
Polymer Journal, Vol. 4, No. 3, pp 323-331 (1973) 

Solution Properties of Synthetic Polypeptides. XIII. 
Dimensions of Interrupted Helices of 

Poly(r-benzyl L-glutamate) 

Takashi NoRISUYE, Akio TERAMOTO, and Hiroshi FUJITA 

Department of Polymer Science, Osaka University, Toyonaka 560, Japan. 

(Received June 27, 1972) 

ABSTRACT: The helix-coil transition of poly(r-benzyl L-glutamate) in dichloroacetic 
acid containing 8.3-wt% cyclohexanol was studied by light-scattering and optical rota
tion measurements. Data for the mean-square radii of gyration <S2) were analyzed by 
the method of Teramoto, et al., with the aid of the transition parameters estimated 
from the optical rotation data, yielding 1.53±0.1 A for the pitch per monomeric residue 
in helical sections. This value is in excellent agreement with that of 1.5 A expected 
for the a-helix, and confirms the recent result of Okita, et al., for poly-[N5-(3-hydroxy
propyl) L-glutamine]. Light-scattering measurements were also made with solutions of 
a helicogenic solvent, dimethylformamide (DMF). The values of the pitch calculated 
directly from <S2) data in DMF were smaller than 1.5 A and showed a trend to decrease 
slightly with increasing molecular weight, being in accordance with data of previous 
workers. This trend was successfully interpreted in terms of the interrupted helix 
model when the experimental values of the transition parameters for the helicogenic 
solvents was used. 

KEY WORDS Helix-Coil Transition / Light Scattering / Inter-
rupted Helix / Poly(r-benzyl L-glutamate) · / Mean-Square Radius 
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In Part IX of this series, with light-scattering 
and optical rotatory dispersion (ORD) data for 
poly-[ N 5 -(3-hydroxypropyl)L-glutamine] (PHPG) 
in mixtures of water and methanol, Okita, et al., 1 

demonstrated for the first time that molecular 
dimensions of interrupted helices can be de
scribed quantitatively by the theory due origin
ally to Nagai,2 although, in actually, its approx
imate form deduced by Teramoto, et al., 3 was 
used. We here report a similar work performed 
with poly(r-benzyl L-glutamate) (PBLG) in order 
to attest the validity of Nagai's theory. For 
this purpose, we selected dichloroacetic acid 
(DCA) containing 8.3-wt% cyclohexanol (CHL) 
as the solvent. The reason is based on the 
finding by Strazielle, et al., 4 and is twofold: 
(1) DCA and CHL have almost identical re
fractive indices so that light-scattering measure
ments in their mixtures escape from the effect 
of preferential adsorption, and (2), at the solvent 
composition chosen, the conversion of PBLG 
from coil to helix may occur at temperatures 

convenient for light-scattering and polarimetric 
measurements. 

Dimethylformamide (DMF) and ethylene di
chloride (EDC) are familiar helicogenic solvents 
for PBLG. If the a-helix formed by the PBLG 
chain in such a solvent is intact and rigid, 
light-scattering determination of the mean-square 
radius of gyration, <S2), should yield a value 
of 1.5 A for the pitch per monomeric residue, 
h, regardless of the molecular weight of the 
sample used. Measurements by previous in
vestigators, 5- 9 however, did not always sub
stantiate this prediction, showing that the values 
of h computed from the measured <S2) 112 

divided by the degree of polymerization were 
smaller than 1.5 A and decreased monotonically 
with increasing molecular weight. This pheno
menon has been attributed either to a certain 
flexibility or an imperfection of the helix. 10 We 
felt it worthwhile to provide further experi
mental data on the molecular weight dependence 
of h, and conducted measurements of <S2) for 
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several well-fractionated samples of PBLG in 
DMF. The results obtained are also reported 
in this paper. 

EXPERIMENTAL 

Polymer Samples and Solutions 
Seven samples of PBLG prepared and care

fully fractionated in this laboratory were chosen 
for the present work. Three of them, designated 
below as E-1, E-3, and A-6, had been used for 
the study reported in Part X. 11 Each sample 
was freeze-dried from a dioxane solution and 
further dried overnight in a vacuum oven at 
40°c. 

Mixtures of DCA and CHL were quite un
stable, regardless of the presence or absence of 
the polypeptide solute. This was presumably 
due to either oxidation of CHL or ester forma
tion between the two components. Hence, we 
made up each test solution in such a way that 
first the polymer was dissolved in DCA and 
then CHL was added to the desired solvent 
composition, and then attempted physical meas
urements on it as quickly as possible. 

