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CD Spectra of branched polypeptides based on poly(L-lysine) and containing three pL-alanine
residues and one to three other L- or D-amino acid residues in the branches were measured in wa-
ter, water-methanol and water-trifluoroethanol mixtures. In aqueous solutions dependence
of the CD spectra on pH and ionic strength was studied. The effect of branch elongation was
followed mainly with compounds containing glutamic acid. One terminal p-amino acid residue
and also an extension by two L- or D-amino acid residues does not hinder the «-helix formation
in the backbone but affects the conditions of its formation. In polypeptides with three L- or D-ami-
no acids additional «-helical segments in the branches are assumed to be formed. For branches
with L-amino acids the CD curves express additively the contributions of both helical components,
in the case of p-amino acids the increasing population of the ordered structure in branches
is manifested by compensation of dichroic contribution of the L-amino acid backbone leading
even to enantiomorphous curves.

In our previous papers’? we have studied CD spectra of branched peptides in solu-
tions of various ionic strength and pH. These polypeptides were based on poly-
(L-lysine) substituted at e-amino groups by side chain composed of about 3 pL-alanine
residues (the inside area) and one or more other amino acid residues (the outside
determinant®-*). In the case of polypeptides containing one L-amino acid residue
as the outside determinant the conformation is strongly dependent on the nature
of the amino acid?. Polypeptides containing three lysine or glutamic acid residues
as the outside determinant exhibit a clear dependence of conformational properties
on the absolute configuration of the glutamic acid and lysine residues and also the
length of side chain seems to be important’.

In order to understand better the factors affecting the conformation of these
polypeptides we investigated more systematically the effect of the branch length
and of the absolute configuration of the branch terminating amino acids®>. We have
studied polypeptides containing one, two or three glutamic acid residues of L or D
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Conformation of Branched Polypeptides Based on Poly(L-lysine) 229

configuration and analogous polypeptides containing lysine residues. The CD mea-
surements performed in water solutions of various ionic strength and in water-alco-
hol mixtures have been interpreted in terms of ordered (helical) and unordered con-
formations.

As helical we denote such conformation whose CD spectrum is similar to that
of helical poly(L-lysine)®”. As CD spectra of the unordered form of polypeptide
type are denoted spectra similar to that of charged poly(L-lysine)®"’, as spectra
of unordered form of protein type we designate spectra similar to those of denatured
proteins®.

EXPERIMENTAL

Polypeptides of the following composition were used (the ratio of Lys : m : i is given): poly(L-Lys.
.(L-Nle;-pr-Ala,)) (I) 1:3:095, poly(L-Lys(i-lle;-pL-Ala,)) (II), 1:3:095, poly(L-Lys.
.(p-Leu;-DL-Ala)) (V) 1:3:0-95, poly(L-Lys(p-His;-pL-Ala)) (VI) 1:2:95:0-53, poly(L-Lys.
AL-Glu;-pr-Ala,,)), 1:2:9:0-81 (III), and 1:3-3:2-8 (XII), poly(L-Lys((L-Glu-L-Glu);-DL
-Ala)) (IX), 1:2:9:0-62, poly(L-Lys(D-Glu;-pL-Ala_)) 1:2:9:0-87 (VII) and 1:3-8:3:23.
(XVI), poly(L-Lys((D-Glu-p-Glu);-Ala_))) 1:2:9:0:46 (XI), poly(r-Lys(L-Lys;-DL-Ala)) 1:
:2:9:05 (IV) and 1:3-1:3:4 (XIV), poly(L-Lys((L-Lys-L-Lys);-pL-Ala,))) (X) 1:2:9:0-45,
poly(L-Lys(p-Lys;-pDL-Ala,))) (VIII) 1:2:9:0-87, poly(L-Lys((D-Lys-D-Lys);-DL-Ala_)) (XII)
1:2-9:0-2 and poly(L-Lys (DL-Lys;-DL-Ala,))) (XV') 1:3-1:3-1. Their synthesis and molecular

weight estimations have been described elsewhere3'3.

CD spectra were measured using a Roussel-Jouan CD 185/11 Dichrographe in cells of optical
path 1-0; 0-2, 0-1, 0-05 and 0-02 cm or a Jobin-Yvon Dichrographe 1II in 0-01 cm cells. The
samples were dissolved in 0-02M-NaCl and pH was adjusted with 0-1M-NaOH or 0-1M-HCL
Polypeptide solutions in water-methanol and water—trifluoroethanol mixtures were prepared
by dissolving the polypeptide in 0-02mM-NaCl and adding the appropriate amount of alcohol.
The pH was adjusted before the addition of alcohols, The [@] values are related to one lysine
residue in the main chain including whole side chain. The CD spectra are collected in Table I —I1I
and Figs 1—6.

