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Letter to the Editor

A Novel PA-X Protein Translated from Influenza A Virus Segment 3

Ilseob Lee'?, Jin I Kim'? and Man-Seong Park'**

! Department of Microbiology, *Center for Medical Science Research, College of Medicine, Hallym University,
Chuncheon, Gangwon-do, Korea

The pathogenicity of influenza A viruses is a multigenic trait, which is orchestrated by the global networks between
eight viral genomic constituents and their cellular interacting partners. A recent report provided information on the

finding of a new PA ribosomal frameshifting product, the PA-X protein, in the influenza A virus segment 3, and an

endonuclease property was suggested for a possible role of the PA-X protein. In cultured cells, viral growth was not
affected by the PA-X protein expression. However, the reduced pathogenicity of mice appeared to be closely associated
with the PA-X protein expression. It was also revealed that the PA-X protein was able to modulate host gene expression.
Considered together, the PA-X protein can be a cellular signaling modulator and subsequently control viral pathogenicity.
By reviewing recent publications, we present new insights in the contribution of the PA-X protein to the cellular

signaling network and the resultant viral pathogenicity.
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Figure 1. Multiple proteins are expressed from a single gene
of influenza A virus. (A) The M2 and NS2 proteins are expressed
by gene splicing. (B) The PB1-F2 protein is encoded from over-
lapped frame. (C) The PA-X protein is expressed by +1 ribosomal
frameshifting. (D) 'UCC UUU CGU C' motif in PA gene is related
with ribosomal frameshifting.

F=(codon)©] B X5 P-A}2](ribosomal P-site)oll $]*]3}
CGU F=o] 2B A-AME](ribosomal A-site)ell £ ]3}
dojui= Aoz A 28y CGUE 7%
ZFolA = 719 AREE A kot wheF o7k & O] 2
HE ARl Y1 EH 3|5 (decoding) %7t =
A ¥ 9 (translation)©] FHA] WA "ol 283 UUU

-YirEH

¢} UUC = L:'_l:r phenylalanine (F)< *|3}=tl, o]xl
o By =i uEZW GAAE <HE] FE(anticodon)
o7 zh= A"he-t— UUUXRTH vucd o 73t x31e

(affinity) S UEPE 2102 BaE It} (12). webA g
B Ao CGU F&=o] 9X3taL P-x}a]e] UuUZ}t
AA G o], A] AFEEA] %= CGU Aol gk QHE
F=(anticodon) 2.t} 971 sh7F H#(+1 slippage) 343



370

H GUC ZE i3t ¢tel=2Eo] AgslAl =o, uuC
FEoE FEAo] HE GAA F o] Adlsle] =
AAQl eyt BAEE +1 FHE Solso] WAl

sH Eth(Fig. 1D). Jagger 5

|

Hol& 7hgh RE|ZE /‘}‘(101'04 E]l‘i T A28 %
frameshifting) S =43t WHo= T4 6]— o, PA-X
wlE o] Brd S AT JAEF ]X]'H]'O]EV\OHH 7|5l &
A7 e tE A2 Ao R ARt AME

w3} (8). o]#et AR u]gq
el FalAli= ob Ui

THo] EAT 7FeAol s AL

QE Tl

2. PA-X HHHSl T

FAA2] N-Hetol = RNAE A5 4 %1+ endo-
nuclease 7]'5°] 0= F-917F EA8H=H, o] F91% cap-
snatching®l <M|3 premRNAE A} Al (primer) =
ARER 7 Al A A2 Zebdie ]" Tyt
t} (13, 14). PA-X vl o] N-Hhe PA ¢
@S X3l PB1 @A) AT & ¢ e c-E
TH(C-terminal)2] o}1| =2t A E2 ThE, o], Jagger &
2 PA-X ©Hi1E-2 pA T I= UFE endonuclease T4
S YeR=A 5938171 213l B-galactosidaseE: & 3=
plasmid®} PA A L& E= plasmidE co-transfection
te] PA-X T 9] endonuclease TS FHHA o=
=43 AdS 35l PA-X @A LT AA| A o2
endonuclease o] A2 EI5F3ATE (8). E=3F PA-X
o] wlole 7t 7H1E AlEoA AAR dEE=
S Qg o, PA-X wilde] Wy {7 wE
vlo]#] 9] A7 -5(growth kinetics)= MDCK A 3Z=0] 4]
H/K‘] 7‘__,14 ‘ITAH 01% ].o]t gj\oi PA-X 1‘/}-1:‘]421%

wr

mN

upele) o) el JFE vIAA B HASRAT
T} BALBle vH2E o8 Y %7t Ageln

PA-X7} & HA] @b vpol] = PA-XVE U= v}
olgj 2o nlsl] WA o] A YERSTE (8). o]l Jagger
o PA-X ©hjFo] wh-o] HdAfo] oBA JFS

A=A 1 A1E BAE7] 98] PA-X T RS Wk
S wlolexs} WEEHR] ke vlol#AE 9F-dshH

(reverse genetics system) 2.2 A| 23} T} 123
HaEg 4NN whse] W £ RNAS 3
sje] %% AlEe) HAA WALRS BAST 1 2

7} PA-X @S =2 35S (inflammatory response),

| Lee, et al.

