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ABSTRACT

The chaperone-like huntingtin-interacting pro-
tein, HYPK, has unusual biophysical behavior
like an intrinsically unstructured protein (IUP).
The protein exists as a (pre-) molten globule
with ~37% residual structure and shows com-
paction in presence of Ca”. HYPK contains no
intrinsic fluorophore other than a single tyrosine
and displays an anomalous fluorescence peak
at around 340 nm. The anomalous peak is re-
duced to 303 nm by the addition of guanidine
hydrochloride and at low pH, concomitant with
the emission spectrum of L-tyrosine. At high pH
the peak is shifted to ~350 nm with a reduction
in intensity. In presence of sodium perchlorate
there is no shift in HYPK fluorescence emission
peak from ~340 nm suggesting localization of
the lone tyrosine residue in helical regions. In
CD experiments, however, a shift in local sec-
ondary structure is noticed upon perchlorate
treatment. Acrylamide quenching experiments at
different Ca®* concentrations demonstrate that
Ca” does not alter the accessibility of the tyro-
sine to acrylamide. In the absence of any tryp-
tophan contamination, these observations vali-
date that, in vitro, HYPK possesses a loosely
associated (pre-) molten globule like conforma-
tion with the lone tyrosine being situated within
an a-helix.

Keywords: IUP; Huntingtin Yeast-Two Hybrid
Protein K; Tyrosine Fluorescence; Conformational
Change; Circular Dichroism

1. INTRODUCTION
Huntingtin Yeast-two hybrid Protein K (HYPK) is a
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huntingtin-interacting protein that has been shown to
reduce aggregation and apoptosis in a Huntington’s dis-
ease (HD) model [1]. HYPK is shown to have chaper-
one-like properties [1,2] and is present in a ribosome
associated chaperone complex with MPP11 [3]. Our pre-
vious study showed that HYPK is an intrinsically un-
structured protein (IUP) with a pre-molten globule like
conformation [4]. However, under physiological condi-
tions, HYPK is predicted to have ~36.7% secondary
structure [4]. HYPK undergoes a conformational change
from a pre-molten globule to a molten globule form, by a
calcium-dependent mechanism [4].

It is hypothesized that IUPs interact with multiple
partners by attaining different conformations in variable
biological contexts [5,6]. Disorder-to-order transition is a
characteristic of intrinsic disordered protein upon bind-
ing with different partners. The flexibility of intrinsic
disorder helps different disordered regions to bind to a
common binding site on a common partner [7]. It has
been reported recently that the anchor residues in the
disordered proteins are an important factor in controlling
the specific interaction between IDPs and their targets
and also play vital role in stabilizing the transient binding
complexes [8]. IUPs seem to play important roles in
evolution [9] and the binding promiscuity of intrinsically
disordered protein plays major roles in the diverse func-
tional properties of unstructured protein.

HYPK has a single aromatic residue (Y*’), which can
be used as a tool to study conformational changes by
monitoring intrinsic fluorescence. The unique feature of
HYPK fluorescence is its anomalous tyrosine emission at
~330 - 350 nm as opposed to normal tyrosine emission at
303 nm [4]. The origin of this red-shifted tyrosine emis-
sion is not fully understood. One possibility is that there
is tryptophan contamination in the protein samples [10].
Reports indicate that ionization of the phenolic hy-
droxyl group of tyrosine leads to tyrosinate formation
and red shift in the emission spectrum to ~340 nm [11].
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Alternatively, as HYPK is an IUP [4], the tyrosine resi-
due may get trapped in a local conformation and partici-
pate in events like excited state proton transfer, leading
to a red-shifted fluorescence emission [11]. Functional
folding of several proteins is known to depend on the
dynamics of their folding pathway intermediates [12,13].
These intermediates are often pre-molten globules or
molten globules. The folding pathway is frequently in-
fluenced by chaperones or ionic conditions [12-14]. In-
vestigating the conformational pliability of intrinsically
unstructured HYPK may contribute to understanding the
folding of IUPs in the functional context.

In this study we have investigated the conformational
properties of HYPK by monitoring intrinsic fluorescence
and secondary structure. Our data suggests that the single
tyrosine residue in HYPK is located in a conformation-
ally defined a-helical region. This study contributes to
the structural understanding of HYPK and suggests that
structurally-defined regions of IUPs may be functionally
important.