RESULTS AND DISCUSSION

The polypeptides containing branches with one terminal L-norleucine (I), L-isoleucine
(1), 1-glutamic acid (I11) or vL-lysine (IV) residue represent further members of the
polypeptide series studied in our previous paper?. Their CD spectra are given in Ta-
ble 1.

The polypeptides I and II containing hydrophobic amino acids show a significant
tendency to form a-helical structures. Like the polypeptide containing L-leucine?,
they are to a significant extent helical even at pH 7-4 in low ionic strength.

The polypeptide 111 (with L-glutamic acid as outside determinant) contains both
an acid and a basic group and is thus charged throughout the whole pH region.
According to the CD spectra on 0-02M-NaCl (Fig. 1), in the whole region of pH this
polypeptide is in a random conformation. The spectra in acid and alkaline medium
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TABLE I

Characteristic values of CD spectra of branched polypeptides containing at the end of branches
one additional amino acid residue

NaCl A[0].1073
pH mol 171 .
cross max cross min max
Poly(L-Lys(L-Nleg.95-DL-Alay)) (I)
7-4 0-02 202 207 — 212 222
(—20-8) (—179) (—22-8)
Poly(L-Lys(L-Iley.q5-DL-Alay)) (II)
7-4 0-02 202 209 — 215 222
(—17-9) (—166) (—187)
Poly(L-Lys(L-Glug.g;-DL-Ala,.o)) (ZIT)
119 0-02 207 215 227 - 2325
(+3-14) (—0-76)
1-1 2-0 202 208 — 2135 222
(—14-0) (—12:0) (—162)
5-0° 0-02 208 2125 220 — 228
(+1-41) (—1-80)
7-44 0-2 201 2135 215 — 227
(+0-16) (—2-29)
9.54 0-02 211 215 224 — 231-5)
(1-88) (—092)
9-5 20 203 208 — 213 222-5
(—9-04) (—633) (—10-6)
1-1 0-02 4 75% methanol 2025 211 — 2155 222
(—22-5) (—207) (—239)
1-1 0-02 + 75% TFE® 201 208 — 214 221-5
(—22-2) (—19-0) (—22-6)
Poly(L-Lys(L-Lysq.s-DL-Ala,.q)) (I¥)
2-8 0-02 207 214'5 232 — 237
(+4-8) (—017)
2-8% 20 — - — 215 2255
(—1-53) (—3-61)
7-3¢ 0-2 — — — 2165 224
(—192) (—3-54)
12:1 0-02 — 207 — 215 222
(—9-53) (—6-36) (—7-67)
12-1 2:0 — 204 — 216 221
(—21-0) (—150) (—17-7)
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Conformation of Branched Polypeptides Based on Poly(l-lysine) 231

TasLE I
(Continued)
NaCl i [0]1.1073 .
pH mol 171 .
cross max cross min max
Poly(L-Lys(D-Leug.qs-DL-Alay)) (V)
2-8° 0-02 — — — 222 2265
(—098) (—1-39)
2-8 20 <200 208-5 — 212-5 221
(—37-0) (—259) (—31-3)
73 02 — 203-5 — 2175 222
(—24-6) (—12-3) (—12-5)
11-1 0-02 200 207-5 — 214-5 220-5
(—24-3) (—20-3) (—25-8)
11-1 0-02 + 759 methanol 200 2075 — 215 221
(—31-6) (=237 (—25-8)
111 0-02 4 75% TFES 200 207 2135 221
(—267) (—217) (—26-8)
Poly(r-Lys(p-Hisg.53-DL-Ala, 4 5)) (V1)
2-8° 0-02 — — — 215 220
(—2-20) (—2-22)
2-8 2-0 — 2055 — 215 220
(—201) (—159) (—16'9)
7-4 02 — 205 — 2145 225
(—15-4) (—11-1 (—12-6)
11-8 0-02 — 207 — 214 221
(—22-5) (—18-8) (—231)
11-8 20 — 208 — 215 221
(—269) (—232) (—23-7)
Poly(L-Lys(D-Glug.g4-DL-Ala,.4)) (VII)
1-2 20 <200 204-5 — 213-5 2195
(—257) (—191) (—19-6)
10-2% 20 — — — 217 2215
(—5-69) (—5-92)
122 002 4 75% methanol 199 207 — 215 220
(—357) (—28-3) (—286)
1-2*  0-02 + 95% TFE® — 207-5 — 215 221-5
(=321 (—263) (—264)
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TaABLE ]
(Continued)
-3
" NaCl A, [6].10
P mol 171 .
Cross max cross min max
Poly(L-Lys(p-Lysg.g7-PL-Ala,.g)) (VIII)
34 0-02 — -— 210 — 215
(+3-15)
12¢ 0-02 — — — 220 223
(—50) (—53)
12 20 <200 206 — 214 222
(—465) (—350) (—39-0)

