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Abstract: As(lll) displays a wide range of effects in cellular chemistry. Surprisingly, the structural
consequences of arsenic binding to peptides and proteins are poorly understood. This study utilizes model
o-helical peptides containing two cysteine (Cys) residues in various sequential arrangements and spatial
locations to study the structural effects of arsenic binding. With /, and /i + 1, i + 2, or i + 3 arrangements,
CD spectroscopy shows that As(lll) coordination causes helical destabilization when Cys residues are
located at central or C-terminal regions of the helix. Interestingly, arsenic binding to /, i + 3 positions results
in the elimination of helical structure and the formation of a relatively stable alternate fold. In contrast,
helical stabilization is observed for peptides containing /, i + 4 Cys residues, with corresponding pseudo
pairwise interaction energies (AGy,°) of —1.0 and —0.7 kcal/mol for C-terminal and central placements,
respectively. Binding affinities and association rate constants show that As(lll) binding is comparatively
insensitive to the location of the Cys residues within these moderately stable helices. These data demonstrate
that As(Ill) binding can be a significant modulator of helical secondary structure.

Introduction doxin reductasé? Arsenic binding also impacts proteins in-
volved in signaling pathwa:

In addition to these cellular effects, increasing emphasis is
being placed on the design of organoarsenicals as probes of
protein structure and function. Radiolabélet or biotinyl-
ated®2%conjugates have been synthesized to monitor changes
ép the redox status of proteins carrying vicinal dithiols. An
interesting example is the use of biarsenical fluorescein deriva-
tives to label proteins containing an introduced sequence rich
in Cys residues, namely; Cys—Cys—Xaa—Xaa—Cys—Cys—
(Xaa= any amino acid except cysteir@)That study, and its
subsequent iteratioff,underscores the need to clearly understand
the conformational restraints imposed by As(lll) coordination
on protein structure. Thus, despite the plethora of biological
effects of As(lll), the multitude of cellular targets, and the recent
advances in arsenic-based probe design, surprisingly little is
known concerning the structural consequences of arsenic
binding. This extends to the simplest case: the binding of
monomeric arsenic species to simple dicysteine-containing

Arsenic (l1l) species exert a wide array of effects in biological
systems in part because of selective interactions with vicinal
thiols in proteins and peptides. For example, inorganic As(lIl)
derivatives ingested directly, or generated in vivo, can be both
acute or chronic toxicants2 Although certain arsenic species
are classified as human carcinogens, some have a venerabl
history as chemotherapeutics: for example, in Ehrlich’s treat-
ment of trypanosomiasis (e.g., African Sleeping Sicknégs).
Recently, arsenic trioxide (A®3) has been used in the treatment
of acute promyelocytic leukemia, perhaps via the induction of
apoptosi$:” In some cases, apoptosis may result from the
binding of As(lll) to proteins within the mitochondridhThere
are, however, many other potential intracellular and extracellular
targets for arsenic attaékAmong these, several enzymes that
utilize redox-active disulfides are susceptible including lipo-
amide dehydrogenas@!! glutathione reductasé; 4 and thiore-
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These model peptides are monomeric in aqueous solution and

their helical content has been shown to be highly responsive to

side chain mediated metal binding evetts.

The introduction of arsenic into peptidds-8 is mediated

As(IIT) As(ITT) by methyldiiodoarsine (KCAsly). This compound undergoes
— — rapid hydrolysis in aqueous buffered solution to afford methyl-

arsonous acid ()CAs(OH)).25> Organoarsonous acids form
three-coordinate As(lll) complexes with dithiols forming in-
tramolecular cyclic chelatésand are shown herein to bind to
peptidesl—8in a unimolecular fashion, Figure 1. Importantly,
circular dichroism (CD) spectroscopy is used as the primary
tool for observing secondary structural changes upon metal
TJ,AS(HD binding; we have found that methylarsonous acid displays

