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Exgloitation of macrocyclic peptides that show inhibitory effect on influenza virus
infection

SAITO, Makoto

3,200,000

HA bait
H5 HA 4 H5
H5 Groupl H1, H2
H5N1 Zanamivir

HA

To devise smaller molecules capable of binding to the influenza viral HA and have
the potential as an antiviral agent, we used RaPID (Random non-standard Peptide Integrated Discovery)
system. After five rounds of selection, we found 4 candidates of macrocyclic peptides. These candidates
inhibit H5N1 viruses replication. Intriguingly, one of the candidates was also effective against HIN1 and
H2N2 viruses more than zanamivir. These results suggest that the macrocyclic peptide is able to inhibit
replication of a wide range of Group 1 influenza viruses via a mechanism of its interaction with HA.
Furthermore, we evaluated the in vivo efficacy of the macrocyclic peptide against highly pathogenic H5N1
infection in a murine lethal infection model. The macrocyclic peptide showed higher therapeutic potential
compared with zanamivir. Taken together, we could identify a new class of HA-targeted broad-spectrum
antiviral candidates for influenza treatment.

HS5N1 HIN1 H2N2



Oseltamivir, Zanamivir

100-1000
100 1
1,200-1,500

(HA)

HA

€Y)

Flexizyme
(Flexible In-vitro Translation system)

H5N1 A/bar-headed

goose/Qinghai/1A/2005 HA
RAPID
(2)HA
HA H5N1
MDCK H5N1

(A/duck/Hokkaido/Vac-3/2007), HIN1
(A/Narita/1/2009), H2N2

(A/Adachi/2/1957)

37 1

(3)H5NL
9 Balb/c H5N1
(A/whooper-swan/Hokkaido/1/2008) 5x
MLD50 5
9
Zanamivir
5 1 1 5
0-4 2-6 4-8 6-10 8-12
14
H&E
(4)HA escape
mutant
H5N1
(A/duck/Hokkaido/Vac-3/2007)
HIN1 (A/Narita/1/2009) 10° pfu
37 1 96 well
plate MDCK
CPE well
MDCK
3 5
10
RNA RT-PCR
DNA
(5)HA
HA
H5N1
(A/duck/Hokkaido/Vac-3/2007)
HIN1 (A/Tokyo/2619/2009) 10" pfu
HA 293
@
H5N1 HA
bait
4x10" RAPID
display system H5 HA
4 A,



(2) HA
H5 HA A, B,
C,D H5N1
H5 Groupl
H1 H2
1 (A) HIN1
H2N2
(3) H5N1
H5N1 Balb/c
QY
Zanamivir
10° pfu/g lung
QY
4 , 6
Zanamivir
Zanamivir 2
4
(4) HA escape
mutant
(A) HA
Gy
escape mutant HA
stalk
(A) HA stalk
(5) HA
QY
HA
A) HA
QY
HA stalk

fusion peptide

Q)
stalk

HA  stalk
globular head A)
)
(A) stalk
HA
globular head
(®)
HA
QY
Group2
QY A
3
__ Saito M, Takano T, Nishimura T, Kohara
M, Tsukiyama-Kohara K.

3B-hydroxysterol A24-reductase on the
surface of hepatitis C virus-related
hepatocel lular carcinoma cells can be
a target for molecular targeting
therapy. PLoS One, 10(4):e0124197.
(2015) doi:
10.1371/journal .pone.0124197

Katsume A, Tokunaga Y, Hirata Y,
Munakata T, Saito M, Hayashi H, Okamoto
K, Ohmori Y, Kusanagi I, Fujiwara S,
Tsukuda T, Aoki Y, Klumpp K,
Tsukiyama-Kohara K, EI-Gohary A, Sudoh
M, Kohara M. A Serine
Palmitoyltransferase Inhibitor
Inhibits Hepatitis C Virus Replication
in Human Hepatocytes.
Gastroenterology, 145(4):865-873.
(2013) doi:
10.1053/j -gastro.2013.06.012

Salem NE, Saito M, Kasama Y, Ozawa M,
Kawabata T, Harada S, Suda H, Asonuma
K, El-Gohary A, Tsukiyama-Kohara K.
Genomic polymorphisms in
3p-hydroxysterol A24-reductase
promoter sequences. Microbiology and
Immunology, 57(3):179-184. (2013)
doi: 10.1111/1348-0421



62
2014 11
GANP
H5N1
HA
61
2013 11
HCV 61
2013 11

Saito M, Ozawa M, Yasui F, Sasaki T,
Munakata T, Tobita Y, Ito R, Munekata
K, Tsukiyama-Kohara K, Sakurai A,
Shibasaki F, Sakoda Y, Kida H, Reid PC,
Kubota K, Suga H, Kohara M. Influenza
viral hemagglutinin-targeted
macrocyclic peptides as an antiviral
agent. 7th Vaccine and ISV Congress

2013 10 Sitges, Spain

Tokunaga Y, Katsume A, Hirata Y,
Munakata T, Saito M, Hayashi H, Okamoto
K, Ohmori Y, Kusanagi I, Fujiwara S,
Tsukuda T, Aoki Y, Klumpp K,
Tsukiyama-Kohara K, EI-Gohary A, Sudoh
M, Kohara M. A Serine
Palmitoyltransferase Inhibitor
Inhibits Hepatitis C Virus Replication
in Human Hepatocytes. 20th
International Symposium on Hepatitis C
Virus and Related Viruses 2013 10
Melbourne Australia

Saito M, Ozawa M, Yasui F, Sasaki
Munakata T, Tobita Y, Ito R, Munekata
K, Tsukiyama-Kohara K, Sakurai A,
Shibasaki F, Sakoda Y, Kida H, Reid PC,
Kubota K, Suga H, Kohara M. Influenza
viral hemagglutinin-targeted
macrocycles as an antiviral agent
[Options for the Control of Influenza
VIIT 2013 9 Cape Town, South
Africa

@
SAITO, Makoto
20433021

@

©)



