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Micelle Formation of Boc-Val-Val-lle-OMe Tripeptide in Chloroform and its 
Conformational Analysis 
R. Jayakumar,aA. B. Mandal*a and P. T. Manoharan*b 
a Chemical laboratory, Central leather Research Institute, Adyar, Madras 600 020, India 
b Department of Chemistry, Indian Institute of Technology, Madras 600 036, India 

The tripeptide derivative 1 (Boc-Val-Val-lle-OMe) forms micelles in chloroform as confirmed by UV-VIS, fluorescence 
and NMR spectroscopic techniques; the conformational analysis of the tripeptide 1 was determined by 1H NMR 
spectroscopy. 

The ordered aggregates of peptide derivatives in an apolar 
medium like cyclohexane and benzene have recently been 
reported by Ihara etal.1 The driving force for micelle 
formation in an apolar medium is attributable to the highly 
solvophobic property of NHC(=O)- groups which provide 
low-solubility parameters.2 We have already reported3 the 
micelle formation of tetrapeptides in dilute aqueous solution 
which are stabilised by intermolecular hydrogen bonds. To the 
best of our knowledge, peptides do not form micelles. 
Moreover, the micelle formation of peptides in chloroform 
has rarely been reported in the literature. However, in this 
communication, we report that the tripeptide 
Boc-Val-Val-Ile-OMe, 1, with three amide groups in 
chloroform can be self-assembled with defined 
conformational preference in the micellar state. The 
self-assembling peptide in an apolar medium will provide a 
good model system to study (3-structure nucleation of proteins, 
where the p-structure forms in the highly hydrophobic 
environment.4-6 The sequence of peptide 1 has several 
noteworthy characteristics. It was designed to be soluble and 
to adopt preferentially a (3-sheet conformation in organic 
media.5 In addition, the constituent amino acids, both Val and 
Ile, have p-branching which will have a preferred 
conformation that 'cup' against each other back-to-front with 
favourable packing.6 This sequence is found in the P-sheets 
region of protein triosephosphate isomerase .6 

Peptide 1 was prepared by the solution-phase method using 
the dicyclohexylcarbodiimide (DCC)-hydroxybenzotriazole 
(HOBT) strategy.' The aggregation studies were carried out 
using tert-butylphenol as an external probe. The concentration 
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Fig. 1 Plot of absorbance for tert-butylphenol at 243 nm vs. peptide 
concentration at 25 "C in chloroform solution; [tert-butylphenol] = 2 
x 10-5 mol dm-3 (fixed) 

of the probe was kept sufficiently low (2 x 10-5 mol dm-3) 
during UV-VIS and fluorescence spectroscopic 
measurements so that the ratio between the probe and peptide 
micellar concentrations is <<1, and therefore, the question of 
perturbation of peptide micellar structure by the probe will 
not arise. Among two major peaks of the probe (243 and 
276 nm), the high-energy peak, i.e. 243 nm (Amax) was chosen 
for the aggregation studies. Fig. 1 shows the absorbance vs. 
peptide concentration in chloroform solution at 25 "C. In 
Fig. 1, there is a clear break at 2.5 mmol dm-3, the critical 
micelle concentration (CMC) of the peptide. The CMCs of the 
peptide obtained at 5 and 25 "C using iluorescence techniques 
(see Fig. 2) are 1 and 2 mmol dm-3, respectively. Amide lH 
NMR chemical shifts have been increased at concentrations 
above the CMC of the peptide (Fig. 3). Therefore, the CMC 
of the peptide also has been determined from the plot of amide 
proton chemical shift vs. peptide concentration [Fig. 3(b)].  
The CMC values obtained by these three methods are in good 
agreement with each other. Regarding details for the CMC 
determination, we refer to our earlier works.8-10 

