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ABSTRACT

Helix-coil transition of poly a-aspartic acid (PASP) was studied by dc po-
larography inthe presence of Cd?* asamarker attached to the polymer. The
diffusion current of Cd?* declined sharply inthe pH range of 3.5-6.7 dueto
aformation of metal ion-PASP macromolecular complex. The complex for-
mation also reflects on an increase of the magnitude at ca. 222 nm of CD
spectrum, suggesting that PASP forms the helix structure by coordination
of Cd?* in the corresponding pH region. Two peptide residues coordinate
approximately to one Cd? to form the helix structure in the neutral pH
region by a shift of half-wave potential. Helix content determined by the
decrease in diffusion current corresponds favorably to that by CD mea-
surements. In the lower acidic pH region, the coordination mode of Cd?* to
PASPisdifferent from that at neutral pH region. The decrease in diffusion
current of Cd? is independent to the further formation of helix structure.
Cd? ion coordinates with sparsely dissociated carboxylate groups of heli-
cal PASP which bring about an aggregation of polypeptide strands. The
diffusion current of the ion attached to the polymer, therefore, is a param-
eter sengitive to a conformational change of PASP from acidic through
neutral pH region. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Helix-coil transition of poly amino acidsplaysan
important rolein biophysical functionsof proteinssuch
asthe protein fol ding-unfol ding mechanismi*3. The
amountsof helix structureand their relative configura
tionrelatesto their specific functionsor tertialy struc-
ture of proteinsin conjunction with 3-sheet or random
coil gtete. Itis, therefore, important to study thistransi-
tion for understanding amode of action of proteins.
Syntheti c water-sol uble homo-poly amino acid such as

poly a-glutamicacid (PGA) or Poly L-Lysine(PLL) is
often used asasimplest model component of natural
proteintoinvestigate not only theequilibrium state but
a sothedynamicsof thetransition of proteinsby using
many spectroscopic techniques, suchasUV, NMR or
CD method#19,

Among those methods, CD isaprimarily tool to
study the secondary structure of many proteinsand poly
peptides, sincethe conformational change of thoseis
sharply reflected on CD spectrum in the 360-180 m
region®1%, PGA isknown to show thetypica CD spec-
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tral patternfor helix structure or random coil state as-
sociated with thistransition®9. Although poly aspartic
acid (PASP), like PGA, hasanionizable carboxylate
s dechaingroup and also undergoesthe hdix-coil tran-
gtion by the presence/absenceof metd ionor the change
of pH or temperature, the change of spectral pattern by
thetransition of PASPisnot so conspicuousasthat of
PGA*12 PASPislikely to be shielded by the envi-
ronmental ions(H*, OH) not to attain ahighlevel of
helix structure, because of shorter length of side
chaini*314, The conformational transition of PASPIs,
therefore, difficult to be elucidated by CD spectrum
only. Sofar, not so many studies have been reported
on PASP compared to thosefor PGA, partly because
of those reasong*12%9, |n this paper, we employed
voltammetric method to obtain el ectro-chemical per-
spectivestothe hdlix-coil trangtion of PASP-metd ion
complex usingacadmiumion asamarker.

EXPERIMENTAL

Materials

Sodium poly a-L-apsartic acid (PASP) (Mw =
35,600) was purchased from Sigma Co. Stock solu-
tions of Cd** were prepared from 3CdSO, 8H,0
(Wako Pure Chemical Co. Ltd.). pH of solutionswas
adjusted with 0.10 mol dm= HCI or 0.10 mol dnm3
NaOH. The ratio of a concentration of Cd* ion to
PASPwasdefined asf (=[PASP] / [Cd?*]). Thevalue
of fwascontrolled by adding acertain amount of PASP
(molar residueof concentration) into solution of acon-
stant concentration of metal ioninall measurements.
Reagents grade of sodium perchloratewasused asa
supporting el ectrolyte at aconcentration of 0.05 mol
dm3for voltammetric measurements.

