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Fig. 1 Structure of TM and cytoplasmic helix

regions in influenza A M2 proton channel
Side view (a) and top view (b) of AM2 TM and cytoplasmic helix
regions (pdb code 2L0J), with W41 in blue and F54 in pink. AM2 is a
tetrameric modular channel, with the transmembrane (TM) helix
responsible for proton conductance, and the cytoplasmic amphipathic
helix involved in cholesterol binding and virus budding. These two
bilayer-interacting regions are linked by a short flexible hinge.
(c) Conservation of W41 and variation of F54 are shown in the

alignment of 13 759 human AM2 sequences.
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Fig. 2 The fluorescence intensity of PheCN or W

A typical set of FRET spectra for pH titration (a). The FRET profile had significant overlap between the PheCN and W emission. Emission intensity can

be quantified via global fitting with multiple Gaussian peaks with two peaks for PheCN emission and four peaks for W emission (b). Emission intensity

was calculated from the sums of peak are as for PheCN and W respectively. In order to compare different pH titration runs, all intensities were

normalized to that of the starting condition, pH 7.5.
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Fig. 3 The distance between labels increased upon channel activation

The normalized emission intensity of PheCN (a) or W (b) can be plotted as a function of pH. Up on channel activation in the acidic environment, PheCN

emission increased and W emission decreased. Both are consistent with increased distance between residues 54 and 41. This activation associated

distance increase was not affected by rmt binding.



2016; 43 (8) =ik, &: A BURRRE M2 BREARFIHREMR T A FRET R

*799-

3

HH T M2 79 S 1 R T T 5 R e [ 11 B B A8 4k
FEARANZ W) 5L G RIS, PR TEIR e
SRR BARA S M2 R T EE RS OS, X
5 22 i YA 3E 2 R AN o 5 MR e AR A 7T AR
TEVIE. BTANRIBE TS RIRN], M2 1P SR
WERIE RES IR AR 2R, O EL 3 B M L
SF 100 PR P AR PR AR D FELLE 1 240 R B F) T 2R
M B 25, X AR S5 M2 (5 T I8 IE
PR, AZGMEERIRI.  PRVESR e/ 25
H 2 e VR FIPLEE R R, (H R R 4
I 25 PR I 1 AP B A 2 R AR . A
LA A S 56 0 % 28] 1 P 26 1R R e ) AR A AR W]
AE-5 M2 7E55 55 4 P R P AR K.

i bprid, BATEN 5N GEME N (U E R FRET
PR 1A R SRR B MR PheCN, X M2 85 I R
BRTEA REEIA T pH AL REAT VAT TT, WEFTEs R
BE— P IRAIE T SRR R 5 M2 5 ilEE D g
Ko PSR IESR AT 25 H 28 1A i 1 A LER
W FESRAE T T BRI 5 s

2 % X W

[11 Ma C, Polishchuk A L, Ohigashi Y, et al. Identification of the
functional core of the influenza A virus A/M2 proton-selective ion
channel. Proc Natl Acad Sci USA, 2009, 106(30): 12283-12288

[2] Dul, Cross T A, Zhou H X. Recent progress in structure-based anti-
influenza drug design. Drug Discovery Today, 2012, 17 (19-20):
1111-1120

[3] Rossman J S, Jing X, Leser G P, et al. Influenza virus M2 ion
channel protein is necessary for filamentous virion formation.
Journal of Virology, 2010, 84(10): 5078-5088

[4] HuF, Luo W, Cady S D, et al. Conformational plasticity of the
influenza A M2 transmembrane helix in lipid bilayers under
varying pH, drug binding, and membrane thickness. Biochimica et
Biophysica Acta, 2011, 1808(1): 415-423

[5] Duong-Ly K C, Nanda V, Degrado W F, et al. The conformation of
the pore region of the M2 proton channel depends on lipid bilayer

environment. Protein Science: a Publication of the Protein Society,
2005, 14(4): 856861

