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ABSTRACT: PacC is a key transcriptional regulator of human
pathogenic fungus Trichophyton rubrum with pivotal roles in pH
homeostasis and virulence. We report the first biophysical
characterization of the C-terminal inhibitory tail of PacC, pertinent
to its physiological role in maintaining the inactive state of PacC at
acidic pH which undergoes conformational changes for its
proteolytic removal and activation, at alkaline pH. To gain insights
into the structural features of PacC that enable the required
conformational flexibility, we performed gel filtration chromatog-
raphy, dynamic light scattering, circular dichroism, and 1-anilino-8-
naphthalenesulfonate binding and showed that the tail exhibits
properties similar to intrinsically disordered proteins, as also
predicted by bioinformatics tools. We demonstrate that the C-
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terminal tail is conformationally flexible and attains a molten globule-like state at extremely acidic pH and undergoes biphasic
GdmCl-induced unfolding in a noncooperative manner with an intermediate X state. We hypothesize that the conformational
plasticity of the C-terminal tail of PacC may play a significant role in modulating its pH-dependent transcriptional activation.

H INTRODUCTION

Trichophyton rubrum is a major fungal pathogen that causes
superficial infections in human skin, hair, and nail to cause
dermatophytosis.” Upon infection, T. rubrum breaks down
keratin and other proteins of skin and releases amino acids,
whose further degradation leads to the secretion of ammonia,
resulting in a shift in pH. The fungus hence encounters a shift
in pH on the skin, from the initial pH ~ 5.0 to pH > 8.5,
during disease progression on the human host.” The ability to
sense and adapt to changing pH is key to survival and
pathogenicity of T. rubrum and is regulated by the PacC
transcription factor.”” The disruption of pacC in T. rubrum has
been shown to result in a decreased secretion of keratinolytic
proteases and reduced the ability of the mutant strain to infect
human nails in vitro, highlighting its importance.”

PacC is a zinc finger-containing transcription factor with a
conserved DNA-binding domain at its N-terminus and an acid-
rich unique C-terminal tail. PacC, however, is synthesized in an
inactive form and must undergo proteolytic removal of its C-
terminal tail to attain an active state capable of initiating
cellular response to pH change. Although the PacC-mediated
pH-responsive signal transduction pathway is highly conserved
among fungi, the molecular details of its activation vary. For
instance, while the ~625-residue Rim10l-homologue of
Saccharomyces cerevisiae and Candida albicans is activated
through a one-step proteolytic removal of the C-terminal tail to
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yield the active protein,”” a two-step cleavage reaction is
required for the activation of the 674-residue inactive PacC of
Aspergillus nidulans (PacC™).*” In S. cerevisiae, the one-step
cleavage of ~100 residues from the C-terminus results in a 531
residue long active protein.’ In A. nidulans, the first pH signal
transduction-dependent cleavage removes ~180 C-terminal
residues from PacC’? yielding an inactive intermediate
(PacC%?)," followed by a second pH-independent cleavage''
that removes additional ~245 C-terminal residues from
PacC,> resulting in the functional ~250-residue PacC.”” In
the absence of alkaline ambient pH signaling, the inhibitory C-
terminal tail is thought to assume a protease-inaccessible
“closed conformation,” through interactions involving three
regions in the tail, termed as interacting regions A, B, and C,
thereby preventing activation.® However, the molecular basis
of pH-induced conformational changes in the C-terminal tail
enabling proteolytic cleavage for activation remains unclear.
The C-terminal tail of T. rubrum PacC is variable when
compared to homologues (Figure S1A), with several insertions

Received: July 25, 2022 0,
Accepted: November 29, 2022 %
Published: December 19, 2022

https://doi.org/10.1021/acsomega.2c04691
ACS Omega 2023, 8, 357364


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sanchita+Sanchaya+Dey"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rahul+Chakraborty"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bhupesh+Taneja"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.2c04691&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c04691?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c04691?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c04691?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c04691?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.2c04691/suppl_file/ao2c04691_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c04691?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/1?ref=pdf
https://pubs.acs.org/toc/acsodf/8/1?ref=pdf
https://pubs.acs.org/toc/acsodf/8/1?ref=pdf
https://pubs.acs.org/toc/acsodf/8/1?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.2c04691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/

