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Abstract

The genetic recombination of the SARs-CoV-2 virus in bats may result in behaviors
comparable to those of certain RNA viruses. This cross-activity helps explain SARs-CoV-2's
strange respiratory symptoms and immune evasion abilities. In this present study, the biological
roles of SARs-CoV-2 proteins were investigated utilizing bioinformatic techniques involving the
search for conserved domains. According to the study, the S and ORF3a proteins of SARs-CoV-2
possess picornavirus/calicivirus capsid domains, can bind hemoglobin, heme, and porphyrin. Both
Argl34 of ORF3a and Cys44 of E are iron-binding sites for heme. The ORF3a protein has a
region that converts heme into iron and porphyrin. In addition to chitin and polyphenol binding
domains, the S protein also contains hemocyanin and phenoloxidase-like domains. The S protein
constructs Fe-polyphenol complexes to link the red blood cell membrane, allowing SARs-CoV-2
to hitch a ride on red blood cells for fast delivery to target organs. This type of capsid-like vector
delays the immune system but does not significantly alter the function of red blood cells to
transport oxygen. Due to the distortion of the cell membrane, red blood cells with an excess of
viral particles release hemoglobin to harm the virus. The wbl domains of the S protein respond to
nitration, and then phenoloxidase domains oxidize polyphenols, allowing the virus to shed from
the red blood cell membrane. ORF3a also attack 1-beta chain of hemoglobin; however, the
majority of hemoglobin may retain its native structure. Patients will have variable degrees of
respiratory distress and coagulation symptoms, but the hemocyanin domains of the S protein can
improve a patient's respiratory status by transporting oxygen.
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1. Background

Early COVID-19 patients manifest diarrheal’> 2, hypotension®! | and electrolyte
abnormalities!). Extracorporeal membrane oxygenation (ECMO) rescues critically ill patients who
exhibit unusual clinical characteristics, including hypoxia, low oxygen saturation' ¢, and high
dissolved oxygen levels. Today, a large number of mutated strains of SARs-CoV-2 have emerged,
with Omicron evolving into hundreds of substrains and becoming the most prevalent variant
worldwide!”). Omicron variants evolved® in southern African patients with chronic infection and
immunodeficiency!®. COVID-19 patients manifested respiratory infection, encephalitis'’], viral
hemorrhagic fever!!!l, eye infection!'?], kidney!'*! and liver!!*) damage, necrosis of hematopoietic
tissuel'l, etc. multisystemic and multitissue illness. This suggests that the variant strain



significantly exacerbates the unknown respiratory complications and immune evasion abilities of
earlier strains.

Researchers discovered flaviviridae, adenoviridae, iridoviridae, picornaviruses, baculoviridae,
and poxviridae, as well as other viruses, in bat feces!'®l. The genomes of numerous RNA viruses
are segmented. When a single cell is simultaneously infected with two viruses of different
genotypes, individual segments may undergo rearrangement. New molecular and immunological
bases allow viruses to cross species boundaries and establish themselves in novel ecological
niches!'7l. Through genetic cross-recombination in bats, the original SARs-CoV-2 virus may have
similar pathogenic functions to these viruses, such as a vector delivery strategy based on the
capsid protein. Coronaviruses are promising virus vectors for vaccine development and, possibly,
for gene therapy!'®], also proven to be a stable carrier!'”).

Vector delivery strategy (that is, riding on blood cells and immune cells—the "commuter car")
is a major "immune system loophole" discovered in human evolution. Viral capsids are
advantageous platforms for constructing novel nanomaterials, such as hybrid structures that
combine biological macromolecules and inorganic complexes. Polyphenols such as tannins
modify biomolecules, including adeno-associated virus (AAV), and facilitate their association with
the surface of cells (e.g., erythrocytes, macrophages, NK cells, T cells), in the presence of iron
combined with™’, On the cell surface, biologically active nanocomplexes, including proteins,
DNA, mRNA, and even viral vectors, can be assembled through interfacial interactions mediated
by metal (Fe3+)-phenol coordination. Frequently, polyphenols exert multiple types of stabilizing
attractions?!. Different interactions and bonding of natural polyphenols (e.g., hydrogen, =,
hydrophobic, metal coordination, covalent, and electrostatic) can be utilized to assemble and
stabilize polyphenol-based particles??!.

Red blood cells (RBC) anchor AAV to form RBC-AAYV, which provides less than a minute of
protection against nAb antibodies in the blood until deposited in the target organ of interest!?3l.
The Fe(Ill)/TA (tannic acid) coating on red blood cells (RBCs) creates immune-camouflaged
RBCs while also maintaining oxygen transport!?*. The network on the cell surface does not inhibit
cell receptors and molecular exchangeability, and the release kinetics can be fine-tuned by
selecting different metal ions (Fe3+, Al3+, or Cu2+)I?5l, Numerous viral vectors, including
picornaviruses and hepatitis viruses, have been identified recently. Using adenoviral (Ad) vectors
and an "antigen capsid incorporation" strategy, HIV-1 vaccines have been developed!?®),

The viral S protein of SARs-CoV-2 had evolved a capsid-like activity, and it required the
"commuter car" of blood cells (or immune cells) to reach its target organ. As a biosorbent, chitin
can absorb phenol?” or polyphenols from water. Some polyhedrosis viruses in baculoviruses have
a chitin-binding function and are localized in the endoplasmic reticulum of insect cells by
chitinase!?®], The S protein of SARs-CoV-2 contained chitin-binding domains, which adsorbed
polyphenols via chitin. The S protein was connected to the red blood cell membrane via the
Fe-polyphenol complex. SARs-CoV-2 was rapidly shed after reaching the target organ due to the
phenoloxidase activity of S proteins oxidizing polyphenols.

Red blood cells capture viruses to counter the vector delivery strategy by creating "bait red
blood cells"?’1. Red blood cells (RBCs) from nuclear rainbow trout can degrade hemorrhagic
septicemia virus (VHSV)BY. When enhanced reovirus binds to red blood cells in high
concentrations, it penetrates the cell membrane, causing the red blood cells to release hemoglobin
and subsequently undergo hemolysis*'. Due to the inherent cytotoxicity of cell-free hemoglobin



(Hb), activated Hb fragments are anchored to microorganisms, while the juxtaposed
pseudoperoxidase (POX) is released immediately and induces oxidative shock, thereby killing
nearby pathogens32. Hemoglobin inhibits viral growth and replication mediated by African swine
fever virus (CSFV) capsod protein by interacting with RIG-IB3. The subunit of hemoglobin
interacts with the capsid, RdRp, and VPg proteins to inhibit the replication of the rabbit
hemorrhagic disease virus**. Hemoglobin A (HbA) contains an N-terminal fructosyl valine on its
beta chain, and the lectin from Aleuria aurantia (AAL) has a greater affinity for HbA than for
HbB! Through the erythrocyte receptor, erythrocytic protein and glycophorin inhibit the
hemagglutination of rhesus monkey rotavirus (RRV) 361,

Hemoglobin's heme component is toxic. Hemoglobin's heme activates human and mouse
platelets via C-type lectin-like receptor 2037, Human heme and HO-1 inhibit hepatitis C virus,
human immunodeficiency virus, and hepatitis B virus replication]. Heme and related compounds
exhibit striking similarity at viral target sites in all three species’®. Dengue (DENV), Yellow
Fever (YFV), Chikungunya (CHIKV), and Zika (ZIKA) virus, Mayaro virus, Sindbis virus, and
vesicular stomatitis virus infectious particles are all inactivated by heme, Cobalt Protoporphyrin
IX (CoPPIX), and Sn-Protoporphyrin IX (SnPPIX)L. In addition, photostimulation improved the
efficacy of SnPPIX against all arboviruses tested*”.

The native neuronecrosis virus capsid protein (NNVCP) binds hemoglobin and transferrin,
causing anemia in grouper fish®l, The CSFV capsid protein inhibits hemoglobin action by
interacting with the -subunitB®3l. In children, parvovirus B19 invading erythroid precursor cells in
the bone marrow causes pure red cell aplasia (PRCA) and rash*!l. The erythrocytic necrosis virus
(ENV, Iridoviridae) causes viral nuclear necrosis (VEN) in marine and anadromous fish#?],
Numerous salmonid-infected erythrocytes contain viral inclusions in their cytoplasm . The virus
was also detected in the erythrocytes of rainbow trout (Salmo gairdneri) that had been infected**).
Piscine orthoreovirus, the agent responsible for heart and skeletal muscle inflammation (HSMI) in
Atlantic salmon, has also been linked to erythrocytes with cytoplasmic inclusionst]. Positive
nuclear staining of erythrocytes in the hepatic sinusoidal space of chickens infected with the novel
duck reovirus (NDRV) indicated the presence of viral protein antigens!*l. Infected blood cells
(blue), neurons, and fat body cells contain cytoplasmic aggregates of iridescent Armadillidium
vulgare virions*”l. Notably, Armadillidium vulgare blood cells contain hemocyanin, not
hemoglobin.

In general, viral attacks on hemoglobin should lead to a pronounced hypoxic state in the body.
Ground-glass images are frequently linked with severe hypoxia. Despite significant hypoxemia,
some individuals with COVID-19 pneumonia experience no dyspnea, demonstrating the "happy
hypoxia" paradox. Altitude sickness' physiological characteristics and symptoms at high altitude
are comparable to those of various illnesses related to COVID-19481, The SARs-CoV-2 virus may
contain a hemocyanin-like protein that binds oxygen and activates the phenoloxidase activity of
the virus. Hemocyanin-mediated oxygenation leads to effective O2 transport under hypoxic
settings*’), COVID-19 patients had hemoglobin and hemocyanin-like co-transport oxygen
patterns. In this mode, oxygen supplied by hemocyanin-like molecules compensates for bodily
hypoxia even when red blood cells or hemoglobin were not working adequately. Thus, when
viruses attacked hemoglobin, it exhibited “high dissolved oxygen”. In contrast, hemocyanin-like
proteins exhibited an abnormal oxygen transport function, resulting in "happy hypoxia."

Hemocyanin comprises three domainsP®%: a N-terminal domain, an active site containin
y )



binuclear copper ions, and a C-terminal domainl®'l. Conformational changes in the N-terminal
domain can activate hemocyanin's phenoloxidase activity. The C-terminal domain contributes to
organisms' immunological agglutination activityl®? and increases blood cell phagocytosis®3l.
Hemocyanin is found only in hemolymph and appears in hexamers or hexameric oligomers®*.,
The active site catalyzes the chelation of two copper ions and the binding of an oxygen molecule
[53], Hemocyanin is more than twice the size of hemoglobin>%l. Hemocyanin reversibly binds to
oxygen molecules via altering the valence of copper ions (Cu?+<«Cu+) B7l, It binds 96 oxygen
molecules, whereas hemoglobin only binds four!>¢l.

