
Biophysical Chemistry, 31 (1988) 53-61 
Elsevier 

53 

BPC 01283 

Influence of side-chain-terminating moieties on the conformation 
of branched polypeptides and their conjugates 

with 49ethoxymethylene-2-phenyM( 4H) -oxazolone 

Ferenc Hudecz a, Judit Kajthr a and Mhia Szekerke b 
u Department of Organic Chemism, L. Eiitviis University Mweum krt. 4/B, H-1088 Budapest 

and b Research Group for Peptide Chemistry Hungarian Academy of Science, Budapest, Hungary 

Received 5 September 1987 
Accepted 1 February 1988 

Branched polypeptide; 4-Ethoxymethylene-2-phenyl-5(4H)-oxazolone: Polypeptide-hapten conjugate; CD; Conformation 

Poly(Lys-(Xi-DL-Ala,)) polypeptides carrying. hydrophilic (X = His, Glu, Lys) or hydrophobic (X = Nle, Ile, Phe) amino acid 
residues and their conjugates with 4-ethoxymethylene-2-phenyl-5(4H)-oxazolone were synthesized. The conformational properties of 
carrier polypeptides and conjugates were studied by circular dichroism (CD) spectroscopy in the wavelength regions 190-250 and 
310-380 mn, with the emphasis on analysis under near physiological conditions. Based on CD studies, it could be demonstrated that 
the helix-forming capacity appears to be related to the hydrophobic nature of the branch-terminating amino acid of the branched 
polypeptides. With respect to carrier function, the presence of a coupled derivative of oxazolone at the side chain termini generally 
promotes the formation of helical secondary structure. The absolute configuration of the side-chain-ternkating amino acids was 
found to be important for the local orientation of the hapten molecule in the conjugates. 

1. Introduction 

Macromolecular carriers have been used to 
achieve target-specific drug delivery of antitumor 
drugs, enzymes and’toxk [1,2]. In immunological 
investigations, pro&s such as KLH and BSA are 
frequently used as carriers of artificial synthetic 
haptens in order to induce high levels of hapten- 

Correspondence address: F. Hudecz, Department of Organic 
Chemistry, L. E&v& University, Muzeum krt. 4/B, H-1088 
Budapest, Hungary. 
Abbreviations: in this paper, abbreviations follow the rules of 
the IUPAC-IUB Commission of Biochemical Nomenclature [3] 
in accord with the reeonunended nomenclature for graft poly- 
mers [4]. KLH, keyhole limpet hemocyanin, BSA, bovine serum 
albumin; Ox, oxazolone, 4-ethoxymethylen+2-phenyl-5(4H)- 
oxazolone; phOx coupled derivative of Ox; CD, circular di- 
chroism; AK, pOly(LyS-(DL-Ah?+,,)); XAK, poly(Lys-(X,-DL- 
Ala,,,)); AK-phOxj, poly(Lys-(phOx,~DL-Ala,)))); XAK-phti,, 
poly(Lys-(phOx,-XiDL-ALa,)). 

specific immune response. In order to construct 
synthetic vaccines, several antigenic determinants 
of viral or bacterial origin have recently been 
covalently coupled to proteins or polypeptides 
[5-71. For a better understanding of the function 
of macromolecular carriers, we have developed a 
versatile model system [8-lo]. This group of syn- 
thetic, branched polypeptides is based on poly(~- 
lysine) substituted at the s-amino groups by side 
chains composed of about three DL-alanine and 
one additional (X) amino acid residue (fig. la). 
The chemical structure (amino acid composition, 
side chain distribution and conformation) [lo-161 
and immunological properties (immune response, 
immunomodulatory potential) of these poly- 
peptides have been characterized in detail [17-201. 

These branched polypeptides were coupled with 
4-ethoxymethylene-2-phenyl-5(4H)-oxazolone 
(oxazolone, Ox) 1211, in order to analyse sys- 
tematically the structural features of macromolec- 
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Fig. 1. Schematic representation of branched polypeptides (a) 
with a single amino acid (X), (b) with Qethoxymethylene-2- 
phenyl-5(4H)-oxazolone derivative (Y), (c) with a single amino 
acid (X) and 4-ethoxymethylene-2-phenyM(4H)-oxazolone de- 

rivative cc) at the side-chain term%. 

ular carrier-hapten conjugates. The characteristics 
of the immune response induced by oxazolone are 
well-documented in the literature. Therefore, this 
compound is widely used in basic immunology as 
a synthetic, antigenic determinant [22-251. 