2. MATERIALS AND METHODS

2.1. Cloning, Expression and Purification of
Recombinant Proteins

The cloning, expression and purification of full-length
HYPK has been previously described [4]. N-terminal
(residues 1 - 60) and C-terminal (residues 80 - 129) re-
gions of HYPK were cloned into pET 28a+ (Novagen).
HYPK protein fragments were expressed in Escherichia
coli BL21 (DE3) cells by IPTG induction (Promega).
Cells were resuspended in 50 mM Tris-Cl pH 8.0, 300
mM NaCl, 1 mM PMSF, 2 mM fmercaptoethanol and
lysed by sonication on ice. The proteins were purified by
Ni-NTA affinity chromatography (Qiagen). To dilute the
imidazole, samples were dialyzed in 20 mM Tris-Cl, pH
7.5. Protein concentrations were determined by Bradford
assay.

2.2. Fluorescence Spectroscopy

2.2.1. Fluorescence Spectroscopy with Purified
Recombinant HYPK

Steady-state fluorescence measurements of purified
proteins were performed using a Cary Eclipse Fluores-
cence spectrophotometer (Varian Inc.) and 10-mm path
length quartz cuvettes. A protein concentration of 70 uM
was used. Excitation (at 280 nm) and emission (295 -
450 nm) slits with a 10 nm band pass were used. Back-
ground intensity of the buffer was subtracted from each
sample spectrum.

2.2.2. Effect of pH on HYPK Fluorescence
To monitor pH dependent changes, a number of dif-
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ferent buffers were used. To prepare pH 2 and pH 3 solu-
tions, a 10 mM glycine-based buffer was used (pH ad-
justed using HCI). For pH 4 and pH 5 solutions, 10 mM
acetate was used (pH adjusted using acetic acid). The pH
6 buffer was prepared using 10 mM MES. For pH 7, 8
and 9 solutions, a 10 mM Tris buffer was used (pH ad-
justed using HCI). For pH 10, 11 and 12, a 10 mM gly-
cine solution was used (pH adjusted using NaOH). 70
uM HYPK was incubated in the different buffers for 2 h
before measurement.

2.2.3. Effect of Denaturing Agents Like GdmCI or
NaClO, on HYPK Fluorescence
To study denatured proteins, 70 pM HYPK was incu-
bated in 0.5, 1, 2, 3, 4, 5 and 6 M guanidium hydrochlo-
ride (GdmCI) or in 0.5, 1, 2, 3, 4 and 5 M sodium per-
chlorate (NaClOy) for 2 h.

2.2.4. Effect of Acrylamide Quenching on HYPK
Fluorescence

Acrylamide quenching studies of HYPK in the pres-
ence of Ca*” or GdmCI were performed by adding ali-
quots from a stock solution of acrylamide into a cuvette
containing 70 uM of protein, previously incubated with
either 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1, 2, 3, 4 and 5 M CaCl,
or0.5,1,2,3,4,5and 6 M GdmCI for 2 h. Fluorescence
quenching data were analyzed using the Stern-Volmer
equation for dynamic quenching [15]:

Fy/(E,~F)=(l/f.K, [Q]+V/f,) (1)

In this equation F, and F are the fluorescence intensi-
ties in the absence and presence of quencher, f, is the
fraction of accessible fluorophore, K, is the dynamic
quenching constant (Stern-Volmer constant), and [Q] is
the quencher concentration. All data were analyzed using
Origin 8.0 and Microsoft Excel.

2.3. CD Spectroscopy

A protein concentration of 70 uM was used for CD
experiments. To monitor unfolding proteins were incu-
bated with 0.5, 1.0, 3.0 and 5.0 M NaClO, for 2 h and
far-UV CD spectra were recorded on a CD spectrometer
(BioLogic Science Instruments) using a rectangular quartz
cell (path length; 0.1 mm). Measurements were taken
between 190 nm and 250 nm at a scan rate of 30 nm/min.
A total of five scans were averaged to obtain each spec-
trum and they were baseline subtracted for buffer (30
mM Tris, pH 8.0; 200 mM NacCl). Percent helicity values
were calculated in each case using a previously described
equation [16]. The plot for mean residual ellipticity
(MRE) versus scan wavelength (nm) was obtained using
Origin 8.0. Data smoothing was performed by adjacent
averaging with a 25 point window.
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3. RESULTS

