JIAIC[S

COMMUNICATIONS

Published on Web 04/09/2004

Experimental Measurement of the Strength of a C  a—H---O Bond in a Lipid
Bilayer

Eyal Arbely and Isaiah T. Arkin*

The Alexander Silberman Institute of Life Sciences, Department of Biological Chemistry,
The Hebrew Uniersity of Jerusalem, Gat-Ram, Jerusalem 91904, Israel

Received January 11, 2004; E-mail: arkin@cc.huji.ac.il

The energy of interaction between two dipoles is strongly 0.6 1.0
dependent on the distance between the dipoles and the polarity of I
the solvent. As such, interactions that would normally be regarded 0.5
as weak and insignificant in an aqueous environment may be
substantial in the hydrophobic lipid bilayer milieu. One such 0.4
interaction is the hydrogen bond between the nonpatahgirogen

and a carbonyl oxygen, thought to take place as a stabilization 03
driving force in numerous transmembranéhelical bundles. As
an example, the GxxxG motif, which forms the proteprotein
interface in the transmembrane helical dimer of glycophorin A
(GPA)?is thought to drive dimerization due (in part) to a Glg€

vl b e bea v by

H---O bond. Thus, the close apposition of the helices, enabled by 8 0

the small side chain of the Gly residues, facilitates the formation & 1700 1680 1660 1640 1620 1600

of a Ca—H---O bond. _ 2 0.0005 0.0012
In glycophorin A, Engelman and co-workers have pointed to 8 ] C

six Ca—H-:-O bonds which they have categorized as strong 2 ] " 0.001

(H---O distance< 2.7 A) and another six potential bonds with a 0.0004 i

H-:+O distance shorter than 3.5%Ab initio calculations in the ] L 0.0008

gas phase have resulted in estimations for the energy of such bonds, 0.0003—: i

as high as 2.53.0 kcal/molé7 Thus, six such bonds should be 1 [ 0.0006

able to contribute substantially toward the stability of the GPA dimer 0.0002 i

since no other hydrogen-bonding (H-bonding) partners are available ] ~0.0004

in the lipid bilayer milieu. It is clear, therefore, that due to the ] I

apparent prevalence of such bonds it is imperative to accurately 000017 }0.0002

gauge their contribution to the stability of the glycophorin A dimer, i

in particular, and other helical bundles, in general. Consequently, 0+ 77— +0

in the current study we decided to construct an experimental system 2267 2260 2253 2247 2240 2233

to measure the strength of a single-€H:--O bond in a membrane Wavenumber / cm’’

environment.
. : igure 1. Transmission FTIR spectra of wild-type (solid line) and
A t_ransmembrane. peptide encomeSSIng the transmembrané;]onomeric G83i (dotted line) GPA transmembrane peptides reconstituted
domain of glycophorin A was labeled with a deuterated glycine at i, 5 |ipid bilayer, labeled with Gly79 CD Top panel depicts the amide |
position 79. G79 is one of the glycine residues predicted to donate modes, while the bottom panel, the asymmetric,Gifretching modes.
its Co. hydrogen in a @—H-+-O bond?! Similarly, a monomeric Apsorbance units on the Ieft_ and right sit_jes of the figurg correspond to
mutant of glycophorin A containing the mutation G&3ihich wild-type and G83I GPA peptides, respectively. Glycophorin A transmem-

. . . brane peptides (70101) were synthesized using solid-phase f-moc
should therefore be incapable of H-bonding, was labeled in the cnemistry and purified on reverse phase HPLC; 1 mg of lyophilized, purified

identical position. Subsequently, infrared spectroscopy should be peptide was co-dissolved with 10 mg of dimyristoylphosphocholine in 1
able to quantitatively detect the frequency shift, due to the apparentmL of 1,1,1,3,3,3-hexafluoro-2-propanol. After evaporating the organic
bond, upon comparing the isotopically isolated GBetching mode solvent, 1 ml of water at 3Avas used to dissolve the lipid peptide mixture

. . . for 1 h; 100ul of sample was deposited onto a Ge infrared window. Bulk
frequencies in the two peptides. Finally, the measured frequencywater was removed by blowing dry air over the sample. FTIR spectra (1000)

shift due to H-bonding, can be converted to a bond strength using were collected, averaged, and baseline-corrected on a Nicolet Magna 550

a simple correlation obtained by Rozenberg and co-workers. (Madison, WI).
Figure 1 depicts the region of the FTIR spectra encompassing
the CD, asymmetric stretching moéléor two different glycophorin The asymmetric CPstretching frequency difference measured

A transmembrane peptides reconstituted in lipid bilayers. The between the wild-type and G83I monomeric mutant is 6. Since the
spectra of the wild-type GPA peptide exhibits a peak at 2247, while isotopic frequency shift factor between the £ahd CD is 1.36°

the spectra of the monomeric GPA peptide resonates at 2253. Asthe observed Cpshift is equivalent to an 8.1 shift of a Ghode
expected, no peak is seen in an unlabeled GPA peptide (not shown)due to an H-bond.

proving that the observed peaks are due to the Gly [@bel. In With the aforementioned shift at hand, it is possible to calculate
addition, the amide | vibrational modes depicted in Figure 1 indicate the Gu—H ---O bond strength using the empirical correlation
that both peptides exhibit highly similar secondary structure. between the frequency shift and H-bond strength given by Rozen-
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berg and co-worker$AG = 0.31W/Av kcal/mol. Thus, the 6 CP Acknowledgment. This research was supported in part by a
stretching frequency difference observed between the dimeric andgrant from the Israel Science Foundation (784/01) to |.T.A. We
monomeric peptide is indicative of an H-bond energyAds = thank Dr. Mark Rozenberg and Prof. Amiram Goldblum for helpful
0.88 kcal/mol, a value lower by a factor of 23.5 than that discussions.

calculated in the gas pha%eé.

What could be the reason for the difference between the strength
of the Gx—H-+-O bond calculated in the gas phase using ab initio References
methods and that measured experimentally in a lipid bilayer in the
current study? One obvious possibility is the difference between
the polarity of the gas phase and that of the lipid bildlyém.
addition, the geometry of the H-bond measured may deviate from
ideality in such a way as to reduce its strength relative to that
calculated in the gas phase.

In conclusion, an experimental system was devised capable of
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measuring the €—H---O bond strength between two transmem-
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dimerization can account for a significant proportion of the
dimerization free energyThis is due to the lack of competition

for H-bonding in the hydrophobic lipid bilayer environment. The
remaining contributions toward stabilization arise due to other

factors, such as maximization of packing interactiéhs. JA049826H
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