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Intrinsic viscosity, [7], and far-UV circular dichroism, CD, were measured at 25 °C for poly(a-L-glutamic
acid), poly(Glu), solutions in 7.5 mM and 150 mM NaCl in the presence and the absence of copper(II) ions over

the pH range 4—7, where poly(Glu) undergoes two conformational transitions.

The first is the well-known helix-

coil transition and the second, which is followed by completion of the helix, was attributed to the formation of

aggregates.

coil transition can not be represented by the all-or-none process.

The pH dependence of [7] and molar ellipticity was analyzed with the two-state model.

The helix-
The aggregation mode of helices is predominantly

the side-by-side type in 7.5 mM NaCl, but probably a mixture of the side-by-side and the head-to-tail types in 150

mM NaCl.
cylinder, and straight chain element models.

The hydrodynamic shapes of poly(Glu) and its Cu(II)-complexes were calculated with ellipsoid,
The so-called random-coil form is an extended-coil in 7.5 mM

NaCl at higher pH. The poly(Glu) helix is probably slightly shortened as compared with the a-helix.

Among the transition metal ions which bind to
poly(a-L-glutamic acid), poly(Glu), the copper ion is
unique in that it induces the conformational change of
poly(Glu).2-1®  Qur recent studies''~% have clarified
that three classes of the Cu(II)-Glu residue complexes
are present, and that the formation of these complexes
is related to the conformational change of the poly(Glu)
backbone. A light scattering study has revealed the
formation of poly(Glu) aggregates in both the absence
and the presence of Cu?* ions in the low pH region.1®
While the viscosity of poly(Glu) has often been
measured,!®-24) few attempts were made to interpret
the conformational changes in terms of the hydrodynam-
ic shape. For example, Go et al. have noted, on a
qualitative basis, that the variation of the intrinsic
viscosity, [7], of poly(Glu) with pH reflects several
distinct changes in the backbone conformation.20:21) The
present viscometric work aims at the quantitative
interpretation of the overall conformational changes
of poly(Glu) in the absence and the presence of Cu?+
ions. For this purpose, the variations of [7] were
correlated with changes of the far-UV circular dichro-
ism, CD, under closely paralleled conditions. Thus, the
overall hydrodynamic shapes of poly(Glu) in the
absence and the presence of Cu?+ ions could be compared
with optically determined conformational changes.
With reference to the previous light scattering results,
we present some quantitative discussions on the axial
ratio of the rodlike poly(Glu) helix, the possible aggrega-
tion mode, and the effects of the concentrations of Cu2?+
ions and sodium chloride.

Experimental

Materials and Preparations of Sample Solutions. The sodium
salt of poly(Glu), hereafter denoted simply as poly(Glu), was
described elsewhere.!? The degree of polymerization, DP_,
of the sample for viscosity was 708,® and the one for CD was
nominally 610.14  Other chemicals were of reagent grade and
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used. without further purification. In a given poly(Glu) or
poly(Glu)—-Cu(II) solution, the final concentration of HCI plus
NaCl was kept constant at 7.5 mM (1 M=1 mol dm~3) or 150
mM. The mixing ratio, R, was defined in the same manner
as before and adjusted by changing the amount of Cu2+.1)

Measurements. A modified Ubbelohde-type viscometer
was used at 25+0.01 °C. The flow times were 264.1 and 265.9
s, respectively, for the 7.5 and 150 mM NaCl solutions which
were used as solvents. A sample poly(Glu) solution (5 ml,
[Glu]=8 mM) was diluted up to twentyfold by the stepwise
addition of the NaCl solution to the viscometer. The initial
concentration of [Glu] was reduced to 1 mM at pH values
lower than 4.6 to avoid precipitation. Since no buffer reagent
was used, values of pH of a given polymer solution vary slightly
upon dilution. The relation between the shift of pH and the
dilution of the poly(Glu) concentration was predetermined
outside the viscometer, and utilized to correct the observed
values of the reduced viscosity, 7,,/¢c, for an initially set pH,
where ¢ is the mass concentration of poly(Glu) in g/100 cm3.
The pH-corrected values of 7,,/c were then extrapolated to
zero concentration to obtain [7] at the given initial pH as

vsp/c = [77] + k2c' (l)
Linear extrapolations by the least-square method were possible
in all cases, except for the poly(Glu) solutions in 7.5 mM
NaCl at pH higher than 5, for which the Fouss plot?® also
produced nonlinear curves. In these cases, the most likely
extrapolated values were taken for [3]. The pH of sample
solutions was measured on a Hitachi-Horiba N-5 pH meter
under the same conditions as used for the viscosity; the
measurement of the CD spectra has been described else-
where. 1V
Partial Specific Volume. The partial specific volume of
the poly(Glu) in the presence and the absence of Cu?+ ions, 7,
in the 150 mM NaCl solution was calculated with the aid of

