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Abstract

Role of some metal ions on the conformations of peptides was examined by using a series of short alanine-based
peptides with single Trp-HisW-H) interaction in different environments. Circular dichroism (CD), TWd)(
fluorescence emission, and Fourier transform infrared (FTIR) spectroscopy revealed that there is a conformational
role of Ci#* in inducing and enhancing the formatione@elix conformation. The complexation of the peptide

with CU2T is responsible to the conformational effect because the chelation is able to stabilize peptide with an
a-helix conformation. The possible factors affecting the role of‘Care discussed in the paper. The results in this
paper are useful to understand the important structural role df @uprotein folding and the possible mechanism

in some neurodegenerative diseases such as Alzheimer’s disease.

Introduction employing metal complexation to a nucleate or stabi-
lizing secondary structure of proteins, there were few
It is known that most of biological processes in- reports about the interaction between metal ions and
volve specific interactions between proteins and other polypeptides with single Trp-Hid/N/-H) interaction in
macromolecules, and the specific structures of pro- different environments.
teins are important to these interactions. In some cases, It is found that some metal ions such as?Zn
a certain length of polypeptides, typically at least 50 Cuw?*, and so on are essential traces with important
amino acid residues, is necessary for folding up into an fundamental roles in biochemistry of human life (Berg
appropriate structure by itself (Berg & Shi 1996). On & Shi 1996; Fekke®t al. 1999). Some neurodegener-
the other hand, metal ions play an important structural ative diseases including prion disease and Alzheimer’s
role to induce the folding of am-amino acid sequence disease (AD) are characterized pathologically with
or stabilize existing secondary structures within pro- the conformational transition and deposition of cer-
teins by metal complexation. It has been recently tain proteins such as prion protein (PrP) and amyloid
found that some domains in zinc-finger proteins are g-peptide in brain, and metal ions play an impor-
too small to fold by themselves but fold stably when tant role to the aggregation of proteins. Recently, it
they bound with zinc ion (Berg & Shi 1996; Fekkes was observed that &l has a high selectivity to bind
et al. 1999). Botha-helix and 8-sheet conformation  the octapeptide repeat in N terminal segment of prion
of peptide can be induced and stabilized by some protein, PrP, which affects the conformation of PrP
metal ions (Ghadiri & Fernholz 1990; Schneider & (Miura et al. 1996; Miuraet al. 1999; Stdckekt al.
Kelly 1995). Despite of recent advances in strategies 1998). The different effects of Zi and C#*+ on
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the aggregation of amyloid-peptide are also demon-  Table 1. Peptide sequence and its notafion

strated and some possible mechanisms are reported by Sequence

some researchers (Atwoetlal. 1998; Liuet al. 1999;

Miura et al. 2000). 1. Ac-KAAAAA WAAAHAAAAK-NH ;  KA5WA3HA4K
Short alanine-based peptides are useful as simple 2 AC-KAAAAAAAAAAA WAHK-NHz KA1 WAHK

models for studying the interactions that contribute to 3 ACWKAAAAAAAAAAAA HK-NHp  WKA1oHK

the peptide conformation and the folding of globular % ACKAAAAAAA WAAAAAAK-NH 5 KA7WAGK

proteins (Blondellet al. 1997; Huyghues-Despointes > ACWKAAAAAAAAAAAAAK-NH 5 WKA 13K

& Baldwin 1997; Padmannabhagt al. 1998). They & AC'KWKmﬁAmA&NﬁHZ EXV?/S:A:E

were also used in our previous works to investigate _ ' "C 2 oS

the conformational transition betweerhelix andg- a peptides werede novodesigned and synthesized by Fmoc

sheet (Sugimotet al. 1999) and the effect of Trp-His ~ method.