In the present report, we describe the synthesis 
of oxazolone conjugates with poly(Lys-(X,-DL- 
Ala,)), (XAK), .where X = Leu, D-Leu, Phe or 
D-Phe. This was carried out similarly to the pro- 
cess described previously [26] for oxazolone con- 
jugates with poly(Lys-(DL-Ala,)) (AK) repre- 
senting the common inside core of branched poly- 
peptides (fig. lb and c). Conformational studies 
were based on the analysis of CD spectra of 
branched polypeptides containing hydrophilic or 
hydrophobic side-chain-terminating amino acid 
residues of the general formula poly(Lys-(Xi-DL- 
Ala,,,)). These spectra were compared with those 
of the oxazolone conjugates {poly(Lys-(phOx,-DL- 
Alam)), (AK-phOxi) and poly(Lys-(phOx,-X+L- 
Ala,)), (XAK-phox,)} under near physiological 
conditions. 

2. Experimental 

2. A. Materials 

Branched polypeptides and their conjugates 
with 4-ethoxymethylene-2-phenyl-5(4H)-oxazo- 

lone were synthesized in our laboratory. Amino 
acids and 4-ethoxymethylene-2-phenyl-5(4H)- 
oxazolone were purchased from Reanal (Hungary) 
and Sigma (U.S.A.), respectively. 

2.2. Synthesis of branched polypeptides 

Poly(Lys-(DL-Ala ,,, )) (AK) was prepared by 
grafting short oligomeric DL-Ala chains onto the 
r-amino groups of pOly(L-lysine). Poly(Lys-(Xi-DL- 
Ala,)) (XAK) was synthesized by coupling a suit- 
ably protected amino acid pentachlorophenyl ester 
or azide to the ar-amino groups of AK. Protecting 
groups were removed completely from the 
branched polypeptides with HBr in glacial acetic 
acid. The deprotection was confirmed by ultra- 
violet spectroscopy at 254 nm. Details of the pro- 
cedures for synthesis have been reported in previ- 
ous papers [8,9]. The polypeptides were char- 
acterized by amino acid analysis, average relative 
molar mass. determination using sedimentation 
analysis and gel-permeation chromatography (151. 
Characteristic values of the branched polypeptides 
are summarized in table 1. 

2.3. Synthesis of branched polypeptide-phOxj con- 
jugates 

Coupling of 4-ethoxymethylene-2-phenyl-5- 
(4H)-oxazolone to the branched polypeptides was 
carried out using the method previously described 
[22,27] for the modification of proteins by oxazo- 
lone, with some alterations. Briefly, the method 
entailed adding a 1% solution of oxazolone in 
ethanol in aliquots to a stirred 0.1% solution of the 
polypeptide in 0.01 mol/l carbonate buffer at pH 
9 (in the case of AK), or 0.01 mol/I phosphate 
buffer at pH 7.5 (in the case of XAK), at O’C. 
The input molar ratio of polypeptide to oxazolone 
is 1: lo-15 and of buffer to ethanol, 100 : 1 (v/v). 
Stirring was continued for 2 h and the reaction 
was allowed to proceed overnight at 4’ C. The 
resulting solution was dialyzed extensively against 
water or 0.2 mol/l NaCl @H 7.3) for 4 days. 

The phOx content of the conjugates was de- 
termined spectrophotometrically as described by 
M%elii et al. [29]. It was assumed that the oxazo- 
lone coupled to the a-amino group.of alanine (in 
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the case of AK) or other amino acids such as Phe 
or Leu (in the case of XAK) has the same molar 
extinction coefficient at A = 350-351 nm as 
oxazolone coupled to e-aminocaproic acid (h,, 
= 352 run, E = 32000). Analytical data on the 
conjugates are presented in table 2. 

