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Abstract

Investigating poor respiratory function and high immunological escape in COVID-19 patients
may aid in the prevention of additional deaths. The conserved domain search method was used to
evaluate the biological roles of specific SARS-COV-2 proteins in this present study. The research
findings indicate that the SARS-COV-2 virus contains domains capable of binding porphyrin and
synthesizing heme. S and ORF3a can bind to hemoglobin. The S protein possesses
hemocyanin-like function since it contains copper-oxygen binding, immunological agglutination,
and phenoloxidase domains. ORF3a's Arg134 and E's Cys44 have heme-iron binding sites,
respectively. The ORF3a protein has a region that degrades trapped heme into iron and porphyrin.
Hemoglobin that has been attacked by ORF3a may preserve the majority of its native structure but
with decreased oxygen delivery function. By targeting hemoglobin and destroying heme, the
ORF3a protein caused varying degrees of respiratory distress and coagulation symptoms in
COVID-19 individuals. ORF3a of Delta and Omicron variants also retained its capacity to target
hemoglobin and heme. But the S protein's hemocyanin-like domain transported oxygen to enhance
the patient's respiratory condition. Through a large load of hemocyanin-like proteins, the mutant
virus achieved effective oxygen transport and alleviated the symptoms of respiratory distress in
patients. Simultaneously, the variant S protein's immunological agglutination and phenol oxidase
functions were decreased or eliminated, resulting in a decrease in the strength of the immune
response and an increase in immune evasion ability, culminating in increased virus transmission.
Keywords: Porphyrin; Heme; Hemocyanin; Immunological agglutination; Phenoloxidase;
Melanin；Oxyhemoglobin Dissociation curve; Humoral immune response; Happy hypoxia; Delta
Variant; Omicron Variant;

1. Background

COVID-19 patients exhibit symptoms such as diarrhea(1, 2), hypotension(3), and electrolyte
abnormalities(4). Early asymptomatic infections cause taste and smell loss(5, 6). Patients with
severe COVID-19 also have a higher risk of developing rare neurological illnesses such as
epilepsy(7, 8) and encephalitis(9, 10). Cytokine storm causes organ failure in the later stages of
severe inflammatory infection, including the heart(11), liver(12), and kidneys(13). Patients with
COVID-19 will suffer varying respiratory distress symptoms during the early and severe stages.
Numerous ground-glass pictures and piercing shadows occur on both sides of the lungs(14, 15).
Ground-glass images are frequently linked with severe hypoxia. Despite significant hypoxemia,
some individuals with COVID-19 pneumonia experience no dyspnea, demonstrating the "happy
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hypoxia" paradox. Severe patients rescued with Extracorporeal Membrane Oxygenation (ECMO)
exhibit unusual clinical characteristics, including low oxygen, low blood oxygen saturation(16,
17), and high dissolved oxygen levels. Thus, elucidating the mystery respiratory issues and
immune response of COVID-19 patients may be a critical step for increasing patient rescue
success rates(18).

Colistin B and coronavirus may result in significant skin darkening in patients with
COVID-19 who are rescued with ECMO(19). Dermatological symptoms of COVID-19
include(20): urticaria, erythema confluent/maculopapular/measles-like rash(21), 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
epitheliopathy(22). COVID-19 patients have bilateral pigmentation of the corneal endothelium,
pigment dispersion in the anterior chamber, iris depigmentation with iris transillumination
abnormalities(23). Melanin also has a vital role in the coloration of the oral mucosa(24). Oral
hyperpigmentation caused by HIV can affect any area of the oral mucosa(25). Melanin affects the
inflammatory response directly or indirectly by influencing the generation of host
cytokines/chemokines(26). 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(26).

Living creatures develop pigments to protect themselves from UV rays. Melanin is the most
strong and efficient of all pigments. When UV radiation strikes melanin's chemical chain, the
chemical chain vibrates at an incredibly high rate, turning dangerous UV light into innocuous heat.
When the retina is activated by damaging light, harmful free radicals are created, initiating a
sequence of destructive oxidative events on the retina. Melanin can act as an antioxidant and
protect the eyes by neutralizing these damaging oxidation events. Melanin also protects
microorganisms from enzymatic destruction, radiation (UV, sunlight, gamma), and heavy metals,
as well as increasing their thermal tolerance (to heat and cold)(27). Melanin enhances virulence by
shielding fungal cells from phagocytosis by immune effector cells(28). Bacterial melanin-like
pigments have been shown to be capable of scavenging superoxide anion free radicals and
inhibiting monocytes' respiratory burst response(29). Through melanin, the SARs-COV-2 virus
may achieve immune evasion and radiation protection. However, in COVID-19 patients, an
overabundance of synthetic melanin might result in hyperpigmentation.