3.1. Intrinsic Fluorescence of HYPK

HYPK has a wide fluorescence emission peak encom-
passing 330 - 350 nm compared to L-tyrosine which has
a distinct peak at 303 nm (Figure 1(a)). To rule out the
possibility of tryptophan contamination we treated the
purified protein with the tryptophan specific reagents N-
bromosuccinidimide and 2-Hydro-5-nitrobenzyl bromide
[17]. There was no marked change in absorption and
fluorescence spectra of HYPK with these treatments su-
ggesting the absence of contamination (data not shown).
Despite the fact that most of the tyrosine residues in pro-
teins have a 10-fold lower fluorescence yield compared
to free tyrosine [18,19], the intensity of HYPK fluores-
cence was about 34 times less than that of L-tyrosine
(Figure 1(a)). The absolute quantum yield of intrinsic
fluorescence of HYPK was only 0.00414 [18-20]. Hence,
the intrinsic fluorescence of HYPK was atypical not only
in its emission spectra but also in its fluorescence yield.
These anomalies indicated a possible microenvironment
of secondary and tertiary structures in the vicinity of the
lone tyrosine in HYPK.

3.2. Accessibility of Y*° of HYPK Monitored
by Acrylamide Quenching in Varying
Ca?* Concentrations

Previous work has shown that HYPK undergoes a con-
formational compaction leading to aggregation in in-
creasing Ca>" concentrations. The aggregation reaction is
concomitant with a reduction in fluorescence intensity
[4]. To monitor conformational changes in the region of
Y* we determined the accessibility of the tyrosine resi-
due with increasing concentration of Ca*" by acrylamide
quenching. Considering the low fluorescence quantum
yield of HYPK, we used a protein concentration of 70
uM [4]. To rule out any possible effect of residual Ca** in
experimental buffer, all fluorescence experiments with
increasing Ca®* concentrations were performed after dia-
lyzing the protein against Tris-Cl buffer (pH 7) con-
taining 5 mM of EGTA. We determined the fluorescence
intensities of HYPK at 340 nm at variable Ca>" concen-
trations and increasing acrylamide concentrations until
no aggregation of the protein was observed. The K,
(Stern Volmer constant) values were calculated and plot-
ted according to the equation of collisional quenching by
Stern-Volmer (Eq.1) (Figure 1(b)) [21]. Only a marginal
variation in the Stern-Volmer constant (Kgy) values was
observed (Figure 1(c)), suggesting no appreciable al-
terations in the quenching pattern of HYPK intrinsic
fluorescence with increasing Ca*" concentrations. De-
spite the compaction induced, variation in Ca®" con-
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centrations did not affect the accessibility of Y* of
HYPK by acrylamide. The precise effect of Ca*" was
therefore at the global level, altering the loose ensemble
of (pre-) molten globules, without significantly influenc-
ing the interior formation of the secondary structure.

3.3. Fluorescence Spectra of HYPK at
Increasing GdmCI Concentrations

Increasing concentrations of GdmCI induced a de-
crease in fluorescence intensity of HYPK at 340 nm
along with the appearance of a tyrosine emission spec-
trum with a maximum at 303 nm (Figure 2(a)). However,
the emission at 340 nm still existed even in 6 M GdmCl.
We determined the fluorescence emission of HYPK in
different GdmCl concentrations and in the presence of
increasing concentrations of acrylamide. As there were
two different fluorophores (at 303 and 340 nm) with dif-
ferential accessibilities to acrylamide, the fluorescence
quenching data were analyzed by the modified Stern-
Volmer equation (Figures 2(b)-(c)) [15]. The emission at
303 nm was quenched by acrylamide, but the emission at
340 nm was not. This result indicated that in the native
condition of the protein, tyrosine fluorescence was com-
pletely quenched by intra-molecular interactions result-
ing in emission at 340 nm. Upon GdmCl-induced un-
folding, intra-molecular quenching was lost and the tyro-
sine became accessible to acrylamide. However the
fluorophore, emitting at 340 nm, was not accessible to
acrylamide as only minimal quenching was observed.