(W-H) interaction on peptide conformations (Zou &

Sugimoto 2000), respectively. The results indicated 4t room temperature for 1 h, precipitated from ice-
that the conformation of short alanine-based peptides |4 diethyl ether and lyophilized. The crude pep-
is relative to not only the type of Trp-Hi$\(-H) in- tides were purified on YMC C18 reverse phase column
teraction, that is, its interaction at  +4) Spacing 4t 50°C by a UV-8020/CCPM-II high performance
in a-helix or at ¢.i + 2) spacing ing-sheet, but jiqyid chromatography (TOSOH Co., Japan). The mo-
also its position in peptides. Bodrhelix (,i +4) —pile phase consisted of Liquid A (0.1% (v/v) TFA
andp-sheet (. i +2) Trp/His (W-H) interaction at C i, \yater) and Liquid B (0.08% (v/v) TFA in ace-
terminus play an important role as a conformational tonitrile). The purified peptides=(95% according to
switch to induce and stabilize a certain conformation yp| c analysis) were characterized by a Voyager-DE
in the correspopding short.alanine—based peptidgs. It mass spectroscopy (Perseptive Biosystems Inc., USA)
was observed in our previous study that ther.e IS @ ysing ax-cyano-4-hydroxycinnamic acid matrix. Con-
conformational effect of Gt on the short alanine-  centrations of the peptide stock solutions were deter-
based peptides with single Trp-HM/tH) interaction  \ineq from the absorption of the Trp\) residue in
m_dn‘ferent environments (_Zou & Sugimoto 1999). In  o5ch peptide at 278 nm with an UV/VIS/NIR spec-
this paper, we have examined and compared the con-yphotometer (JASCO Co. Ltd., Japan) (extinction
formational effects of different metal ions including  cgefficients,75 = 5500 M~ cm1) (Sugimotoet al

3 3 2 .
Al_zi' Bt Cchr' _C°2+' Cs', CL_'2+' La™", Mn +_' 1999; Zou & Sugimoto 2000). Samples were prepared
Ni?*, and Zit* with short alanine-based peptides 1 diluting the stock solution with appropriate buffers
in different environments. It has been revealed that containing 1 mM each of sodium citrate, sodium phos-
the complexation of peptides with €uis responsi-  phate, sodium borate, and 10 mM sodium chloride
ble to inducing and enhancinghelix conformation. which were adjusted to different pHs by HCI or NaOH
The results in this paper are useful to understand the(Chakrabarttyet al. 1993: Fernandez-Reciet al.

conformational role of C#I* in protein folding and 1997). The chloride salts including &, B&*, Cc+,
the possible mechanism in some neurodegenerativec 2+ cof C2+. La3+. Mn2+t. Nit. and zZrif+

diseases such as Alzheimer’s disease.

Notation

were used with 1:20 molar ratio of peptide to metal
ion to examine the effect of various metal ions on the
. conformations of peptides unless otherwise noted.
Experimental

. Circular dichroism measurement and analysis
Materials

) . . i . Circular dichroism (CD) spectra of the peptides were
The peptides listed in Table 1 were synthes[zed with ptained by using a JASCO J-600 spectropolarime-
Fmoc method on a Pioneer Peptide Synthesis Systemg, (JASCO Co. Ltd., Japan) with 0.1 cm path length

(Perseptive Biosystems Inc., USA) (Sugim@bal. 4,4tz cell at 22C, and interfaced to a Dell OptiPlex
1999; Zou & Sugimoto 2000). The synthesized pep- Gy computer. The instrument was calibrated by using
tides were cleaved from the resin by reacting with 2% (++)-10-camphorsulfonic acid. Cell holder was ther-

(v/v) m-cresol, 6% (v/v) 1,2-ethanedithiol, 12% (V/V) - ostated by a JASCO PTC-348 temperature controller
thioanisole and 80% (v/v) trifluoroacetic acid (TFA) gnd the cuvette-holding chamber was flushed with a



constant stream of dryNgas to avoid water conden-
sation on the cuvette exterior. The CD spectrum was
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were carried out in .uM of peptide concentrations
prepared by diluting the stock solution with an appro-

the average of three scans made at 0.1 nm interval frompriate buffer. The concentration of €uwas changed

260 to 190 nm. The concentration of the peptides was
50 uM, prepared by diluting the stock solution with
the appropriate buffers. The conformation of a peptide
of 50 uM was monitored with the mean residue ellip-
ticity, [0], (deg cnf dmol~1) at characteristic peaks in

a CD spectrum, that is, the peaks of 208 and 222 nm
for «-helix and that of 218 nm foB-sheet. And the
relative helicity change of peptides upon the addition
of various metal ions was approximately expressed
by the relative percentage change[®f222, A[0]222,
shown as following:

Al0]222(%) = ([0]2 — [6]1) x 100/[6]1,
where [0]1 and [0], are the intensities of circular

in different molar ratio of peptide to Gt to show
the concentration dependence of peptide binding with
CUw?*. The association constant&,) of peptide with
CU2t were estimated with a curve fitting procedure by
MacCurveFit version 1.4 of Kevin Raner Software in
the following equation (Wendtt al. 1997; Nakano &
Sugimoto 1998):