Marginally stable Stabilize

Destabilize
helix

minimal absorbance in the far UV and therefore should not
contribute to the far UVCD signal.
Structural Effects of As(lll) Binding. Figure 2 shows CD
Alternate fold spectra for each of the peptides in the presence and absence of
one equivalent of methylarsonous acid. Apo-peptidest,
incorporating Cys residues at the C-termini, display spectra that
Figure 1. Schematic representation of As(l1l) binding to a marginally stable are characteristic of marginally stabdehelices (Figure 2a
helicallpeptide con_taining two cystgine residues. Helix sta_bilization or d); a maximum at 190 nm because of helical contributions and
destabilization leading to random coil or alternate conformations depends ’. . . .
on the sequential arangment of the cysteine residues. minima at 200 and 222 nm because of random coil/helix and
helix contributions, respectively, are observed. A recent report
assist in the design of more effective enzyme inhibitors, indicates that the random coil state of peptides rich in alanine
therapeutic agents, and probes. at low temperature may actually contain a large degree of
In this paper, we investigate the effects of As(lll) binding Polyproline I strugturé’.ﬁ Here, we are concerned with the
on the structure of dicysteine-containinghelices, Figure 1.  effects of As(lll) binding ono-helical structure regardless of
In most cases, arsenic binding to two Cys residues positionedWhat conformations actually populate the “random coil” state.
within a modelo-helix is a destabilizing event, leading to either ~ UPOn binding As(lll), peptidesl and 2 display spectra
an enhanced population of the random coil state or the formation consistent with an increase in population of random coil at the
of alternate folds. Howeveu,-helices displaying cysteinesiat expense of helicity, Figure 2a and b. Interestingly, the spectrum
i + 4 positions will bind As(Ill) resulting in helical stabilization. ~ Of the peptide3—As(ll) adduct is neither consistent with
This is somewhat surprising, since we find that disulfide bond @-helical nor random coil structure and suggests that an alternate
formation between comparable cysteine residues is detrimentaifold may be populated, Figure 2c. The spectrum can be classified

to helical structure. as a class Btype spectrum, typical for several classes of reverse
_ _ turns?” This is an exciting possibility in that metal-based
Results and Discussion conformational switches for helix-turn transformations may find

Design Considerations.The effects of As(lll) binding on use in sensor and environmentally responsive biomaterial design.
helical structure can be assessed by monitoring the helicalFigure 2d shows that peptideis capable of binding As(lll)
content of dicysteine-containing model helices as a function of resulting in the stabilization of existing helical structure. These
arsenic concentration. We have prepared a family of peptidesdata show that at the helix C-terminusandi + 1,i + 2, or
that incorporate two Cys residues at thandi + 1,i + 2,i + i + 3 arranged Cys residues bind As(lll) resulting in the
3, ori + 4 positions of a model helix. These sequential destabilization of the fold. In contrast, an + 4 arrangement
arrangements have been chosen because of their relevance t§2ds to helical stabilization. o
dicysteine-containing sequences found in natural proteins. A €D was also used to verify the 1:1 stoichiometry of the As-
query of theHomo sapiengroteome for the occurrence of ~ (IIl) binding event. Figure 3 shows data in which peptides
dicysteine motifs indicates that there are 14 634 sequences?nd4 were titrated with methylarsonous acid, arfzb, was
containing one or moré, i + 3 motifs. In addition, 12 927, monitored as a function of added metal. The data, representative

11 930, and 12 418 sequences contain at least one copy of thef peptidesl—8, clearly show that this class of peptides bind
i andi + 1,i + 2, andi + 4 motifs, respectively. Here, pairs ~ arsenic in a 1.1 fashion regardless of whether helix destabiliza-

of Cys residues have been placed at either the C-terminal endtion (peptide2) or stabilization (peptide) results. MALDI-

or middle of the helix resulting in peptides—4 and 5—8, TOF mass spectroscopy of As(lll)-bound peptides confirm this
respectively (Table 1). These two sets of peptides allow one to Mode of binding (see Supporting Information).

study how different helical regions influence As(lll) binding Peptides5—8, incorporating Cys residues in the central

and the corresponding structural consequences of the bindingPortion of the helix, behave similarly. In the absence of As-
event. Peptided—8 are designed to adopt marginally stable ”
o-helices in aqueous solution and contain sequences based or(|