Temperature dependence of the three amide protons 
chemical shift has been studied at 10, 15,20,25 and 40 "C. In 
all the cases, linear plots with negative coefficients, i.e. d8/dT 
of the order of 2 2  x 10-3 ppm "C-1 are obtained and are 
given in Table 1. In CDCl3 the values S0.002 ppm "C-1 may 
be associated with the solvent exposed or strongly intra- 
molecularly hydrogen bonded NH's while higher d6/dT are 
assigned to intermolecularly hydrogen bonded NH. 11 The 
high d6/dT values for the amide protons indicate that these 
protons are involved in intermolecular hydrogen bonding. 
The CaH and NH regions of peptide 1 have been assigned, and 
part of it has been in Fig. 4(a). The 1H NMR assignments were 
determined by using the 2D COSY technique and the NMR 
parameters are listed in Table 1. The broad nature of the 
NMR signals of this peptide is due to aggregation. However, 
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Fig. 2 Plot of fluorescence intensity for tert-butylphenol vs.  peptide 
concentration in chloroform solutions at 5 (A)  and 25°C (0); 
[tert-butylphenol] = 2 x 10-5 mol dm-3 (fixed); A,, = 262 nm and he, 
= 408 nm 
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the NH and CaH resonances of individual residues are well 
separated indicating one predominant conformation. The 
difference nuclear Overhauser effect (NOE) spectra are 
shown in Fig. 4(b)-(g). The observed positive NOEs for Residue: Val (1) Val (2) Ile (3) 

peptide 1 in CDC13 suggest that rotational correlation times 
are short enough to be in the region COT, << 1 at 270 MHz.12 

Table 1 IH NMR parameters and calculated c$ values from JNH-Ha/H~ 
for peptide 1 

Parameters 
BNHu 5.00 6.50 6.38 

The NOE data of the peptide is given in Table 2. Two B H ~ ~  3.91 4.25 4.57 

The observed NOES in CDC13 are fully consistent with the 3JNH-Ha/H~~ 7.9 8.6 8.1 
interresidue NOEs (CpH t--) Ni+,H) are clearly observed. d6/d Tb -0.002 -0.003 -0.004 

&structure conformation because in such a conformation, the Od -119.9 - 126.9 -121.9 
-89.9 -96.9 -91.8 

'6.44 - 
- - (1) 
-6.40 -5.04 
- - 
-6.36 -5.02 

- 
6.47-6.32 -5.00 

a 6 Values are expressed as ppm downfield from internal SiMe4 and 
reported for a peptide concentration of ca. 10 mmol dm-3 in CDC13. 
b d6/dT Values are expressed as ppm K-1 measured at the concentra- 
tion of 10 mmol dm-3. C Errors in J values are k0.4 Hz. d Possible +s 
were obtained from Karplus equation with sets of constants used by 
Pardi et al. The selected values of c$s are underlined. 
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Table 2 Differencea NOE data for peptide 1 
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[Peptide] / mmol dm-3 

Val (2) NH Val (1) CaH 10.9 
Ile (3) NH Val (2) CaH 12.5 
Val (1) NH - - 
Ile (3) CaH - - 

Val (1) CaH Val (2) NH 7.3 
Val (2) CaH Ile (3) NH 8.3 

NOE experiments were carried out at a probe temperature of 293 K 
and reported peptide concentration of ca. 20 mmol dm-3. 

I I 1 

6 5 4 
Fig. 3 (a) 400 MHz 1H NMR spectra of different concentrations of 6 
peptide 1 in CDCl3 at 25 "C; 1, 0.5; 2, 2; 3, 6 and 4, 10 mmol dm-3 
peptide. ( b )  Plot of three amide protons chemical shift vs. peptide 
concentration at 400 MHz and at 25 "C. Curve numbers correspond to 
ordinate scale numbers; 0, NH Val (1); @, NH Ile (3); ., NHVal(2) 

Fig. 4 (a)  Partial 270 MHz 1H NMR spectrum of peptide 1 in CDC13. 
(b)-(g) Difference NOE spectra (x16) obtained by saturation of 
specific resonances indicated by downward arrows. The enhance- 
ments are indicated by slanted arrows. 
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ith and ( i  + 1)th residues adopt structures with 4 = -120" k 
10" and = 130" f 10" resulting in a close approach 
(2.1-2.4 A) of CplH and Ni+l protons.13 In all cases NOES in 
the direction of Ni+ 1H + CplH are always greater in magnitude 
than those for the reverse direction. This is because of the 
availability of alternative relaxation pathways for the NH 
protons. 

