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Advances in the Study of al-Antitrypsin — a Multifunctional Protein
Counteracts SARS-CoV-2 Cell Invasion
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Abstract al AT (al-antitrypsin) is a multifunctional glycosylated protein synthesized by the liver and se-
creted into the peripheral blood circulation. Its primary role is to protect the lung from proteolytic attack by neutral-
izing pulmonic proteases. a1 AT also plays important roles in maintaining immune homeostasis, controlling inflam-
matory responses and pathogenic defending by interacting with various targets. al AT has recently been discovered
to have potent antiviral properties and might be used as an anti-virus reagent in the defense of pathogenic viruses
such as HIV and SARS infection. Newest studies found a1 AT prevented SARS-CoV-2 infection by inhibiting trans-
membrane serine protease 2, a cell surface protease involved in SARS-CoV-2 cell invasion. Therefore, al AT was

studied as a viable antiviral drug for COVID-19 treatment. This review aims to summarize the recent findings of
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alAT’s physiological functions, with a particular focus on the advance of mechanism study of a1 AT counteracting

SARS-CoV-2 cell invasion.
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Hepatic synthesized ol AT was secreted into the circulation and delivered to the lung where it binds and inhibits the elastase secreted by neutrophils. The

dynamic balance of a1 AT and proteases maintains proper lung function.
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b R gm AN N bR A A D B AR AT S A
[P ZH 23 2 L 2 5 DR PR A skl i o s & AN [RD, 7E
JUE 20 ff A A kR R A m S T AN ICH, T E B4
i 8 5% H1 2 000 bp L i 1 40 2 FIABKIBIF 451
JHF U 248 e e B B R B T BFmRNAK 2713 Kb, H
AL TR BICHME T A EH B 49/ B A Ath
ANHNE TGRS T H . LE RS0 B P ol AT# Sk 46
fi 55 _E i DNAT 14 TATA S FF 51 FIBiR Bl ot & ¢
%1)(B recognition element, BRE)7E N 2 M= AE H T
i, IX LT A DT 2 AR DR ) e s O (E]2).

2 ulATHIERB S FEMFIEIEFINEE
BAER 0l AT A 418N R R ALK, Hh
A 24NN FER ARG S KT M, 55
JEGIF T, i ol AT 3 3E N N 5T I E 47 N-F 2
WABMFE SRV, 2 5 1%E B Ky FHfis 3|
TR IR TR E 25 58 2 W TR ANAB I B & AR R 394
ANE IR AR 5> T 520 52 kDalf] il 24 al ATHE
1020, I LR SE ol AT IR AT 2 43 78 Asn-46.
Asn-83F1 Asn-247(&3). al ATHIRERAL &% T 1%
BASFREIETE AL R 02, e RERE
S IN ol AT RV 2007 1R 8L (1 7 2R 4 AR

Bl ol ATIRIPAERINEERI = ERIE

Fig.1 The mechanism of alAT protecting normal lung function
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DNA % TATAFIBRE 5 5 12 7018

The whole gene consists of four exons (II-V), three untranslated exons (IA-IC) and six introns. The hepatocyte SERPINAI promoter is located within

exon IC. TATA box and BRE element located upstream of the transcription start site.
&2 SERPINAIEFEREE
Fig.2 Schematic diagram of the SERPINAI gene
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al AT4: 25 A 1910 helix 134N sheetZ5 HI 4L, S B o0 RCLEI351—369% 3L 12 17 51 21 ) I 1 A Biloop ¥ 45 M) S 55 10 TR 1l o S PEAL
AL Met-358 M RAAL 1 Glu-342 B 2L R R S, HEFEAL AL TS BE R Asn-46 . Asn-83F1Asn-247 AL A BROIR O
The whole protein consists with 9 a helix and 3 B sheet structures. The reaction center ring RCL consists of amino acids 351-369 and forms a loose

loop structure exposed on the surface of the molecule. The active site amino acid Met-358 and the mutation site Glu-342 are shown in stick and the gly-

cosylation sites Asn-46, Asn-83 and Asn-247 are shown in red spheres.

El3 alATHIS FLEHE
Fig.3 Molecular structure of a1AT
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gp120/gp41 binding to the host cell’s CD4 receptor causes the activation of gp41FP and insertion of the cell membrane. o1 AT binds to gp41 via the C-

terminal amino acid and masks the gp41FP peptide thereby blocking viral invasion.

El4 ol ATHIHIHIV-1 N R ZRAERIHIE
Fig.4 Mechanism of a1AT inhibiting HIV-1 cell invasion
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The RCL of al AT inserted into the active site of TMPRSS2 suppresses S protein priming, resulting in impaired S2-mediated virus-host cell membrane

fusion and thus inhibiting SARS-CoV-2 cellular invasion.
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Fig.5 Proposed mechanism of a1AT preventing SARS-CoV-2 cell invasion by inhibiting TMPRSS2
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