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Abstract

Of the three cold shock proteins expressed by Staphylococcus aureus, CspC is induced poorly by
cold but strongly by various antibiotics and toxic chemicals. Using a purified CspC, here we
demonstrate that it exists as a monomer in solution, possesses primarily B-sheets, and bears
substantial structural similarity with other bacterial Csps. Aggregation of CspC was initiated
rapidly at temperatures above 40 °C, whereas, the Gibbs free energy of stabilization of CspC at 0
M GdmCl was estimated to be +1.6 kcal mol~L, indicating a less stable protein. Surprisingly, CspC
showed stable binding with ssDNA carrying a stretch of more than three thymine bases and
binding with such ssDNA had not only stabilized CspC against proteolytic degradation but also
quenched the fluorescence intensity from its exposed Trp residue. Analysis of quenching data
indicates that each CspC molecule binds with ~5 contiguous thymine bases of the above ssDNA
and binding is cooperative in nature.
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Introduction

Bacteria generally express multiple cold shock proteins (Csps) to perform various biological
functions [1]. However, not all Csps are induced by cold shock. Some are expressed
constitutively, while others are even induced by nutrient deprivation, osmotic shock, toxic
chemicals and antibiotics. These small proteins are highly homologous in sequence,
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molecular mass and structural levels and generally regulate the transcription and translation
of both the cold shock and non-cold shock genes by binding to the single-stranded nucleic
acids through their RNP1 and RNP2 motifs [1]. Three-dimensional structures of Csps from
E. coli, B. subtilis, T. maritima, and B. caldolyticus show that they all form a typical B-barrel
structure consisting of five anti-parallel B-strands (namely, p1 to g5). Of the B-strands, the
2- and B3-strands primarily constitute the nucleic acid-binding surface of RNP motifs
harboring mostly the aromatic and basic amino acids. Additional studies reveal that B.
subtilis Csps are thermodynamically less stable [2], whereas, 7. maritima Csp is a relatively
stable protein under nearly identical conditions [3]. Until recently, most bacterial Csps have
not been investigated at length.

Staphylococcus aureus expresses three cold shock proteins (CspA, CspB, and CspC) from
three different locations in the genome [4]. These Csps are highly identical to each other at
the primary sequence level and also share significant homology with other bacterial Csps
[5]. CspB, however, is the only one shown to be induced notably in response to cold shock
[6], suggesting that it is a “true’ cold shock protein while others are needed for performing
different biological work. CspA was indeed shown to regulate the expression of 4,

4’ diaponeurosporene (a pigment) through a SigB-dependent pathway [7]. Interestingly, all
three Csps in a methicillin-resistant S. aureus strain were expressed at higher levels than
those in a methicillin-sensitive S. aureus strain [8] indicating their possible involvement in S.
aureus-mediated virulence. We have recently demonstrated that CspC in S. aureus RN4220
is expressed appreciably at the normal growth temperature and induced primarily by various
antibiotics (e.g., ciprofloxacin, rifampicin, ampicillin, chloramphenicol, etc.), hydrogen
peroxide and arsenate salt [5]. Currently, no biochemical and biophysical information is
available for the S. aureus-encoded Csps including the unusual CspC. Here we have purified
a recombinant S. aureus CspC to homogeneity and reported that it exists as a monomer in
solution, harbors mainly p-strands, binds to thymine -rich ssSDNA cooperatively and
possesses weak thermodynamic stability.

Materials and methods

Bacteria and growth conditions

S. aureus Newman and £. coliBL21 (DE3) and its derivative were routinely grown in
Trypticase soy broth [9] and Luria broth [10], respectively. The E. coli growth medium was
supplemented with kanamycin whenever needed.

Molecular biological techniques

Plasmid DNA isolation, DNA estimation, digestion/ modification of DNA by restriction/
modifying enzymes, polymerase chain reaction (PCR), purification of DNA fragments,
cloning of the DNA fragments into plasmids, labeling of DNA fragments with radioactive
materials and agarose gel electrophoresis were performed by standard procedures [10] or
according to the protocols of different kits. Protein estimation, native and SDS-PAGE,
staining of polyacrylamide gel and western blotting were done by standard methods [9, 11].
Chromosomal DNA from S. aureus Newman was isolated by a standard method [5]. All
PCR made DNA inserts were sequenced at Bose Institute (India).
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Purification of S. aureus CspC