AF = AFmadl+ Ka[Plo+ Ka[M]o—
(14 K4[Plo+ Ka[M]0)?>—
AK2[PlolM]01Y/%} /2K [ Plo,

whereAF is the observed fluorescence changEmax
is the maximum fluorescence change at saturafign,

dichroism at 222 nm in the absence and presence ofis the association constants of peptide with metal ions,

a certain metal ion, respectively. The effect of concen-
tration on the CD spectra was monitored by diluting
the solution of peptides with buffer from 100M

to 25 uM and measuring their CD spectra. Since
an accurate determination of helical content with CD
spectra is particularly difficult for peptides containing
aromatic residues (Chakrabaréyal. 1993), we con-
sidered the effect of Trp/N/) residue on the CD spectra
of helical peptides as the error of CD measurement.

and [P} and [M]p are the initial concentrations of
peptide and metal ion, respectively.

Fourier transform infrared (FTIR) measurement and
analysis

Infrared absorption, and particularly Fourier transform
infrared (FTIR) spectroscopy, has also been proven to
be one of the valuable tools for probing the secondary

Similar problem has been encountered and analogousStructure of biopolymers in the steady state (Haris &

method has been used in the study of Trp-Hig-(
H) interaction by other researchers (Fernandez-Recio
et al.1997).

Fluorescence measurement and analysis

Chapman 1995). FTIR spectra were measured and
recorded with a Nicolet N-750B FTIR spectrometer
(Nicolet Instrument Corp. USA) in this work. A de-
mountable liquid cell with KBr window (JASCO Co.
Ltd., Japan) was used in the measurement. Typically,
512 scans for each, background and sample, were col-

The effects of metal ions on the conformation of lected and the spectra were obtained with a resolution
peptides were also monitored with the fluorescence of 2 cmt in a transmission mode. The temperature in
emission spectra of Trpw() residue that is present all experiments was kept at 2&. Background spec-

in all the peptides used in this paper. Fluorescence tra were recorded under the same conditions with the

spectra of peptides were measured in an F-3010 Fluo-
rescence Spectrophotometer (Hitachi Co. Ltd., Japan)
with 1.0 cm path length quartz cell atZ. In all
cases, the wavelength of 278 nm was used for the ex-
citation of Trp W) residue and the emission intensity
was measured in the range from 320 nm to 500 nm,
where there was an emission peak near the wave-
length of 350 nm. Fluorescence emission intensity
was shown in arbitrary units. The temperature of cell
holder was controlled by Pharmacia LKB MultiTemp

Il and the cuvette-holding chamber was flushed with
a constant stream of dry,Njas to avoid water con-
densation on the cuvette exterior. All measurements

media containing no peptides.

Results

Peptide design and characterization

Short alanine-based peptides shown in Table 1 were
designed and synthesizelé novoon a Pioneer Pep-
tide Synthesis System by Fmoc method. The Wf (
residue was introduced in the peptides and has an
interaction with His H) residue. The two Lys (K)
residues were placed at the two termini of a peptide
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to make it soluble in water. The peptides were acety-
lated (Ac-) at the N termini and amidated (-MHat

the C termini to decrease destabilising interactions of
the helix dipole.

A Trp-His (W-H) interaction was introduced in
different geometrical spacings and positions as a
‘guest’ to monitor the interaction in different environ-
ments. This paper used, ( + 4) Trp-His W-H) as
a possiblex-helix geometrical space for the Trp-His
(W-H) interaction on the basis of a regulathelical
structure of 3.6 residues per turn. A pair ofi(+ 4)
Trp-His (W-H) residues was introduced in the middle,
N terminus and C terminus of the short alanine-based -10 \&
peptides to form three guest peptides, Sequehce A+ 5 +Cd2+ 2+CS+ 2+1"‘3+ 2Ifi2+ -
(KAsWA3HAK), Sequences (KWAzHAgK) and Ba®™ Co™  Cuh MnTh ZnTh o
Sequence? (KASWASHK), respectvel. A pair of - [0 1 TTE Jele Sanges ot uoon o seon o i
(i, i+2) Trp-His W-H) was used as a possitfesheet and pH 7. Other conditions are described in the text.
geometrical space for the Trp-Hi8V(H) interaction
and introduced at the C terminus of a peptide to form 40/
Sequence (KA11WAHK). A Trp (W) residue was
introduced at N terminus and a Hi#l) residue at
C terminus of the same peptide forming Sequedce
(WKA 12HK), where there is a pair of Trp-His\{(-H)
residues in neitheri (i + 4) nor ¢, i + 2). The amino
acid residues of Sequenck, 3, 6, and7 are identi-
cal and the difference among them is the geometrical
spacing and position of Trp-Hi&\(-H) residues in the
peptides. Only a TrpW) residue was introduced in
the different positions of peptides to study the effect
of its position on peptide conformation and also use as