Pigmentation also occurs in some pathogen-infected lower species. Hemocyanin's
extracellular phenoloxidase (PO) is the primary source of hyperpigmentation (melanosis) in
shellfish(30, 31). Phenoloxidase activity resulting from hemocyanins contributes to brown algal
hyperpigmentation. Hemocyanin is the pigment that causes hyperpigmentation in N. norvegicus
(32). Hemocyanin is homologous to phenoloxidases such as tyrosinase because both proteins have
a type 3 Cu active site coordination(33). Enzymes of phenoloxidase (PO), such as tyrosinase (EC
1.14.18.1) and catechol oxidase (EC 1.10.3.1). Catecholamine (CA) is a catechol derivative.
Epinephrine (E), norepinephrine (NE), and dopamine (D) are all endogenous CA. The enzymatic
reaction catalyzed by phenoloxidase results in chromogen, melanin, and other pigments(34). The
phenoloxidase (PO) enzymes significantly contribute to hyperpigmentation(35). Insect
prophenoloxidase (PPO) is also an important innate immune protein as it is involved in cellular
and humoral defenses(36).
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Hemocyanin comprises three domains(37): a N-terminal domain, an active site containing
binuclear copper ions, and a C-terminal domain(38). Conformational changes in the N-terminal
domain can activate hemocyanin's phenoloxidase activity. The C-terminal domain contribute in
organisms' immunological agglutination activity(39) and increase blood cell phagocytosis(40).
Hemocyanin is found only in hemolymph and appears in hexamers or hexameric oligomers(41).
The active site catalyzes the chelation of two copper ions and the binding of an oxygen molecule
(42). Hemocyanin is more than twice the size of hemoglobin(43). Hemocyanin reversibly binds to
oxygen molecules via altering the valence of copper ions（Cu2+↔Cu+）(44). It binds 96 oxygen
molecules, whereas hemoglobin only binds four(43).

Hemocyanin molecules float freely in the blood, whereas red blood cells contain millions of
smaller hemoglobin molecules(43). Hemocyanin and hemoglobin have complementary
distributions in some insect orders(45) and crustaceans(46). 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(47). Hemocyanin expression was dramatically increased in Baifutiao(48) and
locust embryos(49) under hypoxia conditions compared to normoxic settings. Increased
hemocyanin content assists locust embryos in obtaining adequate and steady oxygen in hypoxic
high altitude locations(49). Hemocyanin expression was also significantly elevated in the blue
crab Callinectes sapidus (50) and the ecliptic crab Cancer magister(51) under hypoxic conditions
(52).

Altitude sickness' physiological characteristics and symptoms at high altitude are
comparable to those of various illnesses related to COVID-19(53). The SARs-COV-2 virus may
contain a hemocyanin-like protein that binds oxygen and activates the phenoloxidase activity of
the virus. The phenoloxidase structure synthesizes melanin. COVID-19 patients had hemoglobin
and hemocyanin-like co-transport oxygen patterns. Hemocyanin-mediated oxygenation leads to
effective O2 transport under hypoxic settings(54). In this mode, oxygen supplied by
hemocyanin-like 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 in the blood were
dissolved oxygen which was not bound to hemoglobin(55). But the implicit condition that
hemocyanin-like could also bind oxygen molecules was ignored. pO2 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."

To collect iron and heme from host proteins like hemoglobin in red blood cells, pathogens
have evolved various iron absorption methods(56). According to a computational research, the
SARs-COV-2 virus infects erythrocytes via the Plasmodium falciparum-like and complement-like
domains. Anupam Mitra discovered a viral leukocyte response in COVID-19-infected patients(57).
According to Bhardwaj, pRb and its interaction with Nsp15 affect coronavirus infection(58).
Electron microscopy revealed the presence of the Colorado tick fever virus in red blood cells(59).
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Plasmodium, Babesia, and trypanosomes also infect red blood cells, eliciting symptoms similar to
COVID-19. Trypanosome extracellular vesicles fuses with mammalian erythrocytes(60), resulting
in simple erythrocyte removal and additional anemia. Babesia invasion of red blood cells requires
adhesion proteins and apical membrane antigens associated with thrombin sensitivity(61).

Pathogenic E. coli strains can use hemoglobin as a source of iron(62). Hemoglobin protease
(Hbp) is a proteolytic enzyme similar to IgA1 protease. Immunoglobulin A1 protease (IgA1
protease) is a serine protease (S6 family) that is produced by several pathogenic bacteria(63),
including those that cause bacterial meningitis, Haemophilus influenzae, Neisseria meningitidis,
and Chain pneumonia Cocci(63). The IgA1 protease colonizes human mucosal surfaces, affecting
specific immune responses(63). This serine protease autotransporter, released from E.coli,
destroys hemoglobin, binds the liberated heme, and transports it to both bacteria(56).

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(64). It is also governed by simple
heme dissociation from met-Hb(65). By binding to αHb via the IsdH or IsdB domains, the rate of
efficient interactions between the Hb chain and the heme receptor domain is increased(66). This
binding is used to specifically target the heme receptor domain, regulating the sequential release of
heme from βHb and αHb chains(66). The αHb·βHb dimer releases heme from a single subunit
(half-Hb) while retaining the majority of its natural structure(67). 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(66). The SARs-COV-2 viral protein
may interact with αHb via the Isd domains and then break βHb using the IgA1 protease structure.
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 heme(68).
The crystal structure of the heme-IsdC complex is the central conduit of the S. aureus Isd
iron/heme uptake system(69). IsdA , IsdB, IsdH, and IsdC share the same heme-binding module,
termed the NEAT (near transporter) domain(69). But the iron-regulated surface proteins IsdA,
IsdB, and IsdH may be not required for heme iron utilization in S. aureus(70).

