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ABSTRACT: Conformations of triblock copolypeptide [Glu(OBzl)],,—[Lys(Cbz)],—
[Glu(OBzl)],, in m-cresol and in mixtures of dichloroacetic acid (DCA) and 1, 2-dichloroethane
(EDC) were studied by optical rotatory dispersion measurements. It was found that the poly-
peptide was essentially helical in m-cresol, while it underwent a conformational transition from
random coil to helix with raising temperature in mixtures of DCA and EDC of appropriate
compositions. In order to elucidate the correlation between these transition behaviors of the
copolypeptide and those of the constituent homopolypeptides, the Zimm-Bragg—-Nagai formal-
ism of helix-coil transition in homopolypeptide has been extended to triblock copolypeptides.
The helical fraction is expressed as a function of the transition parameters s and ¢ of the two
residues and the degree of polymerization of each block. The helix formation in m-cresol can
be reasonably interpreted by this theory if s and ¢ are given experimental values of the corre-
sponding homopolypeptides. In mixtures of DCA and EDC, however, the observed helical
fraction was always larger than the theoretical value computed by using the homopolypeptide
parameters. The copolymer data and the homopolymer data can be explained consistently
by this theory if the helical conformation is assumed to be stabilized at each of the block

boundaries.
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It was shown in a previous publication' that
poly(e-carbobenzoxy L-lysine) ([Lys(Cbz)],) flanked
with blocks of poly(y-benzyl L-glutamate) ([Glu-
(OBzl)],) is essentially a-helical, in spite of the fact
that an isolated [Lys(Cbz)], chain of similar length
is completely randomly coiled.”™® This typically
illustrates the effect of conformational induction
in copolypeptide that has been observed with
various combinations of peptide residues.*** The
extent of conformational induction is expected to
vary with the solvent condition under which the
polymer is studied as well as with the residue com-
bination. It seemed, therefore, interesting to ex-
amine the conformation of triblock copolypeptide
[Glu(OBzl)],,—[Lys(Cbz)],—[Glu(OBzl)], in sol-
vents of varying helix-supporting power. In the
work described below, mixtures of dichloroacetic

* Present Address: Osaka Electro-Communication
University, Neyagawa, Osaka 572, Japan.

acid (DCA) and 1, 2-dichloroethane (EDC) have
been chosen as the solvent, since detailed informa-
tion is available about the helix-coil transitions
of constituent homopolypeptides in these mix-
tures.> '

According to the well-established theories,
the conformation of a helix-forming homopoly-
peptide in a dilute solution is characterized by
three parameters, i.e., the degree of polymeriza-
tion of the polypeptide N, the equilibrium constant
for helix formation s, and the helix-initiation pa-
rameter o. A number of attempts™® " *® have
been made to extend these theories to copoly-
peptides, with additional assumptions and ap-
proximations being introduced in some cases. A
typical example is the treatment of Scheraga and
collaborators'”**™** of random copolypeptides,
which they have called the “‘host-guest technique.”
It consists in analyzing helix-coil transition curves

11,15,16

71



N. NisHiokA and A. TERAMOTO

of random copolypeptides of two kinds of resi-
dues, the host and guest residues. One of the most
important assumptions in this is that the statistical
weight of a given residue is independent of the
kinds of its nearest neighbor. This assumption
may be justified for combinations of similar resi-
dues, and in fact, these authors have provided
evidence for this.*”** However, there are some
cases in which it does not seem to hold." There-
fore, its validity must be tested with different com-
binations and arrangements of residues.

In the present series of studies, we are treating
two types of copolypeptides, i.e., the block and
sequential; both of these have specified residue
arrangements. This paper aims at interpreting
the experimental data for helix-coil transitions of
block copolypeptides in statistical mechanical
terms. The necessary theoretical expressions are
derived on the basis of Nagai’s theory of helix-coil
transition. They are used to predict characteristic
features of helix formation in block copolypeptide
and are applied to detailed data for helix-coil
transitions of [Glu(OBzl)],,—[Lys(Cbz)],—[Glu-
(OBzl)], in mixtures of DCA and EDC. This
triblock copolypeptide exhibited an appreciable
conformational transition at room temperature in
DCA/EDC mixtures in which [Glu(OBzl)], was
almost perfectly helical, but [Lys(Cbz)], randomly
coiled.® Therefore, the transition parameters of
the homopolypeptides evaluated at the respective
compositions must be extrapolated to the solvent
composition range in which the conformation of
the copolymer is studied. To check the validity
of the extrapolation procedure employed, we at-
tempted a direct determination of the transition
parameters for [Glu(OBzl)], under the necessary
solvent conditions. The results are also described
below.

