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Discovery of M2 Antagonists 
for New Antiviral drugs

��������	�
���
���

Guangzhou Institute of Biomedicine and Health (GIBH)
Chinese Academy of Sciences



2 ,00 0 t o 5,5 00 (1 )

1 ,00 0 t o 2,0 00 (1 )

5 00 t o 1,0 00 (1 )

1 00 t o 5 00 (2 )

10 t o 1 00 (4 )

1 t o 10 (2 3)

0 t o 1 (2 05 )

2 ,00 0 t o 5,5 00 (1 )

1 ,00 0 t o 2,0 00 (1 )

5 00 t o 1,0 00 (1 )

1 00 t o 5 00 (2 )

10 t o 1 00 (4 )

1 t o 10 (2 3)

0 t o 1 (2 05 )

2 ,00 0 t o 5,5 00 (1 )

1 ,00 0 t o 2,0 00 (1 )

5 00 t o 1,0 00 (1 )

1 00 t o 5 00 (2 )

10 t o 1 00 (4 )

1 t o 10 (2 3)

0 t o 1 (2 05 )

 ¼)Œ$�hÕ�� ���������� ������ ¼)Œ$�hÕ�� ���������� ������ ¼)Œ$�hÕ�� ���������� ������ ¼)Œ$�hÕ�� ���������� ������

 ¼)Œ&•A
�� �������� ������ ¼)Œ&•A
�� �������� ������ ¼)Œ&•A
�� �������� ������ ¼)Œ&•A
�� �������� ������

 ¼)Œl(@¾�� ���������� ������ ¼)Œl(@¾�� ���������� ������ ¼)Œl(@¾�� ���������� ������ ¼)Œl(@¾�� ���������� ������
 ¼)ŒBBhw�� ���� �� ¼)ŒBBhw�� ���� �� ¼)ŒBBhw�� ���� �� ¼)ŒBBhw�� ���� ��

%/5Ž+¶�� �������� ����%/5Ž+¶�� �������� ����%/5Ž+¶�� �������� ����%/5Ž+¶�� �������� ����

8?%/)ð�� �������� ����8?%/)ð�� �������� ����8?%/)ð�� �������� ����8?%/)ð�� �������� ����

R�)Œ�� ������ ��R�)Œ�� ������ ��R�)Œ�� ������ ��R�)Œ�� ������ ��

`�%æ�� ������ ��`�%æ�� ������ ��`�%æ�� ������ ��`�%æ�� ������ �� V•2�.M�� ������ ��V•2�.M�� ������ ��V•2�.M�� ������ ��V•2�.M�� ������ ��

2F)Œ�� ���� ��2F)Œ�� ���� ��2F)Œ�� ���� ��2F)Œ�� ���� ��

�0�$�'�(�� �%�<�� �&�)�(�7�3

?•)Œ�� ���� ��?•)Œ�� ���� ��?•)Œ�� ���� ��?•)Œ�� ���� ��

Are we well prepared if an avian flu pandemic occur s?

SARS in 2003: infected 8422 people with 914 deaths,  
caused $59 billion economic lost



The Impact of 1918 Influenza Pandemic

50 million deaths worldwide
675,000 in the USA
Johnson, NP, Mueller, J. 
Bull Hist Med 2002;76(1):105-15.
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confirmed death and infections
confirmed infections
unconfirmed infections

A map of the infected countries of the H1N1 flu of 2009

From WHO web*



Current anti-influenza drugs are limited and have 
encountered drug resistance

M2 blocker: amantadine, 
rimantadine

NA inhibitor: oseltavir, 
zanamivir

• Only four drugs on market

• Emergence of drug 
resistant influenza viruses, 
including avian H5N1
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Influenza M2 as a target for anti-influenza A 
drug discovery



Influenza M2 ion channels as a target 
for anti-influenza drug discovery

Pinto et al.,2006 JBC

• 97 AA small membrane protein 

• AA 1-24: Outside of membrane 

• AA 25-53: Transmembrane domain 

• AA 54-97 Cytoplasmic

• Homotetramer form Ion Channel

• Mediates influx of proton

• Emergence of influenza and avian 
influenza viruses are not sensitive 
to current M2 blocker such as 
amantadine and rimantadine 



Depictions of the M2 proton channel
X-ray crystallography to 
determine the structure of the 
influenza-virus proton channel in 
the open conformation (a) 

Same structure in the closed 
conformation using NMR (b) 

Both structures were determined in 
the presence of amantadine-like 
inhibitors (red). For clarity, each 
structure, imagined in a lipid-
bilayer membrane, shows only two 
of the four M2 subunits that make 
up the tetrameric channel. Drug 
binding in the open state blocks 
the channel, and in the closed 
conformation it stabilizes the 
channel. Grey sticks represent 
positions where natural mutations 
lead to amantadine resistance. 
Green sticks show the side chains 
of the Trp 41 residue that act as 
the gate to the channel.Schnell et al., 2008 Nature

Stouffer et al., 2008 Nature
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Is there any ideal model for antiviral drugs discov ery?

Are there M2 inhibitors that can block both of wild  type 
and mutant ion channels?

������	���



Expression of M2 protein of influenza A virus 
H5N1 in stably transfected 293 cells

M2-positive cells    M2-negative cells



a        b          c       d          e      f        g       h

Tetracycline(1�é�é�é�ég/ml) +      +       +     +       - - - -

tetramer

dimer

monomer

55

25

11

kD

The cells were induced with tetracycline for 24 hours. The cells were lysed  and 
the samples were analysised by SDS-PAGE  under non-reducing condition. M2 
tetramer, dimer and monomer co-existed in the cell detected by Western blotting 
with anti-m2 antibody (generated by the peptide of M2 N terminal)

Expression of M2 WT and Amantandine Resistant 
M2 Proteins in 293T-rex Cells
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An endogenous proton-gated (ASICs) 
current in HEK293T cells

1 µM amiloride
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pH dependence of WT M2 current 
was inhibited by amantadine
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I-V analysis of M2 current from WT, single 
mutants L26I, S31N and double mutant L26I/S31N



Conductance pA/pF for subtype of M2 ion channels
pA/pF (mean ± SEM)

pH
Wild type L26I S31N L26I/S31N

5.5 -53.6 ± 26.6 -6.8 ± 4.6 -51.2 ± 23.4 -52.6 ± 24.2

5.0 -56.3 ± 23.8 -7.0 ± 3.8 -53.6 ± 22.8 -54.6 ± 22.8

4.5 -58.4 ± 23.6 -7.1 ± 3.6 -54.8 ± 26.2 -56.6 ± 24.2

4.0 -60.6 ± 26.2 -7.1 ± 4.2 -56.6 ± 22.8 -57.2 ± 24.2
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Left, concentration-inhibition relationship of Compound #1, #5, #7, #6, #12 and #17
for M2 WT (above), mutants S31N (medium) and L26I/S31N (below). Right, each 
compound IC50 values for WT, S31N and L26I/S31N, respectively. The nd indicated 
not determine. Each value repeated at least 6 cells.
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Established a stable expressed M2 cell line (HEK293 T), 
which may provide a model for High throughput screen ing
inhibitors of M2 ion channel.

Several primary inhibitors affected on both WT and 
mutant M2 channels were identified using this model.
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