2.4. Spectroscopic measurements 

Absorption spectra were recorded on a Specord 
ultraviolet-visible (Carl Zeiss) spectrophotometer 
in cells of optical paths 1.0, 0.2 or 0.1 cm at room 
temperature. The compounds were dissolved in an 
ethanol/water mixture (1 : 9, v/v) or in 0.2 mol/l 
NaCl solution at pH 7.3. CD spectra were re- 
corded using a Roussel-Jouan model III dichro- 
graph (Jobin-Yvon) in cells of optical paths 1.0, 
0.2 and 0.1 cm at room temperature. The dichro- 
graph was calibrated with epiandrosterone at 304 
nm and D-( ->pantoyllactone at 220 nm [28]. The 
samples were dissolved in 0.2 mol/l NaCl and the 
pH was adjusted by the addition of 0.1 mol/l 
NaOH or 0.1 mol/l HCl. The concentration of the 
solutions was approx. 0.5 mg/ml. The data from 
the CD measurements were expressed in terms of 
AC, calculated for one lysine residue of the main 
chain carrying a whole side chain. 

3. Results and discussion 

3. I. Conformation of branched polypeptides 

The branched polypeptides studied in this paper 
are built up of a sequence of three DL-alanine 
residues with another ~-amino acid (His, Glu, Lys, 
Leu, Nle, Ile or Phe) at their amino-termini. The 
interpretation of the CD spectra presented in fig. 
2 was based on the well-characterized CD spectra 
of poly(Lys) from which all the branched poly- 
peptides have been derived. In the uncharged state 
(i.e., alkaline solution), poly(Lys) assumes an 01- 
helical conformation. The CD spectrum is char- 
acterized by two negative maxima of approxi- 
mately e+tal intensity at 221 and 208 nm. In 
neutral and acidic solutions, the c-amino groups 
of poly(Lys) are in the charged state and as a 
consequence of electrostatic repulsion, the back- 

bone of the polymer adopts an essentially un- 
ordered structure. The respective CD spectrum is 
characterized by a weak negative and weak posi- 
tive maximum at 218 and 214 nm, respectively, 
and a strong negative maximum at 199 mu. This 
spectrum is regarded as belonging to unordered 
structure [30-321. 

In the case of branched polypeptides, the term 
‘helical conformation’ is used mainly when the 
CD spectrum reflects an ordered spatial arrange- 
ment of the backbone. It has been demonstrated 
[10,13] that in the case of the a-helical conforma- 
tion, the Dr.-alanine residues do not contribute to 
the overall optical activity. It might be assumed 
that the contribution of the side-chain-terminating 
~-amino acid residues is much smaller than that of 
the lysine residues of the ordered main chain. 
However, the contribution of the branch-terminat- 
ing L-amino acids to the total CD spectrum proved 
to be somewhat greater, as significant differences 
were observed in the CD spectra of polypeptides 
of different constitution. 

The CD spectra of the branched polypeptides 
studied in 0.2 mol/l NaCl at pH 7.3 are given in 
fig. 2. The polypeptides containing branches with 
one Lys, Glu, His, Phe, Nle or Ile residue as chain 
termini have free basic groups which are charged 
at neutral pH. The CD spectra of poly(Lys-(His,- 
DL-Ala,)), poly(Lys-(Glu ,-DL-Ala,)) and poly- 
(Lys-(Lys,-DL-Ala,)) are similar to those of poly- 
(Lys) under similar conditions and thus are 
regarded as assuming an unordered conformation 
[12-141. In cases where Ile, Nle and Phe are 
side-chain termini, however, the CD spectra of the 
polypeptides in 0.2 mol/l NaCl (pH 7.3) display 
features that are characteristic of the spectrum of 
an a-helix. A similar effect was observed with Leu 
[13] and Tyr (unpublished results) coupled to 
poly(Lys-(DL-Ala,)). 

Consequently, the CD measurements carried 
out at medium ionic strength and at neutral pH 
(i.e., under near physiological conditions) indicate 
a marked dependence of the conformation of the 
branched polypeptides on the identity of the side 
chain terminating amino acid. These observations 
are consistent with our earlier findings with 
branched polypeptides in low ionic strength solu- 
tions at neutral pH [10,12-141. It appears that the 



