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Abstract: Influenza A/HINT1 virus-encoded nonstructural, or NS1, protein inhibits the 3’-end processing of
cellular pre-mRNAs by binding the cellular protein: the 30-kDa subunit of CPSF (cleavage and polyadenylation
specificity factor, CPSF30). CPSF30 binding site of the NS1 protein is a potential target for the development of
drugs against influenza A/HIN1 virus. A yeast two-hybrid screening system was constructed and used for
screening Chinese medicines that inhibit the interaction of the A/HIN1 flu NS1 protein and human CPSF30
protein. The NSI gene of A/HINI virus was amplified by consecutive polymerase chain reaction (PCR), and
the human CPSF30 gene of HeLa cell cloned by reverse transcriptase-polymerase chain reaction (RT-PCR).
Then the two gene fragments confirmed by sequencing were subcloned into the yeast expression vectors
pGBKT7 and pGADT?7, respectively. The two constructs, bait vector pPGBKNS1 and prey vector pGADCPSF,
were co-transformed into yeast AH109. The eight individual yeast colonies were picked and subjected to
verification by PCR/gel electrophoresis. The inhibition of the NS1-CPSF30 interaction was allowed the
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identification of selective inhibitors.

The four of more than thirty identified Chinese medicines, including

‘Shuanghuanglian oral liquid’, showed the strong inhibition of the NS1-CPSF30 interaction.
Key words: novel A/HINI1 influenza; NS1 non-structural protein, CPSF30; yeast two-hybrid system;

screening of Chinese medicines
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Table 1 The sequences of primers used in synthesis of NS/ gene of the A/Texas/05/2009 (HIN1)

Primer Sequence (5'-3")

FHNI-1

cgaggaaatgtcacgagactggttcatgctcatgectaggcaaaagataataggeccte

Kum dlll

RHNI1-1 actatgttcttttccatgatcgectggtccaatcgeacgcaaagagggcectattatcett
FHN1-2 attgcatctgtacctacttcgegetacctttetgacatgaccetcgaggaaatgtcacg
RHN1-2 aaggtctctaatcggttaaagattacactgaagttcgetttcagtactatgttettttc
FHN1-3 gaatggatcttgaaagaggaatccagcgagacacttagaatgacaattgeatctgtace
RHN1-3 ctccaactattgctcectectcagtgaaagececttagtagtatcaaggtctctaategg
FHN1-4 geetcgatatcgaaacagecactettgttgggaaacaaatcgtggaatggatcttgaaa
RHNI1-4 atcctcataagtatgtcctggaagagaaggtaatggtgaaatttctccaactattgcete
FHNI1-5 cgccgagatcaaaagtccttaaaaggaagaggceaacacccettggectcgatatcgaaac
RHNI1-5 ttccattcaagtcctccgatgaggaccccaactgcatttttgacatcctcataagtatg
FHN1-6 ttgcagacaatggattgggtgatgecccattecttgatcggetccgecgagatcaaaag
RHN1-6 caagcgaatctctgtatattttcagagactcgaaccgtgttaccattccattcaagtce
FHN1-7 gctttcaggtagactgtttcetttggeatatccgeaagegatttgcagacaatggattg
RHN1-7 tgetetggaggtagtgaaggteteccattetcatcacagtttetccaagegaatetctg
FHN1-8 aggatccatggactccaacaccatgtcaagctttcaggtagactg
RHN1-8 actcgagtcatttctgetctggaggtagtg
FCPSFNdel acatatgatgcaggaaatcatcgccagegtgg
RCPSF2 actcgagtcactgtccactgagaaaggcecaag
F§—>»
F1—
Fo—
F5—— )
F4 = 1 Ori
22—
Fl—>»
-€«—RI
-«—R2
R3
R4
-«—RS5
-—R6
-«——R7

Figure 1 The NSI gene fragment amplified by consecutive
polymerase chain reaction (PCR). The markers from F1 to F8
indicate the primers from FHN1-1 to FHN1-8, and the markers
from R1 to R8 corresponding to primers from RHN1 to RHN8
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Figure 2 The map of plasmid pGBKNS1. The NS/ gene is

fused to Gal4 DNA-binding domain (BD) of pGBKT7
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Figure 3 The map of plasmid pPGADCPSF. The CPSF30 gene
is fused to Gal4 DNA activation domain (AD) of pGADT7