Eq. 22% by using the value of the refractive index increment,
dn/dc, at 436 nm.1®

S (m+2), 6n, dn

= () (n%+2)(n§+1><dc>’ @
where n, is a refractive index increment of the poly(Glu) solu-
tion in 150 mM NaCl and £ is the specific refraction of the
solute prior to mixing with solvent. The value of £ was
determined to be 0.223 from Eq. 2 with a value of 0.604 for 7
of the poly(Glu) solution in 200 mM NaCl at a pH of 4.422
and with a value of 0.1734 for dn/dc of the poly(Glu) solution
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in 150 mM NaCl at the same pH.!'® The value of £ was
assumed to be constant at other R and pH values. The
dependence of i on pH was assumed to be the same for the
two poly(Glu) solutions, in 7.5 mM and 150 mM NaCl, for a
particular value of R.

Results and Discussion

Dependence of Viscosity on pH. Figure 1 sum-
marizes the intrinsic viscosity and the coefficient £,
for the poly(Glu) solutions in the presence and the
absence of Cu?t ions. When the plot of 74,/c vs. ¢ is
curved, k, was determined from the initial slope of the
curved line. Values of [7] and &, in 7.5 mM NaCl
decrease sharply with the decrease in pH. The large
value of k, indicates that the electrostatic interaction
between ionized poly(Glu) ions is poorly suppressed
at the low ionic strength; hence, the polyion may be
in the highly extended-coil form in the neutral pH range.
Qualitatively, the sharp decrease of [7] in the pH region
between 7 and 5.6 may be ascribed to the change from
the extended- to the less extended-coil, mainly because
of charge neutralization by added hydrogen ions.20:21)
An apparent plateau region for [7] between pH 5.6
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The pH dependence of the intrinsic viscosity, [7],
and the increment of reduced viscosity, £,, for poly(Glu)

Fig. 1.

and poly(Glu)-Cu(II). (a) and (b) at 7.5 mM NaCl
and (c) and (d) at 150 mM NaCl. Values of R are
oo (poly(Glu) only) (——0), 32 (—M, 16 (—-A),
and 8 (—--@). Dotted curves indicate the helix
fraction f, as given by numerals.
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and 5.1 may also be attributed to the formation of helix
for poly(Glu).20:21)  These views must, however, be
verified on a quantitative basis (see below). A further
decrease in [7] after the completion of the helix (pH 5.1)
may reflect the formation of aggregates.17,18:27-30) The
higher contents of Cu?*+ ions (R=8) result in the lower
values of [7] over the entire pH region. This decrease
should be an effect of the bound Cu(II), because almost
all Cu?t ions are bound to poly(Glu) at pH higher
than 5.19

For poly(Glu) solutions in 150 mM NaCl, the behavior
of [7] is quite different from the above.?0-220 The
expansion of the poly(Glu) backbone chain by the
charge repulsion of ionized Glu residues is less marked
at the higher ionic strength. Values of [7] and £, are
small, £, being nearly constant over the entire pH region.
Each [7] vs. pH curve shows a minimum at pH about 5.
The curves are similar to each other in the presence
and the absence of Cu?* ions, but values of [7] decrease
with the decrease in R.

Far-UV CD of Poly(Glu) and Its Cu(Il)-Complexes.
Figure 2 shows typical far-UV CD spectra of poly(Glu)
in 150 mM NaCl solutions in the presence and the
absence of Cu?t ions. The general characteristics are
nearly the same as those in 7.5 mM NaCl solutions.!V
The CD spectra of poly(Glu) show an isoelliptic point
at 203.5 nm in the pH range 7.76—4.35; however, they

(e
T
1
T
|

2]

(3]

-2

300 205 210

-~

[6] x 10~%/deg cm? dmol-!