56 E Hudecz et al./Influence of side-chain terminal on polypeptide conformation 

Table 1 

Characteristics of branched polypcptides 

Compound Codea Molar ratio of amino acids 

LYS Aa, Xib 

Poly(Lys-(Phe,-DL-Ala,)) FAK 1 3.0 0.9 
Poly(Lys-(DPhe,-DLAla,)))) D-FAK 1 3.0 0.92 
Poly(Lys-(I&u,-DL-Ala,)) LAK 1 2.9 0.76 
Poly(Lys-(D-Leu,-DL-Ala,,,)) D-LAK 1 3.0 0.95 
POly(LyS-(14DL-Ala,)))) IAK 1 3.0 0.95 
Poly(Lys-(NlerDL-Ala,)) NleAK 1 3.0 0.95 
Poly(Lys-(His,-DL-Ala,)) , HAK 1 3.0 0.8 
Po~~(L~s-(G~u,-DL-A~Q) EAK 1 2.95 0.81 
Poly(Lys-(Lys,-DL-Ala,)))) KAK 1 2.95 0.60 

a Based on the single-letter code for amino acids (except Nle). 
b X = Phe, D-Phe, Leu, D-Leu, Ile, Nle, His, Glu or Lys. 
’ Calculated from the average degree of polymerization OF poly(Lys) and the side chain composition. 

KC w 

54700 
55200 
73500 
52700 
52700 
52700 
56100 
76300 
84500 

Table 2 

Characteristics of branched polypeptidephOx, conjugates 

Compound 

Poly(Lys-(phGx,-DwUa,,,)) 
Poly(Lys-(phOx,-Leu,-DL-Ala,)))) 
Poly(Lys-(phGx,-D-Leu,-DL-Ala,)) 
Poly(Lys-@hOx,-Phe,-DL-Ala,)) 
Poly(Lys-@hGx,-D-Phe,-DL-Ala,,,)) 

Code a 

AK-phOx,,, 
LAK-phOx,, 
D-LAK-phOx,s.s 
FAK-phOx 7.,, 
D-FAK-phOx,,, 

Molar ratio 

Peptide 

1 
1 
1 
1 
1 

ehGx, 

9.6 
8.0 

13.0 
7.0 
6.9 

Kb 

,378OO 
43500 
54poo 
56300 
56800 

’ ‘Based on the single-letter code for amino acids and phox, 4-ethoxymethylene-Z-phenyl-5(4H)-oxazolonederivative. 
b Calculated from the average degree of polymerization of poly(Lys) and the side chain composition. 
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Fig. 2. CD spectra of branched polypeptides in 0.2 mol/l NaCl at pH 7.3. (a) HAK (- - - - - -), EAK ( -), KAK (. . . . . .); (b) 
IAK ( -), FAK (- - - - - -), NleAK (- . . . .). 
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helix-forming ability of the backbone is related to 
the hydrophobic nature of the branch-terminating 
amino acids. The presence of Nle, Ile, Leu or Phe 
results in a significantly increased tendency to- 
ward the formation of ordered structure. In con- 
trast, Lys, His or Glu as side-chain terminal 
residues favour the formation of an unordered 
conformation. 

3.2. Conformational characteristics of the branched 
polypeptide-phOx, conjugates 

A number of branched polypeptide-phOxj con- 
jugates were synthesized by spontaneous coupling 
of 4-ethoxymethylene-2-phenyl-5(4H)-oxazolone 
to the cr-amino groups of polypeptides at slightly 
alkaline pH. Table 2 lists the abbreviations and 
characteristic .data for the conjugates. Protein and 
poly(Lys) conjugates of oxazolone were prepared 
using a similar procedure [22,26,27,29]. 

trum of the LAK-phOx,,b conjugate can be re- 
garded as a prototype (fig. 3), as all of the other 
conjugates reported in table 2 display very similar 
spectra. As reference compounds, we have re- 
corded the absorption spectra of oxazolone in an 
ethanol/water (1: 9, v/v) mixture and of LAK in 
0.2 mol/l NaCl at pH 7.3 (fig. 3). The most 
important observation derived from these spectra 
was the red-shift in the spectrum of the conjugates 
compared to that of oxazolone. This change is 
probably due to covalent bond formation between 
the ethoxymethylene group of oxazolone and the 
amino group of the polypeptides [33]. Based on 
the absorption spectra of the conjugates, the phOx 
content was determined using h_ = 349-352 nm 
and L = 32000 [29]. The average degree of sub- 
stitution is in the range of 6.9-13.0 oxazolone 
molecules per molecule, which is similar to data 
published for protein-phOxj conjugates [22,26,27, 
29,341. 