Cd** wasemployed asadepol arizer togiveawel |-
defined reductionwavein polarography.

Apparatus

Voltammitric measurementswerecarried out using
aP-1100 Polarographic Analyzer (Yanaco Co. Ltd,
Jpn) with asaturated caomel electrodeasareference
one. Thehanging mercury dropping electrode had the
following characteristics; m=0.863mgs*; t=1.26 s
(forced drop time) in water with amercury column
height of 70 cm. The solutionswere de-aerated for 5

Hnalytical CHEMISTRY o

min with pure nitrogen gasand left for 1 min before
measurements were taken. CD measurements were
carried out with a Jasco J-500A spectropolarimeter
(Japan Spectroscopic Co. Ltd).

Effect of Hg column height on thelimiting current

Theeffect of themercury column height onthelim-
iting currentsfor both helical and random coil PASP
solutions containing Cd?* was examined asafunction
of squareroot of Hg column height. Thereduction cur-
rent for theaboveionsin the presence of PASPindi-
catesthat thelimiting currentsfor theion wereentirely
diffusion controlled & aconcentration of 0.05 mol dm
NaClO,.

Electro capillary curvesin the presence of PASP

Electro-capillary curvesof 0.05mol dm®NaClO,
containing variousamountsof PASPwerestudied. The
curves of the solutions with and without PASPwere
amost thesameinthepotentia rangeof Othrough-1.4
V vs SCE indicating that the presence of PASP does
not affect the e ectro-reduction processof Cd?* or other
meta ions.

RESULTSAND DISCUSSION

Polarogramsand CD spectra of the solutionsfor
PASP-Cd*

Figure 1 shows polarograms of Cd** inthe pres-
enceand absenceof PASP,. Thereduction of Cd* gives
awdl| defined wavewith ahdf wavepotentid of -0.50
V vs SCE. In the presence of PASP (f = 6.28), as pH
increasesfrom 3.67 t0 6.80, thediffusion current (i )
for Cd?* decreases steadily and reachesto an amost
constant value. Onthe other hand, i , of Cd** without
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Figurel: pH dependenceof polarogramsfor PASP-Cd? solu-
tions.[Cd?*] =5.0x10* moldm?3, f =6.26. (1) pH =3.67; without
Cd*, (2) pH =3.67, (3) pH =4.30, (4) pH =5.30, (5) pH =6.80
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Figure2a: pH dependenceof CD spectrafor PASPsolutions.
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Figure 3 : Relationship between the diffusion current for
Cd?*in PASP-Cd* solutionsand pH at variousof f. 4; with-
out Cd*, [; f=2.09, ; f=3.13, O; f =4.17,;  =6.26, A;
f=8.34, +; =104, x; f=12.5

PA SPremai ned unchanged inthe samepH region. Fig-
ures 2-aand b show CD spectra of the above solu-
tions. Insolutionsof neutrd or akdinepH region, PASP
isknown to bein arandom coil state and has a CD
spectrum with avery weak broad negative band at 230
nm and avery strong negativeband at 198 nm“&9, In
an acidic solution, athough PASPtendsto form the
helix structure, its CD spectrum isnot acomplete he-
lix pattern like PGA, but amixture of coil and helix
onesbecause of itslow ability of helix formation. The
spectrum, therefore, consists of avery strong nega-
tive band at 195 nm and a negative broad trough

—= Fyll Peper

3.0

[0]/ 10° deg em® decimole™!