“ Additional A, < 200 nm; ® A, = 203 mn, [©) = 3-25. 10%; © TFE 2,2,2-trifluoroethanol.

max

are almost identical; at pH 5-0 an increased intensity of the long-wave negative
maximum and decreased intensity of the positive maximum at about 217 nm was
observed. An increase in jonic strength to 0-2M-NaCl (data not shown) leads to a ra-
ther small change in the CD spectra. Under approximately physiological conditions
(pH 7-4, 0-2M-NaCl) this polypeptide exists in a random conformation. The shape
of the CD spectra in 2M-NaCl (Fig. 1) corresponds to the spectra of a-helix but the
band intensity is low. The a-helix content is higher in water-methanol (Fig. 1) and
water—trifluoroethanol mixtures. The behaviour of this peptide resembles that
of linear polypeptides (Lys-Ala-Glu), (ref.?) and (His-Ala-Glu), (ref.'°) in which also
acid and basic groups prevent the a-helix formation. However, under favourable
conditions, i.e. in high ionic strength and particularly in water-alcohol mixtures,
all these polypeptides are able to form the a-helix.

The L-lysine containing polypeptide IV fits, according to its properties, the series
of polypeptides with one L-amino acid?. This compound is random in the charged
and partially helical in the uncharged state. Under physiological conditions it exists
in the random conformation. Comparison with the polypeptide containing only
DL-alanine in the side chain? shows that lysine as outside determinant partially
restricts the formation of an ordered secondary structure of the backbone.

Polypeptides with One Terminal D-Amino Acid in the Branch

In the charged state (pH 2-8) and low ionic strength (0-02mM-NaCl), the polypeptide V
containing D-leucine (Table 1) assumes a random coil conformation. Its CD spectrum
is of the protein type®, i.e. without the positive band at about 217 nm. This poly-
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Conformation of Branched Polypeptides Based on Poly(L-lysine) 233

peptide is unordered also under approximately physiological conditions (contrary
to the analogous polypeptide with L-leucine).

In the uncharged state (pH 11-2) even in low ionic strength and in the charged
state in high ionic strength (2M-NaCl) its CD spectra are similar to those of a-helical
conformation of polypeptides composed exclusively of L-amino acids®'’. In the un-
charged state in high ionic strength the sample is aggregated and the spectra are not
measurable.

Compound VI, containing D-histidine (Table I) is unordered in the charged state
{protein-type spectrum) and partly helical in the uncharged state; however, under
comparable conditions the intensities of both negative bands are lower than those
of the D-leucine-containing peptide. Under physiological conditions the CD spectrum
of this peptide resembles an a-helix spectrum but the intensity of both bands is low.

Similarly to the case of polypeptide I1I containing L-glutamic acid, the behaviour
of the polypeptide VII (with D-glutamic acid, Table I) is influenced by the fact that
the compound is charged in the whole pH region. Its CD spectra in low ionic strength
(Fig. 2) correspond to a random coil form and are of the protein type except the

i 1
200 oer 250 200 - 250

FiG. 1
CD Spectra of poly(L-Lys(L-Glugy.g;-DL-
-Ala,.q)) (III). a 002m-NaCl, pHI'l, b
0:02M-NadCl, pH 50, ¢ 0-02mM-NaCl, pH 9-5,
d 2:0m-NaCl, pH 1-1, e 0-02M-NaCl, pH 11,
75% methanol

F1G. 2
CD Spectra of poly(L-Lys(p-Glug.g-DL-
-Ala,.g)) (VII). a 0:02mM-NaCl, pH I'1, b
0-02mM-NaCl, pH 5-4, ¢ 0-02M-Nad(l, pH 10-2,
d2-0M-NaCl, pH 1'1, e 0-02M-NaCl, pH 1-1,
75% methanol

Collection Czechoslovak Chem. Commun. [Vol. 50] [1985)



234 Votavova, Hudecz, Kajtar, Sponar, Blaha, Szekerke :

spectrum at pH 10-2. The effect of pH on the CD spectrum in low ionic strength
is analogous to that observed with the polypeptide containing L-glutamic acid. Under
physiological conditions, compound VII is in a random coil conformation (data
not shown) the CD spectrum being almost identical with that at pH 5-4 in 0-02M-NaCl
(Fig. 2). In solutions of high ionic strength (2M-NaCl) the helical structure is formed
at pH 7-4 (not shown) and 1-2 (Fig. 2) but not at pH 10-2. The a-helical structure
exists also in the presence of methanol (Fig. 2) and trifluoroethanol.