The spectroscopic properties (absorption and The conformation and pH-induced conforma- 
CD) of polypeptide-phOx; conjugates were exten- tional changes of the conjugates were investigated 
sively studied in solution. The absorption spec- by CD spectral measurements in the wavelength 

322 nm 

.\ 1 

‘\ 
\ 
\ 

‘. 
‘-.,w._ I I 

‘\ 
* 

45000 4ocOo 35000 3oooo 25000 
V(cf+) 

Fig. 3. Absorption spectra of 4-ethoxymethylene-2-phenyl-5(4H)-oxazolone in ethanol/water (1: 9, v/v) (c = 2 x lo-’ mol/l) 
(- - - - - -), LAK in 0.2 mol/l NaCl at pH 7.3 (c 7 2.5 X 10e5 mol/l) (--.-.) and LAK-phOx,,, in 0.2 mol/l N.&l at pH 7.3 

*(c=2.7~10-~ mol/l)(- ). 
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Fig. 4. CD spectra of the AK-phOx,, conjugate at pH 1.5 (. . . . . .) and pH 7.3 (- ) in 0.2 mol/l N&l. 

region 190-250 ML The absorbance of the poly- 
peptide-phOxi conjugates lies between 280 and 
400 nm (fig. 3). In the 310-380 nm absorption 
range, only a weak optical activity was observed, 
presumably originating from the interaction of the 
covalently bound oxazolone molecules with their 
chiral environment in the polymer. This effect can 
be used for monitoring local structural changes in 
the conjugates. 

The CD curves of the AK-phOx,,, conjugate in 
0.2 mol/l NaCl at pH 1.5 and pH 7.3 are shown 

in fig. 4. In the wavelength region 190-250 nm, 
the CD spectrum indicates a partially ordered 
conformation at pH 1.5 as suggested by the ap- 
pearance of a negative maximum at 222 nm. An 
increase in pH to 7.3 leads to the formation of a 
helical structure as indicated by the presence of 
two negative maxima of approximately equal in- 
tensity at 222 and 205 nm. It should be noted that 
the CD spectrum of the free polypeptide AK 
corresponds to an unordered conformation under 
identical conditions [13]. The weak CD band in 

2- 

-2- -0.5 - 

-4 - 

-6- 

-8. 

-1.0 - 

------ pH 1.5 
pH 7.3 

Fig. 5. CD spectra of the FAK-phOx,, conjugate in 0.2 mol/l NaCI, at pH 1.5 (- - - ” - -) and pH ‘7.3 (- ). 
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the 310-380 nm range demonstrates the presence 
of phOx in the conjugate. The intensity of this 
negative CD band at 346 nm was slightly higher at 
pH 1.5 than at pH 7.3. 

The CD spectra of conjugates derived from the 
poly(Lys-(Xi-oL-Ala,)) carrier polypeptides with 
the oxazolone derivative located at the ends of 
their side chains will be discussed using as exam- 
ples poly(Lys-(phOx,-Phe,-Dr-Ala,)) (FAK- 
phOxj) and poly(Lys-(phOx,+Phe+L-Ala,)), 
(D-FAK-phOxi) (figs. 5 and 6). Similar shapes of 
the dichroic curves were noted in the case of Leu- 
or D-Leu-containing conjugates (data not shown). 

The CD spectrum of the FAK-phOx,,O con- 
jugate between 190 and 250 nm displays a par- 
tially ordered conformation at pH 1.5 (intense 
negative maximum at 225 nm). The shape of the 
CD spectrum in 0.2 mol/l NaCl at pH 7.3 corre- 
sponds to that of a highly ordered structure (fig. 
5). The spectra in the range 310-380 nm, at both 
acidic and neutral pH, are almost identical. The 
CD band in this region is characterized by a 
negative maximum at about 355 nm. In acidic 
solution, the intensity of this band is somewhat 
higher. It should be mentioned that the conforma- 
tion of the FAK carrier polypeptide was found to 
be helical in 0.2 mol/l NaCl at pH 7.3 (fig. 2). 
However, the CD spectrum obtained at pH 1.5 
indicated an unordered structure of the backbone 
V21. 