A~214 bp DNA fragment was PCR amplified from S. aureus Newman DNA using primers
P8 (5" CATGCCATGGATGAATAACGGTACAG3") and P9 (5’
CTCGAGCATTTTAACTACGTTTG3") and cloned into Hincll-digested pUC18 DNA [10].
The Newman DNA insert from one recombinant pUC18 clone (sequence insert from one
recombinant pUC18 clone (sequence verified) was subcloned into an £. coli vector pET28a
(Novagen, USA) to generate p1281. The subcloning has attached eight additional amino acid
residues (including a stretch of six His residues) at the C-terminal end of CspC. £. co/iBL21
(DE3) cells (Novagen, USA) harboring p1281 were grown to log phage followed by the
addition of IPTG (isopropy! p-D-1-thiogalactopyranoside) to a final concentration of 0.5
mM. After 4 h growth at 32 °C, the induced cells were sequentially harvested, washed with
0.9% NaCl and resuspended in 1/10" volume of Lysis buffer | [20 mM Tris-chloride buffer
(pH 8.0), 500 mM NacCl, 20 mM imidazole, and 5% glycerol] containing 10 pg/ml of PMSF
(phenylmethane sulfonyl-fluoride). After disruption of cells, the £. coli crude extract was
treated with both DNasel and RNaseA (20 mg/ml each) for 1 h at 30 °C in the presence of 5
mM MgCl,. Nucleic acid-free E. coli extract was subjected to Ni-NTA column
chromatography (Qiagen, Germany) and different fractions were collected according to
manufacturer’s protocol. Analysis of the above fractions by SDS-15% PAGE revealed a
single protein band of ~11 kDa in the elution fraction (data not sown). The above protein
was found to react with anti-his antibody (Qiagen, Germany) (data not shown) and harbor
successively Met, Asn, Asn, Gly and Thr at its N-terminal end. These residues are identical
to the five N-terminal end amino acid residues of S. aureus CspC. Together these data
confirm that the purified ~11 kDa protein entity is the His-tagged S. aureus CspC
(designated simply CspC here). The eluted CspC was dialyzed against the Buffer D [20 mM
Tris-Cl (pH 8.0), 300 mM NaCl, 1 mM EDTA, and 5% glycerol] before /n vitro experiments
were performed. The concentration of CspC was calculated using the molecular mass of
monomeric CspC.

Biochemical and radioactive techniques

Chemical crosslinking [9] was performed by incubating 1-5 pM CspC with 0.1%
glutaraldehyde at room temperature for 2 min followed by the analysis of samples by
SDS-15% PAGE.

Several standard proteins and affinity purified-CspC were resolved through 6, 8, 10, 12, and
14% polyacrylamide gels and the resulting migration data were used to construct a Ferguson
plot according to Garchow et a/. [12].

Digestion of CspC with trypsin in the presence/ absence of sSSDNA1 and analysis of digested
protein aliquots were performed as described by Schindler et al. [2].

Binding of CspC to different 32P labelled ssDNA1
(5'GTCGACTTTTTTTTTTTTTTTTTTTT3"), ssDNA2 (" CCA-
TCTTCTCTTTCGATG3’), ssDNA3 (5° AAGTGTATAATGAA-AG 3’) and dsDNA were
investigated by standard gel shift assay [9].
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Biophysical methods

Circular Dichroism (CD) spectrum (190- 320 nm) and thermal aggregation of CspC were
performed by standard protocol [2, 9, 13].

Recording of intrinsic tryptophan fluorescence spectrum and tryptophan fluorescence
quenching study were performed according to the standard procedures [14, 15] with minor
modifications. Briefly, 0.3/3 pM CspC was incubated with varying concentrations of
ssDNAYz for 20 min at room temperature followed by the recording of tryptophan
fluorescence emission at A3 350 nm after excitation at 295 nm. Unfolding of CspC was
investigated by recording the tryptophan fluorescence emission of 5 uM CspC at 350 nm
(after excitation at 295 nm) at 0-6 M GdmCI. Assuming that unfolding follows a two-state
model, free energy of unfolding ( G) was calculated by the following standard equation [16]
with minor modification:

AG= —RTInK=-RTIn(fn—)/(f—fu) (1)

where R, T, f, fn, and fu denote universal gas constant, absolute temperature in Kelvin,
observed fluorescence, fluorescence at native state, and fluorescence at completely unfolded
state, respectively. From the straight lines (not shown) developed using the low and high
GdmCl concentrations in Fig. 2C, the values of fn and fu were determined. Considering a
linear relationship between free energy change of unfolding and GdmCI concentrations, free
energy change at 0 M GdmCl concentration (AGH2C) was determined from the following
equation:

H20
AG= AG % —m[GdmCl] (2)

Homology modeling

The amino acid sequences of CspA, CspB, and CspC were exploited in developing their
three-dimensional model structures by the First Approach Mode of Swiss-Model (http://
ExPasy.org). While the crystal structure of B. caldolyticus Csp (pdb code: 1hz9A) was
utilized as a template for developing the model structures of both CspA and CspC, the X-ray
structure of B. subtilis CspB (pdb code: 2i5mX) was used as a template for generating the
model structure of CspB. Using the pdb coordinates of the resulting model structures,
molecular visualization and surface charge determination of the structures were performed
by Swiss-Pdb Viewer (http://ExPasy.org).

Results and discussion

Physicochemical properties of S. aureus CspC

To study the structure, stability and mode of action of S. aureus CspC, the protein was
overexpressed in £. coli, purified to near homogeneity by affinity chromatography (see
Materials and methods for details) and utilized in all /n vitro experiments. To determine the
oligomeric status of CspC in solution, protein- protein cross-linking experiment was
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performed in the presence of glutaraldehyde and the resulting data reveal that CspC exists
mostly as a monomer (~8 kDa) at 1 — 5 UM concentrations (data not shown). To determine
the molecular weight of CspC precisely, we constructed Ferguson plots [12] using the
relative migration data of standard proteins as well as CspC on 6-14% native polacrylamide
gels. As evident from Figs. 1A and B, the molecular weight of CspC is ~8 kDa in solution,
confirming the monomeric nature of this protein.

CspC carries one Trp residue at position 8 [5]. The intrinsic tryptophan fluorescence
spectrum of CspC displayed an emission maximum at ~350 nm upon excitation at 295 nm
(Fig. 1C). The emission maximum of a protein with buried Trp generally lies at 335 nm or
less, whereas, the emission maximum of a protein with surface exposed Trp lies at 347 nm
or above [17]. These data therefore indicate that the Trp residue of CspC is exposed on its
surface.

The far-UV CD spectrum of CspC shows a major peak of large ellipticity at ~195-198 nm at
25 °C, indicating the presence of B-sheet in CspC at room temperature (Fig. 1D). Analysis
of the above spectrum by CDNN [18] indeed revealed that CspC consists of about 53% -
sheets. The putative tertiary structure of CspC (Fig. 1E), which forms a typical Greek-key B-
barrel structure (data not shown) like that of other bacterial Csps [1], also showed that it is
primarily composed of p-strands. Interestingly, all three S. aureus Csps, which are similar in
their overall structure, possess different surface charges (data not shown).

CspC carries six Phe and one each of Tyr and Trp residues at different positions [5],
indicating that it might yield a characteristic near-UV CD-spectrum. The near-UV CD-
spectrum of CspC indeed shows a peak of large positive ellipticity at ~266—-268 nm at 25 °C
(Fig. 1F). Phe residues generally show a peak between 255 — 270 nm [2]. The above peaks
of CspC therefore might be due to Phe residues in CspC. For some unknown reason, the Tyr
and Trp-specific peaks are not very clear from the above near-UV CD-spectrum of CspC.
These latter aromatic amino acid-specific peaks are also not prominent in the near-UV CD-
spectra of B. subtilis Csps [2].

Stability of CspC

Bacterial Csps, characterized so far, did not exhibit identical thermal and chemical stability
despite structural similarity [2, 3]. To determine the thermal stability of CspC, we studied
the thermal aggregation of this protein by a light scattering method and found that there was
marginal increase of CspC aggregation when the incubation temperature of CspC was raised
from 30° to ~40 °C (Fig. 2A). At temperatures above 40 °C, CspC however was aggregated
very rapidly, suggesting that it is a thermosensitive protein.