Hemocyanin molecules float freely in the blood, whereas red blood cells contain millions of
smaller hemoglobin molecules?®®. Hemocyanin and hemoglobin have complementary distributions
in some insect orders®®! and crustaceans®’!. Hemocyanin and hemoglobin are both present in the
crustaceans, Hymenoptera and Hemiptera. Hemocyanin works as a physiological supplement,
compensating for poor oxygen transport in the trachea and assisting insect embryos in aerobic
respiration[®®. Hemocyanin expression was dramatically increased in Baifutiaol®!l and locust
embryosl®? under hypoxia conditions compared to normoxic settings. Increased hemocyanin
content assists locust embryos in obtaining adequate and steady oxygen in hypoxic high altitude
locations(®?, Hemocyanin expression was also significantly elevated in the blue crab Callinectes
sapidus [ and the ecliptic crab Cancer magister!®! under hypoxic conditions [,

Hemocyanin is homologous to phenoloxidases such as tyrosinase because both proteins have
a type 3 Cu active site coordination!®, Enzymes of phenoloxidase (PO), such as tyrosinase and
catechol oxidase Catecholamine (CA) is a catechol derivative. The enzymatic reaction catalyzed
by phenoloxidase results in chromogen, melanin, and other pigments!®”.. The phenoloxidase(PO)
enzymes significantly contribute to hyperpigmentation(®®!. Insect prophenoloxidase (PPO) is also
an important innate immune protein as it is involved in cellular and humoral defenses!®. Tyrosine
hydroxylase can convert tyrosine to o-diphenols, whereas phenoloxidase can convert o-diphenols
to quinones!’”. The phenoloxidases of perennial plants have hydroxylase activityl’'. In a
pH-dependent manner, the heme-phage (capsid) complex oxidizes a variety of peroxidase
substrates, including the catechol derivative di-tert-butylcatechol’?.. In order to detach the virus
from the red blood cell membrane, the S protein with capsid activity oxidized polyphenols through
phenoloxidase activity.

Using a cysteine-rich region, the SARs-CoV spike protein (S) and ORF3a form an interchain
disulfide bond on the inside of the viral envelopel”’l. Co-mutation trends are proven by the
disulfide bond between the ORF3a protein and the spike protein of SARs-CoV. Cysteine residues
are also associated with the homodimerization of the SARs-CoV ORF3a protein’4. The
homodimer is conserved in all viruses!’#, including SARs-CoV-2. ORF3a of SARs-CoV-2 resides
in the plasma membrane, where it forms Ca2+ ion channels!”). Or insert within the viral envelope
and interact with the S protein to promote viral uptakel’”. The S Q57H mutation affects the
interaction between the ORF3a-S and ORF3a-ORF8 proteins!’®. When the SARs S protein
detected the threat of NO nitration, conformational changes caused S to break the disulfide bond
and release ORF3a to bind Hb or Heme. However, corresponding to the cysteine-rich region of
SARs ORF3a, SARs-CoV-2 ORF3a exhibits a degree of mutation. On the SARs-CoV-2 virus, no
direct evidence of the formation of a stable S-ORF3a complex via disulfide bonds was discovered.
As a result, ORF3a evolved into a protein that constantly monitored threat signals emitted by
hemoglobin and nitrogen free radicals.



The SARs-CoV-2 ORF3a protein also has an extremely similar function included f# 1t i& 14
to that of the capsid protein. Significant CD4+ and CD8+ T cell responses against ORF3a were
observed in SARs-CoV-2-infected individualsl””). ORF3a triggers substantial CD4+ and CD8+T
cell responses!’®). More healthy adults have a higher frequency of circulating AAV capsid-specific
CD8 and/or CD4+ T cells, T cell-mediated immune responses to AAV, and AAV vectors[”,
ORF3a of SARs-CoV-2 enhances viral export by means of lysosomal exocytosis®’l. induce a
secondary infection®l, SARs-CoV-2 ORF3a protein inhibits IFN signaling to effectively evade
host immune responses!®?. Six different flavivirus capsid proteins inhibit the expression of type I
interferon and interferon-stimulated genes!(®*,

SARs-CoV-2 ORF3a associates with early and late endosomes and lysosomes to promote
endocytosis’”’l. The YXX motif of SARS and SARs-CoV-2 ORF3a facilitates host contact!®¥, The
minor capsid protein L2 of human papillomavirus (HPV) types contains multiple Yxx sorting
signals to varying degrees. Vesicle protection facilitates the sorting and transport of endocytic
cargo®l. The YXX motif plays a crucial role in the events that follow clathrin-free cleavage.
Likewise, it affects the HCV life cycle by boosting viral replication®. The YXX[I/L/M/F/V]
motif and YXX-like tetrapeptide confer specific functions, such as virulence, host immunity
regulation, and pathogenesis, to the nucleocapsid protein of Hantavirus®7l. HCV virions assemble
on or near the surface of lipid droplets and acquire an envelope core at the endoplasmic reticulum
(ER), where the YXX motif mediates the recruitment of the AP-2 complex subunit mu (AP2M1)
to lipid droplets®]. HCV capsid assembly is independent of signal sequence cleavage and depends
on the N-terminus of the HCV core rather than the C-terminus(®”.

ORF3a's capsid-like activity is a "killer weapon" used by viruses to deceive and attack.
Capsid protein has the ability to bind porphyrin and exert catalytic activity. The inner surface of
the self-assembled spherical phage MS2 capsid was modified with up to 180 porphyrins capable
of producing toxic singlet oxygen, which killed a significant number of Jurkat cells when exposed
to light®l. The potential iron-binding ligand structure of the hepatitis B virus (HBV) capsid
protein was genetically modified with multivalent metallo-porphyrin (such as heme)
modifications®!l, The core particle of HBV is internalized by clathrin-mediated endocytosis,
resulting in lysosomal cleavage of the core monomer and particle dissociation!®,

ORF3a targeted hemoglobin and heme, much like the proteins of certain bacterial pathogens.
Pathogenic E. coli strains can use hemoglobin as a source of iron®?l. Hemoglobin protease (Hbp)
is a proteolytic enzyme similar to IgA1 protease. The immunoglobulin A1 protease (IgA1 protease)

is a serine protease (S6 family) that is produced by several pathogenic bacterial®’)

(93],

, colonizing
human mucosal surfaces, affecting specific immune responses This serine protease
autotransporter, released from E.coli, destroys hemoglobin, binds the liberated heme, and
transports it to both bacterial®#.

When Staphylococcus aureus's Isd protein degrades hemoglobin, the 1-beta chain is targeted
first, releasing heme and initiating a series of heme release events. Heme transfer from met-Hb to
IsdH/B is slower than from met-Hb to full-length Hb receptors!®l. It is also governed by simple
heme dissociation from met-Hb®, By binding to aHb via the IsdH or IsdB domains, the rate of
efficient interactions between the Hb chain and the heme receptor domain is increased®”). This
binding is used to specifically target the heme receptor domain, regulating the sequential release of
heme from BHb and aHb chains®’l. The aHb-BHb dimer releases heme from a single subunit

(half-Hb) while retaining the majority of its natural structurel®®). It remains linked with the Hb



receptor until all heme is released. IsdH does not bind to free apo-Hb. The IsdH-Hb complex
dissociates only when the heme in Hb is completely removed®”].

The ORF3a protein may interact with aHb via the Isd domains and then break BHb using the
IgAl protease structure.It is possible that the Isd domains overlap with the capsid domain. This
attack on the 1-beta chain of hemoglobin initiated the sequential release of heme from hemoglobin.
The IsdC protein from S. aureus uses a flexible binding pocket to capture hemel®. The crystal
structure of the heme-IsdC complex is the central conduit of the S. aureus Isd iron/heme uptake
system(!%%, IsdA , IsdB, IsdH, and IsdC share the same heme-binding module, termed the NEAT
(near transporter) domain!'l, However, it is possible that the iron-regulated surface proteins IsdA,
IsdB, and IsdH are not required for heme iron utilization in S. aureusst!o!,

Heme iron is most frequently liberated from heme’s oxidative breakdown by heme oxygenase
(HO). Most of the time, iron is released from heme due to the protoporphyrin ring degrading!!%%],
C. diphtheriae's heme oxygenase degrades heme to generate a-biliverdin, carbon monoxide, and
free iron!'%!, IsdG and IsdI (heme oxygenase) of Staphylococcus aureus cleaves the tetrapyrrole
ring structure of heme in the presence of NADPH cytochrome P450 reductase, thereby releasing
iron.['%, However, E.coli's deferrochelating activity does not destroy the tetrapyrrole backbone!'%,
It is the case with Yersinia enterocolitis HemS!'%! and E. coli O157:H7 ChuS[7 | HemS is used
by E. coli Bartonella hensii to deal with oxidative stress caused by H.O2!'%%, Iron is released from
heme by the HemS of E. coli Bartonella henii without causing damage to the tetrapyrrole
backbonel!®l. HemS protein also degrades heme in the presence of electron donors, ascorbate, or
NADPH-cytochrome P450 reductasel!%®l. It is possible that HemS overlaps with the capsid domain
of SARs-CoV-2 ORF3a.

In this current work, we employ a conserved domain search approach to study SARs-CoV-2
viral proteins. The results showed that SARs-CoV-2 S and ORF3a proteins have
picornavirus/calicivirus capsid domains in them that can bind hemoglobin, heme, and porphyrin.
The S protein also has chitin binding and polyphenol binding, hemocyanin, and phenoloxidase
domains. Argl34 of ORF3a and Cys44 of E are the heme iron binding sites. The ORF3a protein
has a domain that breaks down captured heme into iron and porphyrin. SARs-CoV-2 ORF3a
proteins have the ability to target 1 beta-chain of hemoglobin and dissociate heme into iron and

porphyrin.
2. Methods

2.1 Data set

1. The sequences of SARs-CoV-2 proteins. The SARs-CoV-2 protein sequences came
from the NCBI database. Including: S, E, N, M, ORF3a, ORF8, ORF7a, ORF7b, ORF6, ORF10,
orflab, orfla. Among them, the orflab and orfla sequences also included corresponding
subsequences. SARs-CoV-2 variant’s (Delta and Omicro) ORF3 and ORFS8 sequences came from
the NCBI.