EXPERIMENTAL

Five samples of [Glu(OBzl)],—[Lys(Cbz)],—
[Glu(OBzl)], prepared and characterized in a pre-
vious study,’ and six [Glu(OBzl)], samples from
our stock were subjected to optical rotatory dis-
persion (ORD) measurements. Their molecular
weights and residue compositions are given in
Table I. It has been shown that these are reason-
ably homogeneous with respect to molecular
weight and composition.’ All the triblock co-
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Table I. Molecular weights of block
copolypeptides and [Glu(OBzl)],, used

Sample - -

code My <1074 Ny Ng Ny,
GLG-12 1.31 58.5 51.9 6.6
GLG-22 1.39 61.1 49.6 11.5
GLG-331 1.64 71.0 50.8 20.2
GLG-42 1.79 74.9 40.5 34.4
GLG-52 2.16 88.5 36.4 52.1
A-2 0.476 21.8
An-4 0.852 39
A-3 1.06 48.4
A-43 1.46 66.7
An-22 3.38 154
E-2 23.7 1068

* Viscosity-average molecular weight obtained from
the intrinsic viscosity in dichloroacetic acid at 25°C.*°

polypeptide samples are actually [Lys(Cbz)],
flanked with [Glu(OBzl)], chains of equal length.
Optical rotation and ORD measurements were
made according to the procedure employed in our
previous studies.> >

THEORETICAL

Basic Equations

The conformation of an a-helix-forming poly-
peptide in solution can be described by the theory
of Zimm and Bragg® and of subsequent au-
thors."*®*7  Extention of these theoretical for-
mulation to copolypeptides has been attempted by
many authors' "% to predict various interesting
aspects of helix-coil transitions in copolypeptide.
However, the theoretical expressions so far pre-
sented are not necessarily in the form directly ap-
plicable to our present data. Thus, here, we fol-
low Nagai’s formulation® in order to develop a
theory adaptable to block copolypeptides, espe-
cially of the type G—L—G.

According to Nagai’s theory, the partition func-
tion Zy of an a-helix-forming chain consisting of
N residues can be written as,

ZNZEIPN—ZeN (1)
with the ftransition probability matrix P. The
reader should consult pertinent references'™”* as

for the definition of P. Since the first and the
N-th residues are assumed not to be involved in a
helical section, the end vectors associated with
these residues are written

Polymer J., Vol. 11, No. 1, 1979



Conformational Induction in Block Copolypeptide

el=(0, 0’ Os 19 0, 03 1)
ex=(0,0,0,0,1,1,1)" @

where the superscript T denotes the transpose of
a vector. The matrix P can be expanded in its
eigenvalues 4; (i=1, 2, 3, 4) as

P= izjlziu(zi)v(zi) 3)

where (1) and v(2) are the right-hand and left-hand
eigenvectors of P given by

s¢t’? s sa'’* 1—s A—s Z—S>T

u(l):(l, T D T gl iR iR
(42)

1/2 1/2
—s A—s o* oY

1
o'* 2 A—s
s " sat® 2 2P0 so'?

o1, -,

(4b)
with
(D) =22—1)F(2) ©)
and

FQ)=1/[42%—3(1 +s)A-2s] (6)

Substitution of eq 3 into eq 1 gives

Zy= 54" HewI00:)ex]

5 2N (A —)F (29 ™)

T

1

Il

Next we derive the partition function for a
triblock copolypeptide of the type G—L—G. As
in the case of homopolypeptide, it is assumed that
the statistical weight of a central residue, in a given
set of three consecutive residues, is determined by
a joint conformation of the three residues con-
cerned, only this time, the arrangement of the resi-
dues has to be taken into account. To a good
approximation, each residue, excepting those lo-
cated around G—L and L—G block boundaries,
may give the statistical weights characteristic of
the corresponding homopolypeptide. At least four
residues at a block boundary need a separate con-
sideration, because they lie in different residue ar-
rangements from each other.

