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Viral and cellular mRNAs are subject to
post-transcriptional modifications

Several covalent modifications of individual nucletides in
eukaryotic mMRNAs have been reported at levels >0.1%.

Of these, the most common is the addition of a methyl
group to the N6 position of adenosine, called m°A.

The presence of high level of m°A in viral mMRNAs was first
reported for influenza A virus by Krug et al in 1976 and
subsequently for a range of viruses, including avian
retroviruses (Kane and Beemon, 1985), but the function of
mOSA has remained unclear.




Viruses encoding RNAs with reported m°A residues

Virus No. of m®A residues

RNA viruses
Influenza A virus
Avian sarcoma virus
Rous sarcoma virus
Feline leukemia virus
HIV-1
Hepatitis C virus
Flaviviruses®

DNA viruses
Adenovirus
SVv40
Herpes simplex virus 1
KSHV
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Question:

1) Influenza A virus (IAV) was reported 40 years ago
(Krug et al, 1976) to express RNAs that are highly m°A modified.

2) Does the cellular m®A machinery also affect 1AV replication?
In particular, does m°A addition boost IAV replication in the
A549 lung epithelial cell line?




IAV infection induces factors that mediate m®A addition and detection
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Overexpression of Y THDF2 strongly enhances IAV replication
under non-spreading conditions




YTHDEF?2, but not YTHDF1, overexpression also increases
IAV replication under spreading conditions
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Loss of the m°A methyltransferase METTL3 strongly
inhibits TAV replication
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Mapping mOA sites on viral RNAs

4S
O..+U

Cell culture

\
miRISC

UV cross-link

{

miRISC component

32P@OH

Immunoprecipitation

{

i XL-miRNP

SDS-PAGE,
autoradiography

—> 32P\L_j_‘/OH

Protease treatment

~<—

ﬁv %4\\_,/-

=

N
~ ﬁv

cDNA library preparation

Deep sequencing

5-DRACH- 2
5UTR  ORF W ¥ 3FUR
M G —3 (A),
binding
—ﬁ crosslinking _{F
IP lj
mOAIgG Proteln &7 yoF
hydrolysis - Protein
PA-m6A-seq PAR-CLIP
cDNA T to C transitions occur

synthesis during first strand synthesis



Mapping m°A sites on IAV mRNAs by PAR-CLIP
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Mapping m°A sites on IAV vRNAs by PAR-CLIP
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Loss of m°A sites on the IAV HA segment only modestly affects
viral spread
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m°A sites on the IAV HA segment enhance HA mRNA and
protein expression
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Loss of m°A sites on the HA segment reduces IAV pathogenicity in vivo
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DAA potently inhibits IAV replication in A549 cells




Conclusions

1) Influenza A virus (IAV) transcripts are extensively méA modified.

2) Inhibition of m®A addition by mutational inactivation of METTLS3,
by mutagenesis of m°PA addition sites or using the drug DAA
inhibits IAV replication and pathogenesis.

3) Conversely, overexpression of the m°A reader protein YTHDF2
strongly enhances IAV replication.

4) We have also observed that m°A sites present on viral transcripts
strongly enhance the replication of HIV-1 and SV40.
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