To determine the stability of CspC, guanidium hydrochloride (GdmCI)-induced unfolding of
CspC was investigated by recording the tryptophan fluorescence emission of CspC. Fig. 2B
shows that the fluorescence intensity of CspC decreases rapidly at 0 — 2 M GdmCl
concentrations, then it remains almost constant up to 6 M GdmCI. To determine the Gibbs
free energy of stabilization of CspC at 0 M GdmClI, the above equilibrium unfolding data
was analyzed according to a standard two-state model [16]. From the resulting plot (Fig. 2C)
of free energy values versus GdmCI concentrations at the transition region, the AGH20 (the
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Gibbs free energy of stabilization of CspC in the absence of GAmCI), m-value (cooperativity
parameter) and [GdmCI]., (concentration at the midpoint of transition) were determined to
be about +1.6 kcal mol2, —1.9 kcal (mol M)~1 and 847 mM, respectively. The data indicate
that CspC is also a chemically sensitive protein.

Previously, B. caldolyticus CspB exhibited more thermostability than B. subtilis CspB and
E. coli CspA [1, 2]. The specific charged amino acid residues, identified only on the surface
of the B. caldolyticus CspB, was suggested to be responsible for the higher stability of this
protein [1]. These charged residues, however, were not detected on the surface of S. aureus
CspC (data not shown). Besides, Glu58 of S. aureus CspC aligns with the Pro58 residue of
B. subtilis CspB and CspD [2, 5]. These latter two proteins were found more stable than the
B. subtilis CspC that carries Ala residue at position 58. Taking together, we suggest that
absence of specific surface residues and Glu58 possibly contribute to the apparently less
stability of S. aureus CspC. Interestingly, surface charges of three S. aureus Csps are also not
identical despite their structural resemblance (data not shown). While CspC possesses excess
negatively charged patches, CspB harbors additional positively charged patches on the
surface, indicating that their function (particularly single-stranded nucleic acid binding
activity) and stability will differ significantly.

DNA-CspC interaction

CspC harbors two highly conserved single-stranded nucleic acid binding motifs, RNP1 and
RNP2 [5]. To see whether CspC binds to DNA, gel shift assays with several 32P labelled
double-stranded (ds) and single-stranded (ss) DNA fragments were carried out by a standard
procedure. As shown in Fig. 3, migration of the ssDNA1 fragment carrying a stretch of
twenty thymine bases has been retarded in the presence of 1 ug or higher amount of CspC.
In contrast, ssSDNAL did not show any binding to even 5 pg L1-encoded repressor [19].
Interestingly, CspC did not show detectable binding either to a double-stranded DNA or to
other ssSDNAs (such as sSDNA2 and ssDNA3). Oligonucleotides ssSDNA2 and ssSDNA3
harbor a stretch of three thymine and three adenine bases, respectively. Taken together, we
suggest that CspC stably binds to ssDNA with a stretch of more than three thymine bases.

Stabilization of CspC by ssDNA

B. subtilis Csps became partly resistant to proteolysis upon binding to ssDNA [2]. To see
whether S. aureus CspC also behaves similarly, we performed tryptic digestion of this
protein both in the presence and absence of ssDNAL. Trypsin was chosen for proteolysis as
it has 15 recognition sites in CspC. As shown in Fig. 4A (inset picture), intensity of the
CspC-specific band starts to decrease early during tryptic digestion (1), whereas, digestion is
prevented substantially in the presence of ssDNA1 (I1). The corresponding plot of CspC-
specific band intensity versus time of digestion reveals that the half-time of CspC digestion
alone is around 11 min, whereas, ~75% of this protein remained intact even after 60 min of
digestion in the presence of ssDNAL. The data indicate that CspC is sensitive to proteolysis
but protected in the presence of a specific sSSDNA. The likely reason of such resistance or
conformational stabilization of CspC may be due to the occlusion of proteolytic sites by
ssDNA binding.

J Basic Microbiol. Author manuscript; available in PMC 2019 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanda et al.