[=2)
(=)

s
[l

[\
=]

Helicity change (Al81yy9) / %

<o

Fluorescence Intensity at 350 nm

a reference for comparing with other peptides. There Ninn
is a Trp W) residue in the middle of Sequende nometal Ba2t Co2t Cu?t Mn2t ZnZt
(KA7WAgK) and a Trp W) residue at the N terminal O AR+ cd2t cst o La3t  NiZt

of Sequenceé (WKA13K), respectively. The amino  rigyre 2. Trp (W) fluorescence emission intensity bfin the ab-
acid residues of Sequencésind5 are identical and  sence and presence of various metal ions. Fluorescence emission

the difference between them is only the position of a intensity was monitored at 350 nm and shown in arbitrary units.
Trp (W) residue in the peptides.
The results in our previous study indicated that Effects of metal ions on the conformationlof

the Trp-His W-H) interaction plays an important role

in the conformation of short alanine-based peptides To evaluate the specificity of the metal ions, at first,

(Zou & Sugimoto 2000). The conformation of the pep- we examined CD spectra fin the absence and pres-

tides is relative to not only the type of Trp-H¥/(H) ence of ABT, B+, Ct, Co*t, Cst, CUAT, Ladt,

interaction, thatisi( i +4) in«-helixand ¢, i4+-2) in 8- Mn2+, Ni2+, or Zr** and compared the conforma-

sheet, butalso its position in the peptides. Bothelix tional effect of various metal ions with the relative

(i,i +4) andB-sheet {,i + 2) Trp-His W-H) inter- helicity change,A[6]220. As shown in Figure 1, the

actions at C terminus acted as a conformational switch conformational effect of the metal ions is evidently

which resulted in a typicat-helix conformation of7 different. C#*+ has an apparent promoting effect on

andg-sheet conformation &, respectively. enhancing thex-helix conformation ofL with a high
relative helicity chang€A[0]220 = 71.4%) in pH 7.
And there is a definite increase @fhelix conforma-
tion of 1 in the presence of Gdt, Cc?t, Lat, Mn?t,



Ni%*, or Zr**. On the other hand, A, Ba*, or
Cs' has no apparent effect on the conformatioriof
Second, the interaction between metal ions Amds
also monitored with TrpW) fluorescence spectra in

the absence and presence of various metal ions. Fig-

ure 2 indicated that the addition of &uresulted in a
strong quenching of fluorescence intensity of TW)(
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only observed ir2 in the absence of Gt. But the
formation of amyloid fibril was not observed with ThT
fluorescence assay. In this work, an evident confor-
mational change d? was also observed with the high
relative helicity change/X[6]222 = 138%) in Table 2
and Figure 3b upon the addition of &u The concen-
tration dependence of CD spectrazih the presence

residue at 350 nm among the various metal ions usedof Cu?* was also examined and a comparison between

in this paper. Thus, it is released that there is a high
selectivity of the binding site for G in 1, which
results in an apparent enhancementdfelix confor-
mation. And the high selectivity of the binding site for
CU2t in 1 may respond to the interaction between Trp
(W) residue and Cit. Figure 2 also indicated that
there is a certain interaction betweerftand the Trp
(W) residue ofl which result in an increase of helicity
of 1 with the addition of L&" shown in Figure 1. But

it is not stronger than that betweenuand the Trp
(W) residue ofl.

High selectivity of the binding site for €tiin the
peptides

The selectivity of metal ions in peptides has an ex-
pected consequence of site-specific metal-ligand in-
teraction, which generally depends on the affinity of
metal ion toward the ligands employed, the compat-
ibility of metal ion geometry, and the coordination
sphere of the ligands with a certain conformation
(Ghadiri & Choi 1990). To study high selectivity of
the binding site for C#I™ in peptides under different
coordination environments, this paper examined the

the absence and presence oPtwas performed in
this work. As shown in Figure 4, the concentration de-
pendence of CD spectra®was apparently decreased
in the presence of Gir comparing that in the absence
of CU?*. The effect of Cé&* on the conformation of
2 indicated that the presence of Euis also useful
to the formation ofx-helix conformation even in the
peptide in which there is a potential to forfsheet
conformation in the absence of &u