-1

-2

-3

6/
./7I

-4

! 1 1
200 220 240 200
Wavelength/nm

Fig. 2. The far-UV circular dichroism spectra of poly-
(Glu) at various pH in the absence (a) and the presence
(R=8) of Cu?t ions (b) at 150 mM NaCl. Values of
pH are: (a) 7.76 for 1, 5.68 for 2, 5.21 for 3, 5.07 for 4,
4.57 for 5, 4.28 for 6, and 4.19 for 7; (b) 6.40 for 1, 5.53
for 2, 5.16 for 3, 4.90 for 4, 4.71 for 5, and 4.48 for 6.
Inserts are the enlargement of the [6] vs. wavelength
plots in the neighborhood of isoelliptic points.
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Fig. 3. The pH dependence of the molar ellipticities of poly(Glu) and its Cu(II)-complexes at the

selected wavelengths at 7.5 mM ((a)—(d)) and 150 mM ((e)—(h)) NaCL
The horizontal line in each figure is the value of [6]

0), 32 ( B).8 (—@), and 4 (------ ).
for which f;=1.

deviate from this point at pH’s lower than 4.3, showing
a larger negative peak at 222.5 nm. The CD spectra
of poly(Glu)-Cu(II) complexes show the isoelliptic
point only in a limited pH range above 4.5 (R=32) or
5.16 (R=8). The presence of an isoelliptic point in
a family of CD spectra indicates that each observed
spectrum can be decomposed into two component-
spectra: the helix and the coil spectra in this case.3V
The steady deviation of the isoelliptic point to higher
wavelengths indicates that another conformational
change is likely to occur at pH lower than 4.28 for
poly(Glu) and lower than 5.6 for poly(Glu)-Cu(II). It
is now clear that this spectral feature is related to the
formation of aggregate helices, as observed by light
scattering measurements.’®) The possible contribution
of the extrinsic CD band of the bound Cu(II) to the
observed molar ellipticity, [6], is ruled out, since the
CD spectra of poly(Glu) alone show the same kind of
deviation.V

The dependence of [6] on pH was examined at some
selected wavelengths to estimate the fraction of helix
formed in the poly(Glu) backbone in the presence and
the absence of Cu?t ions. Figure 3 shows the plots of
[6] vs. pH for poly(Glu) and its Cu(II)-complexes in
7.5 mM and 150 mM NaCl solutions. A two-step change
in [0] is clearly observed at each selected wavelength.
(The choice of a wavelength often enlarges or conceals
the stepwise change.) These two stepwise changes are
less overlapped for solutions of lower ionic strength and
higher R, but tend to merge to each other, as the
amounts of Nat and Cu?* ions increase.

The helix fraction, f;, for poly(Glu) at a given pH

Values of R are oo (— —

may be calculated by the conventional method as!!:1%)

_ [05-1o),
Fo= -ty ®)

where [0]5 and [6]} are the molar ellipticities of the
pure coil and the pure helix states at the wavelength,
2, and [6], is the observed molar ellipticity of the poly-
(Glu) solution at a given pH. It has been amply
documented in the literature that unique assignments
of values for [6]% and [6]5 are difficult even for the
standard polypeptides, poly(Glu) and poly(rL-lysine) ;3
however, to retain internal consistency throughout, we
selected the molar ellipticity at the onset of the second
transition (the one on the lower pH side) for the value
of [6]% and the molar ellipticity at the highest observed
pH 7.76 for [0]5. Values of [6]} are indicated by the
horizontal lines in Fig. 3. The helix fraction for the
poly(Glu)-Cu(II) complex was also calculated with the
above values of [0]} and [0]5. The values of pH, for
which f,=1, 0.75, 0.5, 0.25, and 0, were evaluated
from the f, us. pH plots at several wavelengths and
averaged for poly(Glu) solutions in 7.5 mM and 150
mM NacCl in the absence and the presence of Cu?* ions.

In order to compare the CD data with the intrinsic
viscosity, the f;, vs. pH plots must be evaluated at
infinitely diluted poly(Glu) concentrations. This was
done by making use of a previous report by Nitta et al.3®
Their results showed that the f;, vs. pH plots shift toward
the higher pH side by 0.14 in pH-unit for poly(Glu) in
7.5 mM NaCl, but remain unshifted in 150 mM NaCl.
In Fig. 1, the helix fractions thus estimated at infinite
dilution (dotted lines) are indicated; hence, comparison
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Fig. 4. Comparison of the helix fraction, f}. from the
intrinsic viscosity with the helix fraction, f;, from CD
for poly(Glu) and poly(Glu)-Cu(II) at R=oco and
32 and at 7.5 mM (a) and 150 mM NaCl (b). For (a),
[7]n=2.40 and [5],=6.50 (R=o0, O) and [],=2.25
and [5],=6.50 (R=32, []). For (b), [5],=1.52 and
[7]e=2.13 (R=co, @) and [p],=1.45 and [].=2.13
(R=32, W). [7]’sarein 100 cm® gL