210 220 230 240 250 260

190 200

Wavelength / nm
Figure2b: Molecular ratio (f) dependence of CD spectrafor
PASP-Cd* solutionsat pH =7.0.(4)f=0, (5)f=4.17, (6) f=
6.26, (7)f=8.34a
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Figure4: Relationship between themolecular dlipticity at
225nmfor PASP-Cd? solutionsand pH at variousvaluesof f.
o; without Cd?, [1; f=2.09, O; f=3.13, O; f =4.17, [J;  =6.26,
A\; £=8.34, + f =104, x; f=12.5

around at 222 nm which evaluates the helix con-
tent*®9, Asfigure 2-aindicates, the magnitude of
molecular ellipticity at 222nm ([ 4].,,,,.), correspond-
ing to the helix content decreaseswith pH value. On
the other hand, the CD spectraof all PSAP solutions
in the presence of Cd* (f =4.17-8.34) at pH 7.0
clearly show the same helix pattern asobserved in
figure 2-a and are essentially the same as those of
PSAP obtained without any meta ionintheacidic pH
region. Theseresultsindicatethat Cd®* playsanim-
portant rolein the formation of a-helix structure of
PASPintheneutral pH region.
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Polarographicdiffusion currentsfor solutionsof
PASP-Cd? at variousmixingratios

Figure 3 showstherel ationship betweeni , of Cd**
and pH at variousvaluesof f. In theabsence of PASP
thediffusion current remains constant inthe pH region
from ca. 3.4 to 7.0. Above pH 7.4, i of Cd** de-
creased sharply dueto aprecipitation of Cd(OH),™.
On the other hand, inthe presence of PASPi  of Ca*
at variousvaue of f decreased gradually from pH ca.
3.5. Thedecreasein diffusion current becomeslarge
withincreasing f, especialy inthe neutral pH region.
Thispolarographic behavior means Cd?* boundsto car-
boxylate groupswithin PASPto form a-helix structure,
rendering thediffusion co-efficient of Cc?* muchamdler.
Theformation of hdix structureis, therefore, indirectly
reved ed onthechangeinthevaueof diffusion current
of Cd?* which coordinatesto PASP,

Molecular elipticity at 222 nm for solutions of
PASP-Cd*

Theeffect of pH onthe magnitudeof [0],,,,,. for
the PASP-Cd* solutionswith variousvaluesof fis
showninfigure4. The magnitude of molecular elip-
ticity [0] at 222 nmisregarded asan indicator of a-
helix content in PASP™. Intheacidic pH region, the
ionization of carboxylategroup isamost suppressed
to maintain the helix structure by hydrogen bonding
between NH and CO groupsin the peptidechain. As
pH increases, carboxyl ate groups begin to dissociate
protons, rendering PASPto the random state. This
transition from helix structureto random coil stateis
guantitatively explained by tracing the dashed curve
fromacidictoneutral pH regioninfigure4. Thehelix
content of PASP (dashed curve) decreaseslinearly
with anincrease of pH valuefrom 3.0 through 5.0,
whether Cd?" ionispresent or not. InthispH region,
therefore, Cd?* ion does not contribute to the helix
formation. From CD spectroscopic point of view, Cd?*
ionjust only presentsor atachesto carboxylate group
without any contribution to the helix formation, al-
thoughi, of Cd** showed adecreasetendency inthis
pH region. Beyond pH 5.0, the magnitude of [0],,,,,.
for PASPsolution without Cd?* decreasesfurther toa
vauewhich shows0% hdlix structureat pH 7.8. When
Cd?* ion presents, however, beyond pH 5.0 therole
of protons of the carboxyl sites on the helix structure
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isgradually replaced by Cd?** so as to suppress the
ionized groups. Thus, the deviation of those curves
for the Cd?*-PAPS solutionsfrom dashed curve (PASP
only) inthe pH region of 5.0 - 7.9 beginsto be ob-
served. Thedegree of deviations of those curvesfrom
the dashed one becomeslargewith anincreaseinthe
ratio of Cd?* ionto[PASP]. InthepH region (ca. 5.0
- below 7.0), the hdlix formation issustained not only
by H* but also by Cd?* whichisrandomly distributed
on the carboxylate groups. AbovepH 7.0 PASPforms
the helix structure not by H* but by Cd?* which di-
rectly correlatewiththe decreaseini . AspH increases
from 5.0 to 7.0, the interaction between PASP and
Cd?* wasfound to become more effective especially
at small f, because the dissociation of carboxylate
group become complete. Thus, at pH values higher
than 5.0, therel ationship between i , of PASP- Cd**
solutions and pH corresponds to that between the
magnitudeof [0],,,, . for thesamesolutionsand pH at
any f value. Asmentioned above, below pH 5.0, Cd®
does not contribute to the further helix formation of
PASP, eventhoughi  of PASP-Cd* solutionsareal-
ways smaller than that without PASP in the corre-
sponding pH region. The coordination mode of PASP
and Cd* is, therefore, considered to be different from
that at neutral pH region. Below pH =5.0, acertain
number of carboxylate groupsisalready dissociated
sinceitspKais4.2 (I =1.0)9. The number of disso-
ciated carboxylate groups, however, issmaller than
that at neutral pH region on PASPso that theionized
sitesare sporadically distributed on PASPchain. Al-
though thedissociation of apair of adjacent carboxy-
late group at the sametimeisfavorableto theforma
tion of helix structure by bivalent metal ion, the num-
ber of thismode of dissociationis, if any, statistically
very small. Therefore, especialy inthelower pH re-
gion (pH < 3.5), Cd?* ion cannot help but bridgeto
these sporadically dissociated groupsinthehelicd part
of PASPchainsrather than further formation of helix
structure, causing aggregation of the PASP by thein-
ter/intrabridging of PASPchain through Cd?*. Onthe
while, afew Cd?* coordinatesto contribute the helix
formation (pH 3.5-5.0). The conformational change
of PASP, therefore, sharply reflects on the
voltammetric behavior of metd ion-PASPsolutionfrom
thelower acidic through neutral pH region.
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Deter mination of helix content