ACS Omega

http://pubs.acs.org/journal/acsodf

in the interacting regions A, B, and C, suggesting the
incorporation of unique sequence features that may require
organism-specific activation. In order to understand the
structural properties of this C-terminal tail that aid its
activation in response to pH, we have carried out its structural
characterization, employing a diverse array of bioinformatics
and biophysical methods. We find that the C-terminal tail is an
intrinsically disordered protein (IDP) with intrinsic conforma-
tional flexibility and exhibits a stable initial structure at a wide
range of pH but can attain a molten globule-like partially
disordered structure under highly acidic conditions (pH 3.0 or
lower). The unique IDP-like structural features of the C-
terminal tail of T. rubrum PacC exhibited under in vitro
conditions indicate inherent conformational flexibility neces-
sary for the transcription regulator to shift from the inactive to
active state during the adaptation to pH change in host cells.

B RESULTS

Sequence Properties of T. rubrum PacC Reveal It as
an Intrinsically Disordered Protein. The PacC tran-
scription factor of T. rubrum CBS118892 is encoded by
TERG_00838 that yields a protein product corresponding to
815 residues. A search for conserved domains and sequence
motifs identified an uncharacterized Q/N-rich region at its N-
terminus, which appears to be unique to dermatophytes,
followed by a short, 88 residue long Zn-finger domain (ZFD)
and a long C-terminal tail (Figure 1A). The zinc-finger DNA-
binding domain shows a high level of sequence conservation
and harbors a conserved nuclear localization signal and the
three C,H, zinc-finger motifs required for its role as a
transcription factor (Figure 1A). The C-terminal tail shows
intermittent sequence conservation in contrast to the ZFD.
The C-terminal tail consists of three interacting regions A, B,
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Figure 1. Sequence and structural features of PacC. (A) Domain
diagram of T. rubrum PacC (1—81S residues). The three C,H,-
conserved zinc-finger motifs in the N-terminal domain are shown in
green, while the interacting regions A, B, and C are shown in cyan,
blue, and magenta, respectively. Sequence insertions in the interacting
regions are shown in dashed lines. The unique C-terminal tail of T.
rubrum PacC (residues 585—815) is also indicated. (B) Disorder
propensity of PacC, as predicted by the PONDR VL-XT score. (C)
Alphafold2-predicted three-dimensional model for PacC. The C*
chain is color-coded according to the per-residue local distance
difference test (pLDDT) score. A pLDDT score > 70 indicates
accurate structures, whereas a score of <50 indicates a prediction of
disorder.
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and C, which are required for locking the protein in its inactive
state at acidic pH.” Among the conserved sequence features in
the tail are the two proteolytic sites required for the activation
of PacC into its functional form, present in the interacting
regions A and C, and the YPXL/I motifs required for binding
to the pH-signaling PalA protein, present in the interacting
region C (Figure 1A). Apart from these, no sequence motifs
are present in the C-terminal tail. In addition, the interacting
regions contain several insertions, especially in the interacting
region C, thereby increasing the length of the extended C-
terminal tail of PacC in T. rubrum in comparison to other
homologues.