Solvents 
CHL was fractionally distilled under reduced 

nitrogen atmosphere, bp 68.0°C (16 mm), and 
DCA and DMF were purified as described pre
viously.11 

The refractive indices of the purified solvents 
were measured, yielding 1.439 at 436 nm and 
1.431 at 546 nm for DMF at 25°C, and 1.467, 
1.466, and 1.464 at 546 nm for the DCA-CHL 
mixture (DCA containing 8.3-wt% of CHL) at 
20°, 25°, and 30°C, respectively. The densities 
of this mixture at 20°, 30°, and 40°C were 
1.484, 1.471, and l.458g/ml, respectively. Values 
of the refractive index and density of the mix
ture at other temperatures were estimated by 
either extrapolation or interpolation of these 
experimental values. 

Optical Rotation Measurement 
Specific rotation for light of wavelength 546 

nm, denoted below by [a]546 , was measured for 
samples E-1, E-3, E-4, and A-6 in the DCA
CHL mixture at various temperatures in the 
range 10-30°C. The measured values of [a]546 
were then converted to the helical contents, f N, 

324 

by using the empirical relation12 

f N=([a]546 +21.5)/4l.2 (I) 

where the subscript N to f denotes the degree 
of polymerization of the sample. 

Specific Refractive Index Increment dnjdc 
For a suitably chosen sample this quantity 

in DMF and in the DCA-CHL mixture was 
determined at 25°C by means of a differential 
refractometer of the modified Schulz-Cantow 
type. The values obtained were 0.121 0 (ml/g) 
at 436nm and 0.1171 at 546nm for DMF, and 
0.0925 at 546 nm for the DCA-CHL mixture. 
Further measurements with samples of different 
molecular weights revealed no detectable de
pendence of dn/dc on molecular weight, both 
in DMF and in the DCA-CHL mixture. For 
the reason previously mentioned by Okita, et 
al.,1 therefore, we ignored the copolymer nature 
of the interrupted helix in the ensuing analysis 
of light-scattering data. 

Light-scattering Photometry 
Except for minor points, the same apparatus 

and experimental procedures as in our previous 
studies of this series were employed. For the 
calibration of the photometer we here assumed 
the Rayleigh ratio for pure benzene at 25°C to 
be 46.5 x 10-6 at 436 nm and 16.1 X 10-6 at 546 
nm, 13 differing from Part X in which this ratio 
at 436 nm had been taken to be 48.5 X 10-6 • 

Because of this alternation, the values of weight 
average molecular weight Mw reported for 
samples E-1 and E-3 in Part X were lowered 
by about 5 % when quoted in the present paper. 

For the study of molecular dimensions in DMF 
we chose samples E-1, F-2, E-2, A-X, and E-3, 
and carried out measurements at 25°C. On the 
other hand, the behavior in the DCA-CHL 
mixture was examined with samples E-1 and 
F-2, the temperatures of measurement being 
varied in the range 10-30°C. 

RESULTS 

Evaluation of Transition Parameters 
Figure 1 shows transition curves ([a]546 vs. 

temperature) for PBLG of different molecular 
weights in the DCA-CHL mixture. Plots of 
f N vs. N,,, -1 calculated from these curves are 
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.Figure 1. Temperature dependence of specific ro
tation at 546 nm, [a]s4s, for PBLG in DCA con
taining 8.3-wt% CHL as a function of molecular 
weight. 
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Figure 2. Plots of f N vs. Rn-1 for PBLG in the 
DCA-CHL (8-3-wt% CHL) mixture at 30, 25, 
22.5, 21, 19, and 17°C from top to bottom. 

Table I. Numerical values of the transition param
eters f, ./a, and In u for PBLG in DCA 

containing 8.3-wt% cyclohexanol 

Temp, °C f ,Vax 102 Inuxl02 

10 0 
15 0.045 0.8 -3.s 
17 0.140 0. 73 -1.73 
19 0.41 0.85 -0.32 
20 0.55 0.8s 0. ls 
21 0.6s 0.87 0.57 
22.5 0.761 0.87 l.0s 
25 0.822 0.89 1.6s 
30 0.84s 1.40 2.61 

Polymer J., Vol. 4, No. 3, 1973 

displayed in Figure 2. Here Rn is the number
average degree of polymerization of the sample. 