Heme is a kind of metalloporphyrin. Heme activates signaling pathways independent of iron
and reactive oxygen species (ROS), including those involved in redox metabolism(71). Heme
metabolism is required for Plasmodium, the causative agent of malaria, to infect red blood
cells(72). Numerous Plasmodium genes encoding heme-binding proteins have been found(73).
Hemozoin is frequently referred to as malaria pigment in malaria parasites. Phagocytosis for the
malaria pigment heme inhibits CD54 and CD11c expression in human monocytes(59). Hemozoin
(malarial pigment) impairs the differentiation and maturation of dendritic cells generated from
human monocytes(57). In vitro, the malaria-specific metabolite hemozoin promotes the production
of three powerful endogenous pyrogens (TNF, MIP-1, and MIP-1), while in vivo, it changes
thermoregulation(58). Hemozoin is involved in various processes that may contribute to
Plasmodium pathogenicity. Numerous antimalarial medicines, including chloroquine, act by
selectively inhibiting this hemozoin detoxification/hemozoin production pathway(74).

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(75). C.
diphtheriae's heme oxygenase degrades heme to generate α-biliverdin, carbon monoxide, and free
iron(76). IsdG and IsdI (heme oxygenase) of Staphylococcus aureus cleaves the tetrapyrrole ring
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structure of heme in the presence of NADPH cytochrome P450 reductase, thereby releasing
iron.(77). However, E.coli's deferrochelating activity does not destroy the tetrapyrrole
backbone(78). It is the case with Yersinia enterocolitis HemS(79) and E. coli O157:H7 ChuS(80) .
HemS is used by E. coli Bartonella hensii to deal with oxidative stress caused by H2O2(81). Iron is
released from heme by the HemS of E. coli Bartonella henii without causing damage to the
tetrapyrrole backbone(81). HemS protein also degrades heme in the presence of electron donors,
ascorbate, or NADPH-cytochrome P450 reductase(81).

HemS protein stimulates the release of iron from heme, leaving behind hematoporphyrin.
Most porphyrin molecules are hydrophobic and agglomerate in water(82). Porphyrin
photosensitizers with a higher hydrophobicity penetrate mammalian cell membranes(83).
Porphyrins diffuse through the phospholipid bilayer and accumulate in the cytoplasm due to
concentration gradients(84). Porphyrin chemicals, such as synthetic photosensitizers, are
frequently utilized to treat cancers by photodynamic therapy(85). Porphyrin derivatives get in
cancer cells through endocytosis and concentration gradient osmosis(86). Porphyrins produce
reactive oxygen species (ROS) that kill tumor cells(87). The SARS-CoV-2 viral proteins bound
porphyrin (or heme) to get energy and cell membrane penetration. It generated reactive oxygen
species (ROS) to 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 developed to attack
hemoglobin and broke heme into iron and porphyrin.

The disorder of the body's porphyrin metabolism causes Porphyria. Atypical porphyrins
have been identified in patients with acquired immunodeficiency syndrome(88). Chronic hepatic
porphyria, not delayed cutaneous porphyria, is the form of porphyrin metabolic illness caused by
the hepatitis C virus(88). Numerous clinical observations have revealed that patients with
COVID-19 also have skin and nervous system symptoms consistent with porphyria. Genetic
abnormalities in the heme biosynthesis enzyme uroporphyrinogen III synthase also cause
congenital erythropoietic porphyria(89). The SARs-COV-2 viral protein may has
uroporphyrinogen III synthase activity and contribute to infection by producing comparable heme.
This type of uroporphyrinogen III synthase inhibited the metabolism of porphyrins.

We employed the conserved domain search method to study the SARs-COV-2 viral proteins
in this work. The results indicated that the SARS-COV-2 virus could synthesize heme from
porphobilinogen and encodes all necessary enzymes for this process. The SARs-COV-2 ORF3a
protein could target 1-beta chain hemoglobin and dissociate heme to iron and porphyrin. These
attacks by the SARs-COV-2 virus and its variants could cause severe damage to respiratory tissues
and organs. Meanwhile, the SARs-COV-2 virus's S protein exhibited hemocyanin-like activity.
The S protein's hemocyanin-like domain transported oxygen to enhance the patient's respiratory
condition and affect immune response.

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,
orf1ab, orf1a. Among them, the orf1ab and orf1a sequences also included corresponding
subsequences. SARS-COV-2 variant’s (Delta and Omicro) ORF3 and ORF8 sequences came from
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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 Hemoglobin Hemoglobin 56,870
2 Porphyrin Bacterial + porphyrin 30,787
3 cytochrome c Bacterial+ cytochrome + c 111,967

4 HEME Degrade
Bacterial+heme+oxidase;
ChuS;EfeB;HemS;HmuS;IsdG;MhuD;PhuS
ShuS;YfeX

41325

5
Hemoglobin
degrading

hemoglobin+protease;Hemoglobin+hydrolysis;
hemoglobin+degrading;hemoglobin+degrade;
Hemoglobin+decomposition;
Hemoglobin+breakdown

2106

6 Hemocyanin Hemocyanin;crustacean 9780

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 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.

3. RESULTS

3.1 Viral proteins possessed the ability to bind to porphyrin and generate heme.

Porphyrin biosynthesis is the process in mitochondria and cytoplasm. The initial stages of
production is in Mitochondria. Three enzymes are involved in the production process:
aminolevulinic acid synthase, ALAS1, and ALAS2. In the cytoplasm, the intermediate synthesis
stage occurs. Porphobilinogen synthase, porphyrinogen deaminase, uroporphyrinogen III
synthetase, and uroporphyrinogen III decarboxylase work sequentially in the synthesis process.
The final stage of synthesis occurs in the mitochondria. The production process is carried out

https://link.springer.com/article/10.1007/s12026-021-09224-1
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sequentially by coproporphyrinogen III oxidase, protoporphyrinogen oxidase, and ferrochelatase.
The final product of ferrochelatase is heme The majority of mitochondrial synthesis sites are
transmembrane areas. If viral proteins are capable of synthesizing porphyrins, these enzymes
should be systematically possessed. The viral membrane is analogous to the mitochondrial
transmembrane area, while the viral cytoplasm is analogous. As a result, viruses may be able to
generate porphyrins via structural proteins. Because non-structural proteins contain both
transmembrane and non-transmembrane proteins, they may also produce porphyrin.