First we shall examine the case in which each
residue gives the statistical weight matrix charac-
teristic of the corresponding homopolypeptide ir-
respective of its location. This is the assumption
employed in Scheraga’s treatment of random co-
polypeptides. This assumption implies that the
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statistical weights of the boundary residues are
approximated by the geometric means of the cor-
responding weights of the two residues L and G.
It does not seem to have a serious effect on aver-
age quantities of the molecule, since the popula-
tion of the boundary residues is relatively small in
the block copolypeptides treated here. However,
its validity has to be tested with experimental data.
In cases where it turns out to be inadequate, the
theory may be modified by assigning different sta-
tistical weights to each of the boundary residues in
question.

Let us condiser a triblock copolypeptide G,—
L,—G, having m, n, and p residues on each block.
Applying Nagai’s theory to this polypeptide, with
the assumption introduced above, we obtain the
partition function Zy of the form:

Zy=e,Ps" 'P"Ps" ey (8)

where the subscripts L and G refer to L and G
residues, and N=m-+n-+p. After similar mani-
pulation employed to derive eq 7, we get

4
Zn :eII: 2 X(;4,-m—lu(zc;i)v('zci):,
i=1

4 4
A £ a0 || 20 10000 Je

©,

2G,-m—lln j"'Zka—lv(ZG,;)"(ZL j)v('ZL j)u(x(}k)
X [elu()‘Gi)v(sz)eN]
4
= Z B} ZGi""ZLj"ZGk”u(RGi)u(Zw)v(,lL j)"(ZGk)
.7,

X (Aa;—Sa)F (Zg,) ®

where Ag, and 4y; (7,j=1, 2, 3, 4) are the roots of
the characteristic equation of P, with s and ¢
being replaced by sg and ¢y and s, and oy, re-
spectively. With Zy thus derived, the average
number of intact hydrogen bonds of the copoly-
peptide relative to N, Oy, can be calculated by

Oy =N""[9(In Zy)/3(In s)+3(In Zy)/3(In 5)] (10)

The analytical expression for 0y thus obtained is
very complicated*® and hence it is not shown here.
A matrix representation of eq 10 was also used for
numerical computation.

Theoretical Prediction

It was shown in a previous paper” that the
central Lys(Cbz) block in a triblock copolypeptide
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[Glu(OBzl)],,—[Lys(Cbz)],—[Glu(OBzl)], is forced
to take up an a-helical conformation in m-cresol,
in which [Lys(Cbz)], itself undergoes a sharp ther-
mal transition of an inverse type. At first, we
shall try to interpret this conformational induction
by the copolymer theory developed above. [Glu-
(OBzl)], is known to form a stable a-helix in m-
cresol at room temperature with the transition
parameters of s¢=1.61 and o4"'*=0.04,"" while the
thermal transition of [Lys(Cbz)], is characterized
by very small ¢,*’* of 0.0025 and transition tem-
perature around 25°C.*™® In the discussion to
follow, these parameter values are used to test
theoretical predictions on the helix stability of the
triblock copolypeptide under the solvent condition
considered here.

Figure 1 illustrates the dependence of &y on the
degree of polymerization Ny, of the central L block
as a function of sy, with the degree of polymeriza-
tion N of each flanking block being fixed at 20.
It is seen that @y first increases, passes through a
maximum, and then decreases gradually as Ny, is
increased. However, for s,>0.95, 0y changes
only slightly with N, at least up to an Ny, of 60.
These values of 0y are converted to the average
number of intact hydrogen bonds N, and plotted
against Ny, in Figure 2. Unless sy, is very small,
N, first increases linearly with N;. This implies
that a short L block sandwiched between G blocks
is forced to become helical. As N, is increased
further, N, decreases toward an assymptotic value

1O [ e e

St=0.99 !