The p-lysine-containing polypeptide VIII (Table I) is in a random conformation
in low ionic strength (O'OZM) both in the charged and uncharged state and also under
physiological conditions (not shown). In the charged state, the compound exhibits CD
spectrum of the unordered form of polypeptide type whereas in the other cases
a protein-type spectrum is observed. Formation of the helical structure was observed
only in the uncharged state (pH 12-0) in high ionic strength (2-0M-NaCl). In con-
trast to the L-lysine-containing polypeptide which forms an a-helix already in lower
ionic strength, the presence of D-lysine has a helix-breaking effect.

The basic CD spectral features of polypeptides containing one D-residue as outside
determinant correspond to those of peptides composed of L-residues. Although
this behaviour is not surprising in the case of the D-histidine-containing polypeptide
with only 509 substitution in the side chains, it was observed even in the case of the
D-leucine-containing compound in which the side chain substitution is 959%;. These
results indicate that the L-residues in the backbone of these polypeptides contribute
to the shape of the CD curves more than the D-residues in the side chains. Spectra
of polypeptides with one D-amino acid as outside determinant have some common
features which make them different from those of analogous polypeptides composed
solely of the L-residues. The CD spectra of charged polypeptides containing one
D-residue correspond to the unordered conformation of protein type (which is charac-
terized by a negative CD maximum in the long-wavelength region) whereas the spectra
of charged polypeptides with only L-residues are predominantly of the polypeptide
type (i.e. they exhibit a positive maximum at about 217 nm). Under conditions
favouring ordered structures, polypeptides of both types show spectra resembling
that of a-helical conformation. The long-wavelength negative maximum of the D-resi-
due-containing polypeptides is shifted by about 2 nm toward lower wavelength
and the intensities of both negative bands are higher than for analogous compounds
with L-residues. However, very probably, this difference cannot be interpreted
as a difference in the content of the a-helical conformation.

The conditions under which the ordered structure is formed are affected by the
absolute configuration of amino acid residues in the outside determinant. The p-enan-
tiomers of leucine, lysine or glutamic acid in the outside determinant weaken the
tendency to form an ordered structure. On the other hand, D-histidine-containing
polypeptide forms the a-helical conformation under less favourable conditions than
its L-analogue.
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Polypeptides with Two Additional Amino Acid Residues at the Ends
of the Branches

The effect of elongation of the branches was investigated with polypeptides containing
lysine and glutamic acid in the L- or D-configuration. Polypeptides with one amino
acid residue as the outside determinant were prepared via activated esters of protect-
ed amino acids, polypeptides with two amino acid residues were obtained similarly
from activated esters of the corresponding dipeptides®. In both cases the length
of the outside determinant in all branches is the same, its distribution on the poly-
(r-lysine) backbone being random. Polypeptides with an average of three amino-acid
residues as outside determinant were prepared by reaction with N-carboxyanhydrides
of lysine or glutamic acid® and their length varies. The pertinent CD data are given
in Table II. Their interpretation is based on the measurements of glutamic acid-
-containing polypeptides because some of the analogous lysine-containing poly-
peptides are only sparingly soluble.

The CD spectra of the polypeptide I.X, containing two L-glutamic acid residues,
indicate a random coil conformation or a very low content of a-helix in 0-02M-NaCl.
In contrast to the polypeptide I1I with only one L-glutamic acid residue, whose CD
spectra corresponding to random conformation are of the polypeptide type at all pH
values (Fig. 1), the polypeptide IX shows this type of spectrum only at pH 11-5;
in an acidic medium the spectrum is of the protein type. Moreover, at pH 1-5 the
spectrum is almost identical with that at pH 7-4 (not shown) whereas the polypeptide
II1 has almost identical spectra in both acidic and alkaline medium. An increase
of the ionic strength to 2-0M-NaCl or the presence of alcohols results in partial forma-
tion of an ordered a-helical conformation the a-helix content being higher in water—
~alcohol mixtures (Fig. 3, curve b). These results show that elongation of the branch
by one L-glutamic acid residue is manifested mainly by its greater ability to form
ordered structures in low ionic strength under conditions of minimum charge (acid
medium). However, the maximum content of a-helix (maximum intensity of the
bands) achievable in water-alcohol mixtures, is approximately the same as with the
polypeptide I11 (Fig. 3, curves g, b).