[6] Li C, Qin H, Gao F P, et al. Solid-state NMR characterization of
conformational plasticity within the transmembrane domain of the
influenza A M2 proton channel. Biochimica et Biophysica Acta,
2007, 1768(12): 3162-3170

[71 Yi M, Cross T A, Zhou H X. Conformational heterogeneity of the
M2 proton channel and a structural model for channel activation.
Proc Natl Acad Sci USA, 2009, 106(32): 13311-13316

[8] Stouffer A L, Acharya R, Salom D, et al. Structural basis for the
function and inhibition of an influenza virus proton channel.
Nature, 2008, 451(7178): 596-599

[9] Cady S D, Schmidt-Rohr K, Wang J, et al. Structure of the
amantadine binding site of influenza M2 proton channels in lipid
bilayers. Nature, 2010, 463(7281): 689-692

[10] Acharya R, Carnevale V, Fiorin G, et al. Structure and mechanism
of proton transport through the transmembrane tetrameric M2
protein bundle of the influenza A virus. Proc Natl Acad Sci USA,
2010, 107(34): 15075-15080

[11] Sharma M, Yi M, Dong H, et al. Insight into the mechanism of the
influenza A proton channel from a structure in a lipid bilayer.
Science (New York, NY), 2010, 330(6003): 509-512

[12] Fernandes F, Coutinho A, Prieto M, et al. Electrostatically driven
lipid-protein interaction: Answers from FRET. Biochimica et
Biophysica Acta, 2015, 1848(9): 1837-1848

[13] Stewart S M, Pekosz A. Mutations in the membrane-proximal
region of the influenza A virus M2 protein cytoplasmic tail have
modest effects on virus replication. Journal of Virology, 2011,
85(23): 12179-12187

[14] Tucker M J, Tang J, Gai F. Probing the kinetics of membrane-
mediated helix folding. The Journal of Physical Chemistry B, 2006,
110(15): 8105-8109

[15] Serrano A L, Troxler T, Tucker M J, et al. Photophysics of a
fluorescent non-natural amino acid: p-cyanophenylalanine.
Chemical Physics Letters, 2010, 487(4-6): 303-306

[16] Czabotar P E, Martin S R, Hay A J. Studies of structural changes in
the M2 proton channel of influenza A virus by tryptophan
fluorescence. Virus Research, 2004, 99(1): 57-61

[17] Rossman J S, Jing X, Leser G P, et al. Influenza virus M2 protein
mediates ESCRT-independent membrane scission. Cell, 2010,
142(6): 902-913



*800° £ FESEYYNIEHE Prog. Biochem. Biophys. 2016; 43 (8)

Studies of Conformational Exchange of The C-Terminal Amphipathic
Helix of The Influenza A M2 Protein by FRET"

LI Jun-Bei, QIU Xiao-Yan**
(Jiangsu Key Laboratory of Translational Research and Therapy for Neuro-Psycho-Diseases and College of Pharmaceutical Sciences,
Soochow University, Suzhou 215000, China)

Abstract The influenza A virus M2 proton channel, is the target of anti-flu medications, amantadine and
rimantadine. The functions of M2 is closely related to its conformation changes. While extensive progresses have
been made regarding the structure-function relationship for the transmembrane helix, there have been much fewer
studies for the other membrane associated segment, the C-terminal amphiphilic helix. We carried out FRET
experiments by introducing into the amphiphilic helix an unnatural amino acid, PheCN, as the donor for the W
residue located in the transmembrane helix. This allowed us to study the global conformation change of these
membrane associated structures under channel activation or drug inhibition. The distance between amphipathic
helix and transmembrane helix increased upon channel activation in the acidic environment. The degree of this
distance increase was not affected by drug inhibition. Therefore we speculate that the conformation change of
amphipathic helix is not related to the proton channel activity, but is more likely associated with the protein’s role

in virus budding.
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