Af AE 

2 
0.5 

225 265 

The effect of pH on the CD spectrum of the 
FAK-phOx,, conjugate is analogous to that ob- 
served with the AK-phOx,, conjugate. An in- 
crease in pH resulted in the formation of an 
ordered structure of the conjugate from a partially 
ordered conformation (figs. 4 and 5). Compared to 
our previous data with carrier polypeptides 
[10,12,13], the results presented here lead to the 
conclusion that the presence of phOx at the end of 
the side chains in these conjugates promotes the 
formation of helical secondary structure. As a 
consequence, poly(Lys-(DL-Ala,)) and poly(Lys- 
(X,-DL-Ala,)) (X = Leu or Phe) derivatives carry- 
ing the hydrophobic groups of phOx have a more 
pronounced tendency to assume an ordered con- 
formation, even under ‘unfavourable’ conditions 
(i.e., at acidic pH). 

A comparison of the CD spectra of conjugates 
containing Phe or D-Phe in their side chains 
(FAK-phOx ,.,, and D-FAK-phOx,,) is demon- 
strated in fig 6. The shapes of the CD spectra 
measured under identical conditions (in 0.2 mol/l 
NaCl, pH 7.3) in the range 190-250 nm corre- 
spond to helical structures. Some quantitative dif- 
ferences can, however, be observed. The band 
intensities at 225 and 207 run seem somewhat 
lower in the spectrum of the D-FAK-phOx,, con- 
jugate compared with that of its Phe analogue. In 
the longer wavelength region of the CD spectrum, 
FAK-phOx,,O shows a negative Cotton effect at 

Fig. 6. CD spectra of the FAK-phOx,,o (- ) and D-FAK-phOx,,g (- - - - - -) conjugates in 0.2 mol/l NaCl at pH 7.3. 



60 F. Hudecz et al./Influence of side-chain terminal on polypeptide conjormotion 

355 nm, while its diastereomeric analogue D- 

FAK-phOx,,exhibits a positive CD band of simi- 
lar intensity at the same wavelength. The CD 
spectra of the two conjugates containing L-phenyl- 
alanine or D-phenylalanine residues are mirror 
images of one another in this wavelength range. 
Conjugates containing L- or D-tiU residues in the 
side chains reveal analogous behaviour (data not 
shown). From these results, it can be concluded 
that the CD pattern in the range 310-380 nm is 
strongly dependent on the absolute configuration 
of the side-chain-terminating amino acid bound to 
the oxazolone moiety. 

4. Conclusion 

Analysis of structure-activity correlations points 
towards the importance of the conformation of 
branched polypeptides, particularly with respect 
to their antigenicity and immunomodulatory 
properties [17-201. The results of the present ex- 
periments, in accordance with our previous ob- 
servations, demonstrate that the helix-forming 
ability of the backbone of branched polypeptides 
seems to be related to the hydrophobic nature of 
the branch-terminating amino acids. 

On the basis of data obtained with model com- 
pounds derived by coupling oxazolone to the 
branched polypeptides, we conclude that the na- 
ture of the side-chain-terminating amino acid and 
the hydropathic character of the hapten determine 
the overall conformation of the carrier-hapten 
conjugates. The CD signal in the wavelength range 
310-380 nm suggests that the local orientation of 
the hapten is markedly dependent on the absolute 
configuration of the branch-terminating amino 
acids. Therefore, in the designing of such com- 
pounds, it should be possible to alter the spatial 
arrangement of the hapten by proper selection of 
the absolute configuration of the side-chain- 
terminating amino acid. 

Acknowledgements 

These investigations were supported by Hunga- 
rian Academy of Sciences grants (OTKA no. l- 

600-2-86-l-484 and no. 841). The authors are 
greatly indebted to M. Kajtbr for helpful discus- 
sions. The authors thank Ms. J. Mgtht for excel- 
lent editorial assistance. 

