxidative stress proteins as well as RpoS regulon
(Amold ef ., 2001). The acid chaperons HdeA and HdeB enhance survival in extreme acid conditions
(Gajiwala and Burley, 2000). The aim of present research is to study the effect of temperature and pH
on soluble protein and protein profile of different spore defective strains of Bacillus strains.
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Table 1: Bacterial strains used in the study

Strains Source

PY 79 Youngman ef ai. (1983)

5,19, 96, 99 Microbial and Molecular Genetics Lab.
MATERIALS AND METHODS

Bacterial Strains Isolation and Characterization

Ten different samples were collected from saline, industrial and polluted area around
(Muridkey, Kala Shah Kaku) and from Lahore (Muslim Town) (Table 1). Suspensions soil
samples were made by adding 10 g of sieved soil in 100 mL of glass distilled water. Soil suspensions
kept for 6-8 h, dilution {1 g mL™" of water) plated on plates containing Schaeffer’s media were
incubated at 37°C for 96 h. From bacterial growth, different colonies were picked up and purified for
further studies. PY 79 was obtained from United States (Youngman ef af., 1983). All the strains used
(PY79, 5,19, 96 and 99) were gram-positive spore former rods.

Soluble Protein Estimation

For protein estimation the bacterial strains PY79 (wild type), 5, 19, 96 and 99 (div mutants) were
incubated at 37 and 45°C for 24 and 96 h. Following Laemmli (1970) the soluble proteins contents
were estimated. The strains were collected, washed and centrifiiged at 14,000 rpm. Cells pellets
were crushed in 0.1 M phosphate buffer both by freezing and thawing and by mechanical shearing
(Gerhardt er el., 1994). Crushed bacterial cells were centrifuged (at 14,000 rpm for 10 min) at 4°C.
Supernatant was taken and used for protein estimation.

To the supernatant, 2 mL of reagent A and 200 L. of reagent B (Folin and Ciocalten’s phenol
reagent) were added and the tubes were left for 30 min to equilibrate at the room temperature. Optical
density was monitored at 750 nm on spectrophotometer. Amount of soluble protein was calculated
by standard curve. Egg albumin (45 kDa) Bovine serum albumin (65 kDa) and Lysozyme (14.5 kDa)
were used as standard (Steel and Torrie, 1981).

Polyacrylamide Gel Electrophoresis

Bacterial cells were collected and pelleted from 24 h old culture. Pellets were resuspended in
40 pL of final sample buffer. The samples were stored at -20°C and the protein analyses of the
samples were accomplished with SDS polyacrylamide gel electrophoresis (PAGE).

RESULTS

Soluble Protein Estimation

After 24 h of incubation, the protein content of strain PY 79 was more at both temperatures
(37 and 45°C) at pH 7. While after 96 h of incubation it was more at 37°C and pH 8 of 45°C. In strain
5, after 24 and 96 h of incubation at both temperatures (37 and 45°C) the protein content was
maximum at neutral pH (Table 2). In case of strain 19 maximum protein contents were observed after
24 and 96 h at pH 7. Same trend was observed in case of strain 99 at all temperatures and pH. The
protein content was more in bacterial strains PY79 and 5 while the remaining strains (19, 96 and 99)
showed less protein content as compared to PY79 and 5 (Table 2).

Polyacrylamide Gel Electrophoresis

In strain PY79, at37 and 45°C the polypeptides of 60-65, 55-59 kDa were observed at pH 7,
8 and 9. At 37°C the polypeptide of 40-44 kDa were observed at pH 6, 7 and 8 and these bands were
not observed at pH 9 (37°C) while at high temperature they were present at pH 6, 7, 8 and 9 (Fig. 1).
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Table 2: Effect of temperatures (37 and 45°C) and varying pH (6, 7, 8 and 9) on soluble protein content of bacterial
strains (PY79, 5, 19, 96 and 99)

pH
Temperature

Strains Time th) ) 6 7 8 9
PY79 24 37 350 640 393 390
45 387 398 392 385
96 37 356 360 334 331
45 362 384 398 393
5 24 37 241 331 320 240
45 240 380 234 203
96 37 362 384 324 290
45 270 360 264 191
19 24 37 121 205 152 71
45 94 179 108 103
96 37 134 181 81 80
45 77 107 65 59
96 24 37 115 178 128 83
45 107 147 117 63
96 37 87 191 121 80
45 68 109 85 62
99 24 37 76 145 120 88
45 70 108 88 75
96 37 140 183 149 90
45 107 152 106 86