2. Related sequences. The related sequence was downloaded from UniProt data set
(Table 1).



Table 1. Related sequences are used to search for conserved domains

No Related protein Keywords Count
1 polyphenol phenol 103,372
polyphenol 34,592
2 capsid virus capsid 771,290
Adenovirus + capsid 18,037
Baculovirus 5,311
parvovirus B19 4,630
classical swine fever virus Capsid 255
Flaviviridae Capsid 61,316
hemorrhagic disease virus 2,979
erythrocyte necrosis virus 228
iridescent virus 2,359
Poliovirus 13,668
Orthoreovirus 4,862
Reoviridae 6,368
3 cytochrome ¢ Bacterial+ cytochrome + ¢ 111,967
Hemoglobin Hemoglobin 56,870
hemoglobin-+protease;Hemoglobin+hydrolysis;
5 Hemoglobin hemoglobin+degrading;hemoglobin+degrade; 2106
degrading Hemoglobint+decomposition; ’
Hemoglobin+breakdown
Bacterial+heme+oxidase;
6 HEME Degrade ChuS;EfeB;HemS;HmuS;IsdG;MhuD;PhuS 41,325
ShuS;YfeX
7 Hemocyanin Hemocyanin;crustacean 9,780

2.2 A localized MEME tool to identify conserved domains.

The following are the steps involved in the analysis:

1. Downloaded MEME!'®! from the official website and installed it in a virtual machine
running Ubuntu. VM 15 was the virtual machine.

2. Downloaded the SARs-CoV-2 protein sequence from the National Center for
Biotechnology Information's official website.

3. Obtained the fasta format sequences of the related protein from the official Uniprot
website.

4. Generated fasta format files by MEME analysis for each sequence in all related proteins
and each SARs-CoV-2 protein sequence.

5. To create multiple batches of the files generated in Step 4, a batch size of 50000 or 100000
was used. It was limitedby the virtual ubuntu system's limited storage space.

6. Using MEME tools in batches, searched for conserved domains (E-value<=0.05) in
SARs-CoV-2 and related proteins in Ubuntu.

7. Collected the conserved domains' result files. Located the domain name associated with
the motif in the UniProt database.

8. Analyzed the activity of each SARs-CoV-2 protein's domains.



2.3 IBS tool

With the local version of IBS tool!!'%], it can make diagrams of protein and nucleic acid
domains, as well as signal pathways.

Set the lines and background color of the protein or nucleic acid frame to white (or the
background color of the drawing board) when creating a signal pathway diagram, and the protein
or nucleic acid frame will not be visible. Other components' drawing methods remain unchanged.
Using a variety of shapes, lines, and text, it is nearly possible to create signal pathway diagrams.

3. RESULTS

3.1 Domains of S protein for polyphenol binding and nitrification monitoring

Chitin-binding type-2 (PS50940) is a domain that binds chitin. Type 2 is primarily found in
proteins from animals and baculoviruses. class II chitinases in animals breaks down both chitin
and chitotriose. It contributes to the defense against nematodes and other pathogens in mammals.
The domain is extracellular. Metallophos (PF00149) are calcineurin-like phosphatases that consist
of protein phosphate phosphatases, nucleotidases, sphingomyelin phosphodiesterases, and 2'-3'
cAMP phosphodiesterases and nucleases.

4Fe-4S Wbl-type (PS51674) is an iron-sulfur binding domain profile of the 4Fe-4S-like
WhiB (Wbl) type. The presence or absence of [4Fe-4S] clustering, as well as its state (nitrosylated
or not), are required for WBL-mediated transcriptional regulation. This class of 4Fe-4S binding
proteins can be identified by the pattern of cysteine residues in the iron-sulfur region. S-nitrosation
primarily functions as a transient intermediate in the formation of disulfide. Disulfide bond
formation precedes observable protein S-nitrosothiol accumulation, and multiple NO donors

1], Hemoglobin and heme are primarily toxic to viruses due to the

induce protein S-thiolation!
NOS and RNS produced by nitrification and oxidation, respectively. The ability of human
norovirus GIL.4 to bind tissue blood group antigens is altered by the presence of free chlorine and

121, WhiB1 is a NO-responsive Wbl protein (Actinomyces iron-sulfur protein), and

peroxynitritel
nitrosylation of the iron-sulfur cluster permits positively charged residues in the C-terminal helix
to participate in DNA binding!''3l. Mycobacterium tuberculosis WhiB1's [4Fe-4S] cluster is
relatively insensitive to oxygen but extremely sensitive to nitric oxide (NO)!''4l, A WhiB-like
protein containing [4Fe-4S] is a regulatory switch of actinomycetes in response to superoxide,
disulfide, and hypoxic stress induced by lung phagocytest''3].

PPO1 KFDV (PF12143) is a polyphenol oxidase found in plants and plastids. PPO1 DWL
(PF12142) is an intermediate domain of polyphenol oxidase. Sulfotransfer 1 (IPR0O00863) contains
the phenol sulfate phenol sulfotransferase domain. These enzymes are responsible for the transfer
of sulfate groups into particular molecules.

Sulfatase (IPR000917) is a sulfonase, an enzyme that catalyzes the hydrolysis of diverse
sulfate esters. Sulf transp (IPR007272) is a sulfur transport domain involved in the transport of
molecules containing sulfur.

Using the MEME native tool, we compared polyphenol-associated proteins and
capsid-associated proteins to S separately. The results of the search are shown in Table 2. The S
protein contains the metallophos, PPO1, KFDV, sulfatase, and sulfotransfer 1 domains.
Chitin-binding type-2, 4Fe-4S Wbl-type, PPO1 DWL, and Sulf translocation domains are also
present in S proteins. There is an overlap between 4Fe-4S Wbl-type A of S, chitin-binding type-2



A, metallophos A, PPO1 KFDVA, and sulfotransfer 1 A. The 4Fe-4S Wbl-type B-C,
chitin-binding type-2 B-C, Metallophos B, PPO1 DWL A, PPO1 KFDV B, Sulfatase A, and
Sulfotransfer 1 B of S all overlap.

S protein Chitin-binding type-2 comes from Q6VTNS5 (Choristoneura fumiferana defective
polyhedrosis virus), I7BSN5 (Bombyx mandarina nucleopolyhedrovirus S2), and S5N343
(Hemileuca sp. nucleopolyhedrovirus) proteins. S The chitin-binding type-2 domain binds chitin.
Tannins and other oxidized polyphenols are adsorbed by chitin. Therefore, it is capable of
removing tannins, with the strongest removal ability between pH 3 and 7. Salt can stimulate it,
whereas sucrose and alcohol can inhibit it. The quantity of chitin added is not proportional to the
rate of tannin removal. Their distinct positions suggest that S exerts distinct effects on the
adsorption of polyphenols by chitin-binding type 2. The protein S Chitin-binding protein type-2
The S1 protein contains a motif, so the bound chitin absorbs polyphenols such as tannins and is
used to construct the virus vector. Polyphenols are crucial molecules that mediate the formation of
capsid carriers, such as S proteins.

Table 2. Polyphenol binding and nitration monitoring domains of S protein

Protein Domain Alias Motif Start  End
CNDPFLGVYYHKNNKSWMESEFRVYSSANNCT
S 4Fe-4S Whbl-type A 136 178
FEYVSQPFLMD
B WPWYIW 1212 1217
C MVTIMLCCMTSCC 1229 1241
Chitin-binding
A YYHKNNKSWMESE 144 156
type-2
B VDFCGKGYH 1040 1048
C LGFIAGLIAIVMVTIMLCCMTSCC 1218 1241
Metallophos A YYHKNNK 144 150
B GKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC 1204 1236
PPO1_DWL A EQYIKWPWYIW 1207 1217
PPO1_KFDV A PFLGVYYHKNNKSWMESEFR 139 158
B EQYIKWPWYIWLGF 1207 1220
Sulf transp A WNRKRISN 353 360
YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMT
Sulfatase A 1206 1254
SCCSCLKGCCSCGSCC
Sulfotransfer 1 A YYHKNNKSWME 144 154
HGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFP
B 1058 1092
RE
ELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIML
C 1202 1259

CCMTSCCSCLKGCCSCGSCCKFDED

In addition, the reductive and antioxidative properties of polyphenols will decrease the
disulfide bond's stability, causing the disulfide bond to assume an unstable configuration. Thus,
until the disulfide bonds of S are broken, the disulfide-bonding regions of these two proteins bind
polyphenols. Due to the proximity of the S chitin-binding type-2 B and S chitin-binding type-2 C
motifs to the cysteine-rich region, their adsorbed polyphenols are utilized to aid in the oxidation of
the disulfide bond of S in order to break the S disulfide bond. The polyphenols bound by PPO1



and KFDV A are therefore of great assistance to the vector function of S. The polyphenols bound
by PPO1 and KFDV B prevented membrane fusion by affecting the disulfide bond stability of S2.

Both the S1 protein and S2 protein regions contain 4Fe-4S Whbl-type domain motifs. This
suggests that these two regions have a sensory function for NO-induced nitrosation. The
chitin-binding function of chitin-binding type-2 A was eliminated by nitration of S 4Fe-4S
Whbl-type A. Also lost was the polyphenol-binding function of PPO1 KFDV at S1. In the S2
membrane fusion site region, S protein also possesses chitin-binding type-2, 4Fe-4S Whbl-type,
Metallophos, PPO1 DWL, PPO1 KFDV, Sulfatase, and Sulfotransfer 1 activities. Through the
Wbl domain, the S protein also detects the threat posed by hemoglobin and NO; the former is
primarily produced by red blood cells and the latter by macrophages. S 4Fe-4S Wbl-type A
nitration changes the conformation of S2, exposing the disulfide bond region that binds to chitin
and absorbs polyphenols. At least some chitin can be released by a phosphate buffer!!'®! that is
highly concentrated. The protein phosphate phosphatase activity facilitates the elution of chitin
from the S protein because both S1 and S2 contain metallophos domains. The S protein that does
not bind chitin is incapable of assembling a capsid-like carrier.

3.2 Capsid-like domains of proteins S and ORF3a

Adeno_hexon (PF01065) is Hexon, the major coat protein of adenoviruses. Hexon is the
principal coat protein of type 2 adenovirus. Adeno_knob (PF00541) is an adenoviral fiber protein
with a knob domain.Adenovirus-specific attachment is achieved by interactions between host cell
receptors and the adenoviral fiber protein, which are mediated by the carboxy-terminal knob
domain of the adenoviral fiber protein.