The strong effect of Cif on inducing and en-
hancing the formation ofx-helix conformation of
short alanined-based peptides was also obtainé&d in
(A[O]222 = 122%) and4 (A[f]222 = 57.8%) with
Table 2, and Figures 3c and 3d, respectively. On the
contrast, CD spectra and relative helicity changes ev-
idently indicated that there is not a strong effect of
CWw?t on inducing and enhancing the formationcof
helix conformation in5 and6 shown in Table 2, and
Figures 3e and 3f. As shown in Table 1, there is a Trp
(W) residue at N terminus & and a pair of Trp-His
(W-H) residues at N terminus @, respectively. The
effect of Ct was not evidently observed ihfrom
Figure 3g and its relative helicity change in Table 2
also.

CD spectra of a series of short alanine-based peptides

with single Trp W) residue or Trp-His\(V-H) pair in
the absence and presence ofCurespectively.

Figure 3 shows CD spectra @f7 in the absence
and presence of Cti. Table 2 lists the correspond-
ing relative helicity changesA[6]222, of 1-7 upon
the addition of Cé&", calculated from the spectra in
Figure 3. As shown in Figure 3a, the characteristic
helix spectra oflL were observed with two minimum

Comparison of FTIR o2 in the absence and presence
of CiPt+

There are some amide mode vibrations, the amide | be-
ing the most useful for peptide structural analysis. The
amide | absorption band, arising primarily from the
C=0 stretching vibrations of the carbonyls of peptide
backbone, is a particularly good indicator of secondary

peaks at 208 and 222 nm in both absence and presencstructural changes because of its marked sensitivity to

of Cl?*. The addition of Cé* resulted in an apparent
effect on enhancing the-helix conformation ofl with

a high relative helicity changeA(0]222 = 71.4%)
in pH 7.0. As reported in our previous work (Zou &
Sugimoto 2000),i( i + 2) Trp-His W-H) interaction

hydrogen bonding and to structure dependent vibra-
tional coupling (Williamset al. 1996). The amide |
absorption occurs in the region of 1600-1700¢m

In general, the conformation of the main chain back-
bone of a peptide affects the observed frequency of the

at C terminus of short alanined-based peptide acted asamide vibrations because the various motions of the

a B-sheet conformational switch to form a typigéd
sheet conformation df as shown in Figure 3b. And an

peptide structure (primarily the-€0 stretch, the C-N
stretch, and the NH wag) couple with one another via

evident concentration dependence of CD spectra wasdipolar, electronic, and kinematic mechanisms that are



354

Table 2. Effect of Ci#+ on the conformation of various peptides

Sequence 1 2 3 4 5 6 7
011 -112 -40 -55 -116 -139 -93 —226
[6]2 -192 -95 -122 -183 -156 -96 —233

Alflopo(%) 714 138 122 578 122 323 3.0

a[9], and[6], are the CD ellipticities (19deg cnf dmol~1) of peptides at 222 nm in
the absence and presence of’—turespectively. The CD ellipticity ¢]) was measured
and the helicity changeA(0]222) was calculated as described in the text.

'l'g a 1.KAsWA3HA4K | b 2. KAj1WAHK c 3. WKA1,HK d 4. KAJWAgK
40+ r r r
(\? ®: in the absence of Cu2t @: in the absence of Cu2™ @: in the absence of Cu2™ - ®: in the absence of Cu2™
g A: in the presence of CuZ* | aq 4 in the presence of Cu2* | , A:in the presence of Ccult | A:in the presence of CuZ¥
i a
=
~ 0 b
o
L | R Yot |
x =20 F - L
E 1 1 1 L A L 1 1 ] ] 1 1 L 1 Nl 1 1 i 1 1 1 1 1 L
190 200 220 240 260 200 220 240 260 200 220 240 260 200 220 240 260
Wavelength / nm
—g 40 € 5. WKA{3K f 6. KWA3HAgGK g 7. KAgWA3HK
(\-,c @: in the absence of Cu2t @: in the absence of Cu2t @: in the absence of Cu2t
gE: 20k A: in the presence of Cu2* A: in the presence of Cu?* |\ &: in the presence of Cu2t
2
o
o 0
=
x 20k L i
E 1

190200 220 240 260 200 220 240 360 200 220 240 260
Wavelength / nm

Figure 3. CD spectra of the short alanine-based peptidgsin the absence and presence oPtLCD measurement was performed at,8@
of peptide and pH 7. Other conditions are described in the text.