]

& 05
GLG 20-Ni-20
Se=l6l (%=004
@ =0.0025
I T FIE— P — ! PR PSR E— |
0 50 100 150
N
Figure 1. Helical fraction 6y against degree of

polymerization Ny, of the central L block as a func-
tion of sy, with the degree of polymerization Ng of
each flanking G block being fixed at 20; 20—N—20.
The curve labeled PBLG indicates the theoretical
values of 0 for G polymer having the same degree of
polymerization as the triblock copolypeptide. The
parameters chosen are sg=1.61, ¢q/2=0.04, and
11/2=0.0025.
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Figure 2. Average number of helical residues Ny
against Ny, as a function of sy, with Ng being fixed at
20. The same parameters as those in Figure 1 are
used.
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Figure 3. Plots of 0y vs. Ng, with Ny, being fixed at
40. The parameters chosen are s¢=1.61, 64/2=0.04,
s1,=0.99, and ¢1/2=0.0025.

depending on s;. However, for s, close to unity,
N, increases steadily with Ny, within the range of
Ny, examined.

Panel (a) of Figure 3 shows how @y varies with
Ng for a fixed Ny, of 40 and a set of the transition
parameters: sq=1.61, 05"/*=0.04, 5.,=0.99, and
0,*=0.0025. It is to be noted that an Ng of 8 is
large enough to bring about appreciable confor-
mational induction in the central L block, while
an isolated L, is completely randomly coiled under
the same condition. Panel (b) of the same figure
indicates that the difference in chain length of the
flanking blocks has little effect on 0y if the two
blocks are longer than 8 residues. This critical
length of G chain may be compared with the pre-
vious estimate of the minimum chain length re-
quired for the formation of an a-helix in [Glu-
(OBzl)],,, which is between 6 and 10.°™'*" These
theoretical arguments are consistent with the ex-
perimental finding that the conformational induc-
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tion by the flanking Glu(OBzl) blocks extends over
60 Lys(Cbz) residues in m-cresol, because sy, is
estimated to be in the range 1.000 i0.004,2’3’5 and
because Ng is larger than 18 for all the samples
studied. It was, indeed, found that the 0y values
at 20°C estimated from ORD data were in fair
agreement with those calculated for s;,=0.95~
0.99.

Figure 4 shows the dependence of fx on s;, as a
function of s; for a triblock copolypeptide Gzo—
L,—Gg. The conformational induction is seen
to occur abruptly at a certain value of sy, which
is larger for smaller s;. Even when sq is smaller
than unity, 0y for larger s; exceeds 0.5, a value
which would be expected if only the L residues
were in the helical conformation. This implies
that the central L block promotes the helix forma-
tion in the flanking blocks when the stability of
the former helix exceeds that of the latter. No
experimental evidence is as yet available for this
prediction.

O e 0-a0-20

I =0.04
i - 00025

05 o T s T

Sc
Figure 4. The s;, dependence of 6y as a function of
sq for a triblock copolypeptide 20—40—20, with
061/2=0.04 and ¢.1/2=0.0025.

EXPERIMENTAL RESULTS AND
DISCUSSION

Figure 5 shows thermal transition curves of
sample GLG-331 in DCA/EDC mixtures of dif-
ferent compositions, where the solvent composi-
tions are indicated by a volume ratio of DCA to
EDC at 25°C. One can observe that the triblock
copolypeptide undergoes a helix-coil transition of
inverse type. At fixed temperature, e.g., 25°C, the
polymer undergoes a solvent-induced transition be-
tween 50- and 55-vol9; DCA. This composition
range may be compared with 75-vol%; for [Glu-
(OBzD)],**** and 34-vol %, for [Lys(Cbz)],.> *****
It is also interesting to note that an alternating co-
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GLG-331

Temp. (°C)
Figure 5. Temperature-dependence of specific rota-
tion at 436 nm, [a]ss, for sample GLG-331 in DCA/
EDC mixtures of different compositions. Composi-
tions are indicated by volume ratios of DCA to EDC
at 25°C.