A search for identifiable structural features in the C-terminal
tail of PacC was carried out by first analyzing the predicted
secondary and tertiary structures. Secondary structure
prediction indicated a large number of random coil regions
in PacC. The C-terminal tail was predicted as a disordered
protein by PONDR,"” with intermittent long stretches of
unfolded regions, typical of IDPs (Figure 1B). A substantial
enrichment of charged and disorder-promoting amino acids
(Glu, Asp, Lys, Gln, Pro and Ser) and the depletion of order-
promoting residues, namely the hydrophobic (Ile, Leu and
Val) and aromatic amino acids (Phe, Tyr and Trp),
corroborate the predicted intrinsically disordered nature of
the 231-residue C-terminal tail, PacCA1—584 (Figure 2).13718

Tertiary structure analysis was carried out using the three-
dimensional structural model of PacC predicted from
Alphafold2."®'” Alphafold predicts a compact folded state for
the ZFD corresponding to the C,H, Zn-finger motifs (Figure
S1B). A low pLDDT score for the rest of the structure suggests
a low confidence prediction comprising intrinsic disorder for
the C-terminal tail (Figure 1C). The pH-induced conforma-
tional plasticity of this extended IDP-like C-terminal tail region
of T. rubrum PacC was next investigated.

Protein Purification and Structural Features of the C-
Terminal Tail. In order to investigate the structure of the
IDP-like C-terminal tail PacCA1-—584, the protein was
expressed from a heterologous expression system and purified
to homogeneity (Figure 3A). However, PacCA1—584, with a
predicted Mw of 24.7 kDa, exhibited an anomalous migration
on SDS-PAGE of ~35 kDa, possibly due to the enrichment of
charged residues in these proteins, as also observed in many
IDPs.'® Size-exclusion chromatography (SEC) of PacCAl—
584 was next performed to estimate its hydrodynamic
properties. Again, although the protein eluted as one major
peak over the Superdex 200 10/300 GL column, the apparent
Mw was found to be ~five-fold higher than that of the
monomer, that is, 126 + 0.88 kDa (Figure 3A). A nearly four-
to six-fold increase in their apparent Mw is often seen for IDPs
having an extended random coil conformation, suggesting a
possible similar conformation for PacCA1—584 as well."”

The identity, purity and exact M,, of PacCA1—-584 were
correctly estimated by MALDI-TOF mass spectrometry,
followed by MS—MS analysis, before further characterization
of the protein. MALDI-TOF identified a major peak of 24,709
Da, closely corresponding to the predicted Mw of PacCAl—
584. However, additional peaks of 49,451 and 74,066 Da were
also present, suggesting a dynamic equilibrium for different
oligomers for the C-terminal construct (Figure 3B). Light-
scattering experiments also identified a concentration-depend-
ent propensity of PacCA1-584 to aggregate to higher
oligomeric forms, although a unimodal, monodisperse
population was present at low concentrations of the protein
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Figure 2. Sequence properties of PacCA1—584. (A) Charge—hydropathy plot, (B) amino acid composition, and (C) residue-wise secondary
structure prediction from PSIPRED suggest that PacCA1—584 (i.e., residues 585—815 of PacC) has IDP-like features.
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Figure 3. Purity and hydrodynamic properties of PacCA1—584. (A) SEC elution profile of PacCA1—584, as monitored by a change in Ayg. The
estimation of M,, of PacCA1—584 (red) against molecular weight standards is indicated (inset). (B) MALDI-TOF mass spectrum showing multiple
peaks corresponding to the oligomers of PacCA1—584. (C) DLS analysis at different protein concentrations indicates a unimodal scattering profile

at 0.1 mg/mL protein.

(0.1 mg/mL protein) (Figure 3C). All further biophysical
experiments described in this manuscript were hence
performed at low protein concentrations of 0.1 mg/mL.
Conformational Profile of PacCA1-584 at Varying
pH Conditions. In order to monitor the secondary structure
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of PacCA1-584, far-UV CD spectrum was recorded at
alkaline ambient pH 8.0 (Figure 4A). The CD spectrum
shows a negative peak at 200 nm, similar to the spectrum
shown by intrinsically disordered proteins.'® The characteristic
negative peaks at 208 and 222 nm for a-helical or at 218 nm
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Figure 4. CD and ANS fluorescence measurements of PacCA1—-584.
(A) Far UV-CD spectra of PacCA1—584 at indicated pH. The
spectrum of 6 M GdmCl-induced unfolded protein is shown in
dashed lines. (B) ANS fluorescence emission spectra measured in

buffers of indicated pH. All measurements were done in duplicate at
25 °C.

for f-sheet were not visible, in agreement with the large
unstructured regions observed in the predicted three-dimen-
sional structure of pacC (Figure 1C). A CD spectrum of
PacCA1-584 incubated with 6 M GdmCIl, however, was
typical of denatured proteins with a complete loss of negative
peaks (Figure 4A), indicating that the observed Iinitial
spectrum is suggestive of a partially folded IDP-like state.