conformationally dependent. Consequently, the fre- component was assigned togasheet conformation
quency and width of the amide | band is sensitive to and 1666 cm! componentwas relative to random coil
secondary structural changes (Baetal. 1994). conformation in the absence of &u The component

In order to monitor the conformational role of of 1643 cnt! was assigned to am-helix conforma-
CU?" in 2, the FTIR spectra of were measured in  tion in the presence of Gti. The results of FTIR
the absence and presence offCurespectively. As examination in2 also reveal that Cit is useful to
shown in Figure 5, there were two amide | components induce and enhance the formationeshelix confor-
at 1610 cn! and 1666 cmt in the absence of Cif, mation even in the peptide in which there is a potential
respectively. On the contrast, only one amide | com- to form g-sheet conformation in the absence oftu
ponent with a frequency of 1643 crhwas observed  The resultis corresponding well to the results obtained
in the presence of Cti. According to the observed  with CD examination.
values (Baueet al. 1994) and the calculated values
(Miyazawa & Blout 1960) of the frequencies of amide
| component in various conformations, the 1610¢ém
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Concentration of 2, uM Wavelength / nm
Figure 4. Concentration dependence of the mean residue ellip- Figure 6. (a) Fluorescence spectra of Ti/J in the absence and
ticity of 2 at 218 nm. The mean residue ellipticity at 1p0/ presence of I with different molar ratio. Fluorescence emission
was used as the reference and the relative changef] intensities are shown in arbitrary units. (b) Relative decrease of Trp
(%), at different concentrations were calculated as following: (W) fluorescence emission intensity at 350 nm in the presence of
A[01(%) = ([#]2 — [6]1) x 100/[6]1, in which [0]; was[6] at Cu?t with different molar ratios.
100 M, and [0]> was that at 10QuM, 66.7 uM, 50 uM, and
25 1M, respectively. Table 3. Stability of peptide binding with Cir at

2°c?

Sequence K, (10*M~1)  AGY (kcal mofl)

1 53+0.8 -59+01
2 107+13 —6.3+01
3 244+26 —6.8+01
4 87+27 —6.2+02

2K, was estimated by the curve fitting procedure of
fluorescence intensities with €t in different mo-
lar ratios. AGJ was calculated as followingAG) =
-RTLnKa.

lar radios and the association constants,)( were
estimated with a curve-fitting procedure. As shown

l L i I i indi i + -

ST e TES T o750 in Table 3, the stabl® binding with C#* was ob

W 1 tained with its association constant¥,( = 2.44 +

avenumber / cm 1 0
_ , 0.26 x 10° M1, and the free energy chang&\¢3 =
Figure 5. FTIR spectra o® in the absence and presence oftu 6.840.1 keal 1) The diff fth |

The measurement was performed at 0.907 mMahd pH 7. The ~ —©-8+0.1kcalmol™). The difference of these values
ratio of peptide to C#™ was 1:5 molar ratio and other conditons ~amongl—4 is not large. Figure 6 shows that there is

are described in the text. a strong quenching of the fluorescence spectroscopy
of 3 with Cui?t and the quenching of Trp fluores-
Stability of peptides binding with Gt cence emission reaches a saturation state at higher

molar ratio of Cd™ to peptide. It is indicated that pep-
To evaluate the stability of peptides binding with cop- tide binding with Cé* gives a conformation change
per ion, we determined the association constakitg ( of short alanine-based peptides and the influence of
and calculated the free energy Changﬂg@ of 1-4 CU?* on the conformation of peptides is concentra-
binding with Ci#*, in which evident conformational ~ tion dependent. The results of Tr/] fluorescence
changes were observed upon the addition of'Cas spectroscopy corresponded well to that of QD spec-
described above. The fluorescence intensities of the ra about the effect of Ci on the conformation of
peptides were monitored with &t in different mo- peptides.
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Discussion

different molar ratios. Similar significant difference
in conformation and TrpW) fluorescence emission

During the past two decades a great deal of efforts is intensity was not obtained with the addition of other
devoted to the characterization of the biological role metal ions including Att, Ba*, C#t, Co?t, Cs',
of copper using combined or separate techniques of La®*, Mn?*, Ni*, or Zrét although a certain inter-

biology, biochemistry, and coordination chemistry. It

action between L% and the Trp V) residue ofL was

is known that copper is an important component of observed.

various redox enzymes. The function of copper in bio-

The role of C&* in the conformation of peptides

logical systems was found primarily in redox reactions was also reported by other researchers, recently. For
often associated with the reduction of oxygen to water example, the enhancinghelix conformation of Cér*
or with the transfer of oxygen to a substrate (Sakurai was discovered in an alanine-based peptide with an

et al. 1996; Multhaupet al. 1996). Free copper is
also a toxic ion, as exemplified by its ability to in-