Baculo PEP_ N (IPR007600) is the N-terminal polyhedral envelope PEP protein of the
baculovirus. PEP concentrates on the polyhedron's surface and is believed to be essential for the
proper formation of the polyhedron's perimeter. PEP stabilizes polyhedra and safeguards them
against fusion and aggregation.

Capsid N (PF16903) is the N-terminal domain of the major capsid protein of a variety of
dsDNA viruses.

Calici_coat (PF00915) is the coat protein of the rabbit hemorrhagic disease virus
(RHDV)-calicivirus. The shell domain (S domain) contains the elements required for the
formation of the T=3 icosahedral capsid.

Flavi_capsid (PF01003) is capsid protein C of the flavivirus; multiple copies of the C protein
form the nucleocapsid containing the ssSRNA molecule.

Gag_pl7 (PF00540) is the p17 protein of the GAG gene (a matrix protein). Matrix proteins
form icosahedral shells associated with the mature immunodeficiency virus' inner membrane.
Gag-derived proteins regulate the assembly and release of virus particles as a whole, whereas
matrix proteins play crucial roles in Gag stability, capsid assembly, trafficking, and budding.

Gag_p24 (IPR000721) is the nucleocapsid Gag protein p24 of retroviruses. p24 forms the
inner protein layer of the nucleocapsid and performs intricately coordinated tasks during the
assembly, budding, maturation, and infection phases of the viral replication cycle.

HCV _capsid (PF01543) is the capsid protein of the hepatitis C virus. Hep core N (PF08290)
is the zinc-binding domain of the hepatitis B virus core protein. This viral capsid is the primary
antigen.

Nepo_coat N (IPR005306) is the N-terminal Nepovirus coat protein. Capsid proteins form
pseudo-T (three icosahedral capsid structures). Nepoviruses, along with comoviruses and
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picornaviruses, are classified in the picornavirus superfamily of plus-strand single-stranded RNA

viruses. Pico P2B (IPR002527) is the 2B protein of picornavirus. During the period following

poliovirus infection, membrane permeability changes dramatically. 2B and 2BC proteins enhance

membrane permeability. Pico P2A (PF00947) is a protease involved in polyprotein cleavage and

is the picornavirus core protein 2A. Rhv (IPR033703) is a picornavirus and calicivirus coat

protein.The Picornaviridae family consists of rhinoviruses (which cause the common cold),

polioviruses, hepatitis A viruses, foot-and-mouth disease viruses, and encephalomyocarditis

viruses.
Table 3. Capsid-like activity-related domains of S and ORF3a proteins
Protein Domain Alias Motif Start End
S Adeno_hexon A YYHK 144 147
B MLCCMTSCCSCLKGCCSCGSCCKFD 1233 1257
Adeno_knob A YEQYIKWPWYIW 1206 1217
Calici_coat A YEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCC 1206 1241
Calici_coat C A KWPWYIWL 1211 1218
Capsid N A HKNNKSWMESEFRV 146 159
B ESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVT 1195 1243
IMLCCMTSCCSC
Capsid NCLDV A EQYIKWPWYIW 1207 1217
B CCMTSCCSCLKGCC 1235 1248
Flavi_capsid A MSFP 1050 1053
B KWPWYIWLGFIAGLIAIVMVTIMLCCM 1211 1237
Gag pl7 A YYHKNNKSWMESE 144 156
B YIKWPWYIW 1209 1217
Gag_p24 A MQMAYR 900 905
B EQYIKWPWYIW 1207 1217
Gag p24 C A PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCC 13 1950
SC
HCV_capsid A CGKGYHLMSFPQSAPHGVVFLHVT 1043 1066
DLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIML
i CCMTSCCSCLKGCCSCGSCCKF 1o 1236
Hep core N A EQYIKWPWYI 1207 1216
B MVTIMLCCMTSCCSCLKGCCSC 1229 1250
Nepo_coat C A QELGKYEQYIKWPWY 1201 1215
Nepo_coat N A IKWPWYIW 1210 1217
Parvo_coat A HDGKAHFPREGVFVSNGTHW 1083 1102
B ELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCM 1202 1237
Pico P2A A MLCCMTSCCSCLKGCCSCGSCCKF 1233 1256
Pico P2B A YAWNRKR 351 357
B WPWYIW 1212 1217
C CCMTSCCSCLKGCCSCGSCCKFDEDDS 1235 1261
Rhabdo_ncap A YHKNNKSWMESEFR 145 158
B QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC 1201 1951

MTSCCSCLKGCCSCG
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Rhv A VYYHKNNKSWMESEFRVYS 143 161
B DCTMYICGD 737 745
C SGWTFGAGAALQIPFAMQMAYR 884 905
D RVDFCGKGYHLM 1039 1050
E CHDGKAHFPREGVFVSNGTHWFVTQRNFYE 1082 1111
ESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVT
F IMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKG 1195 1273
VKLHYT
VP4 _haemagglut A CHDGKAHFPR 1082 1091
B KWPWYIW 1211 1217
Viral_coat A KYEQYIKWPWYIW 1205 1217
ORF3a Adeno_hexon A IMRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCI 124 158
Adeno_knob A FVRIIMRLWLCWKCRSKNPLLYDANYFLCWH 120 150
Baculo PEP_N A FVRIIMRLWLCWKCRSKNPLLYDANYFLC 120 148
Calici_coat A RIIMRLWLCWKCRSKN 122 137
B YFLCWHTNCYDYCIPYN 145 161
Capsid_ N A FVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTNCY 120 158
DYCI
B EHDYQIGGYTEKWE 181 194
Capsid NCLDV A MRLWLCWKCRSKNP 125 138
Parvo coat A FLQSINFVRIIMRLWLCWKCRSKNPLLYDANYFLCW 4 158
- HTNCYDYCI
Rhv A QSINFVRIIMRLWLCWKCRSKNPLLYDANYFLCWH 16 161
TNCYDYCIPYN
Viral_coat A MDLFMRI 1 7
YFLQSINFVRIIMRLWLCWKCRSKNPLLYDANYFLC
5 WHTNCYDYCIPYN 3 ol
C NKIVDEPEEH 234 243
VP4 _haemagglut A MRLWLCWKCRSK 125 136
B CWHTNC 148 153

Parvo_coat is the parvovirus coat protein VP2 (PF00740), which together with VP1 forms a

vesicle. VP2 contributes to the packaging of viral DNA.Rhabdovirus ncap (PF00945) is a
"tight"-structured rhabdovirus nucleocapsid protein.

Rhabdo_ncap (PF00945) is a "tight"-structured rhabdovirus nucleocapsid protein.

VP4 haemagglut (IPR000416) is the
hemagglutinin outer capsid protein VP4. VP4 binds to the sialic acid receptor on the host cell

concanavalin-like domain of the rotavirus
membrane through the viral hemagglutinin, and achieves membrane penetration.

Viral _coat (IPR000937) is the S domain of the capsid protein of a plant icosahedral
positive-strand RNA virus. Many S domains are shared by the capsid proteins of numerous plant
viruses, including Camovirus, Erhuavirus, Sobemovirus, Tombus virus, and the unidentified
tobacco necrosis virus.

Using MEME native tools, we compared Capsid correlations with S or ORF3a, respectively.
The S1 subprotein of the S protein contains Adeno_hexon A. Capsid N A. Gag pl7 A, Pico P2B
A, Rhabdo ncap A, Rhv A-C domain motifs, as shown in Table 3. The S2 subprotein of the S
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protein contains Adeno_hexon B. Adeno_knob A. Calici_coat A, Calici_coat CA, Capsid N B,
Gag pl7 A, Capsid NCLDVA-B, Flavi_capsid A-B, Gag pl7 B, Gag p24 A-B, Gag p24 C
A, HCV capsid A-B, Hep core N A-B, Nepo _coat C A, Nepo coat N A, Parvo coat A-B,
Pico P2A A, Pico P2B B-C, Rhabdo ncap B, Rhv D-F, VP4 haemagglutA-B, Viral coat A
domain motifs.

The capsid-like domain of the S2 protein is primarily located in the cysteine-rich region, and
this region and nearby sites are primarily involved in membrane fusion; therefore, the capsid-like
domain of the S2 protein is not utilized in the construction of viral vectors. The membrane fusion
mechanism of S2 membrane glycoprotein shares an evolutionary relationship with the capsid.
Table 3 demonstrates that Adeno hexon A, Capsid NA, Gag pl7 A, Rhabdo ncap, and Rhv A
overlap in the capsid-like domain of the S1 protein. Rhv A (residues 143—-161) is the longest,
however. The S protein constructs the virus vector via the Rhv A, Rhv B, and Rhv C domains of
the S1 protein, i.e., the picornavirus-like capsid protein activity.

Table 3 demonstrates that ORF3a has more capsid-like active domain motifs, the Rhv A and
viral coat A-C motifs being the longest. All of these motifs overlap in the Rhv A region. The viral
coat is the S domain of the capsid of plant viruses, which is responsible for viral shell construction.
Therefore, ORF3a has capsid protein activity similar to picornaviruses. This activity shares an
evolutionary relationship with the S domain of plant virus capsids. Table 3 demonstrates that
ORF3a lacks the chitin-binding function of viruses; consequently, ORF3a's capsid protein activity
is not used to construct virus vectors. ORF3a disguises itself through the activity of capsid

proteins, luring blood or immune cells.
3.3 The Haem_bd domain of viral proteins could bind heme.

The UniProt database was used to find cytochrome C-related sequences. Then we adopted the
local version of MEME to match the viral proteins and cytochrome C-related sequences. Due to
the large number of motif fragments, we organized motif sequences by protein and domain. Table
4 displays the search results. S, N, E, ORF3a, ORF7b, ORF10, nsp2, nsp3, and RdRP all have
Haem bd domains, as seen in Table 4. A possible heme-binding motif CXXCH can be found in
the Haem bd (PF14376) domain. H connects to the iron in heme, while two Cs bind to
porphyrint"7, The Haem_bd domain is found in most cytochrome C oxidases. It demonstrates that
the Haem bd domain of these viral proteins can bind heme.

The Haem_bd domain of S and ORF3a proteins overlaps with its capsid domain. Binding of
HEME may inhibit their capsid activity.