3.4. Fluorescence Spectra of HYPK in
Presence of NaClO,

NaClOy is a protein denaturant that differs from gua-
nidine hydrochloride as it leaves helical structures un-
changed [22,23]. In addition, NaClO, induces the forma-
tion of compact molten globule states by shielding charge
repulsion effects within the molecule stabilizing the un-
folded state [23]. In our study, treatment with upto 5 M
NaClO, did not result in any shift in HYPK emission
maxima; however, there was a reduction in the fluores-
cence intensity (Figures 3(a)-(b)). As HYPK is an IUP, it
is possible that a charge effect results in conformational
compaction of the molecule upon addition of sodium
perchlorate. This result suggests that the lone tyrosine
residue of HYPK is part of an a-helical region which the
perchlorate ions cannot destabilize.

3.5. Fluorescence Spectra of HYPK at
Different pH

We measured the effect of pH on HYPK intrinsic fluo-
rescence. At neutral and slightly alkaline pH, the emis-
sion peak was approximately 340 nm (Figure 3(c)). In
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Figure 1. Anomalous fluorescence of HYPK and quenching in presence of Ca”’. (a) Steady-state fluorescence spectra
of purified recombinant HYPK (i), expressed and purified according to Raychaudhuri et al. [1] and dialyzed against
20 mM Tris-Cl (pH 7.5) and L-Tyrosine (ii). Samples were taken in equivalent concentrations (2.9 x 107> M). (b)
Stern-Volmer plot of dynamic quenching of intrinsic fluorescence of HYPK. The protein samples (~70 uM each) were
dialyzed against 20 mM Tris-Cl pH 7.5 and 5 mM EGTA and were incubated a priori with increasing Ca®* concentra-
tions (as described in the figure) for 2 h. Acrylamide quenching studies were performed by adding acrylamide in ali-
quots from a stock solution directly into cuvette containing the protein. Fluorescence intensities were corrected for
dilution effects. Fluorescence quenching data were analyzed using the Stern-Volmer equation for dynamic quenching.
(c) K,y values, calculated from the Stern-Volmer equation for dynamic quenching (from Figure 1(b)) were plotted
against increasing Ca®" concentrations (as described in figure).
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Figure 2. HYPK fluorescence in presence of GdmCI. (a) Fluorescence spectra of HYPK in presence of increasing
guanidine hydrochloride concentrations (as described in figure). Protein samples (~70 uM each) were dialyzed against
20 mM Tris-Cl pH 7.5 and 5 mM EGTA and pre-incubated with 0.5, 1, 2, 3, 4, 5 and 6 M guanidine hydrochloride. (b)
Stern-Volmer plot of dynamic quenching of fluorescence of HYPK at 303 nm. The protein was incubated a priori
with different guanidine hydrochloride concentrations (as described in figure) and quenching studies were performed
with increasing acrylamide concentration (as described in figure). (c¢) Stern-Volmer plot of dynamic quenching of in-
trinsic fluorescence of HYPK at 340 nm. The protein samples were incubated a priori with different guanidine hy-
drochloride concentrations (as described in figure) and quenching studies were performed with increasing acrylamide
concentration (as described in figure).
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Figure 3. HYPK fluorescence in presence of NaClO, and at different pH. (a) Fluorescence spectra of HYPK in
presence of increasing sodium perchlorate concentrations. ~70 uM HYPK was incubated separately with 0.5, 1,
2, 3,4 and 5 M of sodium perchlorate for 2 h and fluorescence spectra of the samples were obtained (as de-
scribed in figure). (b) Normalized fluorescence intensity at 340 nm were calculated from Figure 3(a) and plotted
against increasing NaClO,4 concentrations. (¢) pH dependence of intrinsic fluorescence of HYPK. ~70 uM HYPK
was incubated separately in different pH buffers (pH 2 to pH 12) for two hours each. After the incubation, fluo-
rescence spectra of the samples were obtained. Note, unusual fluorescence spectra of HYPK at pH 5.

alkaline solutions (pH > 10), the emission peak was
red-shifted to ~345 - 350 nm with a reduction in intensity.
Tonization of Y** in alkaline solution was similar to that
of free tyrosine which has a weak emission at 345 nm
[24]. In contrast, at acidic pH, the peak was shifted to
303 nm. However, due to insoluble aggregation at pH 5
(the pI of HYPK is 5.13) no clear fluorescence data could
be recorded. From these data it appears that the effect of
pH on HYPK conformation is similar to GdmCI.