Sincethediffusion current of ion attached to the
polymer isaparameter sensitiveto thehdix-coil trans-
tion, we have estimated the helix content in PASP by
monitoring thediffusion current on the assumption that
all attachment of metal ion to PASPleadsto the helix
formation at around neutral pH region. Figure 5 com-
paresthe helix content of PASP-Cd?* solutions deter-
mined by CD, H_,, andwiththat by diffusion current,
H oo & representative pH values. Thesetechniques

al givesmilar helix content vaues. Thiscd culationwas
carried out asfollows?®;

—> Fyll Poper

TABLE 1: Helix contents, diffusion coefficientsand redii for
PASP-Cd?* complexesat pH 7.0

o o\\o é: g. ’\3._. <
S 5 2 ¥ X o 3
= A X < I = g
& T 3 8 EG 8
T 1 = o =
PASP-Cd®* 209 182 204 0.85 25.3 10.6
PASP-Cd?* 3.13 16.7 165 0.70 17.2 14.2
PASP-Cd®* 4.17 14.6 148 055 10.6 23.0
PASP-CA®** 6.26 11.7 11.0 0.45 8.07 30.2
PASP-Cd®* 834 87 85 042 7.09 34.4
PASP-Cd?* 104 69 7.1 0.38 6.78 359
PASP-Cd** 125 56 59 0.38 6.48 37.6
cd* 144 69.9(70.09 3.3(2.39
aRef. 24, "Ref. 25
0 —550
o =|[]zﬂx0.27x100 (1)
2400-550
i —i 1
H pgaro = —iee—2red xx100 @)
Id,free

wherei, denotesthediffusion current without PASPand
I » thereduced current inthe presence of PASP. Ufis
anormdizingfactor for each solutiondiminating thede-
pendence on the concentration of PASP,

Both results are comparableto each other in neu-
tral pH region. Although circular dichroism hasbeen
themost common method in determination of helix con-
tent of poly amino acid®9, voltammetry dsoisfoundto
be an auxiliary method for the determination of helix
content by using metal ion asamarker.