Page 7

Quenching of Trp fluorescence of CspC by ssDNA

The lone Trp residue of CspC that is exposed on the surface resides in the close vicinity of
its RNP1 motif and aligns with the Trp residue of B. subtilis CspB [5]. Intrinsic fluorescence
emission from the Trp residue of B. subtilis CspB was quenched in the presence of ssDNA
[14]. A genetic study has shown that the Trp residue of B. subtilis CspB helps this protein to
bind to ssDNA [1]. To see whether the Trp residue also plays a similar role in CspC, we
measured the intrinsic Trp fluorescence intensity of this S. aureus protein in the presence of
varying concentrations of sSDNA1 and ssDNAZ2, separately. As evident from Fig. 4B,
quenching of Trp fluorescence intensity of CspC increases with the increasing concentration
of ssDNA1 and finally reaches saturation at ~1.2 UM and higher DNA concentrations. The
maximum amount of quenching with ssDNA1 was found to be about 70%. In contrast,
ssDNAZ2 that did not show detectable binding with CspC in the gel shift assay (Fig. 3) also
quenched the Trp fluorescence of CspC to about 25%. The reason for this slightly
anomalous behaviour of ssSDNA2 in two experiments might be due to the fact that CspC
binds to different nucleotide-rich ssSDNAs with variable affinities and the less stable
complexes (such as CspC-ssDNA2 complex) are lost during the gel shift assay within the
electrical field. Variable quenching of Trp fluorescence by different sSSDNAs was, however,
reported for other bacterial Csps also. The thymine-rich ssDNA was found to quench the Trp
fluorescence of both B. subtilis CspB and E. coli CspA more strongly than the cytosine-rich
sSDNA [14, 15]. In contrast, guanine- and adenine-rich ssDNAs only weakly quenched their
Trp fluorescence. It would be interesting to study whether cytosine-, adenine-, and guanine-
rich ssDNAs also affect the Trp fluorescence of S. aureus CspC similarly.

To determine the stoichiometry of CspC binding to ssDNA, we also investigated the
quenching of Trp fluorescence under the conditions (i.e., at higher concentrations of CspC)
that strongly favor the formation of the CspC- ssDNA1 complex. As evident from Fig. 4C,
the break-point of the ratio of SSDNA1 to CspC lies at 0.27, indicating that ~4 CspC
monomers bind to each sSDNA1 molecule and each CspC monomer covers nearly five
contiguous thymine bases. The Hill plot [19] calculated from the above Trp fluorescence
quenching data yielded a best fit straight line with slope close to 2.3 further indicating the
cooperative binding of CspC to ssDNA1 (Fig. 4D). Under nearly similar condition, £E. coli
CspA or B. subtilis CspB covers 6—7 contiguous thymine bases in ssDNA [14, 15]. The
biological significance of this different binding capacity of CspC is not known at this time.
We however noticed that the loop regions and surface charges of CspC did not match
completely with those of £. coli CspA and B. subtilis CspB (data not shown).

Conclusions

The present investigation demonstrates that S. aureus CspC exists as a monomer in solution,
possesses primarily B-sheet and wraps nearly five contiguous thymine bases while binding
to a thymine-rich ssDNA cooperatively. The DNA binding capacity of CspC apparently
differs from those of other bacterial Csps despite their structural similarity. Interestingly,
CspC that seems to be a thermodynamically less stable protein was stabilized in the presence
of the above thymine-rich ssDNA.

J Basic Microbiol. Author manuscript; available in PMC 2019 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanda et al.

Page 8

Acknowledgements

This work was supported by the financial assistance from the Department of Biotechnology (Government of India,
New Delhi, India) to S. Sau. The authors would like to thank Mr. A. Banerjee, Mr. A. Poddar, Mr. J. Guin, and Mr.
M. Das for their excellent technical help. We are also grateful to Ms. Jennifer Junecko for reading and correcting
the manuscript.

References

[1]. Horn G, Hofweber R, Kremer W, Kalbitzer HR, 2007 Structure and function of bacterial cold
shock proteins. Cell. Mol. Life Sci, 64, 457-470.

[2]. Schindler T, Graumann PL, Perl D, Ma S, Schmid FX, Marahiel MA, 1999 The family of cold
shock proteins of Bacillus subtilis. Stability and dynamics in vitro and in vivo. J. Biol. Chem,
274, 3407-3413. [PubMed: 9920884]

[3]. Welker C, Béhm G, Schurig H, Jaenicke R, 1999 Cloning, overexpression, purification, and
physicochemical characterization of a cold shock protein homolog from the hyperthermophilic
bacterium Thermotoga maritima. Protein Sci 8, 394-403. [PubMed: 10048332]

[4]. http://genolist.pasteur.fr/Aureolist

[5]. Chanda PK, Mondal R, Sau K, Sau S, 2009 Antibiotics, arsenate and H202 induce the promoter of
Staphylococcus aureus cspC gene more strongly than cold. J. Basic Microbiol 49, 205-211.
[PubMed: 18803257]