of the helix fraction with the intrinsic viscosity is now
possible for poly(Glu) and poly(Glu)-Cu(II) systems.
Helix  Fraction and Hydrodynamic Behavior. (i)
Helix-coil Transition and Viscosity: If a poly(Glu) solution
contains only pure helix-polyions (the mass concentra-
tion of ¢,) and pure coil-polyions (c.), the observed
reduced viscosity, <75, >[c, where c¢=c,+¢., and the
intrinsic viscosity, <[7]>, may be written as3

<”sp> —_ [U]hch"‘ (kﬁ)hctax + [77]0%+ (kz)cfg , (4)
c c [4
and lim <222 = @71y = f4Erh =71 +T7ks ©)

where fi=cy/c, and [7], and [7]. are the intrinsic
viscosities of the unaggregated (single-stranded) helix-
polyion and the extended coil-polyion, respectively,
while (k,;), and (k,;). are the corresponding coefficients
in Eq. 1. Values of (1—f1) were calculated with [7];,
[7]e, and <[7]>, and are plotted against (1—f;) in
Fig. 4, values of (1—f;,) being calculated from Eq. 3.
The values of (1—f{) for poly(Glu) and poly(Glu)—
Cu(II) do not fit those of (1—f}) over the entire helix-
coil transition region. This result confirms that the
helix-coil transition cannot be represented hydrodynamical-
ly by the all-or-none process of the two-state model.
Hence, both partly helical and partly coil portions are
contained in each polyion chain in this transition
region.

(1) Viscosity and Aggregation Process of Helices: Light
scattering studies have shown that the molecular weight
of poly(Glu) and poly(Glu)-Cu(II) increases very
rapidly with lowering pH,'%2® while the viscosity of
poly(Glu) tends to increase or decrease in the same pH
range depending on ionic strength (Fig. 1). Therefore,
it is now beyond doubt that some aggregation process is
involved in the pH region where the formation of helix
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Fig. 5. The theoretical variations of [5]/[»], with the
ratio of concentrations of aggregated helices, ¢, +¢,s, to
the total concentration of helices, c. The parameter m
is ¢,/ (cy+¢,r). For m=1 (the head-to-tail type), L,/=
2124 A and 2b,,=2b=13 A, and for m=0 (the side-by-
side type), L,=1062 A and 256,=26 A, and for unag-
gregated helix, L=1062 A and 26= 13 A being assumed.

is nearly completed. Aggregated helices appear to be
quite cohesive against dilution, since extrapolation of
scattered light intensity'® or reduced viscosity to zero
concentration of poly(Glu) exhibits no strong tendency
of molecular dissociation. The mode of aggregation
should be reflected on the pH dependence of <[7]> or
<nyp>fc. Two extreme modes may be represented by
the side-by-side and the head-to-tail association schemes.
Here, the observed intrinsic viscosity, <[7]>, is given
as

D _ e

b ¢ (©)

¢ (71 ¢ [k’

where [7], and [7],/, are the intrinsic viscosities for the
aggregated helices of the side-by-side (unprimed) and
the head-to-tail (primed) types (¢=cp+c,+¢a/). For
the rigid rodlike aggregated helix (the n-mer) consisting
of n single-stranded helices (monomers), the values of
[7]a or [7],r may be calculated with Eq. 7 (see the later
sections for detail), together with the appropriate
numerical values for the length L and the diameter 25.

In order to illustrate the viscometric behavior in the
helix-aggregate region (Fig. 1), we utilize Eq. 6 for an
assumed simple system of the monomer-dimer equilib-
rium. Figure 5 shows that the quantity <[7]>/[7]y
decreases with formation of the side-by-side aggregates,
but increases with formation of the head-to-tail ag-
greates. This result is qualitatively in accord with the
observed relationship between [7] and pH in Fig. 1,
indicating that the aggregated poly(Glu) or poly(Glu)-
Cu(ITI) helices are predominantly the side-by-side type
in 7.5 mM NaCl, but probably a mixture of both this
and the head-to-tail type with a slight chain overlap
in 150 mM NaCl. Interchain hydrogen bonds of the
acetate dimer type, chelation by Cu(II),'® and hydro-
phobic bonds between undissociated side-chain carboxyl
groups belonging to different poly(Glu) chains are all
attractive forces, favoring formation of the aggregated
helices. Indeed, these structures are supported by CPK
atomic model building. We are at present unable to
specify if the aggregation is the all-or-none process, as
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assumed in the present discussion, or if it resumes the
open association process, in which aggregated helices
elongate lengthwise and become thicker in diameter
simultaneously, with lowering of the pH. This is partly
because the fractional change of formed aggregates
with pH cannot be evaluated by the CD method, in
contrast with the result for the helix-coil region (Fig. 4).

