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Determination of the Cooperativity Parameter o
from Viscometric Data of Poly-L-Glutamic Acid-Na
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SUMMARY

Viscometry of PLGNa solutions was performed for
various degrees of neutralization a. The cooperativity
parameter ¢ in the helix-coil transition was estimated
using Ptitsyn’s method with some modifications. The
increase of o thus obtained with decreasing o is ex-
plained in terms of the a dependence of short-range
interactions of PLGNa segments.

The helix-coil transition of polypeptides is
characterized by two equilibrium constants s and o ; s
applies to the growth of the helical part in the poly-
mer chain and ¢ to the initiation and is called " co-
operativity parameter ". The smaller o, the sharper
becomes the transition and eventually " the all or
none " type.

Methods of determining ¢ have been proposed by
many workers (ZIMM et al. 1959, APPLEQUIST 1963 and
HAYASHI et al. 1969), and one of these methods
(APPLEQUIST 1963) makes use of calorimetric data on the
thermally induced transition. 1In the case of pH in-
duced transitions of ionic polypeptides such as poly(
L-glutamic acid) (PLG) or poly(L-lysine) (PLL), a method
based on potentiometric titration data has been pre-
sented by NAGASAWA and HOLTZER (1964).

PTITSYN et al. (1965) developed a method using
viscometric data and applied it to the helix-coil tran-
sition of PLGNa and PLL (BYCHKOVA et al. 1971 and
BARSKAYA et al. 1971). They introduced Eq.(l) to
express <R?>, the mean square end-to-end distance of a
helix-containing polypeptide chain, as a function of o
and 6, the helix content (PTITSYN 1967).

<R*> = (1-0)<R®>_ + 2Nb§93/2//ETI:§T (1)

where <R2>c is the mean square end-to-end distance of
the random coil polymer, N the degree of polymerization.
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and by the helical segment length per monomer unit.
Eq.(2) obtained by the rearrangement of Eg.(l) was used
to evaluate o from the slope of the plot of f(e)aé/(l-e)
against (6/1-6)3/2. Here, o is the expansion factor
for the random coil polymer and b, is the unperturbed
segment length.

= 2 2 - 1. 203/2 ;21,2 —
£(68) = <R*>/<R®>_ = 1-8 + 2b 6°/*/0’b’/c(1-6) (2)

<R2>/<R2>c and a? were obtained by equating these to

([n1/[n]c)2/? and (Inlc/[nly)?/?, respectively. While
[nlcgswr the intrinsic viscosity extrapolated to infi-
nite concentration of added electrolyte, was used for
[n], under theta conditions, this is not appropriate
here as pointed out by the present authors because [n]g,
is greater than [n]eg,e for PLGNa in ag. NaCl solution
(SATOH et al.).

In this communication we present the modification
of Ptitsyn’'s method to determine ¢ from viscometric
data.

Viscosity measurements were made to determine
the intrinsic viscosity of PLGNa in agq. 0.1M NaCl solu-
tion and ag. 0.05M NaCl solution containing 20 vol.%
isopropanol at 25 ¥ 0.05°C. The helix content was es-
timated by 8 = - [0]122./40,000 using [0)222, the molar
ellipticity at 222 nm obtained by circular dichroism
measurements. The molecular weights of PLGNa used
were 14.7 x 10" and 10.6 x 10*. The experimental de-
tails are described elsewhere (SATOH et al.). The re-
sults are shown in Figs.l and 2 and TABLE 1.

DISCUSSION

The first problem in Ptitsyn’s method is the use
of [n]c in the alkaline region to calculate <R?>
(BYCHKOVA et al. 1971 and BARSKAYA et al. 1971). This
is inappropriate since the intrinsic viscosity of PLGNa
changes with the charge density of the polymer as shown
in Fig.l. The dependence of [n] on the degree of neu-
tralization o should be taken into account, because the
decrease of o gives rise to the coil-helix transition.
[n] of PLGNa decreases linearly with o in the random
coil region(1l.020>0.7) and the deviation below o = 0.7
should be attributed to the conformational change of
the polymer. A hypothetical [n], must be estimated,
therefore, in the transition region. Here we obtain
[nl; by assuming a linear dependence in the entire
range, even in the transition region. This assumption
may be, at least to a certain extent, supported by the
fact that the linear part extends to a = 0.6 if the
transition region is lowered to below a = 0.6 by rais-
ing the temperature to 50°C (Fig.2).
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The second problem concerns the use of Eqg. (2) to
obtain ¢. As a, and b, change with a, o cannot be e;—
timated by the plot of f(6)a2/(1-6) against (8/1-8)3%/2,
¢ should be evaluated directfy from Eg.(l) using the
relation [n] = ®0<R2>3/2/M, where ¢, is the Flory con-
stant 2.87 x 102!. The values of ¢ thus obtained for
PLGNa in 0.1M NaCl and 0.05M NaCl-20 vol.% isopropanol
are shown in TABLE 1. o = 2.5 x 1073 for PLGNa(M = 9
x 10*%) in 0.2M NaCl at 22°C obtained by BYCHKOVA et al.
(1971) is compared with our ¢ = 2.5 x 107%~ 1.4 x 1073,
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Fig. 1. Plot of [n] vs. a for PLGNa solutions:

o PLGNa(M = 14.7 x 10%) - 0.1 M Nacl
® PLGNa(M = 10.6 x 10%) - 0.05 M NaCl - 20% isopropanol

