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Abstract

Diabetes and obesity are important factors that make COVID-19 worse. Lipopolysaccharide
activates the natural immune system response in obese and diabetic patients’ adipose tissue and
increases the risk of susceptibility and severity of COVID-19. In this study, bioinformatics
techniques such as domain search and molecular docking were used to study the relationship
between the ORF7a protein of the SARS-COV-2 virus and lipopolysaccharide. The results show
that the transmembrane protein ORF7a has ABC transporter domains: ATP binding and ABC
transmembrane domains. The ABC transport domain of ORF7a transported molecules such as
metal ions, heme, nucleosides, amino acids, oligopeptides, sugars, vitamins, salts, alkalis etc..
Moreover, it had a multi-drug efflux function. ORF7a also has lipopolysaccharide synthesized
domains. It bound the lipopolysaccharide synthesized by ORF7a to CD14 molecule through
lipopolysaccharide-binding protein (LBP) to activate CD14" monocytes. The extracellular ORF7a
with the N-terminus and C-terminus cut off still has the BPI11/LBP domain (“CELYHYQECVR”)
and two ATP-binding motifs (“HYQEC” and “TYEGNS”). The extracellular ORF7a had a similar
function of LBP, binding and activating CD14" monocytes with the help of two ATP-binding
structures. We speculated that cells infected by the SARS-COV-2 virus often used its surface
lipopolysaccharides to build expanded barriers to resist T cells, NK cells, and drugs. More
lipopolysaccharides also activated CD14" monocytes to release various inflammatory factors,
damaging adipose and vascular endothelial tissue to induce diabetes and hypertension.
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1. Introduction

Diabetes and obesity are susceptible to COVID-19 disease!, and are also essential factors in
the transition to the worsening of COVID-19 condition® 3. COVID-19 makes infected people
susceptible to hyperglycemia; high blood sugar modulates immune and inflammatory responses®.
Obesity is related to the accumulation of macrophages in white adipose tissue (WAT), contributing
to the development of insulin resistance. Intestinal flora induces the collection of
lipopolysaccharide (LPS)-dependent macrophages in WAT, the damage to systemic glucose
metabolism®. Therefore, it is vital to study the pathological mechanism of the susceptibility and
severity of COVID-19 in patients with diabetes and obesity caused by endotoxin
(lipopolysaccharide)® and LPS-dependent macrophage.

Past and inducible endotoxemia is a critical factor in the severity of the COVID-19 outcome.



Lipopolysaccharide (LPS) is a biological macromolecule secreted by Gram-negative bacteria, the
pathogen of respiratory diseases’. Lipopolysaccharide is also an outer membrane glycolipid and
innate immune response inducer of Gram-negative bacteria®. The close packing of LPS molecules
in the outer membrane makes the membrane a strong permeation barrier, which protects cells from
the entry of many toxic compounds (including many clinically useful antibiotics).
Lipopolysaccharide is composed of hydrophobic lipid A, core polysaccharide, and O-specific
polysaccharide (O-antigen)°. The lipid A part represents part of the conserved molecular model of
LPS and handles most of the biological responses induced by LPS, such as pro-inflammatory
responses and septic syndrome!®. O antigen helps bacteria evade innate immune responses,
including phagocytosis and complement-mediated lysis'> 2. Lipopolysaccharide activates the
natural immune system response in the adipose tissue of patients with obesity and type 2 diabetes
and increases the risk of endotoxinism and disease’.

Patients with type 2 diabetes have significantly increased LPS levels and LPS activity. It
positively correlated LPS with inflammation markers and poor blood glucose/lipid control'®. Late
complications (such as massive albuminuria) exacerbate endotoxemia. Clinical reports have
shown that the level of LPS in the plasma of patients with severe COVID-19 is increased, and the
level of endotoxin is significantly increased'*. Lipopolysaccharides (LPS) in the blood also induce
reactions by interacting with lipopolysaccharide-binding protein (LBP) in the serum!'>. LBP levels
of obesity are also high'®. It closely related serum LBP levels to the hospitalization rate of
COVID-19 patients!”. LBP’s plasma levels in hospitalized COVID-19 patients with obvious
cardiology are initially high and remain high during hospitalization'®. It shows that SARS-CoV-2
infection causes an increase in endotoxemia of infected individuals. SARS-CoV-2 infection also
induces a “leaky gut” state!>. SARS-CoV-2 RNA is found in stool samples of hospitalized
COVID-19 patients, and it reported diarrhea symptoms?’. Therefore, the intestinal state caused by
endotoxemia is a chronic sequelae of COVID-19.