As PacC senses and responds to multiple pH changes in the
host cells, the secondary structure of PacCA1—584 was next
monitored as a function of pH after incubating the protein in
different buffers (pH 2—12). No major change in the peak
position was observed for PacCA1—584 at any pH between
pH 3-9, and the overall spectrum continued to be atypical
with respect to folded proteins, although at highly acidic or
alkaline pH, a slight decrease in negative content was observed
between 210 and 230 nm at pH 2.0 and a decrease in negative

content at 204 nm at pH 12.0 (Figure 4A). The conforma-
tional profile of PacCA1-584 at different pH was further
probed by ANS binding. At pH 8.0, there is no change in ANS
binding. Under highly acidic conditions (pH 1.0, 1.5, 2.0 and
3.0), ANS bound strongly to PacCA1—584, leading to 27—55-
fold increase in fluorescence intensity, suggesting a partially
unfolded molten globule-like state with the exposed hydro-
phobic regions of the protein at these pH (Figure 4B). There is
no change in fluorescence intensity upon ANS binding at pH
5—12, suggesting that PacCA1-584 does not have any
exposed hydrophobic regions at these pH by attaining a
folded (or fully unfolded) state (Figure 4B).

GdmCl-Induced Folding—Unfolding of PacCA1-584.
In order to estimate the stability of PacCA1-584, GdmClI-
induced denaturation was monitored by far-UV CD measure-
ments (Figure SA). The intrinsic fluorescence spectrum of
PacCA1-584 is suggestive of a fully exposed environment for
tryptophan between pH 2 and 12, with 4,  of 355—357 nm
(Figure S2), limiting the estimation of thermodynamic
parameters to far-UV CD measurements.

The denaturation curve of PacCA1-584 (Figure SA) was
observed to occur in a biphasic manner with two distinct
transitions. Transition I (N < X) is centered in the [GdmCl]
range 0—1.3 M, where X represents the thermodynamically
stable intermediate state between the native (N) and
denatured (D) states. Transition II (X < D) exists in the
1.3—5.0 M concentration range of GdmCI. The intermediate
state (X) exists in 1.3—2.0 M concentrations of GdmCIl. Each
transition curve for PacCA1—584 was analyzed separately to
estimate the respective thermodynamic parameters. The
fraction of molecules in the X state (f;) or in the D state
(fu) and AG associated with transition I (AG,) or with
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Figure 5. GdmCl-induced denaturation of PacCA1—584. (A) GdmCl-induced denaturation of PacCA1—584 was plotted by monitoring changes in
the mean residue ellipticity, [0],,, (B) Normalized transition curves with the values of f; or f1; plotted as a function of [GdmCl]. (C) Values of AG;
(transition I, N « X) or AGy; (transition II, X < D) plotted versus [GdmCl]. (D) Estimated thermodynamic parameters of transition I (N < X)
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transition II (AGy) were estimated using the following
relations

fi=0=2)/0y =5 (1)
fo= G =)0y =) @)
AG; = —RT In(y — y.)/ (3, — ») 3)
AGy = —RT In(y — 3,)/ (3, — ) (4)

where R is the universal gas constant; T is the temperature in
kelvin; and yy, yx, and yp represent the properties of the
protein molecules in the native, intermediate, and denatured
states, respectively, at the same [GdmCl] in which y (the
observed property of protein) is measured.