3.6. CD Spectroscopy of HYPK with NaClO4

To obtain further insights we performed CD spectros-
copy with full-length HYPK and its N-terminal and C-
terminal fragments. HYPK contains very little secondary
structure as reported previously [4]. In the presence of
low concentrations of NaClO, the percent a-helicity of
full-length HYPK was increased (Figure 4(a)). However,
at higher NaClO,4 concentrations the percent a-helicity
was again reduced. The N-terminal HYPK (which con-
tains the tyrosine residue) had almost no secondary struc-
ture (Figure 4(b)). On the other hand, C-terminal HYPK
had substantial a-helicity in the presence of increasing
concentrations of NaClO,4 (Figure 4(c)). These results
suggest that with increasing concentrations of NaClOy,
the initial increase in helicity in the full-length protein
may be due to the C-terminal region which is then gra-
dually compensated by the non-helical N-terminal part.

4. DISCUSSION

4.1. Anomalous HYPK Fluorescence Arise
from Excited State Proton Transfer

Examples of residual structures in IUPs are limited in
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the literature [25,26]. The anomalous fluorescence of
HYPK (an IUP), provided us with an opportunity to
study its conformational flexibility. Similar proteins with
a single tyrosine but no tryptophans are known to have
unusual spectroscopic behavior. For example, the excita-
tion spectrum of adrenodoxin has a maxima at 295 nm
[27]. The excitation maximum of HYPK was similar to
L-tyrosine at ~280 nm (data not shown). Nevertheless,
the emission spectrum of adrenodoxin resembled HYPK
with a peak at around 330 - 340 nm but with a higher
fluorescence quantum yield [27]. These observations led
to the hypothesis that ground state proton transfer con-
tributes to the unusual tyrosine fluorescence of adreno-
doxin [27]. Although the emission maximum coincided
with the tyrosinate emission peak and the fluorescence
quantum yield of HYPK appeared to be compatible with
the very low fluorescence yield of tyrosinate [24], the
anomalous intrinsic fluorescence of HYPK may be as-
signed to an intramolecular excited state proton transfer
from phenolic hydroxyl to a proton acceptor.

4.2. Intrinsic Fluorescence of HYPK Solely
Contributed by Y*

In our study, the various denaturants may be disrupting
secondary and tertiary structures, therefore affecting the
interactions between Y*’ and one or more components of
the peptide chain. Normalization of the native tyrosine
fluorescence to tyrosine fluorescence of HYPK unfolded
with GdmCI and low pH confirms that the intrinsic fluo-
rescence of native HYPK was solely due to an altered
conformational state of Y*. The pK, value of tyrosine is
~10.3, therefore when HYPK is present in a high pH
solution there is an increased population of ionized and
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Figure 4. CD spectral analysis of HYPK in presence of increasing concentrations. 70 uM each of full length HYPK (a), N-terminal
HYPK, (b) and C-terminal HYPK (c) were incubated separately with a gradient of 0.5 M, 1.0 M, 3.0 M and 5.0 M NaClOy for 2 h at
room temperature and mean residue ellipticity (MRE) were plotted against scan wavelength (nm) range.

stabilized tyrosine. Loss of fluorescence intensity at
higher pH therefore indicates a further compaction of
ionized tyrosine possibly through local hydrogen bond-
ing, influenced by neighboring charge(s) or microscopic
dielectric constant. GdmCI had a global unfolding effect,
whilst sodium perchlorate failed to perturb the tyrosine
environment of HYPK. It is known that sodium perchlo-
rate does not unfold helical structures; therefore our data
strongly support the presence of a stable helical structure
involving Y*.

4.3. Dynamic Equilibrium Exists between
Tyrosine and Tyrosinate

Fluorescence quenching by acrylamide is known to be
affected by oligomerization which alters the local envi-
ronment of tyrosine side-chains [26]. However, the
acrylamide quenching pattern of HYPK did not change
appreciably with increasing Ca®’. In contrast, quenching
in the presence of increasing GdmCl concentrations
showed an unfolding of the HYPK structure, causing ma-
ximal accessibility of the tyrosine but not the chromo-
phore at 340 nm. This suggests that there is a dynamic
equilibrium between two populations of HYPK. The
presence of highly dynamic ensembles on interconvert-
ing structures is typical of IUPs in solution [28].