The core receptors that recognize lipopolysaccharides are CD14, TLR4, and MD-22! 22, The
receptor CD14 of lipopolysaccharide LPS exists in two forms: soluble form (sCD14) and
membrane-associated (mCD14). Soluble CD14 (sCD14) plays an important role in enhancing the
signal response to LPS in cells lacking CD14 on the cell membrane (mCD14)?. It increased serum
levels of soluble CD14 in asymptomatic patients infected with HIV or lymphadenopathy in
normal controls?*. In SARS-CoV-2 infected patients admitted to the hospital, serum soluble
sCD14 levels were also observed presents an increasing state>>. mCD14 is regarded as a useful
marker molecule for monocytes and macrophages, and it plays an important role in binding the
LPS-LBP complex and signal transduction?®. mCD14 binds to lipopolysaccharide and presents it
to the TLR4/MD-2 complex, which starts intracellular signaling?’. The number of cell surface
receptor mCD14 plays a significant role in developing sepsis®®.

mCD14 is involved in the activation of monocytes induced by lipopolysaccharide(LPS).
mCD14 is a bone marrow monocyte differentiation antigen expressed by monocytes, macrophages,
and activated granulocytes®. For example, mCD14-positive monocytes increase osteoclast bone
resorption by 2-4 times, and osteoclasts are mainly derived from mCD14-positive monocytes*’.
The lipopolysaccharide(LPS) in the blood induces the reaction by interacting with the
lipopolysaccharide binding protein (LBP) in the serum. Then the complex stimulates the
monocyte surface differentiation antigen mCD14 protein'>. Human monocyte mCDI14 is
upregulated by lipopolysaccharide®!. A low LBP concentration enhances LPS-induced monocyte



activation, while the acute phase increase of LBP concentration inhibits LPS-induced cell
stimulation®?. A decrease in plasma LBP is a surrogate marker for an increase in circulating LPS33,
In poorly controlled diabetes, mCD14* monocytes are functionally activated, and markers of
myeloid differentiation of monocytes and macrophages are detected’*.

LBP is a catalyst that catalyzes the binding of LPS to CD14. The N-terminal region is first
combined with LPS to form an LPS monomer LBP complex (similar to the substrate enzyme
complex), and then the C-terminal region of LBP and CD14 binds to form the LPS/LBP/CD14
complex. LBP escapes from the complex of 3 molecules and enters the next cycle to create the
LPS/CD14 complex®. One way is to stimulate monocytes, macrophages, and neutrophils through
the LPS/LBP complex receptor’® (membrane CD14, mCD14) on the cells' membrane to secrete
and produce TNF, IL-1, And IL6, and other cytokines, enhancing cell adhesion function and
creating inflammation reactions’’. Another way is soluble CD14 (soluble CD14, sCD14) activates
and damages endothelial cells and epithelial cells, and other cells that do not contain mCD14,
resulting in a series of biological effects such as inflammation and blood coagulation 3,

Pro-inflammatory macrophage differentiation is a process that promotes the pathology of a
wide range of diseases*. Monocytes are circulated innate immune cells and the main participants
in cytokine storm and related pathology in COVID-19%, The signal transduction receptor CD14 of
LPS is a key marker and a promoter of pro-inflammatory macrophages’ function. CD14*CD16"
inflammatory monocyte subpopulations are found more frequently in COVID-19 patients.
CD14*CD16" monocytes also show high levels of IL-6 expression, which speed up the process of
systemic inflammation*!> 2. After being infected with SARS-CoV-2, these people often show
hypercytoemia. It indicates that SARS-CoV-2 induces white blood cells to respond to
lipopolysaccharide (LPS), and secret cytokines such as tumor necrosis factor-a (TNF-alpha) and
interleukin 1 (IL-1)". Excessive secretion of TNF-a causes endotoxin shock, usually a fatal
complication'?.

After endothelial cells interact with the LPS binding protein and soluble CD14 in plasma,
LPS can directly activate the cells. Molecules such as tumor necrosis factor-o and interleukin 1
also activate endothelial cells, providing an indirect activate way for LPS-dependent endothelial
cell activation®. The vascular endothelium activated by lipopolysaccharides and cytokines
observed during sepsis plays an essential role in organ inflammation and blood leukocyte
recruitment. The increased mCD14 intensity expression on circulating monocytes may be vital to
the increased inflammatory response observed in patients with the arterial disease*. Activated
monocytes also show an increased ability to attach to normal endothelial cells, one of the early
stages of atherosclerosis®®. As we all know, arteriosclerosis matters in inducing hypertension.
Therefore, if the endotoxin (LPS) of COVID-19 patients cannot be effectively controlled,
hypertension may also be induced.

