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TAKING ON A TOUGH VIRUS

Flu drugs tend to stop working after the virus mutates enough to become resistant to them,
and the arms race continues apace.

neuraminid

Neuraminidase preventing the

Influenza
virus

Hemagglutinin

ATV

A L ZHBES

CERORAENS B
Y ==

Lines of defence

Antiviral treatments are a critical component of an

effective healthcare response to influenza, but drug

resistance to the treatment-of-choice has public health
R. Palme h Nature 201 | officials searching for other options.

Zachary Taylor, an infectious disease fellow at
the Kaiser Permanente Fontana Medical Center
in Sacramento, California. In part to safeguard
against the possibility of such game-changing
developments, drug developers are slowly
filling the pipeline with alternative therapies
(see ‘Drugs to treat influenza infection’). Each
drug come with side effects, which make them
only worthwhile for those whom the flu could be
potentially lethal — the elderly and the immu-
nocompromised.

Given the wily history of the influenza virus,
any sudden appearance of drug resistance is
certain to concern public health officials. The
first antiviral drugs to combat the disease —
the adamantanes, which target the M2 channel
protein to block virus entry into host cells —are
now essentially useless. The US Centers for Dis-
ease Control and Prevention (CDC) found that
100 % of seasonal H3N2 flu in the 2009-2010
season and 99.8% of 2009 pandemic HIN1 flu
were resistant to adamantanes.

Oseltamivir belongs to a class of drugs called
neuraminidase inhibitors. These agents block
the active site of a viral protein called neurami-
nidase (N), thereby arresting the influenza virus’
ability to leave the host cell after it proliferates.
The most common way for the influenza virus
to evade oseltamivir is via the H275Y muta-
tion (also known as H274Y) of neuraminidase,
which replaces a single histidine amino acid
with a tyrosine. This alteration interferes with
the drugsability to bind to the protein — a prob-
lem acknowledged by the maker of oseltamivir.
“There remains a medical need and room for
additional treatment options, especially for
the management of severe infections and for
improved pandemic preparedness,” says Klaus
Klumpp, Roche’s top virologist. Klumpp says the
Roche is supporting research into new therapies
targeting viral replication as well as other mecha-
nisms, but notes that these efforts are preclinical.

Fortunately, viruses with the H275Y mutation
are still susceptible to a different neuraminidase
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Mechanism-Based Covalent Neuraminidase

Inhibitors with Broad-Spectrum
Influenza Antiviral Activity

Jin-Hyo Kim,'*t Ricardo Resende,’* Tom Wennekes,’*} Hong-Ming Chen,’*

Nicole Bance,” Sabrina Buchini,’§ Andrew G. Watts,? Pat Pilling,* Victor A. Streltsov,*
Martin Petric,” Richard Liggins,® Susan Barrett,” Jennifer L. McKimm-Breschkin,*

Masahiro Niikura,” Stephen G. Withers®||
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Fig. 1. Structures of key influenza therapeutics, mechanism of action of
DFSAs, and x-ray structure of inhibited enzyme. (A) Chemical structures of
cell surface sialic acids, the neuraminidase transition state, zanamivir (Relenza),
and oseltamivir (Tamiflu). (B) Mechanism of action of the DFSAs. (C) X-ray crystal-
lographic structure of the active site of the enzyme trapped as its 3-fluoro(eq)-4-
guanidino-sialyl-enzyme intermediate (elimination product is in pale cyan) overlaid

with omit (22) electron density map shown as a gray mesh contoured at 1o within
1.6 A of ligands. The electron density extends from the ligand molecule to
Y406, suggesting a covalent link between the inhibitor’s C-2 atom and the OH
of Y406. (D) Diagram of interactions (orange dashed lines; distances in A) with
the sialic acid in the covalently inhibited enzyme. The corresponding diagram
of interactions for the elimination product is shown in fig. S4.

5 APRIL 2013 VOL 340 SCIENCE www.sciencemag.org
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Particle stream%:

Diffraction pattern
recorded on a
pixelated detector

K. J. Gaffney and H. N. Chapman, Science (2007) 316 1444-1448

TR EEET phasje Structure Factor (3D
U retrieval structure in Fourier
space)

A=/)\—2VFPa—9—lcEhBLBROMET%EoIECT D




'—

* 3

RERT — Y720 EISRE LICERDFD

B3 LB

——

o§=

4

SRR B ICEIVNTWLDAY, EBRIEEEL LY

s NFEAREIVZIa2L—Y3aVICED,

?rr'n

EEDIRFZRND I ENTED.




NFfaT00 > LATRKR

KD+ H,0

2013/ —NXN)U{LZE



PARMI9 for DNA,RNA,AA, organic molecules, TIP3P wat. Polariz.& LP incl.@2/84/99
.616 !

