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Abstract: Influenza A virus (HIN1) seriously affects the health of human and disrupts the development of
global economic. The antimicrobial peptide urumin specifically binds to the conserved stem of the hemagglutinin
(HA) protein of HIN1 virus, but its binding site and the mechanism of action are not clear. In this study, we investi-
gated the possible binding sites and key amino acids for the interaction of urumin with HA protein by molecular
docking and enzyme-linked immunosorbent assay (ELISA) experiments, suggesting that HA residues His32
(HA1L), Asp19 (HA2), and Trp21 (HAZ2) are the key residues for the interaction of HA with urumin. Urumin's Arg4,
Asn9, and Cys16 were associated with HA protein residues Asp19 (HA2), Trp21 (HA2), His32 (HA1), and Asn53
(HA2) form hydrogen bonding interactions, and Trp12 forms an aromatic z-stacking interaction with His32 (HA1)
of HA, these interactions maintain the binding of urumin to HA protein. Wild-type HA and its alanine mutant [alanine
substitutions His32 (HAL), Aspl9 (HA2), and Trp21 (HA2)] were expressed in 293T cells. ELISA experiments
showed that the affinity ability of urumin with HA wild-type was significantly higher than that of HA alanine
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mutant, suggesting that His32 (HA1), Asp19 (HA2), and Trp21 (HA2) may be the key residues for HA to interact
with urumin. This study provides a theoretical and experimental basis for further modification and application of

urumin.

Key words: urumin peptide; HIN1 virus; hemagglutinin; molecular docking simulation; binding site
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Figure 1  Sequence and schematic structure of HIN1 hemagglutinin (HA) protein (PDB ID: 1RU7)
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Table 1 Primer sequences

Primer Sequence (5'-3")

H32-A-F GAATGTAACAGTAACAQcCTCTGTTAACCTTCT
AGAAGAC

H32-A-R GTCTTCTAGAAGGTTAACAGAGQCTGTTACTGT
TACATTC

D19W21-A-F GTGGACAGGGATGGTAGcaGGAQcGTACGGTTA
TCACCATC

D19W21-A-R GATGGTGATAACCGTACYcTCCtgCTACCATCCC
TGTCCAC
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Figure 2 The 5 lowest energy 3D structures of urumin obtained
by prediction
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Table 2 Predicted secondary structure of urumin. C: Coil; E: Sheet; T: Turn; H: Helix

Number Method Prediction result

1 Psipred CCCCEEEECCCCCCCCCCCCCCCEEEC
2 SOPMA CCCCEEEETTCCCCCCCCCCTTCEEHH
3 Hierarchical Neural Network CCCCCEEECCCCCCCcCcCCCCCCCEECC
4 SOPMA-GOR4-SIMPA CCCCCEEECCCCCCcCcCcCCCCCCCEECC
5 DPM CCHHCHEETCCCTCHHTCHTCCHHHCC
6 DsC CCCCCEEECCCCCCCCcCHHCcccececce
7 GOR4 CCCCCEEEECCCCCCCCEEECCEEEEC
8 PHD CCCCCCCCCCCCCCCCCCCCCCEEECC
9 SIMPA96 CCCCCCCCCCCCCCCCCCCCCCCEEEC

10 Jpred4 CCCCCEECCCCCCCCCEECCCCCEECC
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Figure 3 Molecular docking results of urumin and HIN1 HA protein (more negative score value means better docking match). A: Urumin
binds to the region of the HA protein HA2 chain where Asp19 and Trp21 are located; B: Docking results of urumin and H1 HA/H3 HA at

the sites of HA2 (Asp19 and Trp21)

P>
Val34 (HA1)

Figure 4 Optimized model for the interaction of urumin with HA. A: Binding site between urumin and HIN1 HA. The green area

indicates the hydrophobic region on the surface of HA protein, the red area is the negatively charged region on the surface of HA protein,

the purple band is the urumin; B: Interaction of urumin with HIN1 HA. The red, purple, or orange translucent cylinder indicates the hydrogen

bonding interaction, the coexistence of hydrogen bonding and charge interaction, or the directional z-stacking interaction, respectively
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Figure 5 Construction and confirmation of pPCAGGS-HA and pCAGGS-HA-mutate recombinant plasmids. A: Agarose gel electrophoresis
of pPCAGGS-HA and pCAGGS-HA-mutate recombinant plasmids after double digestion by EcoRI and Xhol restriction endonucleases;
B: Comparison of sequencing results of pPCAGGS-HA and pCAGGS-HA-mutate recombinant plasmids, the results showed that the mutant

plasmid was successfully constructed
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Immunofluorescent detection of HA protein expression in 293T cells, the expression levels of wild-type HA proteins as well as

Figure 6

HA-mutate proteins were comparable. Scale bar: 20 or 50 pm. DAPI: 2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochloride
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Figure 7 The binding of the peptide to the lysate supernatant of 293T cells transfected with plasmids (pCAGGS, pCAGGS-HA, and
pCAGGS-HA-mutate) was determined by enzyme-linked immunosorbent assay (ELISA). A: Determination of the encapsulation efficiency

of urumin and disordered peptide; B: Determination of the binding of urumin and disordered peptide to lysate supernatants of 293T cells

transfected with pPCAGGS-HA plasmid; C: Determination of the binding of cell lysate supernatants of 293T cells transfected with plasmid

(PCAGGS, pCAGGS-HA, and pCAGGS-HA-mutant) to urumin, respectively. n=3,x+s. P <0.05, "P<0.01,
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HALFI HA2 S AR R G2, 406 HA R R E HE, A
FELEPU RN

Holthausen 21952 58 % B urumin B8 4% B 8 95 25 50
THIVEREE ) . AW T4 R R7R, urumin &G 444
A 1E A A B PE 2 R Argd Argl11. His17 Fi1 Arg18,
urumin (15 1 SR R A 5 HA B 1 2530 IR M AL TR
[ Asp18 (HAL)Fil Asp19 (HA2)] T T8, 7E 54 €
HAL FT HA2 FH X 4 G Nk B8 R T, 9 B 1F FL A 1)
urumin 5975 5 5 6 FE ar 1 AR AH B P RT g AT AR R 9
BEALT, PR urumin b e 1 2 R R T R L R AR
) R B TR

AW FE 45 B8 S, urumin () 45 89 DGR R
F, ZARES HAER A Re e HAE HA LG .
Urumin [ 25 ¥4 22 28 BT GE AR T3k — 25 (0 N TF R, 32
ZNTEXT urumin g I, B 78 43 7 RS B 2 KRR e 1 A

ek

P <0.001. NS: Nosignificance

St — BRI Z KA HA S & 7).

it 5438 Y1) 75 BB A 1SR R URE R B
YR TT 259, AR P A B RIAUAT 0 B H IR e
AL R R . 2K K2 AR IR VR PERD
W, 532 K156/ 758, B 5 R e A& W e 2
W AR T AR A T BT HIND HA 22 Ik 3081 751 urumin £
456 A AL BCRT e AR R LA, ok B i 8o 25 2

fEZ ST 47 F 75T H 8K 8 B A S 56 BTt
ZERBARTRBII IR TS, A EES
ELISA SCIG#E 735 2058 AR T 70 50 352 98 73 S 6 0 40
Iy RS SCHIRG, R B R TR 72 T I B . %18 SCHY
i Jr RASE I T T AR AT

M AT H L PIAFER P RK R
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