Table 4. Haem_ bd domain of SARs-CoV-2 viral protein

Protein  Alias Haem_bd Motif Start END
S A NFTTAPAICHDGKAHFPRE 1074 1092
B GKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCM 1204 1237
E A RLCAYCC 38 44
N A PRWYFYYLGTGPEAGLPYGANKDGIIWVATEGALNTPKDH 106 145
B QGTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTY 294 333
C VILLNKHIDAYKTFPPTE 350 367
ORF3a A NFVRIIMRLWLCWKCRS 119 135
B NCYDYC 152 157
ORF7b A QDHNETCH 35 42
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ORF10 A CRMNSRNY 19 26
nsp2 A KRGVYCCREHEHEIAWYTERSEKSYELQTPFE 45 76
nsp3 A CASEYTGNYQCGHYKHI 1005 1021

RdRP A PHLMGWDYPKCDRAMPNMLRIMASLVLARKH 612 642

According to the motif CXXCH of the linked sequences, we formed a one-to-one correlation
with the results in Table 4, and then sorted out the Haem motif (Table 5). Only E and ORF3a carry
the CXXC motif, as shown in Table 5. Hematoporphyrin binds both C molecules. E has C44 as
and Fe binding site, and ORF3a has R134. But neither does H. This mutation may make it easier
for viral proteins to bind iron. E and ORF3a bind to heme in a relatively steady manner. Other
viral proteins' heme-binding could be unstable as well.

Table 5. The Haem motif of CXXCH is in the SARs-CoV-2 viral protein.

Protein  Alias Haem motif Start-End Haem-Fe Site
S A PAICH 1079-1083 H1083
B KYEQY 1205-1209 Y1209
E A CAYCC 40-44 C44
A WYFYY, YYLGT 108-112, 111-115 Y112, T115
B TDYKH, DYKHW 296-300,297-301  H300, W301
C NKHID, HIDAY 354-358,356-360 D358, Y360
ORF3a A CWKCR 130-134 R134
B CYDYC 153-157 C157
ORF7b A NETCH 38-42 H42
nsp2 A VYCCR 228-232 R232
nsp3 A CASEY 1823-1827 Y1827

3.4 Viral proteins could bind hemoglobin

Eryth link C is on the linker subunit of the giant extracellular hemoglobin (globin)
respiratory complex. The linker subunit's C-terminal globular domain is involved in trimerization.
It also interacts with globin and other adjacent trimers' C-terminal spherical linker domains. In
Staphylococcus aureus, the NEAT domain encodes the human hemoglobin receptor. The NEAT
domain recognizes a subfamily of iron-regulated surface determinant proteins that are found
exclusively in bacteria. Iron-regulated surface determining protein H (isdH, also known as harA)
interacts with the human plasma haptoglobin-hemoglobin complex, haptoglobin, and hemoglobin.
It has a much higher affinity for haptoglobin-hemoglobin complexes than haptoglobin alone.
These three domains serve distinct purposes. IsdH(N1) binds hemoglobin and haptoglobin;
IsdH(N3) binds heme that has been released from hemoglobin.

We downloaded hemoglobin-related sequences from the UniProt database. We then
compared the viral proteins to the hemoglobin-related sequences using the local MEME version.
We combined the motif sequence by protein and domain due to the vast number of motif pieces.
Table 6 summarizes the search results. S, E, N, ORF3a, ORF6, ORF7a, ORF7b, ORFS8, ORF10,
2'-O-ribose methyltransferase contain NEAT domains, as shown in Table 6. The domain
Eryth _link C is present in S, N, ORF6, ORF7b, ORF8, ORF10, nsp6, nsp10, and RdRP. Both
Eryth link C and NEAT domains are in S, N, ORF6, ORF7b, ORFS8, ORF10, respectively. Because
S can form a trimer structure, it can be combined with extracellular hemoglobin. The S
Eryth_link C A is involved in receptor binding. S Eryth_link C B is a member of the S2 family of
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proteins involved in membrane integration. The NEAT domains of S, E, N, ORF3a, ORF6, ORF7a,
ORF7b, ORFS8, ORF10, and 2'-O-ribose methyltransferase may perform distinct functions. S
NEAT A and S Eryth link C B are mutually overlapped. E NEAT A is shorter proteins that
perform the function of heme capture. S, N, ORF3a, ORF6, ORF7b, ORF8, and ORF10 have a
longer NEAT that can bind to and catch hemoglobin.

The hemoglobin domains of the S and ORF3a proteins overlap with their capsid domains.
Binding of hemoglobin may inhibit their capsid activity. Thus, viruses evolved the ability to attack

hemoglobin.
Table 6. The SARs-CoV-2 virus protein contains the Eryth link C and NEAT domains.
Protein Domain Alia Motif Start  End
S Eryth_link C A PFLGVYYHKNNKSWMESEFR 139 158
B YIKWPWYIWL 1209 1218
NEAT A KWPWYIWLGFIAGLIAIVMVTIMLCCMT 1211 1238
E Eryth link C A MYSFVSE 1 7
NEAT A ALRLCAYCCNI 36 46
N Eryth_link C A YKHWPQIAQF 298 307
NEAT A ELIRQGTDYKHWPQI 290 304
ORF3a NEAT A MRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCI 125 158
ORF6 Eryth_link C A ILLIIMRTFKVSIWNLDYIINLIOKNLSKSLTENKYSQL 14 60
DEEQPMEI
NEAT A ILLIIMRTFKVSIWNLDYIINLIKN 14 39
ORF7a NEAT A CELYHYQECVR 15 25
ORF7b Eryth_link C A MLIFWFSLELQDHNETCH 24 42
NEAT A QDHNETCH 35 42
ORF8 Eryth_link C A AFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVG 15 53
ARK
NEAT A HQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGA 17 75
RKSAPLIELCVDEAGSKSPIQYID
ORF10 Eryth_link C A MGYINVFAFPFTTYSLLLCRMNSRNYIAQVDVVNFN 1 36
NEAT A SLLLCRMNSRNYIAQ 15 29
nsp6  Eryth link C A FNMVYMPASWVMRIMTW 81 97
nspl0 Eryth_link C A FGGASCCLYCRCHIDH 68 83
RdRP Eryth_link C A ENPHLMGWDYPKCDRAMPNMLRIM 610 633
2'-O-ribo  NEAT A MGHFAWWTAF 184 193
S¢€
methyltra
nsferase

3.5 ORF3a acted as a hemoglobin protease.

The autotransporter subfamily has two peptidase S6 domains (IPR030396 and PS51691).
S06.001 - Neisseria type serine peptidase specific for IgAl, MEROPS accession number
MERO0000278. Peptidase S6 domains are found in the IgA-specific serine endopeptidase
autotransporter of Neisseria gonorrhoeae, the immunoglobulin Al protease autotransporter of
Haemophilus influenzae, and the hemoglobin binding protease Hbp autotransporter of pathogenic
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Escherichia coli. In contrast to IgA peptidases (Family S6 contains Neisseria and Haemophilus
IgAl-specific endopeptidases), Enterobacter sp. (SPATE) peptidases have not been demonstrated
to cleave IgA1l. SPATE proteins are all highly immunogenic, and each SPATE member is one of
the pathogen's most prominent secreted proteins. Human IgA1l is cleaved by the bacterial IgA1l
protease at a hinge region where IgA2 is not present. They are highly selective prolyl
endopeptidases, and the site of cleavage within human IgA1's hinge region differs between strains.
Hbp attaches to hemoglobin, destroys it, and then binds to the heme that is liberated.

His, Asp, Ser, in that order, are the catalytic residues of the S6 family. Ser is found in the
Gly-Xaa-Ser-Gly-Xaa-Pro motif, which is highly conserved across the S1-S2 families and the S7,
S29, and S30 families. S6 is a member of the PA clan. As established experimentally in the Hap
protein of Haemophilus influenza, his and asp residues are positioned around 190 and 120
residues N-terminal to the catalytic Ser. By cleaving human IgAl, the protective role of the
powerful medium, IgA1 serine peptidase, may disrupt mucosal surface-specific immunity.

We used a local version of MEM to compare the hemoglobin degrading-related sequences to
the SARs-CoV-2 viral protein to identify conserved structures. We combined the motif fragments
according to viral protein and domain classification. Table 7 illustrates the domain distribution of
Peptidase S6 in SARs-CoV-2. Peptidase S6 domains are shown in Table 7 for E, ORF3a, ORF7a,
ORF7b, ORFS, and ORF10. However, only the ORF3a Peptidase S6 domains share a similar
Gly-Xaa-Ser-Gly-Xaa-Pro motif: C-R-S-K-N-P. C and K are unambiguously derived from Gly or
G. This mutation could be used to improve ORF3a's affinity for heme. As determined by heme
motif research, CR is the final two letters of CH in the Haem bind domain's CXXCH motif. C
denotes heme's porphyrin-binding site, while R denotes iron-binding. It indicates that ORF3a acts
on hemoglobin via the Peptidase S6 domains of the hemoglobin protease. The catalytic site
C-R-S-K-N-P acts on the heme on hemoglobin, and then hunts for and binds to heme directly.
ORF3a, ORFS, S, and N, as well as others, have a more significant number of autotransporter

[118], As a result, ORF3a functioned as an IgA 1 peptidase and a hemoglobin protease.

domains
The hemoglobin protease domain of ORF3a protein overlaps with its capsid domain. After

hemoglobin binds to the capsid domain of ORF3a protein, ORF3a protein has the ability to attack

hemoglobin.
Table 7. The SARs-CoV-2 virus protein contains the Peptidase S6 domain
Domain Motif Start End X-X-Ser-X-X-Pro
E CAYCCNIVNVSLVKP 40 54 -
ORF3a RIIMRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIP 122 159 CRSKNP
ORF7a HPLADNKFALTCFSTQFAFACPDGVKHVY 47 75 -

ORF7b MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCHA 1 43 -

ORF8 PYVVDDPCPIHFYSKWYIRVGARKSAPLI 30 58 -
ORF10 MGYINVFAFPFTTYSLLLCRMNSRNYI 1 27 -

3.6 ORF3a protein possessed IsdA, IsdC, and IsdH activity for uptaking heme.

ORF3a can bind to and degrade hemoglobin, as seen in Tables 6-7. ORF3a can also bind
heme, as demonstrated in Tables 4-5. It indicates that ORF3a can bind to and degrade hemoglobin
before collecting heme. As seen in Table 6, ORF3a has a NEAT domain. All Isd proteins involved
in heme absorption contain NEAT domains. IsdA, IsdC, and IsdH/IsdB proteins are present in
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Staphylococcus aureus. They are capable of completing activities such as hemoglobin localization
and heme capture. Table 8 summarizes the protein sequences corresponding to the ORF3a's
domains are derived from IsdA, IsdC, and IsdH. The three proteins' motifs, notably the
heme-binding motif "CWKCR," are remarkably similar, indicating that their functions are
intimately tied to heme capture. The searches mentioned above show that the IsdH domain
supports ORF3a in localizing hemoglobin, and then the IsdA domain attacks hemoglobin. The
IsdA domain is responsible for transferring the heme from hemoglobin to IsdC. IsdC binds to
heme.