—=-— : hypothetical [n]_
______ : hypothetical [n] calculated with ¢ = 1073
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considering the higher molecular weight of our sample.
o obtained as 2.0 x 10™%~ 1.0 x 10™° for PLGNa in 0.05M
NaCl-20% isopropanol is also interpreted in the same
way

TABLE 1 shows that in both solvent media ¢ in-
creases with decreasing o, even in the region 0.1<6<0.6
where Eq. (1) should be valid. Such a dependence of ¢
on o can be interpreted as being consistent with the
results of our previous report (SATOH et al.). The un-
perturbed segment length b, of PLGNa decreases with de-
creasing o, which means that the short-range interac-
tion is under the influence of the charge density.
Therefore, it is inferred that the decrease of o would
favorably initiate the helix formation through the de-
crease of the short-range interaction. As shown in
Fig.1l, hypothetical [n] values for PLGNa in 0.1M NaCl,
calculated by Eg.(l) with constant o, increase sharper
below o = 0.45~0.5 and similar to those in ag. organic
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Fig. 2. Plot of [n] and 6 vs. o for PLGNa in aq.
0.1 M NaCl solution at 50°C. The molecular weight
of PLGNa = 10.6 x 10%
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The intrinsic viscosity [nl] and the helix content 6

obtained for PLGNa in the two solvents,

and the

cooperativity parameter o calculated by Eq. (1)

PLGNa® in 0.1M NaCl

PLGNa® in 0.05M NaCl-

20 vol.% isopropanol

o (nl G o x 10° nl 8 o x 103
dl/g dl/g

1.00 2.22 1.76
0.90 2.02 1.64
0.80 1.84 1.53
0.75 1.44 0.05 0.05
0.70 1.61 1.29 0.14 0.22
0.65 1.20 0.20 0.34
0.60 1.32 0.18 0.28 1.12  0.36 0.57
0.55 1.12  0.52 0.86
0.50 1.06 0.35 0.78 1.13  0.64 1.3
0.45 1.03 0.47 1.0
0.40 1.04 0.60 1.4 1.30 0.87 3.6
0.35 1.07 0.66 1.7
0.30 1.12 0.76 2.4 1.43  0.95 9.8
0.20 1.51 1.0 -
a Molecular weight of PLGNa = 14.7 x 10*
b Molecular weight of PLGNa = 10.6 x 10"
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solvents. However, the increase of ¢ with decreasing a
can not be explained by the slight increase of [n] of
PLGNa in aq. NaCl solution below o = 0.45, because o in
ag. organic solvents is similarly dependent on o (TABLE
1) . Explanations for such difference in the [n] depend-
ence on a between the two systems are based on the
larger o and the incompleteness of the transition in
the aqueous solution. The main cause, however, may be
the larger slope of the [n]c dependence on a in aq.
NaCl solution, since the dimension of PLGNa in the
helix-coil transition region is given by the sum of the
contributions of random coil and helical parts as shown
by Eqg.(l). The larger the decrease of [n]. with de-
creasing o, the smaller is the contribution of the hel-
ical part. In fact, no minimum in the plot of [n]
against pH is observed for PLGNa in ag. 0.02M NaCl so-
lution where [n]C strongly decreases with a (PTITSYN et
al. 1967).

In conclusion, by some improvements of Ptitsyn’s
method, an increasing trend of ¢ with decreasing a of
PLGNa was observed and which is explained by the de-
creasing short-range interactions with decreasing a.
The dependence of ¢ on a is not to be considered as a
cause of the difference in the a dependence of [n] for
the two systems.

REFERENCES

934 (1963)

APPLEQUIST, J.: J. Chem. Phys., ég,
B.: Biopolymers, 10,

BARSKAYA, T. V. and PTITSYN, O.
2181 (1971)

BYCHKOVA, V. E., PTITSYN, O. B. and BARSKAYA, T. V.:
Biopolymers, 10, 2161 (1971)

HAYASHI, Y., TERAMOTO, A., KAWAHARA, K. and FUJITA, H.:
Biopolymers, 8, 403 (1969)

NAGASAWA, M. and HOLTZER, A.: J. Amer. Chem. Soc., 86,
538 (1964) -
PTITSYN, O. B. and SKVORTSOV, A. M.: Biophysics, 10,
1007 (1965) -
PTITSYN, O. B.: Conformations of Biopolymers, Vol.I,
p.381, Ramachandran Ed., Academic Press, New York-
London 1967

PTITSYN, O. B., BARSKAYA, T. V., BOLOTINA, I. A. and
ILLARIONOVA, N. G.: Biophysics, 12, 441 (1967)

SATOH, M. KOMIYAMA, J. and IIJIMA, T.: submitted to

J. Coll. Polym. Sci.

ZiMM, B. H., DOTY, P. and ISO, K.: Proc. Natl. Acad.
Sci. U. S., 45, 1601 (1959)

Received October 26 /November 22, 1979