) Ruan, F. Q.; Chen, Y. Q.; Hopkins, P. 8. Am. Chem. Sod.99Q 112,
9403-9404.
i i i i i (25) Gailer, J.; Madden, S.; Cullen, W. R.; Denton, M. Appl. Organomet.
the polyalanine model helices originally described by Baldg&in. Chem'1968 13 839843,
(26) Shi, Z. S.; Olson, C. A.; Rose, G. D.; Baldwin, R. L.; Kallenbach, N. R.
)

Proc. Natl. Acad. Sci. U.S.£002 99, 9190-9195.
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Table 1

peptide sequence DiCys position % helix apo-peptide % helix MeAs-peptide AG,° (kcal/mol) Kq (nM) Kon (M~1571)
1 Ac—YGGKAAAAKA AAAKA CCA-NH» ii+1 20.8 14.3 74 (12) 14430 (230)
2 Ac—YGGKAAAAKA AAAK CACA-NH32 i,i+2 18.6 4.2 30(19) 10970 (110)
3 Ac—YGGKAAAAKA AA CKACAA-NH; i,i+3 16.8 n/a 50 (20) 14250 (140)
4 Ac—YGGKAAAAKA AA CKAA CA-NH» i,i+4 18.7 32.0 -1.0 198 (55) 14080 (120)
5 Ac—YGGKAAAAKA CCAKAAAA-NH 2 ii+1 55 n/a 130 (19) 27670 (210)
6 Ac—YGGKAAAAK C ACAKAAAA-NH 2 i,i+2 6.8 n/a 15(10) 21580 (290)
7 Ac—YGGKAAACKA CAAKAAAA-NH i,i+3 7.8 n/a 88 (27) 23910 (300)
8 Ac—YGGKAAA CKA ACAKAAAA-NH » i,i+4 9.6 20.6 -0.7 28 (6) 26550 (540)
9 Ac—YGGKAAAAKA AAAKAAAA-NH 56.9

(111), these peptides exist in a coil-helix equilibrium that highly ~rotamers are the most favorétAlso, the measured-SAs—S
favors coll, Figure 2e-h. This is due to replacing Ala residues bond angle of 1029in the model is consistent with the angles
(having high helical propensity) with lower propensity Cys observed in the crystal structures of small methyl arsenite
residues in the center of the helix as opposed to the endscomplexes’ Although As(Ill) binding toi, i + 3 Cys residues
(peptidesl—4) where end-fraying already destabilizes the fold. within a helix should be possible, modeling shows that the
The addition of As(Ill) results in helix destabilization for C-terminal Cys side chain must adopgauche(—) conforma-
peptidess—7 and stabilization of peptid8. Again peptide?, tion, the least populated rotamer found in helical protein
havingi, i + 3 Cys residues, adopted an alternate structure uponstructure (model not showrj. These modeling experiments
arsenic binding resulting in a CD spectrum that can be classified support the CD data and show that Cys side-chain rotamers
as type B (compare Figure 2c and g). Last, the CD spectra of conducive for helical structure are only accommodated in an
control peptided (which is void of Cys residues) in the presence i + 4 arrangement in the arsenic-bound state. In fact, we find
and absence of As(lll) are identical indicating that the spectral that As(lll) binding to peptide8 and 7, both havingi, i + 3
changes observed for the other peptides result from arsenicCys arrangements, results in the apparent total loss of helical
binding to Cys residues within the sequence (see Supportingstructure and the population of an alternate fold, Figure 2c and
Information). 2g.