The Isd domain of ORF3a protein overlaps with its capsid domain. After Hemoglobin alpha
chain binds to the capsid domain of ORF3a protein, ORF3a protein has the ability to attack

hemoglobin.
Table 8. ORF3a's Isd domains in NEAT domain

Protein Motif Start End
Cell surface protein IsdA, transfers MRLWLCWKCRSKNPLLYDANYFLCW 125 149
heme from hemoglobin to apo-IsdC
Heme uptake protein IsdC MRLWLCWKCRSKNPLLYDANYFLCWHTNCY 125 158

DYCI

Iron-regulated surface determinant FVRIIMRLWLCWKCR 120 134
protein H ( IsdH)

3.7 ORF3a protein was capable of converting heme to iron and porphyrin.

The ABM domain (IPR007138) is a monooxygenase domain involved in the biosynthesis of
antibiotics. This domain is found in the IsdG and Isdl strains of S. aureus. IsdG and Isdl are
heme-degrading enzymes that resemble monooxygenases structurally. This domain is also found
in the MhuD heme-degrading monooxygenase from Mycobacterium tuberculosis. HemS/ChuX
(IPR0O07845) is a protein that degrades heme. ABM monooxygenases (IsdG and Isdl) released
iron from heme by cleaving the heme tetrapyrrole ring structure in the presence of NADPH
cytochrome P450 reductase. HemS catalyzes the release of iron from heme without causing
damage to the tetrapyrrole backbone. After HemS binds to heme, the tetrapyrrole ring structure of
heme is also broken to release iron in the presence of electron donors such as ascorbate or
NADPH-cytochrome P450 reductase.

We retrieved the sequences of proteins involved in heme degradation from the UniProt
database. Then we compared them one by one to ORF3a using the local MEME version. We
combined the discovered motif fragments according to conserved domains. The heme degradation
domains of the ORF3a protein searched are listed in Table 9. ORF3a contains ABM and HemS
domains, as shown in Table 9. ORF3a ABM and ORF3a HemS were found to be homologous. The
N-terminus of ORF3a ABM includes more "NFVRI" sequence fragments than the N-terminus of
ORF3a HemS. The C-terminal region of ORF3a HemS has more "YDYCIPYNS" sequence
fragments than the C-terminal region of ORF3a ABM. ORF3a ABM and ORF3a HemS both
include the heme-binding motif "CWKCR," indicating that ORF3a ABM and ORF3a HemS can
bind heme. As shown in Table 9, the ORF3a protein could directly separate heme into iron and
porphyrin via the HemS domain. ORF3a protein could also cleave the tetrapyrrole ring of heme
via the ABM/HemS domain, thereby degrading heme and releasing iron in the presence of
NADPH-cytochrome P450 reductase.

17



The heme-degrading domains of ORF3a protein overlaps with its capsid domain. After Heme
binds to the capsid domain of ORF3a protein, ORF3a protein has the ability for heme-degrading.
Table 9. ORF3a protein has a heme-degrading domain.

Domain Motif Start End
ABM NFVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTNC 119 153
HemS MRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIPYNS 125 162

3.8 Released ORF3a protein impaired human respiratory function

We retrieved the crystal structure of ORF3a from the PDB database and then annotated the
conserved domains that attack hemoglobin and degrade heme using the Discovery Studio 2016
tool (Figure 1). ORF3a is a dimer in Figure 1. The heme-binding motifs "CWKCR" and
"CYDYC" of a monomeric ORF3a are labeled in Figure 1.A. Coincidentally, the two phantoms
are positioned adjacent, producing a clip. It indicated that the clip's function was to capture the
heme and expel the iron. The NEAT domain of a monomeric ORF3a is labeled in Figure 1.B. The
NEAT structure is made up of tightly packed IsdA, IsdC, and IsdH domains. The NEAT domain
contains the heme-binding motifs "CWKCR" and "CYDYC". The Peptidase S6 domain of a
monomeric ORF3a is labeled in Figure 1.C. The Peptidase S6 domain spans the heme-binding
motif "CWKCR" and "CYDYC". These two heme motifs contain the unusual X-X-Ser-X-X-Pro
pattern CRSKNP. The Peptidase S6 domain overlaps the NEAT domain. The HemS domain of a
monomeric ORF3a is labeled in Figure 1.D. The HemS domain spans the heme-binding motifs
"CWKCR" and "CYDYC". The HemS domain overlaps with the NEAT, Peptidase S6, and ABM
domains. It implies that the sequence fragments around the heme-binding motifs "CWKCR" and
"CYDYC" are highly conserved. They are involved in hemoglobin assault and heme degradation.

ORF3a may have a mechanism for impairing respiratory function. ORF3a infected
erythrocytes via domains similar to those found in Plasmodium falciparum. ORF3a formed ion
channels by binding to cytoskeletal proteins such as spectrin in red blood cell membranes. In the
erythrocyte inner membrane, the HemS, NEAT, Peptidase S6, and ABM domains were located
near the cytoplasm. ORF3a interacted with the hemoglobin protein via the NEAT structure. The
NEAT domain possessed the IsdA, IsdC, and IsdH functions. If ORF3a might be linked to
l-alpha-Hb via the IsdH domain of the NEAT domain, then the IsdH domain of the NEAT domain
would be positioned near the heme-binding region of 1-beta-Hb. ORF3a altered the shape of
beta-Hb via the Peptidase S6 domain. As a result, heme was lost from 1-beta-Hb. ORF3a IsdA was
responsible for capturing shed heme and transporting it to the region of ORF3a IsdC. Then, via the
HemS domain, ORF3a dissociated heme into iron and porphyrin. ORF3a cleaves the tetrapyrrole
ring of heme via the HemS or ABM domain in the presence of NADPH-cytochrome P450
reductase to liberate iron. Because ORF3a has Isd domains, hemoglobin that is attacked by ORF3a
might keep most of its natural domain but have a reduced ability to transport oxygen.
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Figure 1. Domains' three-dimensional distribution of ORF3a (PDBID: 6xdc) bound to
hemoglobin and cleavage heme. A. ORF3a contains two heme-binding motifs. B. The ORF3a
NEAT domain binds to hemoglobin, including IsdA, IsdC, and IsdH. C. ORF3a Peptidase S6
domain catalyzes the degradation of hemoglobin. D. ORF3a's HemS domain catalyzes the
dissociation of heme into iron and porphyrin. HemS is overlapped with the ABM domain. HemS
and ABM split the tetrapyrrole ring of heme and release iron when NADPH-cytochrome P450
reductase is present.

3.9 S protein efficiently transported oxygen molecules through hemocyanin
activity

Hemocyanin is commonly found in hexamers and has three copper-binding tyrosinase sites.
Because SARs-CoV-2 S protein could form hexamers during membrane fusion, we examined
whether S protein possesses hemocyanin activity. We obtained the hemocyanin-related sequences
from the Uniprot database and used the local MEME tool to compare them to the S protein
individually. Finally, we will combine the searched motifs according to conserved domains. S
hemocyanin-related domains are listed in Table 10.
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Table 10. Hemocyanin activity-related domains of SARs-CoV-2 S protein

Domain Alias Motif Start End
Hemocyanin C A EFQFCNDPFLGVYYHKNNKSWME 132 154
B RVDFCGKGYHLMS 1039 1051
C ICHDGKAH 1081 1088
D QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCM 1201 1237

Hemocyanin M A WFHAIH 64 69
B YYHKNNKSWM 144 153

C CTMYICGDSTEC 738 749

D FAMQMAYRF 898 906
E CHDGKAHFPREG 1082 1093
. ELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTS 1202 1243

CCSC

Hemocyanin N A KWPWYIWLGFIAGLIAIVMVTIMLCCMTSCC 1211 1241
Tyrosinase_Cu-bd A DGKAHFPREG 1084 1093
B YEQYIKWPWYIW 1206 1217
C CGSC 1250 1253

Figure 2. Schematic diagram of the crystal structure positions of the Hemocyanin M,
Hemocyanin N, Hemocyanin C, and Tyrosinase Cu-bd domains of the S protein (PDBID: 6vyb).
According to Table 10, the S protein contains the Hemocyanin protein's C-terminal
(Hemocyanin_C), active (Hemocyanin M), and N-terminal (Hemocyanin N) domains. The S
protein contains three copper-binding tyrosinase regions (Tyrosinase Cu-bd A-C).
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Tyrosinase Cu-bd A-C are found in the active area of the Hemocyanin protein, Hemocyanin M
domains. Tyrosinase Cu-bd A resides in Hemocyanin M E. In contrast, Tyrosinase Cu-bd B-C
resides in Hemocyanin_ M F. Hemocyanin C and Hemocyanin_M are found in the S protein's N
to C terminus. Hemocyanin_N is only found at the S protein's C-terminus.

The schematic diagram in Figure 2 illustrates the three-dimensional placements of the
domains of Hemocyanin C, Hemocyanin M, Hemocyanin N, and Tyrosinase Cu-bd.
Hemocyanin N A possesses phenoloxidase activity, but it is located in the transmembrane area. It
is consistent with phenol oxidase being isolated from phenolic substrates. Hemocyanin N also
serves as the binding site for the enzyme Tyrosinase Cu-bd B-C. Tyrosinase Cu-bd A is located
on the exterior of the viral membrane. When Tyrosinase Cu-bd A binds to Cu, it may initiate a
chain reaction, causing a conformational shift in S to expose the Hemocyanin N domain. Then
Tyrosinase Cu-bd B-C binds to copper. After Tyrosinase Cu-bd A-C bind copper, S protein
exhibits hemocyanin activity.

Delta (B1.617.2) and Omicron (B.1.1.529) mutants are SARs-CoV-2 viruses that will spread
globally starting in 2021. All relevant variants had significantly higher viral loads than the wild
type, with Omicron's average viral loads being many times that of Deltal''”), Individuals infected
with Omicron exhibit only subtle symptoms. Omicron mutants have a more significant number of
mutation sites and a greater capacity for immune evasion. We obtained the ORF3a and S proteins
from the NCBI database for the Delta and Omicron mutations. Then, the effects of mutations on
the ORF3a and S proteins' attack functions were compared.