(i, i +4) His-His H-H) pair at the C terminus and the
formation of the complex between &uand His-His

activate proteins through tyrosine nitration, and both (H-H) pair is responsible to the increase of helicity
deficiency and excess of copper lead to diseases suciGhadiri & Choi 1990). But the effect of Gt on
as Wilson's disease, Menkes’ syndrome, and possibly the conformation of peptides was not reported with a

familial amyotrophic lateral sclerosis (FALS) (Wag-
goneret al. 1999). Recently, it was also indicated

pair His-His H-H) in different spacings and positions
as described above. The effect of &uon enhanc-

that C#* has a high selectivity to bind an octapeptide ing a-helix conformation was also observed with the
repeat in N terminal segment of PrP that affects the interaction between Gti and PHGGGWGQ, which

conformation of PrP (Miurat al. 1996, 1999; Stdckel
et al. 1998). The different effects of Gti and Zrf*
on the aggregation of amyloif-peptide were also

appears in the N terminal segment of PrP (Miura
et al. 1996). The peptide does not assume any regu-
lar structure without C#, whereas C#t binding to

demonstrated and some possible mechanisms were rethe HGGG segment induces the formatiomefielical

ported by some researchers (Atwostdal. 1998; Liu
et al. 1999; Miuraet al. 2000). It was observed in

structure on the C terminal side of the peptide chain.
But the effect of C&t of inducing and enhancing the

our previous study that there is a conformational effect formation of «-helix conformation was not reported
of Cl?t on the short alanine-based peptides with sin- in the peptide in which there is a potential to form

gle Trp-His interaction in different environments (Zou

& Sugimoto 1999). We have examined here the ef-

fect of some metal ions including At, B&#+, CP,
Co’*, Csh, Cuw?t, La®t, Mn?*t, Ni?t, and Zrf* on

B-sheet conformation in the absence of?Cuas 2
described in this work.

We observed the high selectivity of the binding
site for C#t in different coordination environment

the conformations of short alanine-based peptides with of peptides and its effect on peptide conformations.

single Trp-His interactions in different environments.

Our results demonstrated that the presence &f"Cu

Our results have indicated that the conformational role resulted in not only an apparent effect on inducing

of CU?* is responsible to its interaction with peptides,

and enhancing the formation afhelix conformation

which is dependent on the geometrical spacings andin 4 with a Trp (W) residue in the middle of peptide

positions of Trp/His YW/H) pair.
Roles of C&" in the conformation of peptides

We studied the binding of peptide with €uand its
effect on the peptides with different conformations.
The relative helicity changes df with the addition
of C/?t indicated an apparent effect of &uon en-
hancing the formation o&-helix conformation ofl
with (i, i + 4) Trp-His W-H) pair in the middle of
peptide. And a high selectivity of the binding site was
observed with the association constarks)and free
energy changeAG) determined by the quenching of
CU2t in the Trp W) fluorescence spectroscopy with

as observed i, but also in2, in which there is a
potential to formB-sheet conformation in the absence
of CL2T. Because of the presence afi(+ 2) Trp-His
(W-H) pair at the C terminus of peptide as a conforma-
tional switch ofg-sheet conformatior® has a typical
B-sheet conformation and its CD spectra is evidently
concentration dependence in the absence o Cu
The relative helicity changeA[6]222, was increased
and concentration dependence of its CD spectra was
decreased upon the addition of &uevidently. The
results of FTIR examination i@ also reveal that G

is useful to induce and enhance the formationxef
helix conformation even in the peptide in which there
is a potential to formg-sheet conformation in the ab-
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sence of C&". The similar conformational effect of
Cuw?t was also observed B

On the contrast, the strong effect of &uon in-
ducing and enhancing-helix of short alanine-based
peptides was not obtained & and 6, where there
is a Trp W) residue or a Trp-HisW-H) pair at
the N termini of the peptides. The positive pole of
macrodipole inx-helix (Armstrong & Baldwin 1993;
Huyghues-Despointes & Baldwin 1997) is a possi-
ble factor which is generally near the N terminal of

peptides and unfavourable to the interaction between F'9ure 7. Molecular model of the complexation df with Cu2*
in a-helix conformation. The positive and negative poles of

Cu? almd the |Ig§1nq (TrpW) residue or Trp-His\WV- macrodipole inx-helix conformation were also shown in this figure.
H) pair). The similar effect of C# was not also  The model was constructed with QUANTA 97.1/CHARMm 23.2 in
observed iry because there is an (+4) Trp-His W- an INDIGO 2 Silicon Graphics computer.