The values of the fractions of the denatured molecules in
transition I or transition II, that is, f; or fy;, were plotted as a
function of [GdmCI] (Figure SB). Also, AG; or AGy (—1.3
keal mol™ < AG; or AGy < 1.3 keal mol™!) was plotted versus
[GdmCl] (Figure SC) and found to be linear. A linear least-
squares analysis was hence used to obtain the value of AG,
(value of AG, at 0 M GdmCl) and m; (slope SAG/
5[GdmCl]) for transition I and AGy™ (value of AGy in the
presence of GdmCl where X state existed) and my; (slope
S8AGy/5[GdmCl]) associated with transition II (Figure SD),
using the relations S and 6 given below. The transitions
reported in Figure SD, especially X <> D, have a somewhat low
value for my; = —1.89 + 0.14 kcal mol™ M™, suggesting that it
is largely a noncooperative process.

AG; = AG," — m[GdmCl] (5)

AGy = AG,™ — my[GdmCl] (6)

In addition, the two distinct C,, values of PacCA1—584 (for
transition I or transition II) are clearly suggestive of a
noncooperative GdmCl-induced unfolding through an inter-
mediate X state. ANS fluorescence measurements with the
GdmCl-induced X state show a nearly twofold increase in
fluorescence intensity as compared to the “N” state, indicative
of the exposed hydrophobic patches and suggesting that the
intermediate X state of PacCA1-584 (1.3—1.4 M GdmCl,
Figure S3) attains a molten globule-like transition state during
unfolding. PacCA1-584, however, attains a fully unfolded
state at S M GdmCl (Figure S3), indicating that the C-terminal
tail of PacC (PacCA1—584) undergoes unfolding through a
two-state biphasic process, that is, N <> X and X < D, upon
GdmCl-induced denaturation.

B DISCUSSION

The proteolytic removal of the C-terminal tail of PacC is a key
step in the activation of the N-terminal ZFD, which then
translocates into the nucleus and modulates the expression of
“alkaline-expressed” and “acid-repressed” genes in response to
the alkaline ambient pH change in fungi.”””' However, no
information is available toward the secondary and tertiary
structures adopted by the C-terminal regulatory tail or the
molecular conformational changes leading to its activation.

In this study, we investigated the structural features of the C-
terminal tail region of PacC of T. rubrum and the effect of pH
change on its structure, function, and stability, through
structural bioinformatics and biophysical investigations. De-
tailed sequence analysis and structure prediction studies
indicate a largely disordered IDP-like structure for PacCA1—
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584 with a low-confidence (low pLDDT score) Alphafold-
predicted three-dimensional structure (Figures 1 and 2). The
intrinsic disorder of IDP-like proteins has several unique
features that contrasts that of globular proteins and can be
easily monitored by different biophysical methods, for instance
(i) diminished ordered secondary structure by spectroscopic
methods; (ii) altered solvent accessibility and compactness by
intrinsic or extrinsic fluorophores; (iii) change in hydro-
dynamic parameters by gel filtration, SAXS, viscometry, or light
scattering; (iv) aberrant mobility on SDS-gel electrophoresis;
(v) lack of cooperative transition upon chemical denaturant-
mediated unfolding, and so forth.”” The physicochemical
parameters of PacCA1-584 associated with each of these
methods were measured and found to be characteristic of IDP-
like proteins.