AHI109 1, #ALF=Y)4ifE SC-Ade-Leu-Trp-His %
FiFE L, 28 CREFE3I~S d HEK AL T, PhIiEiL
FHFP B AA SC-Ade-Leu-Trp-His 55773, 28 “CH%
F% 2 d $EEUEBEFORIIEAT PCR %58 o NST = A A8 0]
KRS FHN1-2 F1 RHN1-2, 1] CPSF30 JE PR (I
WK F 514 FCPSFNdel fl RCPSF2. P BE#E Ak ik Fy
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Trp-His [H A5 IR, Bofil Bk 55 52k, RE ¥
Y TE R R RSB R AR I B i B Ry R0k B, 28 C
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O 200 pL FIBEBORT 200 L (1A [) v 5 24 i,
30 CHiFE 24 he I BEARAX, W 5E XL TR KT Agooo
RGP HCT 2 900 r-min ' 2.0 10 min, HBUH i
Ko 7596 FLIR EIMA B EIE W 16 uL Al 2%
MW (0.5 mol'L' NaAc 32 pL; 100 mmol-L™'
PNP-a-Gal 16 pL) 48 uL, 30 ‘CE57E 60 min. JIA 10x
bk NI (1 mol' L™ Nay,COs) 136 uL, it Auo
o L A5 a- IS BB E: o-2FFUH
WEPE (milliunits) = A410<VEx1 000/(exbxtxVixAggo) o 3
¢ FRBRR BV S G2 AT 30 “C IR A I )
(BAZ3 B4y BT ), VE SRR Agy0 I S NEAL A IR A
1 (200 uL); Vi 2 F5 TN B s AR (16
uL); Aaro A1 Agoo H L5 T, exb 24 p-nitrophenol 71
410 nm AbfFEE SR R AL (10.5 mL-mol ™ '); HR¥E a-
B ) T AR SR e IR AN B 2 A )RR
FE, MR 52 XF NS T AT CPSF30 45445 #0048 FH i v
2,

RS
1 NS1ERMEK

KM #ESHES PCR HiRAE R NST K. L
FHNI-1/RHN1-1 4519, W4 519 0o Bf, H
KOD Plus DNA &/ AT 3, 193] 4K 100
bp M4 . 4R J5 L FHNI-2/RHNI-2 4514, L
FHN1-1/RHN1-1 [1J PCR F=## % 100 £5 ik, 1B
KURFEAAR, JEARIF A0 5 s, F7HEH 200 bp Aoy
gl . —EIRROX M7, B et
(358800 5 s, LY 14 4 %8, DL FHN1-7/RHN1-7 4
514, FHN1-6/RHN1-6 [f] PCR F=¥I%iB¢ 100 175 A A
B, #35) 450 bp oA —4%4 . LL FHNI1-8/RHNI-8
514, UL FHN1-7/RHN1-7 [f] PCR P15 F¢ 100 %

IR, KOD Plus DNA & RT3, fH43]—4%
Kl 660 bp ZeAi I —5al (K 4). ¥ izscatiaifl
M, Wik T-A JefES EZ-T #ik b, I FE56F IE
Ja, ¥ ixBA a4 pEZNSI .

bp)M 1 2 3 4 5 6 7 8 M(bp)

Figure 4 The results of NS/ gene fragment amplified by
consecutive polymerase chain reaction (PCR). Lane 1 to 8: The
DNA fragments amplified by consecutive PCR with the primer
pairs FHN1-8/RHNI1-8, FHNI1-7/RHN1-7, FHNI-6/RHN1-6,
FHN1-5/RHN1-5, FHN1-4/RHN1-4, FHN1-3/RHN1-3, FHN1-2/
RHN1-2 and FHNI1-1/RHNI1-1, respectively; M: DL2000 DNA
marker

2 CPSF30 EERIE

i RT-PCR Jx WAHEIHKZ) 800 bp K4kl (&
5). IMDlCiZ 4y, B H T-A 5% % pMDIS-T #i4k L.
My K Blast N EEXTRIH, %751t /& CPSF30 3,
£j GenBank ¥ M5 4 NM_006693 (1] 751 100%AH 7] »
W EAff (1) 5 20 404y 44 4 pMDCPSF .
3 IRBERESREHEREE

KM Neco 1/EcoR T4 pGBKNS1 #EHATHEY] % &
(K 6), £ 660 bp ZeAi 15k 5 NSI BRI/ &,
F W pGBKNSI1 & EHMi. i Nde 1/Xho TXf
pGADCPSF #ATHEVI % 5E (Bl 7), H 800 bp 24111