3.10 Functional consequences of the Delta and Omicron mutations on the ORF3a
and S proteins

Delta (B1.617.2) and Omicron (B.1.1.529) mutants are SARs-CoV-2 viruses that spread
globally starting in 2021. All relevant variants had significantly higher viral loads than the wild
type, with Omicron's average viral loads being many times that of Deltal''”), Individuals infected
with Omicron exhibit only subtle symptoms. Omicron mutants have a more significant number of
mutation sites and a greater capacity for immune evasion. We obtained the ORF3a and S proteins
from the NCBI database for the Delta and Omicron mutations. Then, the effect of mutations on the
ORF3a and S proteins' attack functions was compared.

Mutations in the S protein alleviated symptoms of respiratory distress in patients. We
used the local MEME tool to match the S proteins of the Delta and Omicron mutants to
hemocyanin-related sequences. The discovered motifs were integrated according to domains, and
the resulting search results are displayed in Table 11. The S proteins of Delta and Omicron
mutants contain Hemocyanin C, Hemocyanin M, Hemocyanin N, and Tyrosinase Cu-bd
domains, as shown in Table 11. The hemocyanin activity-related domains of the S proteins from
SARs2, Delta, and Omicro were mapped using the local version of the IBS tool (Fig. 3).

As illustrated in Figure 3, the S proteins of SARs2, Delta, and Omicro include Hemocyanin C
domains in both S1 and S2. As shown in Figure 3, the S protein of SARs2 and Omicro contains
the Hemocyanin N domain. S1 includes the Hemocyanin N domain of Delta's S protein. As
illustrated in Figure 3, the S proteins of SARs2, Delta, and Omicro include Hemocyanin M
domains in both S1 and S2. However, the three viruses had dramatically varied distributions of
Tyrosinase Cu-bd domains. The S protein of Omicro contains only two Tyrosinase Cu-bd
domains. Omicro S Tyrosinase Cu-bd B is positioned within the Hemocyanin M domain, but
Omicro S Tyrosinase Cu-bd A is not. SARs2 contains the Tyrosinase Cu-bd domains entirely
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within the N-terminal Hemocyanin M domain. Delta has the Tyrosinase Cu-bd domains in C- and
N-terminal Hemocyanin M domains.

Table 11. Hemocyanin activity-related domains of S protein of Delta and Omicron mutants

Protein Domain Alias Motif Start End
Delta S Hemocyanin C A CEFQFCNDPFLGVYYHKNNKSWME 118 141
B RVDFCGKGYHLMS 1026 1038
C AICHDGKAHFPREGV 1067 1081
Hemocyanin M A WFHAIH 51 56
B VYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMD 130 165
C CTMYICGDSTEC 725 736
D FAMQMAYRF 885 893
E CGKGYHLM 1030 1037
F APAICHDGKAHFPREGVFVSNGTHWF 1065 1090
Hemocyanin N A WFHAIH 51 56
Tyrosinase Cu- A WFHAIHV 51 57
bd
B YYHKNNKSWME 131 141
C DGKAHFPREG 1071 1080
Omicro S Hemocyanin_C A RVDFCGKGYHLMS 1036 1048
B ICHDGKAH 1078 1085
C RKDGEWVLLSTFLGRSLEVLFQGPGHHHHH 1222 1263
HHHSAWSHPQFE
Hemocyanin M A CEFQFCNDPF 129 138
B HKNNKSWM 141 148
C CTMYICGDSTEC 735 746
D WTFGAGPALQIPFPMQMAYR 883 902
E TFLGRSLEVLFQGPGHHHHHHHHSAWSHP 1232 1265
QFEKG
Hemocyanin N A FQGPGHHHHHHHHSAWSHPQFEK 1242 1264
Tyrosinase Cu- A
bd DGKAHFPREG 1081 1090
B GPGHHHHHHHHSAWSHPQFEK 1244 1264

The above distributions suggest that the S of SARs2 S, the Delta S variant, represents the cell
agglutination and immune interference activity of the entire sequence. However, since Omicro's S
lacks the tyrosinase Cu-bd domain, cell agglutination and phenoloxidase activity cannot be fully
achieved. On the S sequence, the Delta variant exhibits phenoloxidase activity. The
copper-binding site of Delta S is highly exposed and readily possesses phenoloxidase activity.
SARs2 S has a copper-binding site in the membrane fusion domain, which requires full exposure
of SARs S Tyrosinase Cu-bd A-C and binding to copper to function as a phenoloxidase. Delta S,
and Omicro S all lack or lose their phenoloxidase activity. Since SARs2 S, Delta S, and Omicro S
all have tyrosinase Cu binding sites, all three S proteins act as oxygen carriers. Due to the easily
accessible copper binding site of Delta S1, Delta S has a high oxygen transport capacity. This may
explain why Delta patients have higher viral loads and lower levels of respiratory distress than
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SARs2 patients. Omicro S developed into a hemocyanin-like protein capable of carrying oxygen
molecules but lacking immunological agglutination and phenoloxidase functions. This may
explain why Omicro patients experience fewer severe symptoms and no apparent respiratory

distress.
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Figure 3. Comparison of hemocyanin activity-related regions of SARs2, Delta, and Omicro S
proteins. IBS tools are used to create the diagram!?,

ORF3a mutations had no effect on oxygen supply with reduced hemoglobin. We drew
the ORF3a's mutation sites of the hemoglobin attacked-associated domain for SARs2, Delta, and
Omicro using a local version of the IBS program (Figure 4). The haeme bd, NEAT, peptidase S6,
IsdA, IsdC and IsdH, ABM, and HemS domains of the SARs2 ORF3a protein are all located
within the heme-binding "CWKCR" or "CYDYC" motif, as shown in Figure 4. It suggests that
these domains are involved in the degradation, capture, and breakdown of hemoglobin.

Omicro ORF3a does not contain mutations. Delta ORF3a contains two single site mutation
26 and 275. Their mutations are S->L and L->F. Notably, the two Delta ORF3a mutation sites are
not located in the Haem_bd, NEAT, peptidase S6, IsdA, IsdC, and IsdH, ABM or HemS domains
described above. Therefore, these two point mutations are unlikely to affect ORF3a's hemoglobin

attacked, heme capture, or degrade functions.
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Figure 4. Hemoglobin degradation, heme capture, and disassembly related domains of
ORF3a proteins of SARs2, Delta, and Omicro. The figure is drawn with the IBS tool'l.

3.11 How the Capsid-like system of SARs-CoV-2 work

1. S protein inhibits the immune system via the capsid vector.

The S1 protein of the S protein binds chitin via the chitin-binding domain and then uses
chitin to adsorb polyphenols. transfer of adsorbed polyphenols to the polyphenol-binding domain
of the S1 protein. Fe forms Fe-polyphenol complexes with polyphenols. The FE-polyphenol
complex serves as a medium for the SARs-CoV-2 virus to attach the S protein to the red blood cell
membrane (marked by the "dashed box" and "Get On" in Figure 5).

SARs-CoV-2 travels to the vicinity of tissue cells by hitching a ride on red blood cells and
then release itselef (marked by "Get Off" in Figure 5). Due to the immune delayed effect of this
combination and the short transit time, not only is the oxygen-carrying function of red blood cells
unaffected, but the immune system cannot detect this cheating behavior.

The wbl domains of the S1 protein is responsible for monitoring nitrosation. If nearby
phagocytes are stimulated to release NO, the NO-generated free radicals will attack the S1 protein.
Due to the nitration of the wbl domain, the chitin-binding function of the S1 protein was lost
(marked by "Nitro-sensing" in Figure 5). S protein oxidizes polyphenols through the action of
phenoloxidase, thereby releasing Fe-polyphenol complexes. The SARS-CoV-2 virus escapes
immune cell attack and phagocytosis by shedding from red blood cells.

2. Through capsid-like activity, the ORF3a protein stimulates and attacks hemoglobin.

Too many SARs-CoV-2 particles clinging to red blood cells will affect the membrane
stability of red blood cells, causing red blood cells to become overloaded. Hemoglobin is released
via the enlarged slit in the erythrocyte membrane (marked by "release Hb" in Figure 5). The
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released hemoglobin binds NO and then attacks the S protein, damaging the S protein with RNS
free radicals.

To protect S protein, ORF3a binds actively to released hemoglobin via a capsid-like activity.
And then ORF3a attacks hemoglobin 1-beta chain via hemoglobinase and isd domains. The
attack on hemoglobin causes the release of heme (marked "release heme" in Figure 5). Through
hemS domains, ORF3a captures heme and decomposes it into iron and porphyrin.The destruction
of heme and the attack of ORF3a on hemoglobin will cause damage to the respiratory system.
However, the oxygen-transporting ability of the S protein's hemocyanin functional domain can
alleviate respiratory dysfunction.
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Figure 5. S and ORF3a delay the immune system and damage the respiratory system through
the capsid-like system. The figure is drawn with the IBS tool!!%,

4 Discussion

4.1 S protein binds porphyrin to cause high viral infection

Non-enveloped viruses are surrounded by a protein capsule, whereas enveloped viruses are
surrounded by a lipid bilayer. Both enveloped and non-enveloped virus particles require specific
interactions between host cell molecules (or receptors) and envelope (or capsid proteins) encoded
by the virus[!?’l, Most viruses enter cells by endocytosis. Non-enveloped animal viruses require

membrane penetration but not membrane fusion to enter cells!'?!

. HIV and polioviruses are
believed to be capable of directly penetrating the plasma membrane of the host celll'?], Electron
microscopy reveals that poliovirus particles are either adjacent to or have directly penetrated the
plasma membrane, and that virus particles in the periplasm frequently appear swollen and
deformed!'??), There was never any indication of viral entry via pinocytosis!'??. Polioviruses are
picornacleic acid (RNA) viruses. According to this study, SARs-CoV-2 S has picornavirus capsid
protein activity. SARs-CoV-2 may therefore be capable of directly penetrating the cell membrane.