We obtained porphyrin-related sequences from the UniProt database and then compared the
viral proteins to the porphyrin-related sequences using the local MEME tool. We combined the
motif sequences by protein and domain due to the vast number of motif pieces. Table 2 and Table
3 summarizes the search results. Table 2 shows structural proteins possess enzymes synthesized
heme. Table 3 shows non-structural proteins possess enzymes synthesized heme. CysG_dimeriser
domain has ferrochelatase activity. Elp3 has the function of coproporphyrinogen III oxidase.
GlutR_dimer and GlutR_N are involved in the biosynthesis of tetrapyrrole and have
glutamyl-tRNA reductase and dimerization domain activities. HEM4 has uroporphyrinogen III
synthase activity. HemY_N is a bacterial HemY porphyrin biosynthetic protein, which can oxidize
coproporphyrinogen III and protoporphyrinogen IX. Porphobil_deam and Porphobil_deamC are
porphobilinogen deaminase. TP_methylase is a tetrapyrrole methylase.
Uroporphyrinogen_deCOase has uroporphyrinogen decarboxylase activity.

Table 2. SARS-COV-2 structural proteins possess enzymes synthesized heme
Protein Domain Motif Start End

S CysG_dimeriser KRVDFCGKGYH 1038 1048

ELGKYEQYIKWPWYIW 1202 1217

Elp3 WFHAIH 64 69

YYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDL

EGKQGNF

144 186

KMSECVLGQSKRVDFCGKGYHLMSFPQSAPH 1028 1058

QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCM

TSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK

1201 1269

GlutR_N WFHAIH 64 69

HWFVTQRNFYEPQ 1101 1113

KYEQYIKWPWYIW 1205 1217

HEM4 HKNNKSWM 146 153

KYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCS

CLKGCCSCGSCCKFDE

1205 1258

HemY_N GKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSC

CSCLKGCCSCGSCCK

1204 1255

Porphobil_deam VYYHKNNKSWM 143 153

KYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCM 1205 1237

Porphobil_deam

C

YYHKNNKSWM 144 153

KYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCS

CLKGCCSCGSCC

1205 1254

TP_methylase MQMAYR 900 905

GKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSC 1204 1248
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CSCLKGCC

Uroporphyrinog

en_deCOase

TWFHAIHV 63 70

YYHKNNKSWMESEFR 144 158

WNRKRIS 353 359

PFAMQMAYR 897 905

CGKGYHLM 1043 1050

PAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEP 1079 1112

IDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLC

CMTSCCSCLKGCCSCGSCCKFDEDD

1198 1260

E CysG_dimeriser

Elp3

LCAYCCNIVN 39 48

TLAILTALRLCAYCCNIVNVSLVKPSFYVYSRVKNLNS

S

30 68

GlutR_dimer CAYCCNIVNVSLVKPSFY 40 57

GlutR_N TALRLCAYCCNIVNVSLVKPSFYVYSRVKNLNS 35 67

HEM4 RLCAYCCNIVNVSLVKPSFYVYSRVKN 38 64

HemY_N CAYCCNIVNVSLVKPSFYVYSRVK 40 63

Porphobil_deam ILTALRLCAYCCNIVNVSLVKPSFYVYSRVKNLNSS 33 68

Porphobil_deam

C

TALRLCAYCCNIVNVSLVKPSFYVYSRVKNLNSS 35 68

TP_methylase RLCAYCCNIVNVSLVKPSFYVYSRVKNLNSSRVPD 38 72

Uroporphyrinog

en_deCOase

TLAILTALRLCAYCCNIVNVSLVKPSFYVYSRVKNLNS

SR

30 69

M Elp3 SMWSFNPETNILLNVPLH 108 125

HLRIAGHHLGRCDIKDLPKEITVATS 148 173

YSRYRIGNYKLNTDHSSSSDN 196 216

GlutR_N MACLVGLMW 84 92

MWSFNPE 109 115

HEM4 MWSFNPET 109 116

Porphobil_deam MWSFNPE 109 115

HHLGRCDIKDLPKE 154 167

TP_methylase CDIKDLPKEITVATSRTLSYYK 159 180

KLNTDHSSSSDNI 205 217

Uroporphyrinog

en_deCOase

SMWSFNPE 108 115

HHLGRCD 154 160

N Elp3 NNTASWFTALTQH 47 59

DLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGK

MKDLSPRWYFYYLGTGPEAGLPYGANKDGIIWVATE

GALNTPKDHI

63 146

IRQGTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGT

WLTYTGAIKLDDKDPNFKDQVILLNKHIDAYKTFPPTE

PKKDKKKKADET

292 379

GlutR_N MKDLSPRWYFYYLGTGPE 101 118

IRQGTDYKHWPQI 292 304

SGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY 327 360
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HEM4 MKDLSPRWYFYYLG 101 114