As expounded in detail in Part Vl, 14 the 
straight lines fitting the data points in Figure 2 
permit the computation of the parameters /, 
-v'a, and In u as a function of temperature. 

Here u is the equilibrium constant for the 
formation of helix from random coil, a is the 
cooperativity parameter or the helix-initiation 
parameter, and / is the value of/ N for infinite 
N. Table I summarizes the results of this com
putation. It is seen that the values of ra 
obtained are almost constant in the temperature 
range studied. Similar results for -v'a were 
obtained in our previous investigations dealing 
with PBLG and poly(,8-benzyl L-aspartate) in 
mixtures of DCA and EDC. 11 • 15 A value of 
860±80 cal/mol is obtained for the transition 
enthalpy at the transition temperature Tc= 
19.5°C. 

Results from Light-scattering Measurements 
Experience shows that extrapolation of Kc/Ro 

at fixed scattering angle 0 to zero concentration 
is facilitated by plotting the square root of 
Kc/R0 against solute concentration c. Here K 
is the familiar optical constant, and R0 is the 
reduced intensity of scattered light. Figure 3 
shows plots of this type for sample E-1 in DMF 
at 25°C. It is seen that the data points at each 
0 can be extrapolated linearly to infinite dilution. 
In Figure 4, the inverse square root of particle 
scattering function P(0) for five samples in 
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Figure 3. Representative plots of (Kc/R0) 112 vs. c 
for sample E-1 in DMF at 436 nm as a function 
of scattering angle. 
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Figure 4. Plots of P(0)-112 vs. sin2 (0/2) for PBLG 
samples in DMF at 436 nm. The dashed line in
dicates the initial tangent for each curve. 

DMF at 25°C is plotted against sin2 (0/2). The 
initial tangents of the plots for lower molecular 
weight samples can be determined accurately, 
since the plots are linear over a fairly wide 
range of the abscissa. On the other hand, in 
the plots of higher molecular weight samples 
E-1 and F-2, only a few points at low scatter
ing angles follow a straight line. making it 
difficult to determine the initial tangents with 
certainty. 

Under such situation, one will be led to a 
somewhat underestimated value for the mean
square radius of gyration, <S2). On the con
trary, if the data were analyzed in terms of 
the usual Zimm plot, in which P(0)-1 is plotted 
against sin2 (0/2), one would obtain an <S2) 

value overestimated to some degree. Based on 
these considerations, we treated the raw data 
for samples E-1 and F-2 by the above-men
tioned two types of plot, and took the average 
of the resulting <S2) as the desired one for each. 

Data for Kc/R0 as a function of c can also 
be analyzed conveniently by plotting their square 
root against c, the weight-average molecular 
weight, Mw, of the sample and the second virial 
coefficient of the solution, A2 , being obtainable 
from the intercept and initial slope of the result
ing j:!lot. Plots of this type for the five samples 
in DMF at 25°C are displayed in Figure 5. 
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Figure 5. Plots of (Kc/Ro) 112 vs. c for the indicated 
samples in DMF at 436 nm. Ro denotes the value 
of Ro at 0=0. 

Table II. Light-scattering data for PBLG 
in DMF at 25°C 

Sample Mw Mn A2X 104, <s2~112, h,A. X X code 10-4 10-4 m/mol/g2 A 

E-1 56.7 42.2b 2.24 1020±70 1.36±0.09 
F-2 47.7 2.54 765±15 1.22±0.02 
E-2 23.7 2.4s 450 1.44 
A-X 18.8 2.53 36s 1.4s 
E-3 15.8 12.Sb 2.7s 31s 1.51 
E-4 8.08 • 7. l4b 3.2s 0 

A-6 3. 7o• 3.2ob 5.5° 

• From sedimentation equilibrium measurements. 
b Taken from Part X11 except for sample E-4. 
° From osmotic pressure measurements. 

Numerical values of Mw, A2 , and <S2) 1/ 2 ob
tained in these ways from measurements in 
DMF at 25°C are collected in Table II. The 
last column lists the values of h, the pitch per 
monomeric residue, calculated from Mw and 
<S2), with the straight rod being postulated for 
the molecular shape of PBLG in this solvent. 
They are definitely smaller than 1.5 A character
istic of the rigid intact a-helix, and have a 
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Figure 6. Plots of (Kc/R0) 1/ 2 vs. c for samples E-1 
in DMF and in the DCA-CHL mixture at 25°C. 
(0) DCA-CHL at 546 nm, (0) DMF at 436 nm, 
and (e) at 546 nm. 

trend of decreasing with increasing Mw. This 
result confirms those found by previous 
authors. 5- 9 Interpretations for it will be dis
cussed in a later section. 

