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Fig. 1 Structures of six tripeptides used in this study

The peptides have varying non-polar character due to differences in their C-terminal residues.

Note that the peptide backbone (the polar portion) is unchanged from one peptide to the next.
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Fig. 2 ESI-TOF mass spectra collected using equivalent
tripeptides in water solutions

The signal intensity shows difference between each individual tripeptide

although they are predominated with 100% abundance in each mass

spectrum.
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Fig. 3 Bar graph showing the non-polar surface areas of
six similar tripeptides

The structure of G-G-G is shown and the structures of the other peptides
can be obtained by inserting the appropriate side chain (shown above
bars) at site A. Non-polar surface area increases as more carbon groups
are added to the side chain, reaches a maximum at glycine-glycine-
phenylalanine (G-G-F), and then decreases as a polar OH group is added
to the phenyl ring to form glycine-glycine-tyrosine (G-G-Y).
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Fig. 4 ESI response as a function of non-polar area of the
tripeptides in Figure 1

The good linearity between ESI response and the non-polar area of the

tripeptides indicates that signal intensity obtained in ESI-TOF-MS

represents the hydrophobicity of the tripeptides investigated.
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Fig. 5 ESI response of 6 tripeptides mixture
The relative intensities of the six tripeptides are identical to those
obtained in Figure 2, indicating that this method could be used for dilute

solutions with multiple solutes.

SERG IR R I, G S A — A 2 IRk
B, bWk GGG Bk GGY 1k B 48 o 3
0.01 mol/L, RIM#¥4 38431 GGG B GGY (115 5 5k
FEBRLL 1000 £%, A758K e DLk A9 BEAR (¥ . 3% ]
Ae 55 RSN ESTAG S N A gk AT G &R, DRI,
XT 2 MM ERN S, ESIMNAGS 5H Ak
P TR R (R 2 2 P A DA IR T %o B (A [ 401
R BETE L, DA RIR A A AR AN R 4 20k B A 22
LA A5 110 R G S 7O AT Hf

3 % T

AR S R A2 1 R RO P ) 2 22 A
7, FPlRAERERANT &, A0 THZEGEA
Jit. DNA S5) A BAR ] b s B (. £
Plot —RAAEEAY RN EY, MGEA T
IR U AL, R R A 5l v g
BEME M N 5, RV 2 IE D) R M AR
P IE S R, R RS AT I ) B ik, W)
LAFEH I3 Bl 22 P ARSI 2 AN [R] 22 ik 2 T PR R 7K APk
PIraRAGE R TR R 8L AT IR AN 2 T
BB R BTG, U R, TR K
PERE T 2 BeAlIE.

2 & X #k

1 Dill K A. The meaning of hydrophobicity. Science, 1990, 250
(4978): 297~297

2 Privalov P L, Gill S J, Murphy K P. The meaning of hydrophobicity -
response. Science, 1990, 250 (4978): 298~299

3 Lesk A M. Hydrophobicity - getting into hot water. Biophysical
Chemistry, 2003, 105 (2~3): 179~182

4 Trovato A, Hoang T X, Banavar J R, et al. What determines the
structures of native folds of proteins?. Journal of Physics-Condensed
Matter, 2005, 17 (18): S1515~S1522

5 Phoenix D A, Harris F, Daman O A, e: al. The prediction of
amphiphilic alpha-helices. Current Protein & Peptide Science, 2002,
3 (2):201~221

6 Tossi A, Sandri L, Giangaspero A. Amphipathic, alpha-helical
antimicrobial peptides. Biopolymers, 2000, 55 (1): 4~30

7 Tanford C. How protein chemists learned about the hydrophobic
factor. Protein Science, 1997, 6 (6): 1358~1366

8 Tk, wUMEAL, VFbe X, it A % 1 RN B AL AT T B AL 27 R
HIAHIR PRI, ZEBUARNE R 22441, 2003, 30 (4): 439~445
Ma F, Wu Y T, Xu X F. Journal of Anhui Agricultural University,
2003, 30 (4): 439~445

9 R BRI AR A, 1999, 19 (5): 233~235
Wang K Y. Chemistry of Life, 1999, 19 (5): 233~235

10 Mahato R I, Narang A S, Thoma L, et al. Emerging trends in oral

delivery of peptide and protein drugs. Critical Reviews in



946 - S FESE IR

Prog. Biochem. Biophys.

2006; 33 (10)

11

17

18

19

20

21

22

23

Therapeutic Drug Carrier Systems, 2003, 20 (2~3): 153~214
Kraft A, Howarth N M, Evans R, et al. Determination of
liposome-water partition coefficients of pharmaceutical drugs using
a simple laboratory titrator. Abstracts of Papers of the American
Chemical Society, 2005, 230: U2743~U2744
DuQS, Li DP, He W Z, et al. Heuristic molecular lipophilicity
potential (HMLP): Lipophilicity and hydrophilicity of amino acid
side chains. Journal of Computational Chemistry, 2006, 27 (6):
685~692
Berthod A, Carda-Broch S. Determination of liquid-liquid partition
coefficients by separation methods. Journal of Chromatography A,
2004, 1037 (1~2):3~14
Debolt S E, Kollman P A. Investigation of structure, dynamics, and
solvation in 1-Octanol and its water-saturated solution -
molecular-dynamics and free-energy perturbation studies. Journal of
the American Chemical Society, 1995, 117 (19): 5316~5340
Essex J W, Reynolds C A, Richards W G. Theoretical determination
of partition-coefficients. Journal of the American Chemical Society,
1992, 114 (10): 3634~3639
Dunne L A. Fan-deltas and braid deltas - Varieties of coarse-grained
deltas - discussion. Geological Society of America Bulletin, 1998,
100 (8): 1308