4.4. The Y* Resides in the Transient Local
a Helical Structure of HYPK Arising Due
to Intramolecular Interaction

Secondary structure prediction suggests that the lone
tyrosine of HYPK is located in a helix (Supplementary
Figure 1). Experimentally, however, we did not observe
any secondary structure in the N-terminal fragment (which
includes Y*). CD spectroscopy suggested a-helical con-
formation only in the C-terminal region. Interestingly,

Copyright © 2011 SciRes.

the helical content of the full-length protein increased in
low concentrations of NaClO,4. This might be due to sta-
bilization of the helices which are destabilized again with
a further increase in NaClO, concentration. HYPK con-
tains a number of acidic residues in the local environ-
ment of Y*. In a loosely bound molten globule, intramo-
lecular interactions between the phenolic hydroxyl
groups of the tyrosine residue and a carboxyl group of
the acidic residues may result in formation of transient
local structures. Absence of any phenylalanine residues
in the protein excluded the possibility of long-range in-
teractions between a phenylalanine and tyrosine. Similar
structural compaction of highly charged IUPs in the pre-
sence of denaturant has been observed by single mole-
cule FRET [29].

4.5. The Conformation-Driven Tyrosine
Microenvironment Influences the
Functional Properties of HYPK

There is increasing evidence that IUPs are important
in biological pathways. Our previous work has con-
firmed that IUPs are prevalent in neurodegenerative dis-
ease networks [30]. We have previously shown that HY-
PK interacts with Htt and reduces Htt toxicity by modu-
lating the aggregation kinetics by a chaperone-like me-
chanism. The work of Arnesen et al. suggests that HYPK
interacts with NatA and cotranslationally acetylates the
N-terminus of Htt, preventing Htt aggregation and toxi-
city [31]. Together these studies suggest that HYPK par-
ticipates in several protein-protein interactions, and may
have multiple functionally relevant conformations, an
intriguing property of IUPs. This study demonstrates that
a conformation-driven microenvironment of the tyrosine
residue gives rise to the anomalous spectroscopic proper-
ties of HYPK, while the rest of the structure remains
highly flexible. This structurally defined region of HYPK
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may have a direct correlation to its function by forming
intra-molecular contacts with the flexible part of the pro-
tein.

5. CONCLUSIONS

In summary, it can be concluded that the anomalous
intrinsic fluorescence properties of Y* residue in HYPK
may arise due to excited state proton transfer from phe-
nolic hydroxyl to a proton acceptor present in the local
o-helical microenvironment around the tyrosine residue.
The dynamic equilibrium of this single fluorophor swit-
ching between the tyrosine and the tyrosinate forms can
contribute to the local compaction of HYPK in presence
of Ca®" and the denaturation of HYPK upon treatment
with denaturants like sodium perchlorate or guanidium
hydrochloride. This conformation-driven microenviron-
ment change may attribute to various functional proper-
ties of many IUPs like HYPK.
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Secondary structure of HYPK (predicted).

conf: linznENEEzzEnzsEnnnn=-nlENNNNENNENE DD DN nst

Pred: - 7
Pred: cccccccCcCcCCCHHHHHHHHCCCCCCCCCCCCCCCCCCee
AA: MRRRGEIDMATEGDVELELETETSGPERPPEKPRKHDSGA

10 20 30 40
Conf: JonEEEzzznEEENEEonznBRRREREDnonoonoANNNNE
Pred: Q ) )

Pred: HHHHHHHHHHHHHHHCCCCHHHHHHHHCCCCHHHHHHHHH
AA: ADLERVTDYAEEKEIQSSNLETAMSVIGDRRSREQKAKQE

50 60 70 80
(oot | | [\] [si=B=aliimtalsl | [ [ [ ][] [T ]]]] {8
Pred: ) —1

Pred: HHHHHHHCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHCCH
AA: REKELAKVTIIKKEDLELI MTIIEMEISRAAAE!?SLREHMGNY

100 110 120

20
conf: JINNERNE=EE
Prod: |-

Pred: HHHHHHHHC
AA: VEALIALTN

) =helix conf:  Jo21 DI confidence of prediction
- +
= strand Pred: predicted secondary structure

= coil AA: target sequence

(a)

C
NaCIO GdHCI
, ~ N
7 e,
N Ca++
N §
C A\ h
C
Compaction

(W]
Supplementary Figure 1. Secondary structure of HYPK. (a) Secondary structure
of HYPK as predicted by PSIPRED [1]; (b) Schematic diagram showing conforma-
tional alteration of HYPK at different ionic ambience. Possible location of tyrosine
residue in the protein at different conditions is indicated in green.
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