Collectively, these data suggest that helical regions of proteins  Although the CD spectrum of this alternate fold is consistent
containing two Cys residues in almost all of the common local with several types of turn secondary structéfrdetailed NMR
sequential arrangements are susceptible to structural destabilizastudies are needed to investigate this possibility. In the interim,
tion via arsenic binding. In contrast, one can expect that Cys thermal-dependent CD spectroscopy was used to investigate the
residues at, i + 4 positions, whether at the C-terminal end or  structural stability of this alternate fold. Figure 5 shows a thermal
middle of a helix, will bind As(lll) resulting in helical  denaturation experiment in which the CD spectrum of the
stabilization. peptide 7—As(lll) adduct was monitored as a function of

Quantitative assessment of arsenic’s ability to stabilize temperature. This metal-induced fold is stable up t6¢G0an
peptides4 and 8 was accomplished by calculating pseudo unexpected degree of stability for such a small peptide.
pairwise interaction energies\Gp°) between the Cys side One might expect that arsenic ligation and intramolecular
chains upon arsenic binding. Calculations were performed using gisulfide bond formation should exert comparable effects on
a Lifson—Roig formalism modified to account for side-chain  helical structure. We have studied the effect of intramolecular
side-chain interactior®. The helical content of both peptides  gjsulfide bond formation on helical structure using peptities.

4 and8 increases upon the addition of arsenic with correspond- Interestingly, disulfide bond formation within each peptide
ing AGpy”’s of — 1.0 and—0.7 kcal/mol, respectively. Since  resulted in a loss of helical content, even when formed between
favorable side-chain pairwise interactions enhance helix forma- Cys residues in ai i + 4 arrangement (data not shown). This
tion not only locally but over the entire length of the helix, gsyggests that the preferred dihedral geometries of the cystine
As(lll) binding might find general use in protein design t0 55 phond are not conducive with helical structure but that the
stabilize helical folds. incorporation of one additional atom (e.g., As(lll)) affords a

Intuitively, one might expect that both the + 3 andi, i + greater degree of conformational freedom within the cross-link
4 sequential arrangements of Cys residues would bind As(lll) and leads to side-chain rotamers that favor helical structure.
leading to heli_cal stabilizatipn. Thus, when contained in a Chelate Stability and Kinetics. Investigations into the
segment of helix, the Cys res@ues In bF’th arra_ngem_ents appPeafinetics of metal complexation and the stability of the resultant
close enough to bind As(lll) via their side chains without any  cpe|ate are most easily accomplished spectrophotometrically.
perturbation to helical main-chain dihedrals. Molecular modeling 14 this end, we have designed a simple arsenic probe that

was used to gain insight into the possible binding modes of ignjays 4 distinct absorbance profile when bound to peptides
As(ll) to Cys residues positioned in both arrangements. Figure 1_g

4 shows a depiction of the C-terminal portion of an energy- . . .
S A, -Succinylamidephenyl arsenoxide (PSAQO), prepared from
minimized model of peptidd (i, i + 4 arrangement) bound to th: fing ogening oF:‘ suc);/cinic anhydricge wimzarr?incf)phenyl

methyl arsenite. The Cys side chains adopt trans and gauche . : .
(+) conformations for the N- and C-terminal residues, respec- arsenoxide, proved to be an easily prepared, highly water

i . . - . .~ soluble, and traceable means of delivering As(lll).
tively. Statistical analysis of Cys side-chain rotamers found in ' g As(iin
helical segments of globular proteins indicate that these two (

29) McGregor, M. J.; Islam, S. A.; Sternberg, M. J.JEMol. Biol. 1987, 198
295-310.
(28) Stapley, B. J.; Rohl, C. A.; Doig, A. Protein Sci.1995 4, 2383-2391. (30) Dimaio, A. J.; Rheingold, A. Linorg. Chem.199Q 29, 798-804.
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Figure 2. Far UV—CD spectra of 10@M solutions of peptides (pH 7.0, 5 mM potassium phosphate, 15 mM KF)°&tia the absence and presence of