polypeptide [Lys(Cbz)-Glu(OBzl)], shows an in-
verse thermal transition between 53- and 64-vol%;
DCA.*"*® When either thermally-induced or
solvent-induced, the transition of the triblock co-
polypeptide proceeds in a single stage. This would
not be expected if both the Glu(OBzl) and Lys(Cbz)
blocks were to undergo independent transitions.
Figure 6 shows transition curves of [Glu(OBzl)],
in a DCA/EDC mixture (55-vol % DCA) as func-
tions of molecular weight, where the data for GLG-
331 are reproduced for comparison. The transi-
tion curve for GLG-331 lies far below that of

_o—0—0—0—0——0—0- An-22 (154)

500
W A-43 (66.3)
A-3 (488)
_Do GLG-33I (71.0)
i

An-4 (39)
s
/ 0/0/0/0— A-2 (218
0 -

G

—l L | IS | o L

0 50
Temp. (°C)

Figure 6. Temperature-dependence of the Moffitt
parameter b, for [Glu(OBzl)], in a DCA/EDC mix-
ture (55-vol% DCA) as a function of weight-average
degree of polymerization N,. The filled circles re-
present the data for GLG-331. The 5,® (®) and b,°
(©) denote b, for perfect helix and random coil, re-
spectively, determined for the system DCA/EDC (see
text).
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Figure 7. Temperature-dependence of b, for block
copolypeptides in a DCA/EDC mixture (55-vol%;
DCA). The filled circles represent the data for GL-6,
diblock sample [Glu(OBzl)];y. s —[Lys(Cbz)lss. 7.t

[Glu(OBzl)],, of similar chain length (A-43) but
above that expected for an isolated flanking
Glu(OBzl) block (Ng=25). This implies that the
central Lys(Cbz) block partially becomes helical
by the interaction of the flanking blocks, just as
found in the m-cresol solutions. Figure 7 shows
the temperature dependence of the Moffitt pa-
rameter b, for block copolypeptides of different
compositions in a DCA/EDC mixture (55-vol?%;
DCA). The transition curve shifts toward higher
temperature and becomes gradual as the Lys(Cbz)
content is increased. Similar results were ob-
tained with solvent mixtures containing 50- and
60-vol 9% DCA.

Analysis of [Glu(OBzl)],, Data

Initially the ORD data shown in Figure 6 are
analyzed to evaluate the transition parameters sg
and g5. As usual, fy is calculated from the
Moffitt parameter b, by

O =(bo—b0*)/(be™ —bo°) (1D

where b,® and b,° stand for the values of b, for
perfect helix and random coil, respectively.

The values of b® and b,° depend generally
on polypeptide and solvent conditions, and have
to be determined experimentally. For this
purpose, ORD data were obtained using three
[Glu(OBzl)],, samples of different molecular weights
(A-2, An-4, and E-2) in DCA/EDC mixtures (20-
and 90-vol 9%, DCA). The results are also included
in Figure 6. In the 90-vol %, mixture, considered
to be helix-breaking, b, decreases from 63 to 16 as
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the temperature is raised from 10 to 50°C. On the
other hand, in the 20-vol% mixture, which is
strongly helix-supporting, b, varies from —630 to
—610 with the same change in temperature. In
either solvent mixture, b, hardly changed with
molecular weight. Therefore, the b, values in
these solvent mixtures were taken as b,° and b,®
at the corresponding temperatures. Values of sq
and g4 were evaluated by fitting the experimental
Ox as function of N to Nagai’s theoretical expres-
sion.’”*** A summary of the resulting s and g is
given in Table II.

Table II. Transition parameters of [Glu(OBzl)],
in a mixture of 55-vol % DCA at
various temperatures

igbsrefved )

T?ng
C Sa 061/2 sG,extp
10 1.11 0.0086 1.13
15 1.13 0.0081 1.15
20 1.14 0.0093 1.16
25 1.15 .0.0102 1.17
30 1.16 0.0100 1.18
35 1.17 0.0108 1.18
40 1.17 0.0124 1.19
45 1.17; 0.0130 1.19
50 1.18; 0.0130 1.19

