Notes to the Editor

Characterization of helical sense by infra-red
measurement

the amide I at 1650—1659 cm~1 and

the amide II at 1544—1548 cm—1. In
the special cases against the above rule
the left-handed poly(L-amino-acids) such
as poly [Asp(OMe)] and poly [Asp(OBzl)]
show the higher amide bands at 1666—
1668 and 1550 cm~1. The left-handed
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Infra-red spectroscopy is now established
as one of the most important and simple

listed in Table I including the DL-
polypeptides and the previous refe-

methods for the elucidation of polymer

rences. The results obtained have led

structures. Polypeptides or proteins ex-  us to the following conclusions. The

hibit characteristic infra-red bands at
about 1650 cm—! (amide I) and 1550
cm~! (amide IT). The dependences of
these amide I and II bands upon the
chain conformations have been found
and these bands have been used for
structure diagnoses of polypeptide
chain conformations. Miyazawa et al !
have calculated that the left-handed
helix of polypeptides should show the
amide I band 8 cm—!, and the amide
11 band 2 em—1, to higher frequencies
of the right-handed helix. The theore-
tical calculation has been borne out by
experiment both in solution and in the

typically a-helical poly(L-amino-acids)
such as poly [Glu(OBzl)] , poly(Met)
and poly [Tyr(Z)] and their optical
antipode poly(D-amino-acids) with
exactly the same side chains give
exactly the same amide I and II fre-
quencies. Then as a general rule we
could postulate that a polypeptide
from L-amino-acid takes inherently a
right-handed helix. The right-handed
poly(L-amino-acids) such as

poly [Glu(OBzl)], poly(Met),

poly [Tyr(Z)] and poly[Asp(OEt)],
which fit the above general rule, show

helical poly(D-amino-acids) show the
same frequencies (at 1650—1659 and
1544—1548 cm~—1). The opposite right-
handed helical poly(D-amino-acids)

give also the amide I band about 8 cm~1
and the amide II band about 2 cm~! to
higher frequencies of the left-handed
helix. Similar changes of the bands have
been observed for the copolymer series
of benzyl aspartate with methyl or ethyl
aspartate. Our experimental results fit
perfectly with the normal coordinate
calculations of Miyazawa et al.! who
treated the infra-red active chain vibra-
tions of the left-handed and right-
handed o-helical forms of poly(L-

solid states using poly(L-aspartates)2’3: Table 1 Characteristic amide bands of polypeptides
left-handed poly(L-aspartates) such as Amide 1 Amide i
B-methyl and B-benzyl show the amide Helical Refe-
I band at 1666—1668 cm—1 and the Polypeptide sense {em™ 1y rence
amide I at 1557 cm~1 in chloroform : ——
or in films, and right-handed poly(L- '-'("’:’o:;c('xlg;“'"°'a°'d‘ Right 1658 1548 ;
as_partates) such as §-ethyl, 8-n-propyl, Poly (Ala) Left 1665 1850 1
B-isopropyl, f-n-butyl and §-phenethyl Poly [Glu(OBzl)] Right 1650 1546 15
show the amide bands at 1656—1659 Poly (Met) Right 1650 1544 16
and 1553 cm~! in the same condition. ";oly{Tvr((é)“]/I . t:isf;ht :ggg ggg (155717 3
: : - R oly [Asp e eft
Sinc‘;the cotr.rllpanson Otft:nfra red . Poly [Asp(OEt)] Right 1659 1548 (1563) 3
spectra has, until now, not been report- Poly [ Asp(OBzl}] Left 1668 1550 (1557) 3
ed using poly(L-amino-acids) and Poly [Asp(OBz1)°°Asp(OMe)} 101 P Left 1666 1550
poly(D-amino-acids) with exactly the Poly [Asp(OBz!)°°DAsp(OMe)10] Left 1667 1549
same side chains. we widened the ex- Poly[Asp(OBzI)lolﬁsp(OMe)g(;Io Left 1666 1550
. X . Poly [DAsp(OBzI) 19Asp{OMe)?0] Left 1668 1550
periments on the L-polypeptides to Poly [Asp(OBz!) %0 Asp(OE1)10] Left 1665 1549
include a number of D-homo- and Poly [Asp(OBz!)2°DAsp(OE1)10] Left 1667 1550
copolypeptides. In the present Note Poly [Asp(OBzl}!®Asp{OEt}??] Right 1660 1548
we prepared 30 or more helical L- and Poly [ DAsp(OB21)!®Asp(OEL)®0] Right 1659 1547
D- homo and copolypeptides and com- D'("”,’ :”‘:[’3 gl'“'(’c‘f:"‘)"i"’ Left 1680 1546
. . . u ¥4

pared their ar{llde band fre“quenfnes. Pglz (DMet) Left 1650 1544
The polypeptide samples listed in Poly [DTyr(Z)] Left 1659 1546
Table 1 were all prepared by the N- Poly [DAsp(OMe)] Right 1666 1550
carboxyanhydride method®. The in- P°'Y{DASP:OE”}] Left :ggg :g‘;g