(bp) M 1

2 000

Figure 5 The CPSF30 gene fragment amplified by RT-PCR.
Lane 1: The DNA fragment of CPSF30 gene; M: DL2000 DNA
marker
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Figure 6 The analysis of plasmid pGBKNS1 digested with
restriction enzyme. Lane 1 and 2: The plasmids pGBKT7 and
pGBKNSI digested with EcoR 1, respectively; lane 3 and 4: The
plasmids pGBKNS1 and pGBKT?7 digested with EcoR I and Nco
I, respectively; M1 and M2: The DNA markers DL15000 and
DL2000, respectively
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Figure 7 The analysis of plasmid pGADCPSF digested with
restriction enzyme. Lane 1 and 2: The plasmids pGADT7 and
pGADCPSF digested with Xho 1, respectively; lane 3 and 4: The
plasmids pGADCPSF and pGADT?7 digested with Nde 1 and Xho
1, respectively; M1 and M2: DNA markers DL15000 and DL2000,
respectively
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Figure 8 The PCR results of NSI gene of positive colonies.
Lane 1 to 8: The eight positive colonies AH109[pGADCPSF+
pGBKNS1]; M: DNA marker DL2000
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Figure 9 The PCR results of CPSF30 gene of positive colonies.
Lane 1 to 8: The eight positive colonies AH109[pGADCPSF+
pGBKNS1]; M: DNA marker DL2000

P BF R BEAT VK PCR %558 . 45 5K 8 FNIE 9, 74§
i ) 8 AN Sl AR R I 2 T NST A CPSF30 3£, i
HIX 8 ATl 48 %4 pGADCPSF Al pGBKNSI X
PN TR, JEBH M e BE, 4 AH109[pGADCPSF +
pGBKNS1]. X S67 BERSERY bk ] H T J5 221 v 24
o
5 HZATHIE

WIS IH A IR, e 2 LT 4 B 255 NS1
A1 CPSF30 45 G Al ER (3R 2) o XU il
WO NS1 5 CPSF30 45 & s 7 B b ok, AIA)
T SR I 1) IR E AR o S b 7 4% 10 i
SR B B s A BTG Pk, 3 M A IR
(4 5 XU 3 1 R, AR I A T 59

Table 2 The Chinese medicines with the inhibition of the binding of CPSF30 to NS1 protein

Drug Formulation 1Cs
Shuanghuanglian oral liquid” Oral liquid 3.03 pL'mL™
Shuanghuanglian oral liquid” Oral liquid 5.69 uL-mL™"
Pudilan anti-inflammatory oral liquid Oral liquid 521 pL'mL™"
Jinlianhua capsule Capsule 0.29 mg'mL™"
Shuanghuanglian capsule” Capsule 0.19 mg'mL™"
Shuanghuanglian injection” Powder injection 0.25 mg'mL™"
Reduning injection Injection 2.5 uL-mL™

“Indicate the different manufacturers of drugs
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503 T AV (I R A L, T RE KT (0 975 38 A8 757
X H M AT At AE T itk D ER, R RE
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PERIT V2 PRS0 A T T KR I REXUS AL i
ARG, WA TR, Rk, AW
FERERUZ8AE R G SL T NS1 A1 CPSF30 A HAF T 1)
FEPUFITHIEASIL o A 32 et il 2 v 0 2 H 4 Bt NS 1
H1 CPSF30 45 & H IS PUERI I 2y, by )5 SR Ji e
T Atk

N e R BRI A R GAFAEI “ARBAME” , AL
FATAE E B AH109 11 a-F- FUBE R B35 PE S BH 2 25 sl
A, I I B 2 AN TR B AR A0 RS = D (R B
M7=z FERTIN o FURE T B V5 PRI, JEFE AH109
FEAREMAE AN, RS W o FURE B G
PERT AH109 25 (IR o= FURE L BES PEAH IR G B
HYBEARIR) , 15220 TR o1 FLBE T RS 1
FLSE MO, RIS T ORUE BRI A, Pkt T
6 NMEERFRPE, BABMKES 3 Rk, Wil kbR,
FEACHERR T AR 9 5 0] S0 25 ALK 5

AWFFOCRHES: TS PCR A, A5 I )
W E TS S T HINT R BN NST LR, g kb e
i IS 6 71 L0 S ARBSEAROAN 25 2 19 3 ) B DR g ik 17—
o JEB%
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