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Conformation ot Poly-(L-lysine) Containing
Some Azoaromatic Side Chains

M. ATREYI, M. V. R. RAO, and P. V. SCARIA

Department of Chemistry
University of Delhi
Delhi 110007, India

ABSTRACT

The pH dependence of the conformation of poly-(L-lysine) with 4.6
mol% of its side chain amino groups attached to an azo dye, 4'-
dimethyl aminoazobenzene-4-carboxylic acid, has been studied.
Circular dichroic spectra showed that in acidic as well as in neu-~
tral media the polymer exists in the random coil conformation,
like that of poly-{L-lysine). In basic medium the polypeptide ac-
quires a B-structure, unlike poly-(L-lysine) which exists in an o-
helical conformation.

Studies on the conformation of polypeptides containing azoaromatic
groups attached to the side chains indicated that the conformation, in
nonaqueous media, of the backbone of the polypeptide is fairly indepen-
dent of the concentration and nature of the azoaromatic side chains [1-
10]. The earlier work was mainly concerned with photoisomerization
of the azoaromatic moieties in polymers of phenylalanine [1-5], aspar-
tic acid [6-9], and glutamic acid [10]. Poly-L-lysine, unlike the above
systems, is a highly water-soluble polypeptide. Results of studies on
poly-L-lysine, with ~5,0% of its e~NH; groups linked to 4'-dimethyl
aminoazobenzene-4-carboxylic acid (DAAC) moieties, are reported.
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EXPERIMENTAL

Materials and Methods

p-Aminobenzoic acid was obtained from Lobo Chem, India. Di-
methylaniline was distilled under reduced pressure at 77°C, before
use, Commercial grade solvents were all purified by reported meth-
ods [11]. Ultraviolet and visible spectra were taken with a Gilford
2600 UV /VIS Spectrophotometer, and the CD spectra were recorded
with a JOBIN YVON Model III Dichrograph with cells of 0.5 mm path
length.

Synthesis of Poly-(L-lysine)

Poly-¢-carbobenzoxy-L-lysine (PCBL) was prepared by the polym-
erization of a 4% solution of e-carbobenzoxy-L-lysine~N-carboxy an-
hydride (A) in dioxane, using n-butylamine (I) as initiator with A/T =
200, After 48 h of reaction, the polypeptide was collected by precipi-
tating with ether. The precipitate was washed free of any unreacted
anhydride. The molecular weight of the sample was determined by
intrinsic viscosity to be 40,000. The carbobenzoxy protecting group
was removed with HBr/acetic acid (38%); the poly-L-lysine hydro-
bromide salt thus obtained was passed through an ion-exchange column
(IRA-45), and the poly-L-lysine (PLL) obtained was freeze dried.

4'-Dimethyl Aminoazobenzene-4-carboxylic Acid
(DAAC)

The procedure adopted for the preparation of DAAC was similar
to the synthesis of Methyl Red (4'-dimethyl aminoazobenzene-2-
carboxylic acid) [12]. 6.0 g of p-aminobenzoic acid was dissolved in
a cold mixture of 5 mL of concentrated HC1 and 15 mL of water, to
which were added 25 g of ice and 7.5 mL of HC1 with continuous stir-
ring. 3.6 g of sodium nitrite in 7 mL of water was then added to the
reaction mixture. The temperature of the reaction mixture was main-
tained between 0 and 5°C, and 8.8 mL of dimethylaniline was added
and stirred. After an hour, 5 mL of a 57.8% solution of sodium acetate
was added to the reaction mixture, and the stirring was continued for
a further 4 h. The mixture was kept below 5°C overnight. Another
aliquot of 5 mL of cold sodium acetate solution was added, and after
3 h the temperature of the reaction mixture was allowed to rise gradu-
ally to room temperature in 24 h.