References 

1 
2 
3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

K.J. Widder and P. Green, Methods Enzymol. 112 (1985). 
B.L. Ferraiolo and L.Z. Benet, Pharm. Res. (1985) 151. 
IUPAC-IUB Commission on Biochemical Nomenclature, J. 
Biol. Chem. 247, (1972) 977. 
IUPAC-IUB Commission on Biochemical Nomenclature, 
Biochem. J. 127 (1972) 753. 
P.M. Chanock and R.A. Lemer, Modem approaches to 
vaccine: molecular and chemical basis of virus virulence 
and immunogenity (Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY, 1984). 
J.W. Palfreyman, T.C. Aitcheson and P. Taylor, J. Im- 
munol. Methods 75 (1984) 383. 
J.L. Metick, Ann. Inst. Pasteur/Viral. 137E (1986) 499. 
F. Hudecz and M. Szekerke, Coll. Czech. Chem. Commun. 
45 (1980) 933. 
F. Hudecz and M. Szekerke, Coll. Czech. Chem. Commun. 
50 (1985) 103. 
F. Hudecz, H. Votavova, D. Ga& J. Sponar, J. Kajth, K. 
Blaha and M. Szekerke, in: Polymeric materials in medica- 
tion, eds. C.G. Gebelein and C.E. Carraher (Plenum, New 
York, 1985) p. 265. 
M. Szekerke, F. Hudecz, G. Mez& J. Kajtk, S. Kutassi- 
Kov& and D. Gail, International Conference on Func- 
tional Polymers and Biopolymers, ed. F.G.W. Butwell (Ox- 
ford Symp. hoc., 1986) p. 95. 
H. Votavova, F. Hudecz, J. Kajtti, M. Szekerke, J. Sponar 
and K. Blaha, Coll. Czech. Chem. Commun. 45 (1980) 941. 
H. Votavova, F. Hudecz, J. Sponar, K. Blaha and M. 
Szekerke, Coll. Czech. Chem. Commun. 47 (1982) 3437. 
H. Votavova, F. Hudecz, J. Kajth, J. Sponar, K. Blaha and 
M. Szekerke, Coll. Czech. Chem. Commun. 50 (1985) 228. 
F. Hudecz, P. KovBcs, S. Kutassi-KovBcs and J. Kajt&r, 
Colloid Polym. Sci. 262 (1984) 208. 
F. Hudecz and G. S&k&n, in: Chromatography, the state 
of the art, eds. H. K&sz and L.S. Ettre (Akad&niai Kiad& 
Budapest, 1985) p. 273. 
E. Rajnavtilgyi, F. Hudecz, G. Me&, M. Szekerke and J. 
Gergely, Mol. Immunol. 23 (1986) 27. 
F. Hudecz, E. RajnavBlgyi, G. Mezb, M. Szekerke and J. 
Gergely, in: International Conference on Functional Poly- 
mers and Biopolymers, ed. F.G.W. Butwell (Oxford Symp. 
Proc., 1986) p. 97. 
D. Ga&l, F. Hudecz, A.L. Kovics and M. Szekerke, J. Biol. 
Resp. Modifiers 5 (1986) 148. 
D. Gafil, F. Hudecz and M. Szekerke, J. Biol. Resp. Mod- 
ifiers, 3 (1984) 174. 
S. Tatsuoka, B. Ota and J. Veyanagi, J. Penicillin 1 (1947) 
383. 



F. Hudecz et al. / Influence of side-chain terminal on polypeptide conformation 61 

22 P.W. Askenase, J. Exp. Med. 138 (1973) 1144. 
23 AJS. Davies, R.L. Carter, E. Lcuchars and V. Wallis, 

Immunology 17 (1969) 111. 
24 I. Ando and J. Fachet, Eur. J. Imrnunol. 8 (1977) 516. 
25 E. RrjnavQyi, J. Kulics, M. Szil&yv&i, L. Kisfaludy, 0. 

Nyeki, I. Schbn and J. Gergely, Int. J. Imtnunopharmacol. 
8 (1986) 167. 

26 F. Hudecz, J. Kajtar, I. Kurucz, A.L. Kovacs and M. 
Szekerke, Macromol. Chem. (1988) in the press. 

27 M. Yoshimura, B. Cinader, J. Immunol. 97 (1966) 959. 
28 P.H. Schippers and H.P.J.M. Dekkers, Anal. Chem. 53 

(1981) 778. 

29 0. M&kelZ, M. Kaartinen, J.L.T. Pelkonen and K. Karja- 
lainen, J. Exp. Med. 148 (1978) 1644. 

30 N. Greenfield and G.D. Fasman, Biochemistry 8 (1969) 
4108. 

31 R.W. Woody in: The peptides, ed. V. Hruby, vol. 7 
(Academic Press, New York 1985) p. 15. 

32 J.T. Yang, C.S.C. Wu and H.M. Martinez, Methods En- 
zymol. 130 (1986) 208. 

33 P.G.H. Cell, C.R. Warrington and R.P. Rivers, Br. J. Exp. 
Pathol. 27 (1946) 267. 

34 G. LBszl6, E. Rajnavolgyi, 1. And6 and J. Gergely, Im- 
munogenetics 21 (1985) 429. 