First, (i) far-UV CD measurements showed that the
spectrum of PacCA1-584 at pH 8.0 was atypical with a
negative peak at 200 nm (Figure 4A) and mimics that of IDP-
like proteins.'® (i) Next, intrinsic fluorescence and far-UV CD
measurements were conducted in a wide pH range, pH 2—12.
The intrinsic fluorescence spectrum of PacCA1—-584, with 4,
of 355—357 nm, was suggestive of a fully exposed environment
for the lone tryptophan in the monitored pH range, indicating
the absence of folded hydrophobic environment around
tryptophan. Moreover, the secondary structure of IDP-like
PacCA1—584 was largely resistant to changes in pH, with only
a slight decrease in the negative content at highly acidic (pH
2.0) or highly alkaline (pH 12.0) buffer conditions (Figure
4A). A large increase in fluorescence quantum yield upon ANS
binding under highly acidic conditions (pH 3.0 or lower)
(Figure 4B) was also observed, suggesting the formation of a
molten globule-like partially disordered structure at low pH
and also indicative of pH-induced conformational plasticity in
PacCA1-584. Such “turned-out” response to changes in pH
has been previously observed in many IDPs, such as
prothymosin-@, a-synuclein, and histidine-rich protein II, to
name a few. While little or no change was observed in the far-
UV CD spectra between pH 9.0 and 5.5 of these proteins, a
substantial increase in negative intensity in [0],,, upon the
decrease in pH from ~5.5 was reported that acts as a pH-
induced ag%regation switch in prothymosin-a and a-
synuclein.””~** IDPs are often thought to have the ability to
interact with additional binding partners rendering conforma-
tional and functional heterogeneity.”> The conformational
flexibility of the C-terminal tail of PacC at low pH is also
expected to help in its interaction with the interacting regions
A and B in the “closed” inactive state or with signaling Pal
protease, as seen in A. nidulans.'’ (iii) The hydrodynamic
properties of PacCA1—584 were also estimated by SEC, which
reveals an elution profile suggestive of a highly disordered
protein (Figure 3A) with an extended random coil
conformation.'” (iv) Like many IDPs, the migration of
PacCA1-584 on SDS-PAGE was also anomalous, providing
further support to its IDP-like properties.®

Finally, (v) GdmCl-induced denaturation of PacCA1—584
was found to occur in a noncooperative manner through a
biphasic mode of transition (N <> X and X <> D) (Figure 5A),
suggesting the lack of a tightly packed hydrophobic core in
PacCA1-584, as seen in IDPs**° and reaffirming that
PacCA1—584 is capable of a stable initial IDP-like structure,
which can undergo large conformational changes upon
induction, viz low pH or a chemical denaturant (GdmCl) in
vitro. This conformational flexibility of the C-terminal tail will
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allow access to proteolytic enzymes to carry out the activation
of PacC to enable its function as a transcription regulator for
adaptation to pH change in host cells.

In conclusion, we show that although the C-terminal tail of
PacC exhibits little or no change in the far-UV spectra at a
wide range of pH, it retains structural plasticity to undergo a
pH-induced conformational response at extremely acidic pH
conditions. This may (i) help the tail to act as a pH sensor, (ii)
be required for conformational changes for processing, or (iii)
help in the overall stability of the protein by resisting and
responding to pH changes through conformational changes.
The current study hence emphasizes the IDP-like structure of
the C-terminal tail of T. rubrum PacC that may aid its
regulatory role in pH sensing in dermatophytes.

B MATERIALS AND METHODS

Bioinformatics Analysis. PacC was identified as a product
of TERG_00838 of T. rubrum CBS118892 (NCBI Nucleotide
ID: XM_003238803.1, NCBI Protein Accession ID:
EGD84560). The domains, repeats, motifs and sequence
features of PacC were identified with the help of SMART tool
and PSIPRED.”"** Charge hydropathy plot (CH Plot) and
disordered regions in the protein were predicted using
PONDR."> A predicted three-dimensional structure of PacC
was generated using Alphafold v2.0."*"”