Estimation of thecoordination number of PASP-
Cd?* complexesin therandom coil pH region

If an electrode reaction proceedsreversibly by the
reduction of acomplex Cd* ionto ametallic state at
thedropping mercury e ectrode, then thefollowing ex-
pression can beapplied to obta n the coordination num-
ber, j, of such acomplex at agiven temperature*?.

d(E,,) _ .0.059

dlogC,)_ ' n )
Thus, from the slope of the E,,-log C, curve, a

vaueof j canbeevauated. Where C_isthe concentra-

tion of thefreeligand (PA SP) which can be approxi-

mately by thetotal concentration of PASP. Thevalueof

E,,-E,, for Cd*is0.027V, required for atwo elec-
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tronreversiblereaction. Theplot of E, , for Cd** againgt
logC, atpH 7.0isshowninfigure6. Atthisconcentra-
tion of PASP, j was 1.86, implying that approximately
two peptidesresidues attach to one Cd?* adjacent car-
boxylate groupsinthispH region?,

Estimation of the size of macromolecular com-
plexes

Thes zeof themacromoleculescomplexesof PASP-
Cd? can be estimated with Stokes-Einstein equation
under an assumption that the complex can beregarded
asarigid spheremolecules?22,

1 RT 1

4
complex

wherer istheradiusof thecomplex; Risthe gascon-
stant; N isAvogadro’s number; D oo thediffusion
coefficient for the complex ion; T, the absolute
temperature(at 298K); 1, theviscosity of water (0.8904

cPat 25 °C)¥ inthellcovi¢ equation, D, isex-
pressed asfollows;
_ id,t:ompl@(
wmiert/? 6070 Cm?/3 /e ©

wherenisthenumber of eectronstransferred, Cisthe
concentration of the metal ion (mmol dms), m?s tv6
(0.9445) isthe capillary constant, and i, ., . isthe
diffusion current for PASP-Cd?* macromolecular com-
plex at pH 7. We employed i, in eq. (2) as icomplex,
sinceareduction of Cd?* isdueto thecomplex forma-
tionby PASP.

The size of the complexes of PASP-Cd? can be
obtained by using eqg. (4) and (5). TABLE 1 shows
thediffusion coefficientsand radii of the complexes
and other pertinent data. AslongasPASPhasarela
tively highfraction of hdlix, theradiusof thecomplexes
liesbetween 10 and 45 A inahelix content below 20
%. These values are comparabl e to those obtained
from SAXS method for PASP (M, =10,500) pro-
posed by Murogaet al.?® Their values of root mean
squareradius of gyration (rg) for PASPlies between
18 and 48 A. Taking into account of thedifferencein
instrumental method, theresultsinthisexperiment are
favorabletotheir values. It isof interest to beableto
evaluate easly the size of macromolecule-metal ion
complex by electrochemically using Cd* ion as a
marker.
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CONCLUSIONS

Wehave shownthat voltammetry isauseful tool in
the study of the hdlix-coil transition of PASPtowhich
somereduciblemetallicionsare attached extrinscally
asamarker. Although CD isaprimarily method for
studying the secondary structure of poly peptide, con-
formational change of PA SPdoes not reflect on CD
spectrum so conspicuously asthat of PGA. Inthe pH
range5-7.9, i, of Cd** attached to PASP changes sen-
stively inproportionto aformation of helix structureby
PASP, whilein the lower pH region, the decreaseis
dueto the aggregation of PASP helical strands. The
polarograhic diffusion currentis, therefore, aparam-
eter sengtiveto the conformationa changeof PASPIn
thelow acidicto neutral pH region. Themetal ion at-
tached to PASPworks as aprobe to investigate this
transition of PASPand provides quantitativeinforma-
tion onthistransition such ashelix content of PASP,
coordination number of meta ionto PASPresdue, Szes
of the complex, and binding mode of complex from
low ecidicto neutral pH region. Voltammetrictechnique,
therefore, worksasan auxiliary tool to provideadif-
ferent perspectiveto thehelix-coil trangtionof PASPIn
conjunction with CD measurements.
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