H) pair at the C terminus as a conformational switch
of a-helix conformation which resulted in a strong
helix conformation of7 even in the absence of €u

as shown in Figure 3g. Therefore, it was demonstrated
that C#t had an apparent effect on inducing and en-
hancinge-helix conformation of short alanine-based
peptides with single Trp-Hid/N/-H) interaction in dif-
ferent geometrical spacings and positions. And the
effects of Cd* are dependent on the special coordina-
tion environment, that is the geometrical spacing and
position of Trp-His pair\(V-H).

with QUANTA 97.1/CHARMm 23.2 on an INDIGO
2 Silicon Graphics computer. In the modely df im-
idazole ring of HisH)-11, N of deprotonated amide
of His(H)-11, and O of carbonyl of Tr{/)-7 occupy
three of the four tetragonal ligand positions of the
Cuw?t complex. The forth ligand position may be N of
imidazole ring of TrpV)-7 to form the coordination
geometry of [3N, 10], or O of water to form coor-
dination geometry of [2N, 20]. It is evident that the
complexation of Cé&t with 1 is useful to induce and
enhance thex-helix conformation ofl as described
above. It is also possible for the formation of similar

As described above, the conformational effects of Complexation of C&#" with 2 or 3in the coordination
Cw?+ are dependent on the special coordination envi- 960metry of [2N, 20] atthe C terminus. As we showed
ronment, that is the geometrical spacing and position recently, the interaction at C terminal is important to
of Trp/His (W/H) pair. Both His H) and Trp fV-H) the conformation of short alanine-based peptides (Zou
residues are responsible to the effect because the imi-& Sugimoto 2020)' Therefore, the complexation of
dazole ring of His k) and the indole ring of TrpW) peptlde Wlth Cétas shovx_/n in Figure 7 is respon_3|ble
are good chelating ligand to 0. It is known that to mducmg and enhancing the formation @fhelix
CW?+ can coordinate to nitrogen, oxygen, or sulfur Cconformation. _ &0 _
ligands in peptides and proteins to form sométu _ Recently, the complexation of € was also in-
complexes of either square-planar or square—planard'ca‘tgﬂjr to exp:grn_the role of some metal ions such
with weak axial ligands such as the coordination ge- @5 Cd™ and Zrt™ in S?Ver?l neurodegenerative dis-
ometries of [3N, 10] (three-nitrogen and one-oxygen) €aS€s including Alzheimer’s disease (AD) and prion
(Miura et al. 1999), [4N] (Valko et al. 1999), or disease. The results of Raman spectra demonstrate the

[2N, 20] (Wanget al. 1998). Recently, the studies formation otrc_omplexatiop of amyloig-peptide (1~
indicate that PrP (prion protein) binds selectively to 40) With Cu#* in the coordination geometry of [4N] in

CW?+ because of the complexation of Cuwith the neutral and basic pHs (Miuret al. 2000). The chela-
imidazole ring of His, amide, and carbonyl groups of tion of CU?* is useful to stabilize the soluble form of
backbone in its conformationally flexible N terminal ~amYyloids-peptide (1-40). Our results of both ThT flu-
region (Stockekt al. 1998; Miuraet al. 1999). orescence assay and atomic force microscope (AFM)

Figure 7 shows a possible molecular model of the @IS0 confirm the inhibitor role of Ci in the aggrega-
complexation of C&* with (i, i +4) Trp-His (W-H) in tion of amyI0|d,3-pept|de (1-42jn vitro, which has .
a-helix conformation ofl according to the results de- @ Strong propensity to form pathogenic aggregates in
scribed above. The molecular model was constructed Prain (to be described in another paper).

Complexation of peptide with €t
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Conclusions

Circular dichroism (CD), Trp\(V) fluorescence emis-
sion, and Fourier transform infrared (FTIR) spec-
troscopy indicated that there is a conformational role
of CU?t in inducing and enhancing the formation of

a-helix conformation in short alanine-based peptides

with single Trp/His (W/H) interaction in different en-
vironments. The complexation of €l with peptides

is responsible to the conformational effect because the

chelation is able to stabilize peptide with arhelix
conformation. The possible factors affecting the role
of CU?t are discussed in the paper. The results in

this paper are useful to understand the important struc-

tural role of C@+ in protein folding and the possible
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