Hydrodynamic Shape of Poly(Glu) and Cu(II)-Complexes.
Since the two-state model is inadequate for the pH-
variation of [7], the hydrodynamic shape of poly(Glu)
in the presence and the absence of Cu?* ions must be
estimated, by use of appropriate models, from values of
[7] and 9. In the following calculation, the poly(Glu)
sample is assumed to be monodisperse as regards the
molecular weight.3%

(i) Undeformable Ellipsoid and Cylindrical Models: As
a coarse approximation, the shapes of the poly(Glu)
and its Cu(Il)-complexes may be assumed by the
undeformable prolate ellipsoid of revolution with the
axial ratio p(=a/b), where a is the major semi-axis and
b is the minor semi-axis. Simha’s equation may be
employed :39

=3 p? P L 14 @

[7) =2 {15[ln(2p)—m] + 5[In(2p) —m+ 1] E}’ )
where m=1.5 for the ellipsoid of revolution, and m=1.8
for a long cylinder. Since the results for values of p
are almost the same, only the case of ellipsoid is shown
in Fig. 6. The apparent axial ratios decrease with the
increase in helix fraction. Thus, the hydrodynamic
shape of poly(Glu) may be interpreted as being changed

T T T T l T T T

I extende%-coil e ]
2b=16
150 ol

100

e oh=helix

Fig. 6. The dependence of the axial ratio p on the helix
fraction f, of poly(Glu) and poly(Glu)-Cu(II) at 7.5
mM (a) and 150 mM NaCl (b). Values of R are oo

(——0),32 (—M), and 8 (—-@)-
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from the extended-coil (p=160) to the less extended-coil
in the 7.5 mM NaCl solutions and from the less extended-
to the shrunk- or compact-coil in 150 mM NaCl solu-
tions, probably because of charge neutralization by
added protons and Cu?* ions (especially, at low values
of R), and because of charge suppression by added Na+
ions (in the case of 150 mM NaCl).

If an appropriate value is assigned to &, the length
of the cylindrical or ellipsoidal macroion, L, may be
estimated. Two extreme values of 10 A and 16 A are
used for 2b in the present calculation. (The distance
between the a-carbon and the oxygen of the side chain
carboxylate is about 8 A.) Figure 7 summarizes the
results, in which “extended-coil” indicates the upper
limit of the length of the polyion in its most extended-
form (2560 A). This limiting value is given by the
length of a Glu residue (3.62 A) multiplied by the
weight-average degree of polymerization (708), which
was obtained from light scattering.!® The lengths of
the poly(Glu) coil in 7.5 mM NaCl and at neutral pH
are in the range of 1500—2400 A, depending on the
hydrodynamic diameter 2b. This result indicates that
the backbone chain is rather elongated in 7.5 mM NaCl,
and that the poly(Glu) ions are not in the so-called
random-coil state. (This is the reason why we use the
term extended-coil). In 150 mM NaCl solution, the

T T T T . T
T, extended.coﬂ .................. 1

2.4 (a) -

Lx 10-3A

I—fu

Fig. 7. The dependence of the length of poly(Glu) and
poly(Glu)-Cu(II), L, calculated with the cylindrical
model on the helix fraction f, at 7.5 mM (a) and 150
mM NaCl (b). Values of R are oo (circles), 32
(squares), and 8 (diamonds). Two extreme values of
10 A (filled symbols) and 16 A (open symbols) are
assumed for 2b. The dashed lines indicate the length
of a-helix (1062 A) and that of extended-coil (2560 A),
these lengths being independent of values of 2b.
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poly(Glu) coil is much less extended even at neutral pH.