Table 3: Effect of varying pH (6, 7, 8 and 9) and temperatures (37 and 45°C) on protein profile of PY79 and 5
pH

PY79 5

37°C 45°C 37°C 45°C

Polypeptide
kDa 6
65-60 -
59-55 -
54-50 -
4945 -
4440 +
39-35 +
34-30 -
29-25 -
24-20 - - - - - - -
19-15 - + - - + + -
14-10 - - - - - - -
9-5 - - - - - - -
4-0 - - - - - - -
+: Polypeptide synthesized; - : Polypeptide inhibited
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When polypeptide in strain5 was compared with wild type (PY79) 60-65 kDa bands were absent in
case of strain 5 while 55-59, 50-54 kDa sized polypeptide were absent in strain 5 (pH 9) at 37°C but
present at 45°C. 55-59 kDa band were present at pH 7 and 8 at 37°C in PY 79 but were absent in 96
(Fig. 1 and Table 3).

DISCUSSION
In bacterial strains 19, 96 and 99 the soluble protein content significantly decreased when
compared with PY79. In general, the soluble protein content (except in PY79 at pH 8, 9 after 96 h; in

5at pH 7 after 24 h; in 19 at pH 9 after 24 h) are more at 37°C as compared to 45°C. Ahmed and Sabri
(2004) also reported that protein content are more at 25 and 42°C in wild type (PY79) as compared
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Fig. 1: Polypeptide profile of strains 3 and PY79 at varving pH (6, 7, 8 and 9) and temperatures
(37 and 45°C). (3) Lane 0) Marker, 1) 37°C, pH 6, 2) 37°C, pH 7, 3) 37°C, pH 8, 4) 37°C,
pH 9, 5) 45°C, pH 6, 6)37°C, pH 7, 7) 37°C, pH 8, 8) 37°C, pH 9 and (b) 1) 37°C, pH 6, 2)
37°C, pH 7, 3) 37°C, pH 8, 4) 37°C, pH 9, 5) 45°C, pH 6, 6) 37°C, pH 7, 7) 37°C, pH &, §)
37°C, pH 9

to divl and divIT mutants. At 37 and 45°C (except in PY79 at pH 8) all strains preferred pH 7 for
maximum soluble proteins. A change in ambient temperature is a comumon stress condition
experienced by free-living organisms; the response to heat shock represents a protective and
homeostatic response to counteract temperature-induced damage in cells (Yura er af., 1993). The
ubiquitous response to this stress condition is marked by the large-scale induction of heat shock
proteins (HSPs) which include molecular chaperones that assist folding nascent proteins and repairing
damaged proteins and ATP-dependent proteases that degrade misfolded proteins. Escherichia coli and
Bacillus subtilis have long served as paradigms for heat shock responsein gram-negative and
gram-positive bacteria (Arsene et al., 2000; Schumann, 2003). In general protein’s function is defined
to great extent by its interaction with other proteins (Winters and Day, 2003).

The expression of proteins was changed with change in pH (Table 3 and Fig. 1). The 60-65 kDa
polypeptide was only observed in PY79 (except at pH 6, 37°C) at all pH while for other polypeptides
variation exist at all pH at both temperatures. In strain PY79 at high temperature (45°C) some stress
proteins (50-54, 30-34, 10-14 and 5-9 kDa) were appeared at pH 9. In strain 5 it appeared that
polypeptides of 55-59 kDa (pH 6, 7, 8), 50-34 kDa (pH 6, 7, 8), 45-49 kDa (pH 8), 20-24 kDa
{(pH 7) and 10-14 kDa (pH 8) were the heat stress proteins. In bacterial strain 19, 50-54 kDa (at pH
8,9), 45-49 (at pH 8, 9), 40-44 (at pH 8, 9), 35-39 (at pH 8, 9), 30-34 (at pH &), 25-29 (pH9), 20-24
{at pH 9) and 15-19 kDa (pH 9) appeared to be heat stress proteins. It appeared that 35-39, 50-54,
45-49 kDa (at pH 6, 7, 8); 40-44 kDa (pH 7, 9) and 20-24 kDa (pH 8) were heat stress proteins in
strain 96. In strain 99, at high temperature different stress proteins appeared especially at pH 6 (30-34,
25.29 kDa), pH 7 (25-29 kDa), pH 8 (50-54, 30-34 kDa) and at pH 9 (45-49, 30-34, 20-24 kDa). At
temperature 37°C the polypeptides of the 55-39 kDa at pH 6, 7 and 9 were observed which were
disappeared at high temperature. Sabri and Hasnain (1994) reported that 70 kDa at alkaline pH and
30 kDa under acidic pH are stress specific proteins at 45°C. pH specific stress proteins 60-63 kDa
was observed at 45°C by Sabri and Hasnain (1994). pH specific proteins were also produced which
may vary with temperature and strain. In general many polypeptide products are present at acidic pH
and were not present at alkaline pH. Alkaline shifts in pH also induce the production of several heat
shock proteins. So from the above results and discussion we hypothesized that signal specific proteins
fall in two categories, one with rather general specificity and other with restricted specificity.