The polypeptide X with two L-lysine residues is random in low ionic strength
in the charged state. The CD spectrum of the uncharged compound corresponds either
to random conformation of the protein type or to a small a-helix content. A similar
type of spectrum was found also under approximately physiological conditions.
An increase of ionic strength to 2M-NaCl Ieads to formation of the a-helical structure
in the uncharged state and partly also in a neutral medium (not shown); in the charged
state no ordered helical structure appears in high ionic strength. A comparison
with the polypeptide IV, containing one L-lysine residue shows that in this case the
elongation of the chain has little effect. The conditions under which the ordered
helical structure is formed are the same in both cases and the difference is only
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TABLE 11

Characteristic values of CD spectra of branched polypeptides containing at the end of branches
two additional amino acid residues

NacCl ,1e1.1073
PH mol 17 Ccross max Cross min max
Poly(L-Lys(L-Glu-L-Glu)g.¢,-DL-Ala,.q) (IX)
11 0-02 — 2005 — 214 225°5
(—10-3) (—093) (—3:05)
15 20 202 207 — 2125 224
(—11-9) (—10-9) (—14-4)
7-4 02 — 201-5 — 211-5 224
(—7-48) (—2-83) (—5-29)
11-5¢ 0-02 213 214 217 — 228-5
(+0-34) (—1-23)
11-5 2:0 - 207 — 2135 222-5
(—151) (—6'52) (—7-90)
1’1 002 4+ 75% methanol 203 208-5 — 213-5 222
(—277) (—17-6) (—20-4)
I'1 002 -+ 95% TFE? 203 209 — 2145 221-5
(—17-3) (—14-4) (—17:6)
Poly(L-Lys(L-Lys-L-Lys)y.45-DL-Ala;.5) (X)
2:0 0-02 208 216 230 — 240
(4-5-71) (—0-67)
7-3¢ 02 — — 216 220
(—5-28) (—587)
12 0-02 — 204-5 — 220 225
(—9:76) (—592) (—651)
12 2:0 — 208 — 214 220
(—17-2) (—12:7) (—14-2)
Poly(L-Lys(p-Glu-p-Glu)g.46-DL-Ala, ) (XT)
11 0-02 195 203-5 — 215 220
(—101) (—6-80) (—6-81)
1-1 2:0 <200 208-5 — 213 220
(—14:5) (—12:0) (—12:2)
7-4 02 <195 205 — 220 225
(—121) (—8-48) (—974)
114 0-02 192 205 — — —
(—12
11 2:0 200 208 — 215 2225
(—8:94) (—627) (—12-5)
‘1 0:02 4 75% methanol 199 208:5 — 214 220
(—199) (—167) (—17-6)
1’1 002 + 90% TFE? 200 207 — 2135 2185
(—239) (—177) (—19-7)
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TaBLE II
(Continued)
i[O 16'3
NaCl 4 10].
pH mol 171 *‘ ' T ]
Cross max Cross min max
Poly(L-Lys(p-Lys-D-Lys)g.,-DL-Ala, o) (XII)
2-9 0-02 — 198 — 215 222'5
(—18:1) (0) (—1-95)
2:9 2:0 195 205 - 2135 222'5
(—12-2) (—729) (—812)
7-4 02 — 200 — 215 225
(—7-33) () (—4-13)
116 002 198 207 — 2135 220
(—14-1) (—8-05) (—103)
116 20 200 210 - 216 222'5
(—242) (—19-8) (—251)
“ Additional A, = 199 nm, [@] = 11-3 . 10%; ® TFE 2,2,2-trifluoroethanol; © additional 4, <
-2 200 nm; ¢ inflex at 220 nm, [0],,5 = —8:35. 103, [@],,0 = —70.10°.

quantitative, the apparent a-helix content being lower in the polypeptide X (under
comparable conditions).