Figure 6 compares plots of (Kc/R0) 112 vs. c for 
sample E-1 in the DCA-CHL mixture at 25°C 
with those for the same sample in DMF at the 
same temperature. The data with the mixture 
are for light of wavelength 546 nm, and those 
with DMF are for two wavelengths 436 and 
546 nm. It is observed that the plots obtained 
under different experimental conditions are 
extrapolated to an identical intercept, yielding 
the same value for Mw. The same was true for 
sample F-2. These results confirm a similar ob
servation with this solvent system by Strazielle, 
et al. 4 Thus, we may expect that other molec
ular parameters can be obtained from the data 
for the DCA-CHL mixture without being dis
turbed by the preferential adsorption of DCA 
molecules onto the polypeptide chain. 

Particle scattering functions P(0) for sample 
E-1 in the DCA-CHL mixture at various tem
peratures appear plotted in Figure 7, where the 
data for this sample in DMF at 25°C are in
cluded for comparison. The data points for 
the mixed solvent are fitted by a straight line, 
ragardless of the temperature of measurement. 
The slope of the line increases with rising tem
perature, which implies that the molecular 
radius of the polypeptide becomes larger as the 
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Figure 7. Representative plots of P((})-1/ 2 vs. 
sin2 (0/2) for sample E-1 in the DCA-CHL mix
ture and in DMF at the indicated wavelength 
and temperatures. 

temperature is raised. This behavior is a 
manifestation of the thermally-induced conver
sion of the chain from random coil to helical 
conformation. This fact can be seen more 
clearly. in Figure 8, in which the values of 
(S2) 112 for samples E-1 and F-2 in the DCA
CHL mixture are plotted against temperature, 
together with the values for the same samples 
in DMF at 25°C; here the latter values may 
be regarded as the ones for essentially perfect 
helices. It is important to observe that, even 
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Figure 8. Temperature dependence of (S2)1/2 for 
samples E-1 (0) and F-2 (0) in the DCA-CHL 
mixture and in DMF. Nw denotes the weight
average degree of polymerization. 
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at the highest temperature studied, the value 
of (S2) 112 for each sample in the mixed solvent 
is much smaller than that in DMF. The im
plication is that the transition with respect to 
molecular dimensions is still on its half way 
to helix at such a temperature. Our curve for 
sample E-1 bears close resemblance to that re
ported for a PBLG sample (Mw=58 X 104) in a 
DCA-cyclohexane mixture by Strazielle, et al., 4 

with the exception that these authors observed 
a shallow minimum in the neighborhood of the 
transition temperature. Values of <S2) 112 and 
A2 for samples E-1 and F-2 in the DCA-CHL 
mixture are collected in Table III. 

Table III. Numerical results of <S)1/ 2 and A2 
for PBLG E-1 and F-2 in DCA containing 

Temp, oc 

10 
15 
17 
19 
20 
21 
22.5 
25 
30 

8.3-wt% cyclohexanol 

E-1 

<S2)112, A2X 104, <S2l12, 

<( 

A m/mol/g2 A 
341 3.32 326 
353 3.62 324 
372 3.25 33s 
442 2.84 366 
430 3.14 382 
47a 3.25 4h 
49s 2.89 449 
532 2.97 480 
550 2.h 499 

600,----------
PBLG 

500 
C\J .... -....... 
C\J 
Cf) 
V' 

400 

0.5 

fN 
1.0 

F-2 

A2X 104, 
m/mol/g2 

3.30 
3.22 
3.27 
3.4s 
2.77 
2.8s 
2.8s 
2.85 
2.57 

Figure 9. Variation of <S2) 1/ 2 with helical con
tent f N for samples E-1 (0) and F-2 (0) in the 
DCA-CHL mixture. 
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The data are combined with the correspond
ing data for f N as a function of temperature 
(obtained from the measurements of [a)546) to 
obtain the relation between (S2) 112 and f N· 

The results are shown in Figure 9. The curves 
have essentially similar features to those reported 
for PHPG in water-methanol mixtures by Okita, 
et al. 1 

Finally, we wish to mention something about 
the light-scattering measurements conducted 
with solutions of samples E-1 and F-2 in mix
tures of DCA and EDC (65 and 70 vol% of 
DCA) and in pure DCA. The data for these 
mixtures exhibited an unusually small or almost 
vanishing angular dependence of the intensity 
of scattered light, both at 436 and 546 nm, and 
yielded absurdly small molecular weights and 
dimensions. These findings are consistent with 
the observations by Strazielle, et al.,4 who 
studied a PBLG sample in a DCA-EDC mix
ture of similar composition with light of wave
length 546 nm. They attributed the anomalies 
to the preferential adsorption of DCA molecules, 
but this possibility may be ruled out, since we 
observed similar phenomena even in pure DCA. 
Further investigations of this problem are highly 
desirable. 