Cloning, Expression, and Purification of C-Terminal
Domains of PacC of T. rubrum. The C-terminal domain of
PacC (residues 585—815 of full-length protein) was designated
as PacCA1—-584 and cloned in the pET28a-His,;,-Smt3 vector
in fusion with Hisl0-Smt3 tag at its N-terminus. The
expression of PacCA1—-584 was induced in Escherichia coli
Rossetta (DE3) by the addition of 1 mM isopropyl-n-
thiogalactoside at 37 °C for 3 h. The bacterial cells were
then pelleted by centrifugation, resuspended in buffer A [20
mM Tris—HCI (pH 8.0), 300 mM NaCl, 5% glycerol, and 1
mM phenylmethylsulfonyl fluoride], and lyzed by sonication.
The lyzed cells were centrifuged at 20,000g to remove the
insoluble debris, and the protein was purified by Nickel aflinity
chromatography. The His,,-Smt3 N-terminal tag was cleaved
by overnight incubation with Smt3-specific protease Ulpl
(Ulp1:protein ratio was 1:500) at 4 °C. Tag-free PacCA1—584
was then purified by anion exchange, followed by SEC using
Superdex-200. The purified protein was eluted and stored in 10
mM Tris—HCI pH 8.0, 100 mM NaCl, and 5% glycerol. The
purity and integrity of PacCA1—584 were assessed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). The purified protein was concentrated to 10 mg
mL™" and stored at 4 °C until further use.

MS Measurements. The purity and the molecular mass of
PacCA1-584 were also determined by a MALDI-TOF mass
spectrometer. The sample was spotted with the matrix (sinapic
acid, Sigma) and analyzed in linear mode using MALDI-TOF/
TOF (SCIEX 5800). The MS spectra were recorded in the
mass range of 10—100 kDa, with a total shot count of 250 per
spectrum after 10 subspectra and a laser intensity of 5500.

Circular Dichroism Measurements and Secondary
Structure Analysis. Far-UV CD measurements of PacCA1—
584 were carried out in the indicated buffers using a Jasco J-
815 spectrophotometer equipped with a temperature con-
troller (PTC-517). 0.1 mg/mL PacCA1—584 was incubated in
buffers of variable pH: glycine-HCI (pH 1—3), sodium acetate
(pH 4), citrate phosphate (pH §), potassium phosphate (pH
6—8), Tris (pH 9), glycine-NaOH (pH 10—11), and CHAPS

(pH 12) for 3—4 h, at 2S5 °C, before spectral measurements.
The CD spectra were measured in the wavelength range 250—
195 nm with a scan rate of 100 nm/s, 1 s response time, and
bandwidth of 1 nm. Each spectrum was an average of three
consecutive scans and corrected by subtraction of the blank
solution with the corresponding buffers.

Isothermal GdmCl-Induced Denaturation. The equili-
brium unfolding of PacCA1—584 in the absence and presence
of different concentrations of GdmCI at pH 8.0 was measured
at 25 + 0.1 °C by far-UV CD. The stock solution of GdmCl (8
M) was prepared fresh before each experiment. Protein
samples were made by taking the required amount of protein
(0.1 mg/mL), denaturant, and buffer solutions and incubated
at room temperature for 16 h before taking spectral
measurements. The raw CD data were converted into the
concentration-independent parameter [0]; using the relation:
(0], = M 0,/10lc, where, M, is the mean residue weight of the
protein 0, is the observed ellipticity in millidegrees at
wavelength 4, ¢ is the concentration of the protein (in mg/
mL), and [ is the path length of cuvette in centimeters. The
mean residue ellipticity ([],,,) was plotted as a function of
molar concentration of urea. The obtained transition curves at
each pH were analyzed to estimate the thermodynamic
parameters associated with them using the linear extrapolation
method. All spectral measurements were done in triplicates
before plotting.

8-Anilino Naphthalene Sulfonic Acid Fluorescence
Measurements. We performed extrinsic fluorescence meas-
urements with the hydrophobic probe, 8-anilinonaphthalene-1-
sulfonic acid (ANS), using a Fluoromax-4 spectrofluorometer.
PacCA1—584 was incubated with 25-fold molar excess of ANS
with the indicated buffer for 2 h in the dark before spectral
measurements. The excitation was set at 370 nm, and emission
spectra were collected in the wavelength range of 400—600 nm
in a quartz cuvette of 10 mm path length, with both the
excitation and emission slits set at S nm bandwidth. All ANS
fluorescence measurements were done in duplicates at room
temperature (25 °C) before plotting.
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