The vicinal coupling constant of amide protons of the 
peptide 1 is given in Table 1. From the 3J(HN-aH) values, the 
dihedral 4 for rotation about the N-C bond was obtained 
using Pardi's equation.14 The selected @ values are underlined 
in the Table 1. These values fall in the P-sheet regions of the 
Ramachandran plot15 confirming the presence of P-sheet 
conformation. Apart from these results the relatively low-field 
positions of CaH and NH protons of the amino acid residue in 
CDC13 are presumably a consequence of such a 
conformation.16 An ideal P-sheet structure results in a fairly 
close approach of the > C=O of the amino acids in peptides. In 
principle, this should result in electrostatic destabilisation due 
to unfavourable dipole-dipole interaction. Such an 
unfavourable interaction could be compensated by strong 
linear >C=O...H-N hydrogen bond formation. In a low 
dielectric solvent like CDC13, the formation of such 
intermolecular hydrogen bonds determines the conformation. 
This condition persists in the interior region of the proteins 
where the estimated dielectric constant is very low.17 Thus, we 
conclude that the micellisation of this peptide in an apolar 
medium has a stabilising 6-structure conformation. 

Received, 26th November 1992; Corn. 2106312C 

References 
1 H.  Ihara, H .  Hachisako, C. Hirayama and K. Yamada, J. Chem. 

SOC., Chem. Commun., 1992, 1244. 
2 Y. Ishikawa, H. Kuwahara and T. Kunitake, J. Am.  Chem. SOC., 

1989, 111, 8530. 
3 A. B. Mandal and R. Jayakumar, J. Chem. SOC., Chem. 

Commun., 1993, 237; A. B. Mandal and R. Jayakumar, J. Phys. 
Chem., submitted for publications. 

4 H.  Ihara, M. Takafuji, C. Hirayama and D. F. Obrien, Langmuir, 
1992, 8, 1548. 

5 M. Mutter, Angew. Chem., Int. Ed. Engl., 1985, 24, 639 and 
references cited therein. 

6 J. S.  Richardson, Adv. Protein Chem., 1981, 34, 168. 
7 W. Konig and R.  Geiger, Chem. Ber., 1973, 106, 3626. 
8 A. B. Mandal, S.  Ray and S. P. Moulik, Indian J. Chem., 1980, 

9 A .  B. Mandal, B. U. Nair and D.  Ramaswamy, Langmuir, 1988, 
19a, 620. 

4, 736. 
10 A. B. Mandal and B. U. Nair, J. Phys. Chem., 1991, 95, 9008. 
11 J. Samanen, G. Zuber, J. Bean, D. Eggleston, T. Romoff, K. 

Kopple, M. Saunders and D. Raegoli, Int. J. Peptide Protein Res., 
1990, 35, 501. 

12 A. A. Bothner-By, in Magnetic Resonance in Biology, ed, R. G .  
Shulmen, Academic Press, New York, 1979, p. 177. 

13 N. D. Shenderovich, G.  V. Nikiferovich and G. I. Chipens, J. 
Magn. Reson., 1984, 59, 1. 

14 A. Pardi, M. Billeter and K. Wuthrich, J. Mol. Biol., 1984, 180, 
741. 

15 G. N. Ramchandran and V. Sasisekharan, Adv. Protein Chem., 
1968, 23, 283. 

16 R. Kishore, A. Kumar and P. Balaram, J. Am. Chem. SOC., 1985, 
107, 8019. 

17 S. P. Dao, D .  I. Liao and S. J. Remington, Proc. Nutl. Acad. Sci. 
USA, 1989, 86, 5361. 