24 mL of 4% sodium hydroxide solution was added to the reaction
mixture with stirring. The mixture was allowed to stand at room tem-
perature for 48 h and then filtered. The dye was washed with water,
10% acetic acid, and again with water and dried. The dye was recrys-
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tallized from dimethylformamide (DMF), TLC in butanol:ethanol:

ammonia (2 N) (6:2:2) gave a single spot. The melting point was 259-
260°C. -

Poly-(L-lysine)~-DAAC Complex

70 mg (0.26 mmol) of DAAC was dissolved in 3 mL. of DMF and
30 mg (0.26 mmol) of N-hydroxysuccinimide was added to it followed
by the addition of 55 mg (0,26 mmol) of dicyclohexyl carbodiimide. The
solution was kept at low temperature with stirring for about 5 h. The
precipitated dicyclohexyl urea was filtered off and the resultant solu-
tion of active ester of DAAC was used in a later step.

500 mg of poly~(L-lysine) was taken in a 1:1 mixture of tetrahydro-
furan (THF) and water, and 1.5 mL of DAAC active ester solution was
added to it. Stirring at room temperature was maintained for 6 h. The
solvent was evaporated and the solid polypeptide-dye complex was
washed with small amounts of DMF and several parts of ether.

The polymer was highly soluble in water and was colored deep red.
The amount of dye incorporated in the polymer was determined spec-

troscopically using the El% values of the dye at 280 and 450 nm in 11.9
pH solutions. The percentage incorporation of dye was found to be 3%
(w/w), i.e., 4.6% (mol/mol of lysyl residues).

RESULTS AND DISCUSSION

The absorption spectra of DAAC shows three main absorption bands
in the 191, 273, and 460 nm regions. The =#* transition of the azoben-
zene (=~ 325 nm) is shifted to the visible region (460 nm) on substitution
of the -N(CH3 ). group at the 4'position. As the pH of the medium was
lowered, the intensity of this absorption decreased and the half-width

of the band significantly increased (EL? (pH 6.9) = 1044 and E1° (pH
2.8) = 476). This is probably due to protonation of the nitrogen, and

also to the discharge of the carboxylate ion. An additional weak ab-

sorption around 540 nm appears at pH 2.8.

The absorption in the aromatic region is also dependent on pH. The
absorption maximum at 273 nm, which is constant above pH 7.8, shows
a red shift to 297 nm when the pH is brought to about 4.8 and the ab-
sorption band becomes complex with further lowering of pH to 2.8.
This is also presumably due to the presence of a protonated species
at the COO™ end and the —~N(CHjs ), terminal.

A comparison of the absorption spectrum of the dye with that of
the polylysine-dye complex revealed interesting differences in the pH-
dependence characteristics.

The absorption spectrum of the polylysine-dye complex showed a
red shift of the 460 nm absorption with an increase in intensity in
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FIG. 1. CD spectra of aqueous solutions of poly-(L-lysine)-DAAC
at various pHs: (-++) pH 2.5, (—) pH 6.5, (--) pH 12.0,

acidic pH, unlike that of the free dye where a blue shift accompanied
by a decrease in intensity was observed. The absorption near the 273
nm region remaing more or less unaffected with pH while the band at
191 nm shows a red shift on increasing the pH.

Circular dichroic spectra of polylysine-dye complex, as a function
of pH, are shown in Fig. 1. At acidic as well as neutral pH, the CD
spectrum has the characteristics of a random coil/extended helical
structure. This is similar to the behavior of PLL alone [13], suggest-
ing that the dye component did not influence the conformation of the
polypeptide backbone in the acidic pH range.

At higher pH (12.0), with the uncomplexed side chain e-~NH; groups
discharged, the polypeptide is expected to be in the a-helical confor-
mation [13]. Interestingly, however, the CD spectrum has features of
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the beta conformation, with significantly reduced ellipticity at the band
minimum. Obviously, the azoaromatic dye moieties in the side chains
of polylysine hinder the formation of helical structure but support the
beta structure. The rather low ellipticity indicates that even though
the content of azoaromatic dye is only 4.6 mol%, the dye apparently
sterically restricts formation of ordered structures. This observa-
tion is akin to that seen in the poly-L-glutamic acid-p-aminoazoben-
zene system; a system with 36% incorporation of the dye was found

to have a beta conformation at acidic pH instead of the expected o~
helical conformation [10].
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