I e : Poly [DAsp(OBzI Right
trinsic viscosities of the polypeptides Poly [ DAsp(OBzi) 9%Asp(OMe)10] Right 1666 1549
were in the range 0.38—1.05 dl/g in Poly [DAsp(OBz1)°°DAsp(OMe)] 10 Right 1667 1551
dichloroacetic acid at 25°C. The infra- Poly [Asp{OBzl)1°DAsp(OMe)?°] Right 1664 1549
red absorptions in the range 4000— Poly[DAsp(OBzI);gDAsp(OMleggol Right 1666 1550

. -1 Poly [DAsp(OBzI)°CAsp(OE1)10] Right 1666 1549
650d°an ;V(flre I’F&’Slureddox ;asco . Poly [DAsp(0B21)2°DAsp(OE)10] Right 1664 1550
Model DS-301, IRA-1 and A-3 spectro- Poly [Asp(OBz!)1°DAsp(OE1)%0] Left 1661 1548
photometers. For the infra-red measure- Poly {DAsp(OBzl)1°DAsp (OEt)%9) Left 1661 1548
ments, the film samples of the polypep-  DL-amino-acid ( ]

; he solution in Poly [DLGIu{OBzI Coil 1662 1555
tl}?les “;-ere cast fron;t 1 Poly (DLMet) Coil 1657 1548
chlorotorm or m-Cresol. Poly [DLTyr{2)] Coil 1663 1550

The characteristic amide I and I1
bands of the helical polypeptides are

@ Values in parentheses were reported in ref 3; b Mol % of the starting N-carboxyanhydrides
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alanine) for studying the effect of the
sense of the helix.

It is therefore necessary to establish
that the polypeptide is helical. The
conformations determining whether
the polypeptide is helical or not should
be confirmed by other methods such as
circular dichroism (c.d.) and nuclear
magnetic resonance (n.m.r.) since heli-
cal poly(amino-acids) with opposite
senses show, unfortunately, almost the
same amide bands as found for the ran-
dom coil polypeptides (at about 1660
and 1550 cm—1).

C.d., n.m.r. and X-ray results can
also give an indication of conformation.
However, the c.d. spectra of aromatic
polypeptides such as poly(Phe)®,
poly(Tyr)*~®, poly(Trp)*'® and
poly(Dopa)'! are very anomalous and
give little information about their heli-
cal sense since the n—n* peptide transi-
tion involves the contribution of the
17, and 1L, transitions of the substitu-
ted benzenes in the Platt notation!?~1,
The n.m.r. spectrum is not always easy
to measure in some solvents such as
dioxane, dimethyl sulphoxide and tri-

methyl phosphate. X-ray analysis is
elaborate and it is difficult to obtain
information about the helical sense.

The infra-red method has an advantage
over c.d. in certain circumstances; that
is, when the polypeptide has an aroma-
tic side chain as described above and the
c.d. spectrum of the polypeptide cannot
be measured in the u.v. region owing

to high absorption of the solvent. Be-
cause of the widespread use of infra-red
techniques in the study of conforma-
tions of both polypeptides and proteins,
we feel that the technique we have des-
cribed here represents a facile method
of characterization of the sense of heli-
cal conformation.
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Effect of concentration and temperature on the partial
specific volume of a polystyrene sample in trans-decalin
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INTRODUCTION

The accuracy of molecular weight,
frictional coefficient and other related
data obtained from sedimentation velo-
city, diffusion and sedimentation equi-
librium measurements on solutions of
macromolecules is often restricted by a
lack of accurate partial specific volume
data, especially when studies are exten-
ded to higher concentrations. The par-
tial specific volume, v, is not only a
characteristic parameter of a certain
macromolecule, it may also depend on
solvent, concentration! ™5 and
temperature®®”7,

Recently both the concentration
and temperature dependence of the
frictional coefficient obtained from
sedimentation velocity measurements®
were studied in wide ranges for the sys-
tem polystyrene/trans-decalin®. In
order to evaluate the frictional coef-

ficient over the entire concentration
and temperature interval in an unambi-
guous way, the concentration and tem-
perature dependence of the partial spe-
cific volume of the solute was needed.
Therefore specific volume measure-
ments on solutions of a polystyrene
sample in trans-decalin in the tempera-
ture range 20°—40°C and for mass frac-
tions, wy, ranging from 0.005 to 0.11
were performed.

Polystyrene in trans-decalin is a
system with upper critical solution tem-
peratures ranging from approximately
0° to 20°C; the actual temperature de-
pending on the molecular weight of the
sample!®. From osmotic pressure
measurements!?, it was observed that
trans-decalin is a §-solvent for polysty-
rene at 21°C (different 0-values have
been reported in the temperature inter-
val 20°—24°C!%12=1%) 3 ( that it is
considered to approach the good sol-
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vent region at about 40°C. Since the
thermodynamic properties vary when
going from 6- to good solvent condi-
tions, it is plausible that this variation
will affect the concentration depen-
dence of the partial specific volume.

EXPERIMENTAL

A polystyrene sample with a narrow
molecular weight distribution obtained
from Pressure Chemical Company (M=
390000, M,, /M, < 1.10, manufacturer’s
data for lot No. 3b) was used without
further purification.

The solvent trans-decalin was obtain-
ed by converting a commercial mixture
of the cis- and trans-isomers into the
trans-form by use of aluminium chlo-
ride. The product was washed
thoroughly with water and dried over
sodium metal. The final purification
was made by fractional distillation
under reduced pressure in an atmos-
phere of nitrogen. The purity of trans-
decalin used was determined as 99.5%
by gas chromatography.
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