[6]. Anderson KL, Roberts C, Disz T, Vonstein V, Hwang K, Overbeek R, Olson PD, Projan SJ,
Dunman PM, 2006 Characterization of the Staphylococcus aureus heat shock, cold shock,
stringent, and SOS responses and their effects on log-phase mRNA turnover. J. Bacteriol, 188,
6739-6756. [PubMed: 16980476]

[7]. Katzif S, Lee EH, Law AB, Tzeng YL, Shafer WM, 2005 CspA regulates pigment production in
Staphylococcus aureus through a SigB-dependent mechanism. J. Bacteriol, 187, 8181-8184.
[PubMed: 16291691]

[8]. Cordwell SJ, Larsen MR, Cole RT, Walsh BJ, 2002 Comparative proteomics of Staphylococcus
aureus and the response of methicillin-resistant and methicillin-sensitive strains to Triton X-100.
Microbiology, 148, 2765-2781. [PubMed: 12213923]

[9]. Ganguly T, Das M, Bandhu A, Chanda PK, Jana B, Mondal R, Sau S, 2009 Physicochemical
properties and distinct DNA binding capacity of the repressor of temperate Staphylococcus
aureus phage phill. FEBS J, 276, 1975-1985. [PubMed: 19250317]

[10]. Sambrook J, Russell DW, 2001 Molecular Cloning: A Laboratory Manual 3'ded., Cold Spring
Harbor Laboratory Press, CSH, New York."

[11]. Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA, Struhl K, 1998 Current
Protocols in Molecular Biology John Wiley & Sons, Inc., USA.

[12]. Garchow BG, Jog SP, Mehta BD, Monosso JM, Murthy PP, 2006 Alkaline phytase from Lilium
longiflorum: purification and structural characterization. Protein Expr. Purif, 46, 221-232.
[PubMed: 16198125]

[13]. Das M, Ganguly T, Bandhu A, Mondal R, Chanda PK, Jana B, Sau S, 2009 Moderately
thermostable phage Phill Cro repressor has novel DNA-binding capacity and physicochemical
properties. BMB Rep, 42, 160-165. [PubMed: 19336003]

[14]. Lopez MM, Yutani K, Makhatadze Gl, 1999 Interactions of the major cold shock protein of
Bacillus subtilis CspB with single-stranded DNA templates of different base composition. J. Biol.
Chem, 274, 33601-33608. [PubMed: 10559248]

[15]. Lopez MM, Makhatadze GI, 2000 Major cold shock proteins, CspA from Escherichia coli and
CspB from Bacillus subtilis, interact differently with single-stranded DNA templates. Biochim.
Biophys. Acta, 1479, 196-202. [PubMed: 10862969]

[16]. Greene RF Jr., Pace CN, 1974 Urea and guanidine hydrochloride denaturation of ribonuclease,
lysozyme, alpha-chymotrypsin, and beta-lactoglobulin. J. Biol. Chem, 249, 5388-9533.
[PubMed: 4416801]

J Basic Microbiol. Author manuscript; available in PMC 2019 May 23.


http://genolist.pasteur.fr/Aureolist

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chanda et al. Page 9

[17]. Vivian JT, Callis PR, 2001 Mechanisms of tryptophan fluorescence shifts in proteins. Biophys. J,
80, 2093-2109. [PubMed: 11325713]

[18]. Bohm G, Muhr R, Jaenicke R, 1992 Quantitative analysis of protein far UV circular dichroism
spectra by neural networks. Protein Eng, 5, 191-195. [PubMed: 1409538]

[19]. Ganguly T, Bandhu A, Chattoraj P, Chanda PK, Das M, Mandal NC, Sau S, 2007 Repressor of
temperate mycobacteriophage L1 harbors a stable C-terminal domain and binds to different
asymmetric operator DNAs with variable affinity. Virol. J, 4, 64. [PubMed: 17598887]

J Basic Microbiol. Author manuscript; available in PMC 2019 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanda et al.