DYKHWPQI 297 304

FKDQVILLNKHIDAYKTF 346 363

Porphobil_deam RWYFYYL 107 113

DYKHWPQIAQFAPSASAFFGMSRIGMEV 297 324

KHIDAYKTFPP 355 365

TP_methylase MKDLSPRWYFYYL 101 113

IRQGTDYKHWPQIAQFAPSASAFFGMSRIGMEV 292 324

Uroporphyrinog

en_deCOase

GDGKMKDLSPRWYFYYL 97 113

PRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQ

GTDYKHWPQIA

258 305

MSRIGMEVTPSGTWLTYT 317 334

Porphyrinogen deaminase, uroporphyrinogen III synthase, uroporphyrinogen III
decarboxylase, and coproporphyrinogen III oxidase domains are present in both structural and
non-structural proteins, as shown in Table 2 and Table 3. There were ferrochelatase domain
present. It indicates that structural and non-structural proteins can employ porphobilinogen as a
starting material for synthesizing heme, respectively. Multiple viral proteins collaborate to finish
the porphyrin production pathway. Due to the limitations of our analysis capabilities, we cannot
determine the relation of porphyrin synthesis between viral proteins. These enzyme activity
domains are linked to porphyrin. As a result, viral proteins can also interact with porphyrins via
these enzyme domains.
Table 3. SARS-COV-2 non-structural proteins possess enzymes synthesized heme
Protein Domain Motif Start End

ORF3a CysG_dimeriser CWKCRSKNPLLYDANYFLCWHTNCYDYCIPY 130 160

Elp3 QSINFVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTN

CYDYCIPYNSV

116 163

GlutR_N IMRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIP

YNSV

124 163

HEM4 NFVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTNCY

DYCIPYN

119 161

HemY_N WKCRSKN 131 137

NYFLCWHTNCYDYCIPYN 144 161

Porphobil_deam MRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIPY

NS

125 162

Porphobil_deamC MRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIPY

N

125 161

TP_methylase NFVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTNCY

DYCIPYN

119 161

Uroporphyrinogen

_deCOase

YFLQSINFVRIIMRLWLCWKCRSKNPLLYDANYFLCW

HTNCYDYCIPYNS

113 162

ORF6 CysG_dimeriser WNLDYIIN 27 34

Elp3 MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLS

KSLTENKYSQLDEEQPMEID

1 61

GlutR_N MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLS 1 61
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KSLTENKYSQLDEEQPMEID

HEM4 MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLS

KSLTENKYSQLDEEQPM

1 58

HemY_N FQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLSKSLTEN

KYS

7 50

Porphobil_deam MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLS

KSLTENKYSQLDEEQPME

1 59

Porphobil_deamC TFKVSIWNLDYIINLIIKNLSKSLTENKYSQLDEEQPME 21 59

TP_methylase MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYIINLIIKNLS

KSLTENKYSQLDEEQPMEID

1 61

Uroporphyrinogen

_deCOase

MRTFKVSIWNLDYIINLIIKNLSKSLTENKYSQLDEEQP

ME

19 59

ORF7a Elp3 TCELYHYQECVRGT 14 27

TYEGNSPFHPLADNKFALTCFSTQFAFACPDGVKHVY

Q

39 76

GlutR_N TCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLAD

NKFALTCFSTQFAFACPDGVKHVYQLRARSVSPKLF

14 87

HEM4 TCELYHYQEC 14 23

KEPCSSGTYEGNSPFHPLADNKF 32 54

QFAFACPDGVKHVYQ 62 76

HemY_N PCSSGTYEGNSPFHPLADNKFALTCFSTQFAFAC 34 67

Porphobil_deam CELYHYQECVRGTTVLLKEPCS 15 36

Porphobil_deamC YHYQEC 18 23

NSPFHPLADNKFALTC 43 58

TP_methylase YHYQEC 18 23

YEGNSPFHPLADNKFALTCFSTQ 40 62

SVSPKLFIRQEEVQELYSPI 81 100

Uroporphyrinogen

_deCOase

ATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLA

DNKFALTCFSTQFAFACPDGVKHVYQLR

13 78

ORF7b CysG_dimeriser DFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCH 8 42