The HemS protein stimulates the release of iron from heme, leaving behind hematoporphyrin.
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Most porphyrin molecules are hydrophobic and agglomerate in waterl'?l. Porphyrin

photosensitizers with a higher hydrophobicity penetrate mammalian cell membranes!!?4l,
Porphyrins diffuse through the phospholipid bilayer and accumulate in the cytoplasm due to
concentration gradients!'?]. Porphyrin chemicals, such as synthetic photosensitizers, are

126

frequently utilized to treat cancers by photodynamic therapy!'?¢l. Porphyrin derivatives get into

cancer cells through endocytosis and concentration gradient osmosis!'?”l. Porphyrins produce
reactive oxygen species (ROS) that kill tumor cells(!?8,

Medical workers have detected the novel coronavirus from urine, saliva, feces, and blood
since the virus can live in body fluids. In such media, the porphyrin is a prevalent substance, and
porphyrin compounds are a class of nitrogen-containing polymers. Existing studies have shown
that they have a strong ability to locate and penetrate cell membranes. So, the novel coronavirus
may also be able to get into human cells directly by using linking porphyrin. The SARs-CoV-2
viral proteins bound porphyrin (or heme) to get energy and cell membrane penetration. It
generated reactive oxygen species (ROS) that damage the cell membrane. Porphyrins are mostly
preserved in the human body as heme on hemoglobin. The virus's high requirement for porphyrin

and iron also developed to attack hemoglobin and break heme into iron and porphyrin.
4.2 Higher hemoglobin causes higher morbidity

The novel coronavirus pneumonia might be closely related to abnormal hemoglobin
metabolism in humans. The number of hemoglobin is a significant blood biochemical indicator,
and the content varies with gender. The number of normal men is significantly higher than that of
normal women, which might also be a reason why men are more likely to be infected with the
novel coronavirus pneumonia than women. Besides, most patients with the novel coronavirus
pneumonia are the middle-aged and older adults, and many of these patients have underlying
diseases such as diabetes. Diabetic patients have higher glycated hemoglobin which is
deoxyhemoglobin and is also a combination of hemoglobin and blood glucose, which is another
reason for the high infection rate for the elder people. This present study has confirmed that
ORF3a could coordinately attack the heme on the beta chain of hemoglobin. Both oxygenated
hemoglobin and deoxygenated hemoglobin are attacked by the virus, but the latter is more
attacked by the virus. During the attack, the positions of ORF3a are slightly different, which
shows that the higher the hemoglobin content, the higher the risk of disease. However, it is not
certain that the disease rate incited by abnormal hemoglobin (structural) is relatively low. The
hemoglobin of patients and rehabilitees could be detected for further research and treatment.

4.3 Interfering with the normal heme anabolic pathway

This article held that the virus directly interfered with the assembly of human hemoglobin.
The main reason was that the normal heme was too low. Heme joins in critical biological activities
such as regulation of gene expression and protein translation, and the porphyrin is an essential
material for the synthesis of the heme. As the existing traces show there is too much free iron in
the bodies of critically ill patients, it could be that the virus-producing molecule competes with
iron for the porphyrin, inhibiting the heme anabolic pathway and causing symptoms in humans. It
is not clear whether the spatial molecular structure of the heme and porphyrins in patients with
porphyria is the same as that in healthy people. If there is an abnormal structure, it is not obvious
whether this porphyrin can bind to a viral protein to form a complex, or whether a viral protein
can attack this heme. It could be proven by clinical and experimental research.
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The disorder of the body's porphyrin metabolism causes Porphyria. Atypical porphyrins have
been identified in patients with acquired immunodeficiency syndrome!'?’l. Chronic hepatic
porphyria, not delayed cutaneous porphyria, is the form of porphyrin metabolic illness caused by

1291 Numerous clinical observations have revealed that patients with

the hepatitis C virus!
COVID-19 also have skin and nervous system symptoms consistent with porphyria. Genetic
abnormalities in the heme biosynthesis enzyme uroporphyrinogen III synthase also cause

1301 The SARs-CoV-2 viral protein may has uroporphyrinogen

congenital erythropoietic porphyrial
III synthase activity and contribute to infection by producing comparable heme. This type of

uroporphyrinogen III synthase inhibited the metabolism of porphyrins.
4.4 Novel coronavirus has a strong carcinogenicity

Numerous published studies demonstrate that after cancer patients get COVID-19, their
overall risk of cancer deterioration increases. Numerous clinical studies have established that
COVID-19 patients exhibit symptoms consistent with oxidative stress damage. Under conditions
of severe oxidative stress, the patient's ROS control mechanism becomes disorganized. The
dysregulation of reactive oxygen species (ROS) is a critical element in carcinogenesis. The lungs
of the deceased from COVID-19 were mucus-filled, and the deteriorated lung tissue resembled
adenocarcinoma-like alterations. During our search for antigen and membrane fusion domains, we
discovered that proteins such as S have a melanoma domain . Many malignancies, including lung
cancer, have pathogenic proteins that contain melanoma domains. Besides, we were conducting
computer research and discovered that proteins such as S contain p53 domains. Normal cells could
develop cancer cells when the P53 protein is mutated. We believe that the SARs-CoV-2 virus is
highly carcinogenic based on these comprehensive characteristics.

4.5 COVID-19 patients may exhibit quinone poisoning and hyperpigmentation
symptoms

Typically, phenols are hydroxylated to catechols and degraded via meta or ortho pathways
under aerobic conditions. Tyrosinase oxidizes phenolic substances such as tyrosine and dopamine
using molecular oxygen (02). The presence of catechols results in the formation of benzoquinones.
Phenoloxidase converts phenols to quinones. The enzyme phenoloxidase converts phenol to the
quinone p-benzoquinone. Benzoquinone is a biochemical with a high irritant potential. After
inhalation, it will cause poisoning, resulting in a burning sensation, coughing, shortness of breath,
headaches, and other symptoms that cause pain throughout the body. Low-dose idebenone can
improve brain function, metabolism, and brain dysfunction; increase the utilization rate of glucose
in the brain; and promote ATP production. It can also improve the metabolism of the
neurotransmitter 5-hydroxytryptamine in the brain and has powerful antioxidant and free
radical-scavenging effects. Benzoquinone, the oxidation product of phenoloxidase of hemocyanin
in S protein, caused severe pain in the throat, muscles, and joints of some Omicron patients due in
large part to this factor. The benzoquinone content produced by the early version of SARs-CoV-2
S changed rapidly from low to high, and COVID-19 patients rapidly entered a state of
benzoquinone poisoning and hypoxia following a brief "happy hypoxia."

Pigmentation also occurs in some pathogen-infected lower species. Hemocyanin's
extracellular phenoloxidase (PO) is the primary source of hyperpigmentation (melanosis) in
shellfish!!3!: 1321, Phenoloxidase activity resulting from hemocyanins contributes to brown algal

hyperpigmentation. Hemocyanin is the pigment that causes hyperpigmentation in N. norvegicus
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131 However, in COVID-19 patients, an overabundance of synthetic melanin might result in

hyperpigmentation.
Colistin B and coronavirus may result in significant skin darkening in patients with
COVID-19 who are rescued with ECMOI3#, Dermatological symptoms of COVID-19 include!!3:

urticaria, erythema confluent/maculopapular/measles-like rashl!3¢]

, papular rash, chilblain-like
lesions, livedo reticularis/racemoid pattern, and purpura" Vasculitis". The erythema associated
with certain severe skin diseases might be converted to hyperpigmentation. Patients with
COVID-19 ocular infection develop unilateral acute posterior multifocal lamellar pigment

137

epitheliopathy!'*”), COVID-19 patients have bilateral pigmentation of the corneal endothelium,

pigment dispersion in the anterior chamber, iris depigmentation with iris transillumination

138 (1391 Melanin

abnormalities!'*], Melanin also has a vital role in the coloration of the oral mucosal
affects the inflammatory response directly or indirectly by influencing the generation of host
cytokines/chemokines!'4’l. Melanin alters the signaling cascades mediated by cytokines. It boosts
the release of pro-inflammatory mediators such as interleukin (IL)-1, IL-6, interferon gamma , and

tumor necrosis factor!'4%l,
4.6 Existing blood oxygen detection methods have limitations

If COVID-19 patients had hemoglobin and hemocyanin-like co-transport oxygen patterns,
hemocyanin-mediated oxygenation leads to effective O2 transport under hypoxic settings. Oxygen
supplied by hemocyanin-like molecules compensates for bodily hypoxia even when red blood
cells or hemoglobin were not working adequately. However, the current approach of light
absorption in oxygenation detection considered hemoglobin solely and ignored oxygen-carrying
hemocyanin-like. Present blood gas detection technologies presupposed that the oxygen molecules

1411 But the implicit

in the blood were dissolved oxygen which was not bound to hemoglobin!
condition that hemocyanin-like could also bind oxygen molecules was ignored. pO, determined
how much oxygen was bound by hemoglobin and hemocyanin-like proteins. Existing assays
overestimated hemoglobin's oxygen supply status. The patient's oxygenation curve may remain
unchanged. The actual oxygenation curve should be moved to the right, lowering hemoglobin's
affinity for oxygen. Thus, when viruses attacked hemoglobin, it exhibited “high dissolved oxygen”.
In contrast, hemocyanin-like proteins exhibited an abnormal oxygen transport function, resulting

in "happy hypoxia."

5. Conclusion

Genetic cross-recombination of SARs-CoV-2 viruses in bats, exhibiting similar activities to
Flaviviridae, Adenoviridae, Iridoviruses, and Picornaviruses. In this study, the biological functions
of SARs-CoV-2 proteins were investigated using bioinformatic techniques involving the search for
conserved domains. According to studies, the S and ORF3a proteins of SARs-CoV-2 have capsid
domains similar to picornaviruses/caliciviruses and can bind hemoglobin, heme, and porphyrin.
Argl34 of ORF3a and Cys44 of E are the sites for heme iron binding. The ORF3a protein contains
a domain that converts heme into iron and porphyrin. In addition to chitin-binding and
polyphenol-binding domains, the S protein also contains hemocyanin and phenoloxidase-like
domains.

S-protein binds chitin in order to absorb polyphenols. Iron ions form Fe-polyphenol
complexes with polyphenols. This Fe-polyphenol complex links the S protein and the erythrocyte
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membrane, allowing SARs-CoV-2 to ride erythrocytes for rapid delivery to target organs. Due to
the delayed immune response, this type of capsid vector enables the virus to achieve rapid immune
evasion without significantly altering the oxygen-carrying capacity of red blood cells. Red blood
cells loaded with excess virus particles release hemoglobin due to deformation of the cell
membrane, and the hemoglobin bound to NO damages the virus via nitration. After the wbl
domain of the S protein detects nitration, a conformational change will be induced, and the
phenoloxidase domain will oxidize polyphenols, allowing the virus to shed from the red blood cell
membrane.

ORF3a also attacks 1-beta chain of hemoglobin to release heme, but the majority of
hemoglobin's native structure is preserved. The destruction of hemoglobin and heme by the
ORF3a protein causes patients to experience varying degrees of respiratory distress and
coagulation, but the hemocyanin-like domain of the S protein can transport oxygen to improve the
patient's breathing.
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