The spectrum of the polypeptide XI, containing two D-glutamic acid residues,
in low ionic strength and at pH 11-6 corresponds to a protein-type random conforma-
tion, at pH 1-1 to a random conformation of the protein type or a small «-helix
content. Under physiological conditions the peptide XI is in part helical. In a neutral
medium its CD spectrum almost does not change (not shown) with increased ionic
strength (2M-NaCl) whereas in acid or alkaline media the content of a-helix increases.
A further increase of the a-helix content occurs in water-alcohol mixtures but the
intensity of both negative bands is lower than in the sample with one D-glutamic
acid residue (Fig. 4, curves a, b).

In low ionic strength, the polypeptide XII with two D-lysine residues is unordered
in the charged state and partly helical when uncharged (pH 11-6). Under physio-
logical conditions the CD spectrum corresponds to random conformation. An increase
of ionic strength to 2M-NaCl increases the content of the a-helix throughout the whole
pH region, its maximum being in the uncharged state.

In the D-series lengthening of the side chain by one amino acid has a slightly more
pronounced effect than in the L-series. In low ionic strength under conditions of m\ini-
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mum charge the CD spectra of polypeptides containing two D-residues show a higher
content of «-helix than in the corresponding polypeptides with one D-amino acid.
In polypeptides containing D-glutamic acid the ratio of D-glutamic acid residues
in the branches to L-lysine residues in the backbone is approximately equal for the
monosubstituted (VII) (0-92) and disubstituted (XI) compound (0-87). It is thus
evident that the conformation depends on whether the D-glutamic acid residues
in the branches are isolated or in the dipeptide form. In the polypeptide XII containing
D-lysine the extent of substitution is very low, the D-Lys/L-Lys ratio being only 0-4,

less than in the monosubstituted polypeptide VIII (0-87). Since it was observed that

the presence of D-lysine reduces the helix-forming capacity we may assume that the
higher ability to form a-helix in the peptide XII is caused by low degree of substitu-
tion, However, the maximum content of a-helix in water-alcohol mixtures is lower
for disubstituted polypeptides than for the monosubstituted ones (Fig. 4).
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The effect of the number of L-glutamic acid
residues in the outside determinant on CD
spectra in 0-02mM-NaCl, pH 1, 75% methanol,
a poly(L-Lys(L-Glug.g;-DL-Ala,.0))  (IIT),
b poly(L-Lys(L-Glu-L-Glu)y.4,-DL-Ala, 4))

(IX), ¢ poly(L-Lys(1.-Glu,.g-DL-Alay.3))
(XIII)

The effect of the number of p-glutamic acid
residues in the outside determinant on the
CD spectra in 0-02M-NaCl, pH 1, 759, me-
thanol; a poly(L-Lys(pD-Glug.g;-DL-Ala, )}
Vi1, b poly(r-Lys((p-Glu-p-Glu). 44-DL-
-Ala,.q)) (XI), ¢ poly(L-Lys(D-Glu;.,3-DL-

-Alaz.g) (XVI)

hY
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Polypeptides with Three Additional Amino Acid Residues at the Ends
of the Branches

On the average, these polypeptides contain six amino acid residues in the branches
(three DL-Ala and three other D- or L-residues). Since the residues are randomly
situated in the branches, we must assume that some of the branches are sufficiently
long to be able to form an ordered helical structure. The CD spectral data are given
in Table 1.

In low ionic strength the polypeptide X111, containing three L-glutamic acid resi-
dues, is in alkaline medium in the unordered conformation! whereas in acid medium?
its CD spectrum corresponds to either the unordered conformation of protein type
or to a small a-helix content. Under physiological conditions the peptide XIII is
unordered (Fig. 5). The a-helix content in the acid medium can be increased by in-
creasing the ionic strength to 2:0M-NaCl, however, even under these conditions the
helix content is not too high. A greater effect can be achieved in water-alcohol
mixtures (Fig. 3, curve c).

The polypeptide X1V, containing three L-lysine residues, behaves similarly to the
polypeptide XI1I. Under physiological conditions this compound exists in a random
conformation; the same form exists in low ionic strength in the charged state!
(pH 3). The CD spectrum in low ionic strength in the uncharged state' (pH 12) cor-
responds to a random conformation of protein type or a small a-helix content. Howe-
ver, the apparent content of a-helix is lower than that of the polypeptide XIII in aci-
dic medium even though the compound X1V is uncharged in alkaline medium whereas
in the polypeptide XIII the a-amino groups at the ends of branches are charged.
The a-helix content in compound XIV with three L-lysine residues in uncharged
state can be somewhat increased by increasing the ionic strength to 2mM-NaCl; a larger
increase is achieved in water-methanol mixtures. In both cases, however, the ap-
parent content of a-helix is lower than that of the analogous polypeptide XIII con-
taining L-glutamic acid residues under minimal charge conditions.