In a binary solvent mixture composed of a less
polar liquid such as EDC and organic acid such as
DCA, the equilibrium constant s depends on both
T and the mole fraction of DCA considered as
dimer, xp. It has been shown that'’**

s=50/(1+ Kxyp) 12)

where s, is the value of s in the less polar solvent
and K is the association constant between the
peptide residue and DCA dimer. K and s, are
functions only of T and can be expressed as

so=exp [—(4H,—T4S,)/RT] (13)
K=exp [—(4H,—T4S,)/RT] (14)

where R is the gas constant and 4H,, 4S,, 4H,,
and 4S8, are the parameters independent of 7. If
the values of these parameters are available, eq 12
combined with eq 13 and 14 permits the estima-
tion of s as a function of T and x,. Using the
reported results for [Glu(OBzl)],"* and [Lys-
(Cb2)],,"* we calculated sq and sy, in a DCA/EDC

Polymer J., Vol. 11, No. 1, 1979
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mixture (55-vol%, DCA) as functions of T (see
Table II) and are designated as Sq,extp @0d S5, 0xtps
respectively. The values for [Glu(OBzl)], thus
estimated are in excellent agreement with those
directly obtained and listed in Table II, thus
justifying the extrapolation procedure based on
eq 12. The same procedure was employed to
estimate Sg,oxep a0d S1,,extp i the 50- and 60-vol %
DCA mixtures.

Analysis of Copolypeptide Data

Equation 11 may also be used for block copoly-
peptides, but this time b,® and 5,° must be allowed
to vary with the residue composition of the sample.
Since b, contains the contributions from Glu(OBzl)
and Lys(Cbz) residues, it may be written

bt =o)X+ )e(1—X) (E=HorC) (15

where X denotes the mole fraction of Lys(Cbz)
residue and (bo*)s and (b,%)y are the values of b,
at the specified conformation & of Glu(OBzl) and
Lys(Cbz), respectively. The reported values of
(55 and those of (b,*)e obtained above were
substituted into eq 15 and 11 to determine the
helical fraction of each sample.*

For the triblock copolypeptides treated here, it
is assumed that m=p=Ngy/2 and n=N;. Thus
the theory gives 0y as a function of sg, g, Sy, 0,
Ngand N;. Inorder to analyze the block copoly-
peptide data, the values of N¢ and Ny, in Table I
are used for Ny and N,. Since ¢ is essentially
independent of solvent composition and tempera-
ture,” **'*® 64''* and ¢,'/* are taken to be 0.0095
and 0.003, respectively, the average values reported
for these polypeptides in DCA/EDC mixtures.'"***

Figure 8 shows transition curves of sample GLG-
331 in DCA/EDC mixtures of three different com-
positions. In this figure, the solid lines represent

* Equation 11 with b,¢ given by eq 15 yields an ap-
proximate value of 6y when (be™)e—(5e%)e#(be™),—
(b®). A more rigorous treatment is to analyze the
quantity Fy defined by Fy=>bo/(bo™)s, which is theo-
retically expressed as

Fy=(Q/N) X 2 ksolNep
¢=G,L ¢=H,C

with

kzp=(bo*)o/(boM)a
where <N&)p denotes the average number of residues p
in the conformation £. It was found that although 6
and Fy differed numerically, this fact had no serious
effect on the result of the analysis.

Polymer J., Vol. 11, No. 1, 1979

10
GLG-33!
= -
@ 0.5
0 T . L :
(0] 10 20 30 40 50

Temp, (°C)

Figure 8. Comparison between theoretical and ex-
perimental values of ¢y for sample GLG-331 in three
DCA/EDC mixtures. The circles denote exprei-
mental values: O, 50-vol%, DCA; 0, 55-vol%; @,
60-vol%. The solid lines represent the theoretical
curves calculated without considering the boundary
effect, while the dashed lines represent the theoretical
curves calculated by taking the boundary effect into
account. The values of Sg,exip and S, ex1p determined
by eq 12 and ¢¢¥2=0.0095 and ¢./2=0.003 were used
for the calculation.

the theoretical 0y values calculated by means of
eq 10 with the values of 5g,0x1p aNd 51,651, €Stimated
by eq 12. It is seen that for either solvent mixture,
the theoretical values of 6y are much smaller than
the experimental values indicated by circles. Thus,
eq 10 combined with the homopolypeptide data is
not satisfactory for explaining the transition be-
havior of the block copolypeptides.