Elp3 MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNET

CH

1 42

GlutR_N MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNET

CH

1 42

HEM4 MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNET

CHA

1 43

HemY_N IDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCH 7 42

Porphobil_deam MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNET

CHA

1 43

Porphobil_deamC IMLIIFWFSLELQDHNETCHA 23 43

TP_methylase MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNET

CHA

1 43

Uroporphyrinogen

_deCOase

MIELSLIDFYLCFLAFLLF 1 19
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IMLIIFWFSLELQDHNETCHA 23 43

ORF8 CysG_dimeriser HFYSKWYI 40 47

Elp3 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCP

IHFYSKWYIRVGARK

1 53

CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLV

VRCSFY

61 105

GlutR_N CSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGA 20 51

KSPIQYIDIGNYTVSCLPFTINCQEPK 68 94

HEM4 QSCTQHQPYVVDDPCPIHFYSKWYIRVGARK 23 53

HemY_N PIHFYSKWYIR 38 48

SKSPIQYIDIGNYTVSCLPFTINCQEPK 67 94

Porphobil_deam SCTQHQPYVVDDPCPIHFYSKWYIR 24 48

IELCVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPK 58 94

Porphobil_deamC TVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWY 12 46

TP_methylase FHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGAR

K

16 53

KSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYE

DFLEY

68 111

Uroporphyrinogen

_deCOase

FHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGAR 16 52

GSKSPIQYIDIGNYTVSCLPFTINCQ 66 91

ORF10 CysG_dimeriser FAFPFTIYSLLLCRMNSRNYI 7 27

Elp3 MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFN 1 36

GlutR_N MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFN 1 36

HEM4 MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNL 1 37

HemY_N MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNF 1 35

Porphobil_deam MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFN 1 36

Porphobil_deamC MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNLT 1 38

TP_methylase MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNL 1 37

Uroporphyrinogen

_deCOase

MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFN 1 36

nsp2 Elp3 RGVYCCREHEHEIAWY 46 61

CHNKCAYW 236 243

GlutR_N CCREHEHEIAW 50 60

Porphobil_deam CCREHEHE 50 57

TP_methylase REHEHEIAW 52 60

Uroporphyrinogen

_deCOase

YCCREHEHEIAWYTERS 49 65

nsp3 HEM4 NTWCIRCLW 1188 119

6

HEM4 WLMWLIINLVQMAPISAMVRMYIFFASFYYVW 1545 157

6

TP_methylase ACIDCSARHINAQVAKSHNIALIW 1872 189

5
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Uroporphyrinogen

_deCOase

GRYMSALNHTKKWKYPQVNGLTSIKWADNNCY 826 857

nsp4 Elp3 AHIQWMVMFTPLVPFWITIAYIICISTKHFYWFFS 361 395

HEM4 AHIQWMVMFTPLVPFWITI 361 379

nsp6 CysG_dimeriser WVMRIMTW 90 97

Uroporphyrinogen

_deCOase

AYFNMVYMPASWVMRIMTWLDM 79 100

nsp10 Elp3 SCCLYCRCHIDHPN 72 85

HEM4 YCRCHIDHPNP 76 86

2'-O-rib

ose

methyltr

ansferas

e

Elp3 AMPNLYKMQRM 10 20

Uroporphyrinogen

_deCOase

MGHFAWW 184 190

3C-like

proteina

se

GlutR_N YMHHME 161 166

3'-to-5'

exonucl

ease

CysG_dimeriser AKPPPGDQFKHLIPLMYKGLPW 138 159

Elp3 CWHHSIGFDYVYNPFMIDVQQWGFTGNLQSNHDLYC

QVHGNAH

226 268

GlutR_N YACWHH 224 229

HEM4 GYPNMFITREEAIRHVRAW 68 86

WHHSIGFDYVYNPFMIDVQQWGFTGNLQSNH 227 257

HHANEYRLYLDAYNMMISAGFSLWVYKQF 486 514

TP_methylase PPPGDQFKHLIPLMYKGLPWNVVR 140 163

Uroporphyrinogen

_deCOase

MGFKMNYQVNGYPNMFITREEAIRHVRAWIGFDVEG

CH

58 95

WHHSIG 227 232

CRHHANEY 484 491

helicase Elp3 RCGACIRRPFLCCKCCYDHVISTSHK 15 40

Uroporphyrinogen

_deCOase

GPDMFLGTCRRC 433 444

leader

protein

Uroporphyrinogen

_deCOase

PHGHVM 80 85

RdRP Elp3 PHEFCSQHTMLVKQGDDYVYLPYP 809 832

Porphobil_deam ENPHLMGWDYPKCDRAMPNM 610 629

Uroporphyrinogen

_deCOase

YSDVENPHLMGWDYPKCDRAMPNMLRIMA 606 634

3.2 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 a
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



13

the Haem_bd (PF14376) domain. H connects to the iron in heme, while two Cs bind to
porphyrin(92). 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.

Table 4．Haem_bd domain of SARS-COV-2 viral protein
Protein Alias Haem_bd Motif Start END

S A WFHAIH 64 69

B NFTTAPAICHDGKAHFPRE 1074 1092

C 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

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 Fe
binding sites, 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.

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

N 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

3.3 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
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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.

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 CEFQFCNDPFLGVYYHKNNKSWMESEFR 131 158

B YIKWPWYIWL 1209 1218

NEAT A KWPWYIWLGFIAGLIAIVMVTIMLCCMT 1211 1238

E NEAT A LRLCAYCC 37 44

N Eryth_link_C A YKHWPQIAQF 298 307

NEAT A RWYFYY 107 112

B ELIRQGTDYKHWPQI 290 304

ORF3a NEAT A NFVRIIMRLWLCWKCRSKNPLLYDANYFLC

WHTNCYDYCI

119 158

ORF6 Eryth_link_C A ILLIIMRTFKVSIWNLDYIINLIIKNLSKSLTEN

KYSQLDEEQPMEI

14 60

NEAT A ILLIIMRTFKVSIWNLDYIINLIIKN 14 39

ORF7a NEAT A CELYHYQECVR 15 25

ORF7b Eryth_link_C A MLIIFWFSLELQDHNETCH 24 42

NEAT A MLIIFWFSLELQDHNETCHA 24 43

ORF8 Eryth_link_C A AFHQECSLQSCTQHQPYVVDDPCPIHFYSKW

YIRVGARK

15 53

NEAT A FHQECSLQSCTQHQPYVVDDPCPIHFYSKWYI

RVGARKSAPLIELCVDEAGSKSPIQYID

16 75

ORF10 Eryth_link_C A MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDV

VNF

1 35

NEAT A MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDV

VNFN

1 36

nsp6 Eryth_link_C A FNMVYMPASWVMRIMTW 81 97

nsp10 Eryth_link_C A FGGASCCLYCRCHIDH 68 83

RdRP Eryth_link_C A ENPHLMGWDYPKCDRAMPNMLRIM 610 633

2'-O-ribose

methyltrans

ferase

NEAT A MGHFAWWTAF 184 193

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, ORF8, 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, ORF8, ORF10, respectively. Because
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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
proteins involved in membrane integration. The NEAT domains of S, E, N, ORF3a, ORF6, ORF7a,
ORF7b, ORF8, 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, ORF10 have a longer
NEAT capable of binding and capturing hemoglobin.