Figure 6a shows an absorption spectrum of bound PSAQO thatsecond-order overall judged by the linear dependence of the
is significantly red-shifted compared to that of free PSAO. apparent rate constant on PSAO concentration. The remaining
Accordingly, the absorbance at 300 nm can be conveniently peptides were analyzed as in Figure 6 (see Supporting Informa-
monitored in a spectrophotometric titration, such as that shown tion) and the data collected in Table 1 (associated errors are

in panel b for peptide4, affording data suitable foKg

shown in parentheses). Despite the differences observed in the

determination. The same wavelength is used in panel c to follow CD data for peptide&—8 upon As(lll) binding, there is little

the kinetics of the binding reaction of peptidevith PSAO by

difference in dissociation constants, and relatively tight binding

stopped-flow spectrophotometry. The data are fit to a single was seen throughout (3@00 nM). This suggests that the

exponential and the inset in panel ¢ shows that the reaction issequential arrangement of the Cys residues and their location
2926 J. AM. CHEM. SOC. = VOL. 125, NO. 10, 2003
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Figure 3. Arsenic titration of 15¢M solutions of peptide? and4 (pH
7.0, 5 mM BTP, 15 mM NaCl, 0.15 mM TCEP) monitoring]§.2 as a
function of added metal at 2C. A 1:1 binding stoichiometry, further
confirmed by MALDI-TOF MS, is observed for peptidéds-8.
_ + (1) binding on moderately stable helical structure. In most
X,=-72(gh - o
cases, As(lll) binding proved to be a potent driving force for
the alteration of helical structure regardless of the sequential
positioning of the Cys residues with respect to each other or
their relative position within an-helix. However, Cys residues
contained at, i + 4 positions of marginally stable helices will
bind As(lll) resulting in an enhancement of helical structure.
Interestingly, As(Ill) binding of,, i + 3 Cys-containing helical
peptides results in the total elimination of helical structure and
the formation of an alternate fold that is quite stable to heat
denaturation. This is an intriguing result when one contemplates
X, =-177 (¢) the preponderance of proteins that contain Cys residues in this
! arrangement (many redox active proteins) and their possible role
Figure 4. Depiction of the C-terminal region of an energy-minimized model in arsenic induced apoptosis and toxicity. Finally, these results

(Discover3) of peptidd bound to methyl arsenite. The measuye@ngles should be considered in the design of As(lll) binding peptides
(Co—Cg bonds) of the N- and C-terminal cysteines are consistent with trans and proteins, especially fusion proteins used in organoarsenic-

Figure 5. Temperature dependence of far BED spectra for 10:M
solution of peptide 7 (pH 7.0, 5 mM BTP, 15 mM NaCl) in the presence
of 1.0 equiv of HCAs(OH).

and gauche+) conformations as defined by McGreg8rrespectively. based assays.
These conformations are statisically preferred for cysteine residues found
in helical regions of globular proteins. Experimental Section

General Methods and Material. NOTE: Inorganic arsenic is

reqardless of the structural conseauences of the bindin eventCIaSSiﬁEd as a human carcinogen and all species described herein should
9 4 9 be treated with due caution. Trifluoroacetic acid (TFA), 1, 3-bis]tris-

A small c.ilfference ".1 ?\SSOC|at|0n r.ate corlstants '.S evident among(hydroxymethyl)methylamino]propane (BTP), ethylenediaminetetraace-
the peptides containing Cys residues in the middle versus theyc acig (EDTA), piperidine, thioanisole, ethanedithiol, and anisole were
end of the helix. A possible explanation is that the Cys residues purchased from Acros. Tris(2-carboxyethyl)phosphine hydrochloride
located in the central portion of the peptide adopt helical (TCEP-HCI) was purchased from Pierce. Methyldiiodoarsine was
dihedrals conducive to metal binding. Cys residues at the endsprepared as described by Miltarand p-aminophenyl arsenoxide as
of the peptide would experience end fraying leading to a slight described by Stevenséh.Fmoc Amide resin was purchased from
increase in the activation entropy of metal binding. However, Applied Biosystems. The appropriate side-chain protected Fmoc amino
since there is less than a 3-fold difference in rate among all the acids, 2-(1H-benzotriazole-l-yl)-l,1,3,3-tetramgthyluronium hexafluo-
peptides, such arguments are purely conjectural. Therefore, forOPhosphate (HBTU), and 1-hydroxybenzotriazole (HOBT) were
most peptides containing spatially close Cys residues, one Wouldpurchased from Novabiochem. All peptides were purified by RP-HPLC

