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table 1  Primers for reverse transcription and PCR reaction
Primers Primer sequence (5 '—3 ")

vRNA- for RT AGCGAAAGCAGG
vRNA-2 for RT AGCAAAAGCAGG

cRNA for RT AGTAGAAACAAGG

PCRNPF TGGCACTCCAATTTGAATGATG
PCR-NP-R TCCATTCCTGTGCGAACAAG
PCR-8s+ GTAACCCGTTGAACCCCATT
PCR48sR CCATCCAATCGGTAGTAGCG

Primers for reverse transcription of mRNA and 18s rRNA were oligo dT

andrandom hexmer respectively.
+
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Fig. 1

The replication of influenza virus is significantly inhibited by treatment of flavopiridol. A: A549 cells were infected with influenza virus A/

WSN/33 for 1 h and treated with flavopiridol (FLA) for 6 h. The cell lysates were harvested for immunoblotting with indicated antibodies. B: MDCK

cells were infected with influenza virus A/WSN/33 and treated with flavopiridol or with DMSO as control. The cells were then immunostained with NP

antibody (green) and DAPI (blue) .
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Fig. 2 Flavopiridol inhibites the replication of influenza virus. A549
cells were infected with influenza virus A/WSN/33 and treated with or
without flavopiridol. The medium were harvested at different time

points and the virus titers were measured by plaque assay.
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Fig. 3 Flavopiridol reduces the phosphorylation of Ser2 in RNA
polymerase II CTD heptad repeat sequence. AS549 cells were infected
with influenza virus A/WSN/33 and treated with ethanol, DRB,

DMSO or flavopiridol. The cell lysates were harvested for

immunoblotting with indicated antibodies. Pol-Il : RNA polymerase II ;
p-Ser5 : phosphorylated Ser5 in heptad repeat sequence of RNA
polymerase Il CTD domain; p-Ser2: phosphorylated Ser2 in heptad
repeat sequence of RNA polymerase [[ CTD domain.
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Fig. 4 The inhibition effect of flavopiridol on the expression of viral RNA.
A549 cells were infected with influenza virus A/WSN/33 and treated with
or without flavopiridol. At indicated time point, the total RNA were
extracted and subjected to RTPCR with primers specific for viral RNA NP

segment.

3 it

EH T U 7R N SR A 1R R B > TR K
SRS IT R R EE R L. I TR
FAAY) flavopiridol X T3t J& o 25 06 4F FH » A
S T 0 B G 9 B 1Y 4H i it A flavopiridol, H
Western blot [ 77 ¥ A5 A 3= 40 i P i Jgks 25 1) NP
FML & iR NP & 5% # 1 vRNA DL K
RO A — R 41 BU% EE 11 vRNP 52444, 17 M1
AU B O R AR A DX P A
P 2 — R m T DA A S W o % = R A & ] A
TSIl f W SRS i 1Y) S AR O

AT 32 2 P B s A EE s
KA, R TP 2 p 51 g0 i a2
(14 NIBE LS5 25905 T3 — 28 B s 5 A AE 5 40 Jifd
R THI R T 2 F 0 S 75 1 22 U TR I (NA) 0 751 5
(ORE{ W1/ P IE i (1 T P wb LT A I .
25V AR AT S o B AR O HISH BT B bt
2Pk Rk " T AT A 19 flavipiridol £



VRS R A P ) Flavopiridol of 3t s 2 52 0 ) A SN RIAE . /2B 24k (2012) 52 (9)

1141

HIHE RUEAE K7 P-TEFb. P-TEFD J2 40 iy 3 #e ok
B2 B 7 AT DABE TR AL 0 45 RNA S5 I 4% —
RN s DR 7 N T B8 2 S S At o ASHIT S0 i A
I RNA R4 TR CTD g5 #38-E ik 5 )7 )
2 A 22 S MR R R AL IR B B E T flavopiridol AT
DA 1 40 RNA S8 -5 8 11 A6 s i i v H.
LRI BE A R AR AT o

2 HIIREFT W] RNA B A 1 2 19T 1 (g 4
T AN 22 BEL I 378 % B (10 e o> HL AT DL 32 B0 R
B mRNA PR HAZ 32 205 AT 10 61 0 00 75 (0 &2
o ASZEG M - 2 7 PCR ¥ 775 K& flavopiridol
JE AT BT 25 (1) 4 5% 1f0 L 5 cRNA [ &=
RZFIFEM, H vRNA [ 77 B AR T B AR
I 28 SRARE I T M I GAR W] B S ol T S B B
mRNA ¥ fi6 e Dy B 1 2B oS 25 2 3, {199 2 64
S AR LT s . X T flavopiridol £ F#L
PRI E— IR 5 B0 O 7 mRNA 1A% 57
A OLEATHE— L 70 H o AR A 18 s rRNA
YN PCR [ 22 Al P-TEFD 3% 1 (¥ 340 s ] LA 5%
W) 1 1 20 B A ) i A AT R I V2 A R X R R
() mRNA /5 N 2

AHIE ST AR 40 M K Bk SE T SRS
flavopiridol 7] LA i 2 iy 410 o1l i Jk g 25 1) 521, O 91t
TP T WIRIIT RITRE T 53— 44t (HIAE
TEARBN) L ROR i 5 DU B AIE S

2 7% 3Lk

[1] Nicholson K, Wood J, Zambon M. Influenza. Lancet,
2003, 362(9397) : 17334745.