3.4 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 IgA1, MEROPS accession number
MER0000278. Peptidase S6 domains are found in the IgA-specific serine endopeptidase
autotransporter of Neisseria gonorrhoeae, the immunoglobulin A1 protease autotransporter of
Haemophilus influenzae, and the hemoglobin binding protease Hbp autotransporter of pathogenic
Escherichia coli. In contrast to IgA peptidases (Family S6 contains Neisseria and Haemophilus
IgA1-specific endopeptidases), Enterobacter sp. (SPATE) peptidases have not been demonstrated
to cleave IgA1. SPATE proteins are all highly immunogenic, and each SPATE member is one of
the pathogen's most prominent secreted proteins. Human IgA1 is cleaved by the bacterial IgA1
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 a result of this. 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 IgA1, 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, ORF8, 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 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, ORF8, S, and N, as well as others, have a more significant number of autotransporter
domains(90). As a result, ORF3a functioned as an IgA1 peptidase and a hemoglobin protease.



16

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 MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCH 1 42 -

ORF8 PYVVDDPCPIHFYSKWYIRVGARKSAPLI 30 58 -

ORF10 MGYINVFAFPFTIYSLLLCRMNSRNY 1 26 -

3.5 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
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 NEAT
domain found in the search results. As shown in Table 8, ORF3a's NEAT 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.

Table 8. ORF3a's NEAT domain come from Isd proteins
Protein Motif Start End

Cell surface protein IsdA, transfers

heme from hemoglobin to apo-IsdC

NFVRIIMRLWLCWKCRSKNPLLYDANYFLCW

HTNCYDYC
119 157

Heme uptake protein IsdC
MRLWLCWKCRSKNPLLYDANYFLCWHTNCY

DYCI
125 158

Iron-regulated surface determinant

protein H ( IsdH)
FVRIIMRLWLCWKCR 120 134

3.6 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 IsdI strains of S. aureus. IsdG and IsdI are
heme-degrading enzymes that resemble monooxygenases structurally. This domain is also found
in the MhuD heme-degrading monooxygenase from Mycobacterium tuberculosis. HemS/ChuX
(IPR007845) is a protein that degrades heme. ABM monooxygenases (IsdG and IsdI) 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 also is 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
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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 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 "YDYCIPYNSV" 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.

Table 9. ORF3a protein has a heme-degrading domain.
Domain Motif Start End

ABM NFVRIIMRLWLCWKCRSKNPLLYDANYFLCWHTNC 119 153

HemS IMRLWLCWKCRSKNPLLYDANYFLCWHTNCYDYCIPYNSV 124 163

3.7 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 comprises densely packed IsdA, IsdC, and IsdH domains. The NEAT domain
contains the heme-binding motif "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 motif
"CWKCR" and "CYDYC". The HemS domain is overlaps to 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 like that of Plasmodium falciparum. ORF3a formed ion channels by
binding cytoskeletal proteins such as spectrin in red blood cell membranes. The HemS, NEAT,
Peptidase S6, and ABM domains were positioned near the cytoplasm in the erythrocyte inner
membrane. ORF3a interacted with the hemoglobin protein via the NEAT structure. The NEAT
domain possessed the IsdA, IsdC, and IsdH functions. ORF3a might be linked to 1-alpha-Hb via
the IsdH domain of the NEAT domain, then the IsdH domain of the NEAT domain was 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 cleaved the tetrapyrrole ring of heme via the
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HemS or ABM domain in the presence of NADPH-cytochrome P450 reductase to liberate iron.
Due to the Isd domains of ORF3a, hemoglobin attacked by ORF3a might preserve the majority of
its natural domain while exhibiting reduced oxygen transport function.

Figure 1. Domains' three-dimensional distribution of ORF3a (PDBID: 6xdc) binding to
hemoglobin and cleavage heme. A. ORF3a contains two heme-binding motifs. B. The ORF3a
NEAT domain binds hemoglobin, including IsdA, IsdC, and IsdH. C. ORF3a Peptidase S6 domain
catalyzes the degradation of the hemoglobin. D. ORF3a HemS domain catalyzes the dissociation
of heme into the iron and porphyrin. HemS is overlapped to the ABM domain. In the presence of
NADPH-cytochrome P450 reductase, HemS and ABM split the tetrapyrrole ring of heme and
liberate iron.

3.8 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
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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.

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

TSCCSCLKGCCSCGSCCKF
1201 1256

Hemocyanin_M A WFHAIH 64 69

B YYHKNNKSWMESEFRVY 144 160

C CTMYICGDSTEC 738 749

D FAMQMAYRF 898 906

E PAQEKNFTTAPAICHDGKAHFPREG 1069 1093

F
ELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMT

SCCSCL
1202 1244

Hemocyanin_N A KWPWYIWLGFIAGLIAIVMVTIMLCCMTSCC 1211 1241

Tyrosinase_Cu-bd A PAICHDGKAHFPREG 1079 1093

B YEQYIKWPWYIW 1206 1217

C MVTIMLCCMTSCCSCLKGCCSCGSC 1229 1253

Figure 2. Schematic diagram of the crystal structure positions of the Hemocyanin_M,
Hemocyanin_N, and Tyrosinase_Cu-bd domains of the S protein (PDBID: 6vyb).