. - using a preparative Vydac C18 peptide/protein column and HPLC
expect As(lll) to bind efficiently regardless of the structural solvents consisting of solvent A (0.1% TFA in water) and solvent B

outcome. It will be interesting to explore the consequences of (90% acetonitrile, 10% water, and 0.1% TFA). Molecular weights of
arsenic binding to surface-exposed Cys residues in helical peptides were determined by MALDI-TOF mass spectroscopy.
regions of native proteins. Synthesis of PeptidesPeptidesl—8 were prepared on Fmoc Amide
resin via automated Fmoc peptide synthesis employing an ABI 433A
peptide synthesizer and HBTU/HOBT activation. The resulting dry

within the helix are relatively unimportant for tight binding

Conclusions

Pepndes containing two Cys re_SIdueS_ in different Sequentlal (31) Millar, I. T.; Heaney, H.; Heinekey, D. M.; Fernelius, W. l@org. Synth.
arrangements were prepared to investigate the effects of As-" * 196q 6, 113-115.
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(a) Serial difference absorption spectra of free and peptideund PSAO (0.2%M, pH 7.0, 5 mM BTP, 15 mM NaCl, 0.03 mM EDTA)

demonstrating that the absorbance at 300 nm can be used to conveniently monitor the formation of peptide-bound PS#®s (BFAO concentration

for a 1 uM solution of peptide4 in a 5-cm cell; the data are fit to a 1:1 binding stoichiometry yieldini§qeof 198 nM. (c) Stopped-flow absorbance
measurements of As(lll) binding to a 28/ (final) solution of peptide4 in a 1-cm cell under pseudo-first-order conditions showing simple monophasic
behavior. The inset shows the linear fit of apparent rate constant vs PSAO concentration affording a second-order rate constant of$4.080 M

resin-bound peptides were cleaved and side chain deprotected usindnelix values, standard error of the mean for valuep fr peptides4
TFA:thioanisole:ethanedithiol:anisole (90:5:3:2). Crude peptides were and8 are 0.029 and 0.006 and correspond to propagated erfdgin°
subsequently dissolved in 0.1 M ammonium acetate (pH 7.0, 1 mg/ of 3.1 x 1072 and 1.0x 1072 kcal/ mole, respectively.

mL) containing 10 equiv TCEP and stirred under nitrogemifé prior
to purification. Purification by RP-HPLC employing a linear gradient
from 5% to 18% B over 6 min, followed by an additional gradient
from 18% to 28% B over 50 min resulted in pure, fully reduced peptides
1-8. Mass spectroscopy: calculated molecular weightslfe8 are
identical (M+ H)* = 1637.8; observed (M- H)*, peptidel, 1637.8;
peptide2, 1637.8; peptide3, 1637.9; peptided, 1637.9; peptided,
1637.6; peptidé, 1637.5; peptid€, 1637.7; peptid8, 1637.6; peptide
9, 1574.1 [(M+ H)*, calcd 1573.9].

Synthesis ofp-Succinylamidephenyl arsenoxide (PSAO)A 100-
mL round-bottomed flask was charged wifaminophenyl arsenoxide
(2.0 g, 10.0 mmol) and 40 mL of acetone. This mixture was stirred for
0.5 h and any soligr-aminophenyl arsenoxide removed by filtration.

UV Spectroscopic StudiesEmploying a 5-cm quartz cell, dissocia-
tion constants were determined by monitoring the change in absorbance
at 300 nm of solutions of reduced peptide (pH 7.0, 5.0 mM BTP, 15
mM NacCl) upon the addition of 0.25 equiv aliquots of PSAO from an
aqueous stock. The peptide concentration for each sample was
determined via the extinction coefficient of the As(lll)-bound peptide
(e300 = 6000 cnTt M~Y). After each ligand addition, the solution was
equilibrated for 15 min. EDTA (0.03 mM) was added to solutions of
peptides prone to oxidation prior to ligand addition. Plots of absorbance
versus concentration of PSAO were fit to eq 1 using Igor Pro where
observed absorbanced, = absorbance of apopeptidéy =
absorbance of peptide:ligand complBx:= total peptide concentration,