The possible length for the a-helix is also indicated
in Fig. 7 with the horizontal lines, by using a value of
1.5 A per Glu residue for the axial translation. It is
clear that the overall length of the poly(Glu) chain
calculated from the viscometric data critically depends
on the choice of values of 25.3% If the unhydrated and
unaggregated a-helix is assumed for the conformation
of poly(Glu), the value of 26 would be 1341 A in
7.5 mM NaCl, but it would be an unrealistically large
value of 2041 A in 150 mM NaCl (Fig. 7). On the
other hand, the most likely value of 25 is probably
1141 A, as judged from CPK atomic model building
for the unhydrated a-helix. Hence, if poly(Glu) or its
Cu(II)-complexes are rigid and rodlike in shape at or
near the completion of helix (f;,=0.9—1.0), the helical
conformation should not be perfectly a-helical. It
should be a slightly shortened helix in the low salt
concentration, the length per residue, L/res, being about
1.3 A instead of 1 5A. A more distinct deviation from
the a-helix is evident in 150 mM NaCl, the L/res being
about 1.0 A. The effect of bound Cu(II) on the L/res
value is also quite large. An alternative interpretation
of the results in the helix region (f;,=0.9—1.0) is given
as follows: The conformation of poly(Glu) and its
Cu(II)-complexes is not perfectly rigid, but is partially
broken or semi-flexible even at or near the 1009, helix
content in aqueous solutions.

(it) Wormlike Model: As a typical example, Kuhn’s
straight element model is examined:37

] = A=dN 043 Z
M, —1.6+2.3log(Ay)dy) +a/d[Aun/ 2

where 4, is the length of the straight line chain element,
d and M, are, respectively, the actual length and the
molecular weight of the monomeric unit, Z is the
degree of polymerization, dy is the hydrodynamic
thickness, and N, is Avogadro’s number. The value
of d,, was again assumed to be 10—16 A under the
same consideration as above. The value of 4 in A is
given by Eq. 9 as a function of helix fraction; the a-
helix (at f,=1) and the most extended chain (at f;,=0)
are assumed.

d=15f, + 3.62(1— f,). 9)

The dependence of 4., on f; is shown in Fig. 8. In the
coil region, the length of each straight line chain
element is about 200 A at 7.5 mM NaCl, whereas it is
about 80 A at 150 mM NaCl. The extension of the
coil conformation due to the charge repulsion of ionized
carboxylate groups is suppressed by the excess salt ions.
The smaller value of 4, at R=8 may be explained as
being due to the bound Cu(II) folding the backbone
chain by the charge suppression and chelation.11-14
For the R=oc and 32 solutions, the shortest straight
chain elements are 180—190 A, a value about 15-fold
smaller than the contour length, in the region where
0.1<f;,<0.4, and for the R=8 solution the 4, value
is about 150 A in 0.6< £;,<0.8 region. Values of A4,
depend on the salt conditions greatly. This result
should be taken as indicating that the formation of
partial helices in the helix-coil region causes a poly(Glu)
chain to contract, and that each straight chain element

» (8)

Viscosity and Circular Dichroism of Poly(Glu)-Cu(II)

1035

7’

J;LJIII;\

=
0 0.5 1
1—fn

Fig. 8. The dependence of the straight chain element 4,
of poly(Glu) chain on pH at 7.5 mM (open symbols)
and 150 mM NaCl (filled symbols). Values of R are
oo (circles), 32 (squares), and 8 (diamonds). The d,
value of 10 A was used in these calculations.

becomes shorter with more of such elements at a higher
salt concentration. As the longer helices are formed at
higher f},, values of 4, increase; however, these values
should be only nominal in the high f; region where
this model is unsuitable.

Conclusion

The helix fraction estimated from the far-UV CD
data does not correspond linearly to the helix fraction
evaluated from viscometric data. Thus the all-or-none
conformational transition is unlikely to occur in aqueous
added-salt solutions of poly(Glu) and its Cu(II) com-
plexes. At the same helix fraction, the overall conforma-
tions of poly(Glu) and poly(Glu)-Cu(II) are not
necessarily the same, but depend on pH and the concen-
trations of Nat and Cu?t ions. At a low concentration
of salt, the poly(Glu) chain is in an extended-coil in
the neutral pH region and the aggregated helices are
likely to be of the side-by-side type in the low pH region.
At a high salt concentration, the conformation of poly-
(Glu) seems to be compact in the helix-coil intermediate
region. The added Cu?* ions also accelerate the shrink-
ing of poly(Glu) conformation by inducing helix
fragments. This shrinking effect should result from
intra- and inter-molecular chelations of Cu(II),4:18
and thus it can be correlated to the appearance of the
characteristic absorption band in the helix-coil inter-
mediate region.!-14)
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