The polypeptide XV, containing three DL-lysine residues, has weak CD bands
under all conditions indicating a random conformation. Upon increase of ionic
strength or in water-methanol mixtures the CD spectra change, yet these changes
are relatively small and in no case they correspond to formation of the ordered
helical structure. These results show that DL-lysine residues in the branches hinder
formation of the helical backbone structure.

The CD spectra of the polymer containing three L-lysine residues are in all ionic
states similar to those of the polymer containing three L-glutamic acid residues.
Under conditions of minimal charge the similarity of CD curves was observed only
with trisubstituted polymers but not with mono- and disubstituted ones. In the mono-
substituted polymer containing L-glutamic acid the formation of an ordered structure
in low ionic strength is strongly suppressed by charged groups present even under

\
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TasLE 111

Characteristic values of CD spectra of branched polypeptides containing at the end of branches
three additional amino acid residues

-3
NacCl 2, {@].10
pH mol 17! ) . o
cross max Cross min max
Poly(L-Lys(L-Glu, . g-DL-Alay.3)) (XIIT)
1-0 0-02 <195 199 — 216 226
(—37-0) (—4-36) (—7-67)
1-0 20 <200 203-5 — 215 222-5
(—29-4) (—12-4) (—15-2)
7-35% 02 210 216 229 — 235
(47-86) (—1-03)
1-0 002 + 50% methanol 196 204 — 215-5 222-5
(—45-2) (—253) (—27-2)
1-0 0-02 + 75% methanol 200 207-5 — 215-5 221
(—40-2) (—332) (—347)
1-0 0-02 + 47-5% TFE® 196 204 — 2165 222
(—48-5) (—253) (—260)
1-0 0-02 4 75% TFE®? <2200 207 — 2155 220
(—42-8) (—27-5) (—292)
1-0 0-02 + 95% TFE? <200 209 — 2155 221
(—33-5) (—29-9) (—357)
Poly(L-Lys(L-Lysj.4,-DL-Ala;. ) (XIV)
7-35¢ 0-2 211 217 227 — 234
(4 7:80) (- 1-99)
12¢ 20 — — — 217 225
(—861) (—109)
124 0-02 + 50% methanol — — — 2165 224
(—14-5) (—16'7)
12 0-02 + 75% methanol - 203 — 216 222
(—50-6) (—27-6) (—297)
12 0-02 — 201 — 217 226
(—261) (—2:66) (—4-52)
Poly(L-Lys(pL-Lys;. -DL-Alas.)) (XV)
7-35¢ 0-2 213 2175 226 — 233
(+1-36) (—0-65)
12 20 e 204 — 214 224-5
(—11-9) (—109) (—2-38)
12 0-02 + 50% methanol - 2055 — 217 228
(—731) {—056) (—1-81)
12 0-02 + 75% methanol 202 202 — 2165 225
(—29-8) (—292) (—4-52)

Al
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TaBLE I11
(Continued)
NaCl 4101.1073
pH mol 1~1 ) .
Cross max Cross min max
Poly(L-Lys(p-Glu,., 3-DL-Alay.g)) (XVI)
104 0-02 211 215 221 — 231
(—0-70) (+1-23)
10 02 211 217 226 — 2335
(—2-13) (+1-07)
10 05 210 215 234 — 239
(—4-08) (+0-42)
10 1-0 208 218 239 — 2435
(—872) (+0-19)
10 20 205 210 — 2115 221
(—10-9) (—997) (—131)
110 0024 10% methanol 209 218 234 — 239
(—4-55) (+0-42)
-0 002 + 20% methanol 206 2185 239 — 243
(—10-3) (+0-21)
1-0 002 -+ 509, methanol 207 219 - - -
(—166)
1-0 0-02 - 75% methanol 206 220 — — —
(—183)
10 002 + 63% TFE? 205 214 — 2155 221
(—13-3) (—132) (—13-6)
10 002 + 12:5% TFE? 205 217-5 — — -
(—21+9)
10 002+ 25% TFE" 205 2165 — — —
(—15-8)
10 0:02 - 50% TFEP 206 2175 — - -
(—623)
10 002 + 75% TFE® <200 2065 229 — 236
(—2-26) (+0-72)
1:0°  0-02 - 85% TFE® 211 218 — — —
(1391
10 0-02 4+ 95% TFE? 211 217 — — —
(+733)
7-357 02 208 215 238 — 242
(—10-4) (+0-11)
@ Additional Ay, < 200 nm; ® TFE 2,2,2-trifluoroethanol; € additional 4, = 2055 nm,
[0]-= —12:4.10%; ¢ additional A, = 200 nm, [@] = 11-6 . 10%; © additional i_,, = 203 nm,
[©) - —228.10%, A, = 105 nm, [@] = —1-84 . 10°. .
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conditions of minimal charge. The effect decreases with increasing length of the
branch probably because of the helix-forming capacity of non-terminal glutamic acid
residues. Elongation of branches by lysine residues results in an opposite effect,
i.e. in suppressing the ordered structure formation. For this reason, the maximum
content of a-helix (observed in water-alcohol mixtures) is higher in the polypeptide
XIII containing three L-glutamic acid residues than in the corresponding L-lysine-
-containing polypeptide XIV. Since the maximum apparent a-helix content is also
higher in the trisubstituted polymer XIII than in the corresponding mono- (III)
and disubstituted (IX) polymer (Fig. 3) we assume that an ordered «-helical structure
exists at least in part also in the branches. The behaviour of the polypeptide XV
containing three DL-lysine residues shows that, unlike DL-alanine?, pL-lysine in the
branches restricts the formation of the backbone helix, probably because of its larger
steric bulk. A similar restriction of helical backbone structure formation may be
expected also in the polypeptide XIV containing L-lysine. The more pronounced
content of the a-helical structure found in this compound under favourable condi-
tions is probably due to formation of helical segments in the branches.