20

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).
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_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 ThenTyrosinase Cu-bd B-C bind
to copper. After Tyrosinase Cu-bd A-C bind copper, S protein exhibits hemocyanin activity.

3.9 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 Delta(91). 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
within the N-terminal Hemocyanin_M domain. Delta has the Tyrosinase_Cu-bd domains in C- and
N-terminal Hemocyanin _M domains.



21

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

Protein Domain
Alia

s
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 VYYHKNNKSWMESEFRVYSSANNCTFEYVS

QPFLMD

130 165

C CTMYICGDSTEC 725 736

D FAMQMAYRF 885 893

E CGKGYHLM 1030 1037

F PAQEKNFTTAPAICHDGKAHFPREGVFVSNG

THWF

1056 1090

Hemocyanin_N A WFHAIH 51 56

Tyrosinase_Cu-bd A WFHAIHV 51 57

B IKVCEFQFCNDPFLGVYYHKNNKSWME 115 141

C PAICHDGKAHFPREG 1066 1080

Omicro S Hemocyanin_C A HKNNKSWM 141 148

B RVDFCGKGYHLMS 1036 1048

C ICHDGKAH 1078 1085

D RKDGEWVLLSTFLGRSLEVLFQGPGHHHHHH

HHSAWSHPQFE

1222 1263

Hemocyanin_M A CEFQFCNDPFLDHKNNKSWMESE 129 151

B MTKTSVDCTMYICGDSTEC 728 746

C WTFGAGPALQIPFPMQMAYR 883 902

D TFLGRSLEVLFQGPGHHHHHHHHSAWSHPQF

EKGGG

1232 1267

Hemocyanin_N A FQGPGHHHHHHHHSAWSHPQFEK 1242 1264

Tyrosinase_Cu-bd A PAICHDGKAHFPREG 1076 1090

B GPGHHHHHHHHSAWSHPQFEKG 1244 1265

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
SARs2 patients. Omicro S developed into a hemocyanin-like protein capable of carrying oxygen
molecules but lacking immunological agglutination and phenoloxidase functions. This may
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explain why Omicro patients experience fewer severe symptoms and no apparent respiratory
distress.

Figure 3. Comparison of hemocyanin activity-related regions of SARs2, Delta, and Omicro S
proteins. IBS tools are used to create the diagram(92).

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(92).

4 Discussion

4.1 S and E protein bind porphyrin to cause high viral infection

The furtherevolution of the novel coronavirus also displays some paradoxical characteristics.
The current theory reveals that the novel coronavirus binds to the human ACE2 receptor through a
spike protein. The novel coronavirus enters human cells in the form of phagocytosis. The novel
coronavirus pneumonia is highly contagious. What causes the high infectivity of the novel
coronavirus? The structural proteins S, M, E, and N have the production and binding domains of
porphyrin, according to the research.We believe that in addition to the invasive method of
spike-ACE2, it should maintain the original invasive pattern. Medical workers have detected the
novel coronavirus from urine, saliva, feces, and blood sincethe 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. Therefore, the novel coronavirus may also directly penetrate the
human cell membrane through linking 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 genders. 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
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pneumonia are themiddle-aged and older adults, whilemany 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, 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 sure 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 body 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 unobvious
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 proved by clinical and experimental research.

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. We discovered that proteins such as S have a melanoma domain
during our search for antigen and membrane fusion domains. 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 was mutated. We believe that the SARS-COV-2 virus is
highly carcinogenic based on these comprehensive characteristics.

5. Conclusion

Investigating the factors underlying decreased respiratory function in COVID-19 patients
may aid in the saving of many lives. The conserved domain search method was used to investigate
the biological roles of certain SARs-COV-2 proteins. The findings indicate that the SARS-COV-2
virus proteins contains regions capable of binding porphyrin and synthesizing heme. S and
ORF3a have the ability to bind to hemoglobin. ORF3a's Arg134 and E's Cys44 have heme-iron
binding sites, respectively. ORF3a contains Haem bd, NEAT (IsdA, IsdC, and IsdH), Peptidase S6,
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ABM, and HemS domains. All are found across the "CWKCR" heme-binding site. It indicates that
the ORF3a protein can bind to the hemoglobin 1-beta chain and collect and degrade heme into
iron and porphyrin. The S protein exhibits hemocyanin-like activity and can transport oxygen
molecules via copper binding. The S is triggered by binding to copper oxygen, producing melanin
and activating the human immune response through phenoloxidase domains. In patients with
COVID-19, the ORF3a protein's action to attack hemoglobin and degrade heme caused respiratory
tissues and organs damage. It resulted in a range of respiratory distress and coagulation symptoms
in patients, as well as a disruption of normal heme metabolism. However, the oxygen-carrying
activity of the S protein's hemocyanin-like domain enhanced the patient's respiration function. The
S protein's phenoloxidase function was decreased or missing in the Delta and Omicron viriant,
resulting in a weaker immunological response and greater immune escape. However, the ability of
ORF3a to target hemoglobin was not diminished. The mutant virus utilized the S protein's
high-efficiency oxygen transportability to reduce respiratory distress symptoms in patients.
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