Kg = dissociation constant, ard= total ligand concentration. At high

The resulting solution was stirred and succinic anhydride (1.0 g, 10.0 total PSAO concentrations, free PSAO has a small contribution to the
mmol) was added at once as a solid. After stirring 24 h under nitrogen absorbance at 300 nm (which is not taken into account in eq 1) resulting
atmosphere, the resulting precipitate was collected by filtration, washed in small incremental increases in the data above the fit line. Sensitivity
with copious amounts of diethyl ether, and dried under vacuum to afford analysis of the data indicates that this contribution does not effect the

2.4 g of PSAO (8.0 mmol, 80%) as a white solttt NMR (CDs0D,
400 MHz) 6 7.67 (d,J = 8.6 Hz, 2H), 7.56 (dJ = 8.6 Hz, 2H), 2.67
(m, 4H); **CNMR (CD;0D, 400 MHz)é 176.7, 173.4, 142.7, 141.2,
132.2, 121.0, 32.8, 30.3.

Circular Dichroism Studies. CD spectra were collected on an AVIV
model 215 spectropolarimeter. Wavelength spectra ofd8olutions
of peptidesl—8 (pH 7.0, 5 mM potassium phosphate, 15 mM KF) in

reportedKy beyond the errors reported in Table 1.

(P4 Ky L) — /(P + Ky + L)? — 4P,
2P,

A=A+ A~ A)
@

Stopped-Flow Studies.A model SF-61 DX2 stopped-flow spec-

the absence and presence of one equivalent of methylarsonous acidrometer (Hi-Tech Scientific) equipped with a 75 W superquiet Xenon

were obtained at 2C in a 1-mm quartz cell. Titration experiments

lamp was used for stopped-flow kinetics experiments. Stock solutions

were performed employing a 1-cm quartz cell and the instrument’'s of peptidesl—8 and PSAO (pH 7.0, 50 mM BTP, 150 mM NacCl, 0.3
autotitrator programmed to deliver successive additions (0.2 equiv) of mM EDTA) were mixed rapidly to give final concentrations of 2.5
methylarsonous acid from a concentrated aqueous stock (1 mM) to 15,4M in peptide and 10, 25, or 30M PSAO. Absorbance changes were

uM solutions of peptide (pH 7.0, 5 mM BTP, 15 mM NacCl, 0.15 mM

monitored at 300 nm, and the data were fit to single-exponential

TCEP) at 2°C. Peptide samples were prepared from stock solutions in equations using KinetAsyst 3 software. Averages of three of the

water and diluted with the appropriate buffer. The concentration of
peptide solutions was determined by Tyr absorbance at 276 (
1450 cnt* M~1). Mean residue ellipticityq] was calculated using the
equation §] = (Oopd10iC)/r, wherebqss is the measured ellipticity in
millidegrees,| is the length of the cell (cm)c is the concentration

resultant apparent rate constants were plotted versus PSAO concentra-
tion using Graphpad Prism 3.0 to calculate the overall second-order
rate constants.

Proteome Data Base QueryThe Protein Information Resource
Reference Library (PIR, Georgetown University) was employed to

(M), andr is the number of residues. Percent helicity values are based search thadomo sapienslatabase for CXXXC, CXXC, CXC, and CC

on fraction helix {,) at 2°C. Fraction helix was calculated according
to Rohl and Baldwif? wheref,, = ([0]222 — 550)/([-42250(1— 3/Nr)]

— 550), where Nr is the number of residues in a helical conformation.
Fraction helix values are accurate within 3%nitiation (v), propaga-
tion (w), n-capping ), c-capping ¢), andi, i + 4 side-chain pairwise
interaction p) parameters used for the determinatiom\@,,,° can be
found in the Supporting Information. Assumigag3% error in fraction

motifs. This database can be found on the WWW at http://pir.george-
town.edu/pirwww/search/pirnref.shtil.
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