[2] Cheung T, Poon L. Biology of Influenza A Virus. Annals
of the New York Academy of Sciences, 2007, 1102: 1-25.

[3] Palese P.
Medicine, 2004, 10 (12) : S82-587.

Influenza: old and new threats. Nature

[4 ] Moscona A. Neuraminidase Inhibitors for Influenza. The
New England Journal of Medicine, 2005, 353: 1363-73.
[5] Plotch SJ, Bouloy M, Krug RM. Transfer of 50-terminal

(6]

(71

(8]

(91

o]

(1]

(2]

[13]

(4]

cap of globin mRNA to influenza viral complementary
RNA during transcription in vitro. Proceedings of the
National Academy of Sciences of the United States of
America, 1979, 76 (4) : 16184622.

Plotch SJ, Bouloy M, Ulmanen I, Krug RM. A unique
cap ( m7GpppXm ) — dependent influenza  virion
endonuclease cleaves capped RNAs to generate the
primers that initiate viral RNA transcription. Cell, 1981,
23(3) : 847-858.

Amorim MJ, Read EK, Dalton RM, Medcalf L, Digard
P. Nuclear Export of Influenza A Virus mRNAs Requires
Ongoing RNA Polymerase II Activity. Traffic, 2007, 8
(1) : 141.

Garriga J, Grafia X. Cellular control of gene expression by
T-type cyclin/CDK9 complexes. Gene, 2004, 337: 15-
23.

Peterlin M, Price D. Controlling the Elongation Phase of
Transcription with P-TEFb. Molecular Cell, 2006, 23
(3) : 297-305.

Chao SH, Fujinaga K, Marioi J, Taube R, Sausville E,
Senderowicz A, Peterlin B, Price D. Flavopiridol Inhibits
P-TEFb and Blocks HIV- Replication. The Journal of
Biological Chemistry, 2000, 275 (37) : 28345-28348.
Senderowicz AM. The Cell Cycle as a Target for Cancer
Therapy: Basic and Clinical Findings with the Small
Molecule Inhibitors and UCN-O1. The
Oncologist, 2002, 7 (suppl 3) : 1249.

Baumli S, Lolli G, Lowe ED, Troiani S, Rusconi L,
Bullock AN, Debreczeni J, Knapp S, Johnson LN. The
structure of P-TEFb (CDK9/cyclin T1) ; its complex with
flavopiridol and regulation by phosphorylation. The EMBO
Journal, 2008, 27 (13) : 19074918.

Baranovich T, Webster G,

Flavopiridol

Govorkova EA. Fitness of
neuraminidase inhibitor—resistant influenza A viruses.
Current Opinion in Virology, 2011, 1(6) : 574-581.

Hurt AC, Ho HT, Barr L.
drugs: adamantanes and neuraminidase inhibitors. Expert

Review of anti-infective therapy, 2006, 4(5) : 795-805.

Resistance to anti-influenza



1142 Shixiong Wang et al. /Acta Microbiologica Sinica (2012) 52 (9)

Protein Kinase inhibitor flavopiridol inhibits the replication

of influenza virus in vitro

Shixiong Wang, Junjie Zhang, Xin Ye’
Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To investigate the antiviral effect of the flavonoid compound flavopiridol on influenza A virus and
explore its antiviral mechanism. [Methods] The A549 or Madin-Darby canine kidney (MDCK) cells were infected with
influenza A virus A/WSN/33 and treated with flavopiridol. The viral proteins were determined by immunolotting and
immunofluorescence. The virus titer was measured by plaque assay. To verify whether the activity of host RNA polymerase
I was affected by flavopiridol, the phosphorylation status of RNA polymerase I CTD domain was analyzed by
immunoblotting with phosphor-specific antibody. The amount of viral mRNA, vRNA and ¢cRNA was measured by reverse
transcription and PCR. [Results] The amount of viral proteins was significantly decreased and the titer of virus was
greatly reduced in cells treated with flavopiridol. Further analysis showed that the phosphorylation of Ser2 in the heptad
repeat of the CTD domain in RNA polymerase [[ was decreased in falvopiridol treated cell. This result indicated that the
transcription elongation activity of RNA pol II was impaired upon treatment with flavopiridol. Then we found that the
amount of viral vVRNA was significantly decreased in flavopiridol treated cells while only moderate decrease of mRNA was
observed and almost no reduction of cRNA was detected. [Conelusion] Flavopiridol can greatly suppress the replication
of influenza virus. We propose that the inhibition of the transcription elongation activity of host RNA polymerase [I would
cause the decrease of viral mRNA transcription.

Keywords: flavopiridol, influenza virus, RNA polymerase II
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