Page 10

A. B
0 45 !
CspC o
5 O N 4 //;!A
L] ] 4
= 02 T :“\\! e . 30 T
.56 OA e e ™= 2 3 s
= . % oy Y I\"“‘x “ 25/ / . LG
@ - w -
,E 04 \5{\,\_\. E‘ 2 './..'FCspC
E 05 ‘\'\ & :4:3 154
o 0.6 \i |
a3 0.5 1
0.7 0 +—7/——7T—F—FF——
0 5 10 15 0 5 10 1520 2530 354045 50
Acrylamide (%) Molecular weight (KDa)
C. _
ool 30 1
12 A 20 4
Z 10 ’/_H.\' E
= i RN = 4
g g / N\ ERR Il
3 » TN —
g ¢ / N g 04 \
£4 / T 20 ﬁ
.
2 -/,/ 304
. —————————— 40 .
300 320 340 360 380 400 190 200 210 220 230 240 250
Wavelength (nm) Wavelength (nm)
E. F
5 -
o N\
= /\
2 34 N
£ J N\
s, \
2 { \\
s 1/
= 1
z X

250 260 270 280 290 300 310 320
Wavelength (nm)

Figure 1.
Physicochemical properties and structures of S. aureus CspC. (A) Ferguson plot. Several

standard proteins [OA, Ovalbumin (45 kDa); TI, Trypsin soyabean inhibitor (20 kDa) and
LG, p-lactoglobulin (18.4 kDa)] and S. aureus CspC have been resolved through different
native polyacrylamide gels followed by the construction of a Ferguson plot using the relative
migration of protein bands and gel concentration. (B) Determination of the molecular weight
of S. aureus CspC from the standard curve generated using the slope values of the standard
proteins (from panel B) and their molecular weights. (C) Intrinsic tryptophan fluorescence
emission (300 — 400 nm) of 5 uM CspC after excitation at 295 nm. Tryptophan fluorescence
of CspC was recorded five times and one representative scan was presented here. (D) Far-
UV CD-spectrum (190 — 250 nm) of 10 uM CspC. (E) Schematic representation of the
three-dimensional model structure of CspC. All the B-strands (helices) and the connecting
loops (tubes) are shown. (F) Near-UV CD-spectrum (250 — 320 nm) of CspC.
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Figure2.
Stability of CspC. (A) Aggregation of 5 uM CspC at different temperatures. (B) Intrinsic

tryptophan fluorescence emission of CspC at 0 — 6 M GdmClI. Trp fluorescence of GdmCI-
treated CspC was measured at 350 nm after excitation at 295 nm. (C) Free energy for
denaturation of CspC as the function of GdmCI. The GdmCl-induced unfolding data (shown
in panel B) was analyzed by a standard two-state method [16] in order to calculate the Gibbs
free energy (AGp) of stabilization of CspC at 0 M GdmCI and other parameters.
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Figure 3.
DNA-CspC interaction. Interaction of indicated amounts of CspC and L1 repressor [19] with

32p Jabeled DNAs were investigated by the standard gel shift assays. Autoradiogram of the
gel shift assays show the migration of different (ss/ds) DNAs. Abbreviations: ds DNA-PCR
made DNA using Newman DNA, ssDNA2 and ssDNAS3.
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Effect of ssSDNA on CspC. (A) Trypsinolysis of CspC. About 1 ug CspC was incubated with
0.05 g trypsin at 25 °C in 20 pl Buffer D and aliquots, withdrawn at indicated time
intervals, were analyzed by Tris-Tricine SDS —15% PAGE (inset pictures). Tryptic digestion
was performed both in the presence (I1) /absence (1) of 6 UM ssDNAL. C, trypsin untreated
CspC. Band intensities determined by scanning the CspC bands in the above polyacrylamide
gel are plotted against time of digestion. (B) Tryptophan fluorescence quenching of 0.3 pM
CspC in the presence of 0 — 1.6 pM ssDNAs. Filled and empty triangles denote percent
quenching of tryptophan fluorescence intensities of CspC in the presence of ssDNA1 and
ssDNAZ2, respectively. (C) Binding stoichiometry. From the Trp fluorescence quenching of 3
UM CspC in the presence of 0 — 2.4 uM ssDNAL, fractions of sSDNA2 bound by CspC were
determined according to Lopez and Makhatadze [15] and plotted against the ratio of
[ssSDNA1]/[CspC]. The break point (denoted by arrow) indicates that all input sSDNA1
molecules are bound by CspC. (D) Hill plot as developed from the data in Fig. 4C. X and
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Xmax denote the mean fraction of sSSDNAL and maximum amount of sSDNA1 bound by
CspC, respectively.
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