869



Res. J. Microbiol., 2 (11): 566-570, 2007
REFERENCES

Ahmed, A. and AN. Sabri, 2004. Effect of varying temperature on growth, morphology and soluble
protein content of dfvi and divIl mutant strains of Baciffus subtilis. Sci. Int., 16: 43-52.

Amold, CN., I. McEthanon, A. Lee, R. Leonhart and D.A. Slegele, 2001. Global analysis of
Escherichia coli gene expression during the acetate-induced acid tolerance response. J. Bacteriol.,
183: 2178-2186.

Arsene, F., T. Tomoyasu and B. Bukau, 2000. The heat shock response of Escherichia coli. Int. J.
Food Microbiol., 55: 3-9.

Errington, I., R.A. Daniel and D.J. Scheffers, 2003. Cytokinesis in bacteria. Sir William Dunn School
of Pathology, University of Oxford, Oxford OX1 3RE, United Kingdom. Microbiol. Mol.
Biology. Rev., 67: 52-56.

Gajiwala, K.S. and S.K. Burley, 2000. HdeA, a periplasmic protein that supports acid resistance in
pathogenic center bacteria. J. Mol. Biol., 295: 605-612.

Gerhardt, P., R.G.E. Murry, W.A. Wood and N.R. Kreig, 1994. Methods for general and molecular
bacteriology. American Society for Microbiology, Washington, DC.

Holtmann, G., M. Brgulla, L. Steil, A. Schutz, K. Barnekow, U. Volker and E. Bremer, 2004.
RsbV-Independent induction of the sig. B-dependant general stress regulon of Bacillus subtilis
during growth at high temperature. J. Bacteriol., 186: 6150-6158.

Laemmli, UK., 1970. Cleavage of structural proteins during assembly of the head of bacteriophage T,.
Nature, 227: 680-685.

Sabri, A.N. and S. Hasnain, 1994. Effect of pH on cell morphology of diviVA® and divIVA~
transformants of B. subtilis. Pak. I. Zool., 26: 309-320.

Schaik, W.V., M.H. Tempelaars, J.A. Wouters, W.M. deVos and T. Abee, 2004. The alternative
sigma factor 6% of Bacillus cereus: Response to stress and tole in heat adaptation. J. Bacteriol.,
186: 316-325.

Schumann, W., 2003. The Bacillus subtilis heat shock stimulon. Cell Stress Chaperones, 8: 207-217.

Steel, R.G.D. and J.H. Torrie, 1981. Principal and Procedures of Statistics. A Biometrical Approach.
2nd Edn., McGraw Hill Int. Book Company.

Tucker, D.L., N. Tucker, Z. Ma, I.W. Foster, R.L.. Miranda, P.S. Cohen and T. Conway, 2003. Genes
of the GadX-GadW regulon in Escherichia coli. ]. Bacteriol., 185: 3190-3201.

Volker, U., S. Engelmarm, B. Maul, S. Riethdorf, A. Volker, A. Schmid, H. Mach and M. Hecker,
1994, Analysis and induction of general stress proteins of Bacilius subtilis. Microbiology,
140: 741-752.

Winters, M.S. and R.A. Day, 2003. Detecting protein-protein interaction in the intact cells of
Bacillus subtilis. (ATCCA 6633). J. Bacteriol., 185: 4268-4275.

Yohannes, E., D.M. Barnhart and ... Slonczewski, 2004. pH dependant catabolic protein expression
during anaerobic growth of Escherichia coli K-12. 1. Bacteriol., 186: 192-199.

Youngman, P.J., J.B. Perkins and R. Losick, 1983. Genetic transposition and insertional mutagenesis
in Bacillus subtilis with Streptococcus faecalis transposon Tn#77. Proc. Nat. Acad. Sci. USA.,
80: 2305-2309.

Yura, T., H. Nagai and H. Mori, 1993, Regulation of the heat shock response in bacteria. Ann. Rev.
Microbiol., 47: 321-350.

870



	Research Journal of Microbiology.pdf
	Page 1


