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Molecular and structural basis for transcription and replication mechanism of
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Influenza virus genomic RNA (VRNA) constitutes a double-helical
ribonucleoprotein complex (RNP complex) together with viral nucleoproteins and a viral RNA
polymerase, which is responsible for the transcription and replication of the vRNA. However, it
remains uncertain whether the double-helical structure of the RNP complex shows confomational
changes during transcription and replication. Here by using high speed atomic force microscopy and
cryoelectron microscopy, we investigated the ultrastructural changes of the helical RNPs during in
vitro RNA synthesis reaction. We found that there are double-helical RNPs sassociated with newly
synthesized RNA, but some RNPs associated with newly synthesized RNA are deformed.

RNP



8 RNA VRNA 8
VRNA NP RNA RNA
ribonucleoprotein RNP RNP VRNA
8 RNP RNP VRNA
MRNA complementary RNA(CRNA) CRNA VRNA
mRNA
CRNA
de novo NP RNA
in vitro RNP mRNA
CRNA MRNA CRNA
NP  RNA CRNA RNase
mRNA Vreede et
al, J Virol, 2004; Vreede and Brownlee, J Virol, 2007
RNP mRNA CRNA
RNP mRNA CRNA
8 RNA 8 RNP mRNA CRNA
CRNA mRNA RNP
RNA mRNA CRNA
mRNA CRNA
RNP
A/PR8/34 RNP 8 RNP
in vitro 8 VRNA CRNA mRNA
RT-PCR RNA NP
RNA NA VRNA
RNP RNP
in vitro mRNA CRNA
mRNA CRNA
RNA RNP in vitro RNP
CRNA mRNA
RNP
mRNA CRNA
VRNA cRNA mRNA tag
A/WSN/33 8 VRNA, CRNA, mRNA
gRT-PCR 2 RNA NP NA VRNA,
CRNA, mRNA RT-PCR
invitro RNP
RNP in vitro CRNA mRNA
NP mRNA 1x1077 copies/p | NA mRNA 5x10"6 copies/u |
CRNA NA CRNA
1x1077 copies/u | NP CRNA 5x10"6 copies/u |
VRNA 5x10"8
copies/u 1 NP MRNA NA MRNA 5
NA CRNA NP CRNA 5
RNA RNA
A/WSN/33 12 2
RNA in vitro CRNA mRNA



VRNA

VRNA

1x 10"4 copies/p 1

1x1077 copies/p 1

NP NA
12 1x10"8 copies/y |
CRNA
12 NP
pl CRNA
RNA mRNA 1
5x 1077 copies/p 1 NA RNA
NP mRNA
mRNA in vitro
CRNA in
in vitro
RNA RNP
in vitro
in vitro RNP
RNA RNP
In vitro RNA
RNP
RNP RNA
RNP RNP
RNP
RNP
RNP
In vitro RNA
RNP
RNA RNP

NP

5x 1076 copies/p 1

vitro

RNA

RNA

RNA

12
NP NA
2
NA 5x 1076 copies/
mRNA 12
2 RNA
RNA mRNA
RNP
In vitro
RNP
5
RNP
RNP
in vitro RNA
In vitro RNA
RNP
15 RNP
RNP
RNP RNA
RNA RNP



Bedi S, Noda T, Kawaoka Y, Ono A. 9

A Defect in Influenza A Virus Particle Assembly Specific to Primary Human Macrophages. 2018

MBio e01916-18.
DOl

10.1128/mBi0.01916-18.

Hatakeyama D, Shoji M, Yamayoshi S, Yoh R, Ohmi N, Takenaka S, Saitoh A, Arakaki Y, Masuda A, 293

Komatsu T, Nagano R, Nakano M, Noda T, Kawaoka Y, Kuzuhara T.

Influenza A virus nucleoprotein is acetylated by histone acetyltransferases PCAF and GCN5. 2018

J Biol Chem. 7126-7138
DOl

10.1074/jbc.RA117.001683.

Maemura T, Fukuyama S, Sugita Y, Lopes TJS, Nakao T, Noda T, Kawaoka Y. 92

Lung-Derived Exosomal miR-483-3p Regulates the Innate Immune Response to Influenza Virus 2018

Infection.

J Infect Dis. 1372-1382
DOl

10.1093/infdis/jiy035.

Hatakeyama D, Shoji M, Yamayoshi S, Yoh R, Ohmi N, Takenaka S, Saitoh A, Arakaki Y, Masuda A, in press

Komatsu T, Nagano R, Nakano M, Noda T, Kawaoka Y, Kuzuhara T.

Influenza A virus nucleoprotein is acetylated by histone acetyltransferases, PCAF and GCN5. 2018

J Biol Chem. in press
DOl

10.1074/jbc.RA117.001683.




Nakatsu S, Murakami S, Shindo K, Horimoto T, Sagara H, Noda T, Kawaoka Y. 92
Influenza C and D Viruses Package Eight Organized Ribonucleoprotein Complexes. 2018
J Virol €02084-17.
DOl
10.1128/J3V1.02084-17.
Noda T, Murakami S, Nakatsu S, Imai H, Muramoto Y, Shindo K, Sagara H, Kawaoka Y. 9
Importance of the 1+7 configuration of ribonucleoprotein complexes for influenza A virus genome 2018
packaging.
Nat Commun. 54
DOl
10.1038/s41467-017-02517-w.
Maemura T, Fukuyama S, Sugita Y, Lopes TJS, Nakao T, Noda T, Kawaoka Y. 217
Lung-Derived Exosomal miR-483-3p Regulates the Innate Immune Response to Influenza Virus 2018
Infection.
J Infect Dis. 1372-82
DOl

10.1093/infdis/jiy035.