There are two possible reasons for this failure
of eq 10. One of them may be an underestima-
tion of sy,,ex1p, Which naturally leads to an under-
estimation of §y. The parameters needed to cal-
culate $y,,0x4p Were determined by using ORD data
taken at low DCA contents. The long-range ex-
trapolation by eq 12 to obtain sy, x4y values at DCA
contents appropriate to the block copolypeptides
studied here may give rise to considerable error in
the estimated sy, .xy. However, examination of
the original data for [Lys(Cbz)], suggested that
such error, if present, should result in an over-
estimation of sy, .5y, t0o some extent. This is con-
trary to what is expected from the results shown
in Figure 8. Thus, the first possibility cannot be
of any essential importance.

In an a-helical conformation, one hydrogen
bond is to be formed between i-th and (i+4)-th
peptide residues encompassing the three residues

77



N. NisHiokA and A. TERAMOTO

in between. To be consistent with this structure,
the statistical weight matrix P is associated with
the central residue in three consecutive residues.
In this way, interactions among at least three con-
secutive residues are taken exactly into theoretical
consideration. Thus, it follows that, to the same
approximation, four residues at a block boundary
should be given statistical weight matrices different
from the rest. For simplicity, we assume here that
a certain number JN of Lys(Cbz) residues located
at the boundary give the statistical weight matrix
for Glu(OBzl) residue. The dashed lines in Fig-
ure 8 represent the theoretical values calculated
with N=2. Agreement between theory and ex-
periment is excellent for the 50-vol % mixture, but
is not so good for the other mixtures. It has been
found that all the experimental data can be brought
to moderate agreement with the theoretical values
if 6N is taken to be 2.541.

Next the same assumption of 0N=2 and the
Sa,0xtp cOmputed above were used to obtain fy as
a function of sy, and the value of s;, which gave
the experimental #y was sought out by trial and
error. The values of sy, thus estimated for differ-
ent samples at fixed solvent conditions scattered
considerably, and their average was denoted by
{sp>. Figure 9 shows a comparison of the theo-
retical curves calculated with <{s;> thus estimated
and the experimental data for three DCA/EDC

1.0

(60 vol % DCA

Temp. (°C)
Figure 9. 0y against temperature for GLG block

copolypeptides in three DCA/EDC mixtures. The
solid lines represent the theoretical curves calculated
by considering the boundary effect into account with
Sa,extp and <{s1>: @, GLG-12; ©, GLG-22; O, GLG-
331; 0, GLG-42; @, GLG-52.
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Figure 10. Plots of (51> against sy, ex;p as functions
of solvent composition: @, 50-vol%, DCA; O, 55-
vol%; ©, 60-vol %.

mixtures (50-, 55-, and 60-vol %, DCA). The agree-
ment between theory and experiment is satisfactory
except for samples GLG-12 and GLG-52. Figure
10 shows plots of s> Vs. Sy, cxip fOr the three sol-
vent mixtures. It can be seen that <{s;> follows
approximately sy, x4, Which justifies the assump-
tion introduced. Thus we may conclude that the
present analysis provides evidence for the confor-
mational induction between adjacent Glu(OBzl)
and Lys(Cbz) residues, which helps stabilize the
helical conformation. It must be noted, however,
that the experimental data are not detailed enough
to permit a separate estimate of the two factors
involved in this effect, i.e., the number of the
boundary residues concerned and their statistical
weights. In this connection, it is worthwhile to
remark about a recent finding of Itou, et al.," that
the helix stability of alternating copolypeptide
[Lys(Cbz)—Glu(OBzl)], in DCA/EDC mixtures
is appreciably greater than that expected from the
constituent homopolypeptides data. It is assumed
in the ““host-guest” technique of Scherage that the
statistical weight of a given residue is independent
of its location. Obviously, this assumption does
not hold for the block copolypeptide studied here
and the alternating copolypeptide examined by
Itou, et al*® In order to elucidate molecular
mechanisms responsible for the conformational
induction, investigations into sequential polypep-
tides of various combinations and arrangements
of residues are in progress in our laboratory.
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