A 3EAPE (apoptosis), T < HHS-(immune response)s 2} T
H AR TEol| 2olE Fusklth 53] interferon-y
(IFN-y), CD28, IL-7 (interleukin-7), interleukin-15 (IL-15) ‘5
o] WNESTHE A5 A (signaling)?} #HAE KRS
o] e PAX ©AS WA & wpoly vt 7
G vheant Agdon PAX wuES BHsHE
71—5\_Q041;]. (8). °1# sk

=
o Mg GHE WAL FAB B4 PNz ]
5% 2E Aoz Audt
z e
SApuko] e] 227k Wz

1= RS
7V FH ol %'1’34 71 e o)t} Jagger
PA-X @ PA FHAAREE +1 PHF SolEd

ofs =™, PA T EA Y ZA A S E endonuclease
DS ZEa ok AR S WRIth B3 PA-X Tl 9
o] wlole] 2 AA|0] sl s A%l AR
A vhe-2o] WdAdlE d3s nRinkeE AR S B
astolom, ek Ao AR PAX o] &5
A3

o @®). 2009”‘ EHTr6£° ©71 HINI 21 Q1ZF4z}
Hpo] 2 29] 734 PA-X D&HE@QA Zo)7} tE upolg A
woh g Aoz defAek (15). A PAX whe]
gk A= ob7] 27| WAlo] B & PA-X Tl de] ofgh
HAA el vt v vho] T (strain) = T2 o}
<Subtype>4 mlolgj 2ol = BAA vehbizx 3 o

& wadslel gEudyel s %Xl olg ] A
of & Zlo® AR Eth 5 1918
gfras dol AEF 17<}H}°131*4 PBI-F2 ©hilz

=
& HAds Aerrle Aer deEA 3l (16, 17), vt
olgizel o3k WelAo] o F dde] Fz g ¢

)
o] &9 oyl Mo Hy A =o| 0362}% W]iﬂ 87 o]

A H =] o]l tiF AES= ATt o Folxivh A
23 Putolyx 3AHoRE F&SA 48E F US
Aoz AlgHr) 18]al PA-X @ do] QlEFlxbul
olg]29] A IEA(transmissibility) 2 7 S}(evolution)©]

= oud 4EE FAJ=A ol U TETE F

of 8 Aot} ¥ PA-X THES © Zo] o]ds}



A Novel PA-X Protein Translated from Influenza A Virus Segment 3 371

7) 1% A ro molels Shabgel we wAS

A3 A RS AR R A Aolw,

1) Landolt GA, Olsen CW. Up to new tricks - a review of cross-
species transmission of influenza A viruses. Anim Health Res
Rev 2007;8:1-21.

2) WHO. Fact sheet on influenza. 2009; Available from: http://
www.who.int/mediacentre/factsheets/fs211/en/index.html.

3) Klenk HD, Garten W, Matrosovich M. Molecular mechanisms
of interspecies transmission and pathogenicity of influenza
viruses: Lessons from the 2009 pandemic. Bioessays 2011;33:
180-8.

4) WHO. Cumulative number of confirmed human cases of avian
influenza A(H5N1) reported to WHO. 2012; Available from:
http://www.who.int/influenza/human_animal interface/HSN1
cumulative_table archives/en/index.html.

5) Nicholson KG WR, Hay AJ. Textbook of Influenza: Blackwell
Science Ltd., 1998.

6) Chen W, Calvo PA, Malide D, Gibbs J, Schubert U, Bacik I,
et al. A novel influenza A virus mitochondrial protein that
induces cell death. Nat Med 2001;7:1306-12.

7) Wise HM, Foeglein A, Sun J, Dalton RM, Patel S, Howard W,
et al. A complicated message: Identification of a novel PB1-
related protein translated from influenza A virus segment 2
mRNA. J Virol 2009;83:8021-31.

8) Jagger BW, Wise HM, Kash JC, Walters KA, Wills NM, Xiao
YL, et al. An overlapping protein-coding region in influenza
A virus segment 3 modulates the host response. Science 2012;
337:199-204.

9) Inglis SC, Brown CM. Spliced and unspliced RNAs encoded
by virion RNA segment 7 of influenza virus. Nucleic Acids
Res 1981;9:2727-40.

10) Lamb RA, Lai CJ, Choppin PW. Sequences of mRNAs derived
from genome RNA segment 7 of influenza virus: colinear and
interrupted mRNAs code for overlapping proteins. Proc Natl
Acad Sci U S A 1981;78:4170-4.

11) Lamb RA, Lai CJ. Sequence of interrupted and uninterrupted
mRNAs and cloned DNA coding for the two overlapping
nonstructural proteins of influenza virus. Cell 1980;21:475-85.

12) Eisinger J, Feuer B, Yamane T. Codon-anticodon binding in
tRNAphe. Nat New Biol 1971;231:126-8.

13) Dias A, Bouvier D, Crépin T, McCarthy AA, Hart DJ, Baudin
F, et al. The cap-snatching endonuclease of influenza virus
polymerase resides in the PA subunit. Nature 2009;458:914-8.

14) Hara K, Schmidt FI, Crow M, Brownlee GG. Amino acid
residues in the N-terminal region of the PA subunit of influenza
A virus RNA polymerase play a critical role in protein
stability, endonuclease activity, cap binding, and virion RNA
promoter binding. J Virol 2006;80:7789-98.

15) Shi M, Jagger BW, Wise HM, Digard P, Holmes EC,
Taubenberger JK. Evolutionary Conservation of the PA-X
Open Reading Frame in Segment 3 of Influenza A Virus. J
Virol 2012;86:12411-3.

16) McAuley JL, Hornung F, Boyd KL, Smith AM, McKeon R,
Bennink J, et al. Expression of the 1918 influenza A virus
PBI1-F2 enhances the pathogenesis of viral and secondary
bacterial pneumonia. Cell Host Microbe 2007;2:240-9.

17) Zamarin D, Ortigoza MB, Palese P. Influenza A virus PB1-F2
protein contributes to viral pathogenesis in mice. J Virol 2006;
80:7976-83.