Bennaim A. The Role of hydrogen-bonds in protein folding and
protein association. Journal of Physical Chemistry, 1991, 95(3):
1437~1444

Jorgensen W L, Briggs J M, Contreras M L. Relative
partition-coefficients for organic solutes from fluid simulations.
Journal of Physical Chemistry, 1990, 94 (4): 1683~1686
Abraham D J, Kellogg G E, In K H. 3D-QSAR in Drug Design:
Theory, Methods and Applications. Leiden: ESCOM, 1993. 506~
522
Lehninger A L, Nelson D L, Cox M M. Principles of biochemistry.
New York: Worth Publishers, 1993. 81 ~108
Heiden W, Moeckel G, Brickmann J. A new approach to analysis
and display of local
molecular surfaces. ] Comput-Aided Design, 1993(7): 503~514
o, S KR T E R A Al AR (4 TR, 1999,
24 (13): 1~8

Wang T, Zhou J J. Chemistry Online, 1999, 24 (13): 1~8

lipophilicity/hydrophilicity mapped on

Hessa T, Kim H, Bihlmaier K. Recognition of transmembrane

24

25

26

27

28

29

30

31

32

33

34

helices by the endoplasmic reticulum translocon. Nature, 2005, 433
(27): 377~381

Fauchere J L, Pliska V. Hydrophobic parameters-PI of amino-acid
side-chains from the partitioning of N-acetyl-amino-acid amides.
Eur J Med Chem, 1983, 18 (4): 369~375

Kitchell J A, Clark D L, Gombos A M. Biologica selectivity of
extinction: a link between background and mass extinction. Annales
de Paleontologie, 1986, 7 (1): 3~23

Constantopoulos T L, Jackson G S, Enke C G. Challenges in
achieving a fundamental model for ESI. Analytica Chimica Acta,
2000, 406 (1): 37~52

Hendrickson C L, Emmett M R. Electrospray ionization Fourier
transform ion cyclotron resonance mass spectrometry. Annual
Review of Physical Chemistry, 1999, 50: 517~536

Ben N A. Hydrophobic Interaction. New York: Plenum Press, 1980
Nicholls A, Sharp K A, Honig B. Protein folding and association -
insights from the interfacial and thermodynamic properties of
hydrocarbons. Proteins-Structure Function and Genetics, 1991, 11
(4): 281~296

Meek J L, Rossetti Z L. Factors affecting retention and resolution of
peptides in high-performance liquid-chromatography. J Chromatogr,
1981, 211 (1): 15~28

Guo D C, Mant C T, Taneja A K, et al. Prediction of peptide
retention times in

reversed-phase  high-performance liquid-

chromatography .l1. determination of retention coefficients of
amino-acid-residues of model synthetic peptides. Journal of
Chromatography, 1986, 359: 499~517

Guo D C, Mant C T, Taneja A K, et al. Prediction of peptide
retention times in reversed-phase high-performance liquid-
chromatography .2. correlation of observed and predicted peptide
retention times and factors influencing the retention times of
peptides. Journal of Chromatography, 1986, 359: 519~532

Gaillard P, Carrupt P A, Testa B, et al. Molecular lipophilicity
potential, a tool in 3d Qsar——method and applications. Journal of
Computer-Aided Molecular Design, 1994, 8 (2): 83~96

Heiden W, Moeckel G, Brickmann J. A new approach to analysis
and display of local lipophilicity hydrophilicity mapped on
molecular-surfaces. Journal of Computer-Aided Molecular Design,

1993,7 (5): 503~514



2006; 33 (10) FIERBRSE: % RKS FER/K MEBT BT 35 AT R (B BRI IRIE N 2 - 947 -

Measurement of Hydrophobicity of Peptides
in Electrospray Ionization Time-of-flight Mass Spectrometry”

ZHOU Yue-Ming", WANG Wei-Ping", LIANG Hua-Zheng",
ZHANG Xie", CHEN Huan-Wen'?", CHEN Lan-Hui®
("Department of Applied Chemistry, East China Institute of Technology, Fuzhou 344000, China;
2College of Chemistry, Jilin University, Changchun 130021, China;
dnstitute of Functional Materials of Chemistry, Faculty of Chemistry, Northeasten Normal University, Changchun 130024, China)

Abstract Hydrophobicity is the association of non-polar groups or molecules in an aqueous environment which
arises from the tendency of water to exclude non-polar molecules. Hydrophobic interaction is one of the most
important non-bonded interactions which determine protein folding and ligand-receptor binding. To date,

hydrophobicity usually has to be evaluated by means of calculation of LogP, because it is a tedious procedure to
experimentally measure the hydrophobicity of molecules using techniques reported previously. As a matter of fact,
the nature of hydrophobicity in chemistry refers to the physical property of a molecule that is repelled by water,
which is clearly associated with the non-polar area in the molecules. The later can be correlated to signal intensity
of the molecules in electrospray ionization mass spectrometry. Various dilute water solutions of tripeptides with
increasing non-polar area were investigated in ESI time-of-flight mass spectrometry, and the ESI response of the
tripeptides was linearly correlated to the non-polar areas in the molecules. Therefore, the hydrophobicity of
peptides can be measured quantitatively in terms of ESI signal intensity. Thus hydrophobicity of the peptides was
experimentally measured within a few minutes, and data showed a good agreement with previous results obtained

in high performance liquid chromatography.

Key words hydrophobicity, petides, electrospray ionization, mass spectrometry, non-polar area
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