DISCUSSION 

Analysis of the Data for <S2) in the DCA-CHL 
Mixture 
As has been shown in Part VII,3 Nagai's ex

pression for (S2) of an interrupted helix can 
be simplified, under appropriate conditions for 
N (degree of polymerization of the polypeptide) 
and a, to give 

HifH2=b/+b/(HafH2) ( 2) 

where 

( 4) 

( 5) 

and 

( 6) 
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The expression for Q(/3, f) is lengthy, so the 
reader should consult Part VIl3 for it. The 
quantities h0 and h1 have a physical significance 
such that the former is the effective bond length 
of randomly coiled portions in the interrupted 
helix and the latter is the pitch per monomer 
residue in its helical portions. 

If both h0 and h1 are constant in the sub
:Stantial range of the transition from random 
coil to helix, it follows from eq 2 that a plot 
,of HifH2 against HafH2 should give a straight 
line, regardless of the molecular weight of the 
polypeptide sample, and that one can evaluate 
b0 and h1 from the intercept and slope of the 
line. With the numerical data for samples E-1 
and F-2 in the DCA-CHL mixture (Tables I 
and III), we computed HifH2 and H 3H 2 and 
obtained the plot as shown in Figure 10. As 
expected, the plotted points obey a linear re
lation, giving 1.53 ±0,10 A for h1 • The intercept 
,of the line indicated is too small to be determined 
with precision. Therefore, we estimated h0 from 
the <S2) values actually obtained at l0°C, at 
which the helical content was essentially zero 
for either sample, and obtained h0= 16.9±0.2 A. 

60 r-----------~ 

50 

40 

~o 

1 2 

H/H2 x lQ-3 

Figure 10. Analysis of <S2> data for PBLG in 
the DCA-CHL mixture in terms of the H1/H2 
vs. H 3H2 plot (eq 2). The symbols are the same 
as those in Figure 9. 
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This h0 value is in agreement with 16.7 A, which 
can be calculated from the data of Strazielle, 
et al.,4 for a PBLG sample (Mw=58 X 104) in a 
DCA-cyclohexane mixture at 15°C. 

These results are similar to those derived by 
Okita, et al., 1 for PHPG in water-methanol 
mixtures. Our value of h1 again compares favor
ably to 1.5 A expected for the a-helix. The 
disparity of our h0 value from the Brant
Flory16 value for unperturbed polypeptide chains 
(11.3 A) also may be attributed to the excluded
volume effect, as has been advocated by Okita, 
et al., in their paper on PHPG. 

The linear relation displayed in Figure 10 
does not necessarily require that the parameter 
h0 be strictly constant through the transition 
region. As can be seen, the intercept of the 
plot is so small that the first term on the right
hand side of eq 2 is almost negligible in com
parison with the second term except at very 
small values of H 3/H2 • 

Accordingly, one would obtain an equally 
good straight line if h0 varied rather appreciably 
by the excluded-volume effect. All that we 
need for a straight line to be obtained in the 
systems studied is that the parameter h1 remains 
constant over the helix-coil transition region, 
or more specifically speaking, for values of f 
larger than 0.5, because the plot of this type is 
governed overwhelmingly by the data for such 
relatively high helical contents. 

In sum, our light-scattering measurements on 
PBLG in the DCA-CHL mixture lend experi
mental support to the validity of Nagai's theory2 
for the molecular dimensions of the interrupted 
helix. 