C 12.01 sp2 C carbonyl group
CA 12,01 2.360 sp2 C pure aromatic (benzene)
CB 12.01 0.360 sp2 aromatic C, 5&6 membered ring junction
CC 12.01 0.360 sp2 aromatic C, 5 memb. ring HIS

\\ D 12.01 0.360 sp2 C atom in the middle of: C=CD-CD=C
CK 12.01 08.360 sp2 C 5 memb.ring in purines
™ 12.01 0.360 sp2 C pyrimidines in pos. 5 & 6
N 12,01 2.360 sp2 C aromatic 586 memb.ring junct.(TRP)
CQ 12.01 0.360 sp2 € in 5 mem.ring of purines between 2 N
CR 12,01 2.360 sp2 arom as CQ but in HIS
CT 12.01 0.878 sp3 aliphatic C
Ccv 12,01 0.360 sp2 arom. 5 memb.ring w/1 N and 1 H (HIS)
W 12,01 0.360 sp2 arom. 5 memb.ring w/1 N-H and 1 H (HIS)
Cx 12,01 0.360 sp2 arom. 5 memb.ring w/1 subst. (TRP)
CcY 12.01 0.360 nitrile C (Howard et al.3CC,16,243,1995)
€z 12.01 0.360 sp C (Howard et al.JCC,16,243,1995)

40.08 calcium

0.161 H bonded to nitrogen atoms
0.135 H aliph. bond. to C without electrwd.group
0.135 H aliph. bond. to C with 1 electrwd. group
09.135 H aliph. bond. to C with 2 electrwd.groups
0.135 H aliph. bond. to C with 3 eletrwd.groups
0.167 H arom. bond. to C without elctrwd. groups
2.167 H arom. bond. to C with 1 electrwd. group
0.167 H arom.at C with 2 elctrwd. gr,+HCO0 group
0.135 hydroxyl group
9.135 hydrogen bonded to sulphur (pol?)
2.000 H in TIP3P water
0.135 H bonded to C next to positively charged ?r
0.161 H bond sp C (Howard et al.JCC,16,243,1995
8.320 fluorine
1.910 chlorine (Applequist)
2.880 bromine (Applequist)
4.690 iedine  (Applequist)
3.235 assumed to be Cl- (ion minus)

'big ion w/ waters' for vacuum (Na+, 6H20)
8.120 magnesium
©.530 sp2 nitrogen in amide groups
0.530 sp2 N in 5 memb.ring w/H atom (HIS)
0.530 sp2 N in 5 memb.ring w/LP (HIS,ADE,GUA)
0.530 sp2 N in 6 memb.ring w/LP (ADE,GUA)
02.530 sp2 N in amino groups
0.530 sp3 N for charged amino groups (Lys, etc)
2.530 sp3 N for aminc groups amino groups
2.530 sp2 N
08.530 nitrile N (Howard et al.JCC,16,243,1995)
0.434 carbonyl group oxygen
0.434 carboxyl and phosphate group oxygen
0.000 oxygen in TIP3P water
0.465 oxygen in hydroxyl group
8.465 ether and ester oxygen
1.538 phosphate,pol:JACS,112,8543,90,K.].Miller
2.900 S in disulfide linkage,pol:JPC,102,2399,98
2.900 S in cystine

copper

iron
0.929 lithium, ions pol:J.PhysC,11,1541,(1978)

"’ o 0.5 JINOAX—5 —

lSo?(/.o)) “
olo

‘1(’(0}7 H:,,A . ~0.56



NFOEE=AEIVE1—5—TEIR

1. HOHH

dihedral

E‘Vfiﬁq: < (’)‘ L9 Dk MB’J(c_)

18Oy 1 D)L
=y AN
10158




« EYSEM

1s
x10°
1ms

1us

1ns

ERIXETRE

- IREDYZaL—Y 3 Vg,

7 A
_A | | | |
19801990 2000 201 0 2020

107
10°
10°
10*
10°

\m

(1w

B < —ED(E A D—HH

A C’\/

1980 1990 2000 2010 2020

Vendruscolo & Dobson, Current Biology 2010



AR

~ — N\
[ ) ~ —
HAB‘E J -~ -/ high
. ) Parameter
repl | >< =5, >< . R
P " low
o N\ O md—> md—> md—> md— ©
¢ 2 / \ 3 J t 1 exchg exchg exchg
P(k, < k)= 1 forA=<0

exp(-pA) forA>0




Atomistic bacterial cytoplasm simulation

e LI F E Research article Biophysics and Structural Biology | Computational and Systems Biology

A Mycoplasma
genitalium

GroEL water ions metabolites

t-RNA  ribosome proteins

Figure 1. Molecular model of a bacterial cytoplasm. (A) Schematic illustration of Mycoplasma genitalium (MG). (B) Equilibrated MGy, system highlighted
with proteins, tRNA, GroEL, and ribosomes. (C) MG, cl ose-up showing atomistic level of detail. See also supplementary Figures 1 and 2 for structures
of individual macromolecules and metabolites as well as supplementary Figure 3 for initial configurations of the simulated systems.

DOI: 10.7554/¢elife.19274.003

Yu et. al. eLife 2016;5:e19274
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