(ong*

S| 1 _4 { 1
200 am 240 200 nm 250
FiGg. 5 Fi1G. 6
CD Spectra of poly(L-Lys(L-Glu,.g-pL- CD Spectra of poly(L-Lys(p-Gluj.,3-DL-
-Alas.3)) (XIIT), a and poly(L-Lys(p-Gluj., 5 -Ala; g)) (XVI) in the mixture water—tri-
-DL-Alas.g)) (XVI), b in 0-2m-NaCl, pH 7-4 fluoroethanol (TFE), 0-02m-NaCl, pH 1, «a

0% TFE, b 625% TFE, ¢ 12:5% TFE, d
25% TFE, e 50% TFE, f 75% TFE, g 95%
TFE

Y
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In the p-series we studied in detail only the polypeptide X VI with three D-glutamic
acid residues since the polypeptide with three D-lysine residues' is very sparingly
soluble; however, its CD spectra' in low ionic strength indicate features similar
to those of polypeptide XVI. Under physiological conditions the CD spectrum
of X VI corresponds to a random conformation of a polypeptide composed of D-resi-
dues (Fig. 5) and is almost independent of jonic strength (not shown). An analogous
spectral type was found also in low ionic strength in an alkaline medium®. In acid
medium the CD spectrum of XVI represents a transition between the polypeptide
and protein random spectral types.' Increase of the ionic strength or methanol
content in the water—methanol mixtures results in increasing negative ellipticity in the
region 215—250 nm, the effect of methanol being more pronounced than that
of higher ionic strength. The final CD spectrum is characterized by a negative maxi-
mum at about 220 nm (Fig. 4, curve c). One of the possible explanations of this
change is the formation of a-helical structure of the backbone consisting of L-amino
acids whereas the side-chains containing D-amino acids retain their unordered struc-
ture. A similar effect can be observed also in low concentrations of trifluoroethanol
(up to 12-5%, Fig. 6). Increase of trifluoroethanol concentration to 759 leads to an op-
posite effect, i.e. to decrease in the intensity of the negative band. The CD spectrum
in 75 trifluoroethanol is of very low intensity. A further increase of trifluoroethanol
content to 85% and 959 makes the spectrum similar to that of the polypeptide type
random conformation of a polypeptide consisting of L-residues but without the
negative long-wavelength band. These changes reflect a complex conformational
behaviour of the polypeptide in which the backbone is composed of L-residues and the
branches contain several D-residues and in which conformational changes of the
backbone and the branches cannot be independent. In polypeptides with three
D- or L-amino acid residues in the branches the effect of the branches on the spectral
shape is very marked. We assume that some of the branches are long enough to be
capable of formation of ordered helical segments.

In the case of L-residues, the helical structure of both the backbone and the branches
has the same sense so that the CD curves represent a sum of both contributions.
On the other hand, the helical arrangement of branches composed of D-residues
has an opposite sense than the helical arrangement of the backbone. This may lead
to a compensation of the dichroic contributions or even to occurence of enantio-
morphous curves.
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