The Helix Pitch as a Function of Molecular 
Weight 

The values obtained for the helix pitch h of 
PBLG in DMF at 25°C are plotted against Mw 
in Figure 11, wherein the data reported by 
previous authors6- 9 for the same polypeptide in 
DMF and in EDC are also shown for com
parison. The plotted points are in considerable 
scatter, reflecting the difficulty of measuring 
molecular dimensions of a rodlike macro
molecule, on one hand, and the possible dif
ference in polydispersity among the samples 
used by different authors, on the other hand. 
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Figure 11. Molecular weight dependence of the 
pitch per monome.ic residue, h, for PBLG in DMF 
and EDC derived from light-scattering measure
ments. Data in DMF: (0) present work, (0-) 
Fujita, et al., 8 (reanalyzed by the procedure de
scribed in the text), and (EB) Moha et a[.,6 Data 
in EDC: (e) Moha, et al., 6 (ct) Wallach and 
Benoit,7 and (•) Jennings and Jerrard. 9 The solid 
line denotes the value expected for the a-helix, 
and the dashed lines represent the theoretical 
values which were calculated from Nagai's ex
pression2 for <S2) by using the respective sets of 
the transition parameters indicated (see text). 

Nevertheless, these data lead to the belief that 
the quantity h calculated from the observed 
(S2) and Mw with the assumption of a straight 
rod for the molecule decreases monotonically 
as Mw becomes higher. This trend, if real, 
implies either (1) that the a-helix formed by 
PBLG in helicogenic solvents is intact but has 
a certain flexibility as a whole or (2) that the 
helix contains a small number of defects in 
which a few monomer units are not completely 
hydrogen bonded with the neighboring units 
and thus allow the molecular rod to bend at 
their position. In the case (1), the molecule is 
compatible with the wormlike chain, whereas 
in the case (2), the molecule is a limiting form 
of the interrepted helix in which the content 
of randomly coiled portions is very small. 

Some groups of authors6 • 7 • 17 - 18 attempted to 
use the wormlike chain model in the analysis 
of light-scattering and hydrodynamic data for 
polypeptides in helicogenic solvents. However, 
they were led to a conclusion inconsistent with 
the a-helix. This appears to be the most serious 
argument against the wormlike chain model for 
polypeptides, since one now has much evidence 
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for the a-helical conformation in solution.17•20 ·21 

On the other hand, Miller and Flory1° have 
suggested the use of interrupted helices, present
ing several sets of values of a and u which 
accounted for experiment satisfactorily. In this 
case, a question arises whether the values chosen 
for their numerical computation correspond to 
the actual situation with PBLG or other poly
peptides in helicogenic solvents. The direct 
answer can be obtained by studying the way 
in which the helical content of a given poly
peptide varies with the molecular weight of the 
sample, especially in the range of low molecular 
weight. In fact, as will be reported elsewhere, n 

one of the present authors has analyzed ORD 
data for a series of low molecular-weight PBLG 
samples in DMF of 20°C by Nagai's theory, 
and obtained U=l.5±O.1 and ./a =(4.5±1.0) 
x 10-2 as rough estimates. 

In Part XI, Sayama, et al., 15 proposed an 
indirect means whereby the values of u and a

are estimated from polarimetric data for mixed 
solvents at various compositions, although their 
theory was formulated on a certain specific 
mechanism for the binding of the helix-break
ing solvent on the polypeptide chain. From the 
analysis of the data for DCA-EDC mixtures, 
they obtained ./a =2.8X 10-2 and U=l.7 for 
PBLG in pure EDC at 25°C. This set of values 
compares favorably to that obtained directly 
for DMF, and is consistent with those which 
were assigned by Miller and Flory1° in their 
comparison of theory and experiment. 

The dashed lines in Figure 11 represent the 
theoretical values corresponding to these two 
sets of values. The data points fall in the 
region between the two lines, and agreement 
of theory and experiment may be regarded as 
satisfactory. Calculations showed that, over the 
range of Mw above 105, the helical contents 
were not different from unity more than 0.6% 
with the first set of the transition parameters and 
0.1% with the second set. This implies that 
under the experimental conditions in which the 
data points shown in Figure 11 were obtained,_ 
the polypeptide samples used were in the state 
which was polarimetrically indistinguishable 
from the perfect helix. 

Finally, we calculate, by using Nagai's ex
pression, the average number of helical sections 
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in the chain for the case U=l.7 and Va=2.8 
x 10-2 • Then we obtain l.2 at N=500, l.4 at 
N= 1000, 2.2 at N=3000. Thus, on the average, 
the PBLG chain having an N of 2560 (56 x 104 

in terms of molecular weight) assumes the form 
of a once-broken rod when dissolved in EDC. 
It can be shown that if the break in such a 
rod is completely flexible and occurs at any 
position with equal probability, the chain is 
characterized by an h of 1.34 A. Interestingly, 
thill value is in close agreement with the ob
served h for sample E-1 and also with the 
caluclated one which is read off the dashed line 
(Figure 11) at Mw=56x 104. 
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