The severity of HIV#® and dengue virus*’ infections is also related to the level of endotoxin
(LPS) in the human body. Lipopolysaccharide activates CD14" Monocytes. Monocytes are innate
immune cells that participate in the complex inflammatory response after migrating to tissues and
lymphoid organs, including phagocytosis, antigen presentation, and cytokine secretion®.
Structural insight reveals that SARS-CoV-2 ORF7a is an immunomodulatory factor of human
CD14" monocytes®. The SARS-CoV-2 ORF7a extracellular domain (residues 14-96) binds to
CD14* monocytes derived from human peripheral blood mononuclear cell(PBMC) with the
highest efficiency, but the binding molecule could not be determined. The combination of ORF7a



and CD14 monocytes inhibits the antigen presentation ability of these monocytes. SARS-CoV-2
ORF7a triggers CD14" monocyte antigen presentation inhibition. Orf7a has the ZF domain
‘CELYHYQEC’. The ORF7a with the Cys-rich accessory protein may be associated with
zinc-binding and interaction of cell antigens (can be activated by a wide range of disulfide)
30, SARS-CoV-2 ORF7a is an immunomodulatory factor combined with immune cells and triggers
a severe inflammatory response. SARS-CoV-2 ORF7a is incubated with CD14" monocytes. In
vitro, it starts the reduction of HLA-DR/DP/DQ expression level and promotes cytokines,
including IL-6, IL-1pB, IL-8 and TNF-a®'. Among hospitalized patients diagnosed with COVID-19,
especially in intensive care unit patients, the percentage of peripheral blood CD14*CDI16"
inflammatory monocytes is higher®. In mild and severe COVID-19 patients, the IL-6 production
of inflammation CD14*CD16* monocytes increased significantly, indicating that monocytes are a
key factor in the cytokine storm™.

The SARS-CoV2 ORF7a protein has a conserved Ig immunoglobulin-like fold, which
contains an integrin-binding site, providing a mechanistic hypothesis for the interaction between
SARS-CoV2 and the human immune system. The SARS-COV ORF7a expressed in vitro causes
apoptosis®* through a caspase-dependent pathway®’, inhibiting cell protein synthesis, and
preventing cell cycle progression in GO/G1 phase®®, and activating NF-kB>". It improves IL-8
promoter activity, activate of p38 MAP kinase®®. ORF7a protein is in the endoplasmic reticulum
and Golgi apparatus of ORF7a ¢cDNA transfected cells and SARS-CoV1 infected cells®. ORF7a
may trigger apoptosis by directly interfering with the pro-survival function of Bcl-X. The two
proteins show co-localization in the plasma reticulum and mitochondria®*. Then SARS-CoV-2
ORF7a may reduce the functional mitochondria®. SARS-CoV-2 ORF7a and SARS-CoV ORF7a
have the same ER retention motif (KRKTE sequence), which indicates that SARS-CoV-2 ORF7a
can be incorporated into the viral envelope as structure protein. It has involved ORF7a in immune
regulation. But the truncation of the C-terminus negates the anti-immune activity of the protein,
which leads to an increased response of type I interferons to viral infections®’. ORF7a
polyubiquitination is mainly formed by K63-linked ubiquitin chains. Then ORF7a can inhibit type
I interferon (IFN-I) signaling through STAT2 phosphorylation®?. In addition, ORF7a of
SARS-CoV-2 interacts with ribosomal transporters HEATDR3 and MDN1%, and has been shown
to inhibit cell translation in SARS-CoV3%.

The slight sequence similarity suggests that ORF8 and ORF7a have the same
immunoglobulin-like fold, confirmed by structural determination®. The SARS-CoV Ig-like virus
protein ORF7a interacts with immune cells because of its interaction with the integrin LFA-1 .
SARS-CoV2 ORF7a has the critical structural required to bind LFA-1 Cluster and has the
associated leukocyte integrin Mac-1 (also known to be expressed by macrophages). The
accumulation of ORF7a protein in cells limits the transport of LFA-1/Macl integrins to the cell
membrane and reduces LFA-1/Mac-1 dependent cell signal transduction, which is an essential
cascade of white blood cell function. These include the type Il integral membrane protein
BST2/tetherin, which is found to prevent virus release and is targeted by the SARS-CoV-2 ORF7a
protein to escape immunity®®.

These different research results indicate ORF7a has a variety of biological activity. So it
requires in-depth study of its structure and function. The activity regulation of CD14" monocytes
is usually associated with endotoxin (lipopolysaccharide, LPS). The ABC transporter-dependent
mechanism of lipopolysaccharide biosynthesis is a widespread form®”. In humans, 14 ABC-related



genes have been reported to be causally related to human diseases, including persistent and
hyperinsulinemic hypoglycemia®®. The SARS-CoV 7a protein is a type I 122-aa membrane
protein®®. The extracellular domain has a typical 7-strand B sandwich fold and a flexible and
unstructured region of the immunoglobulin superfamily®. The ORF7a protein of SARS-CoV-2
has a similar three-dimensional structure, with residues 80-83 spanning the aa lumen domain’.
These cavities suggest that ORF7a may have the function of transmembrane molecular transport.
Therefore, we believe that ORF7a may have the function of ABC-transporter.

This study adopted motif search, and molecular docking methods to study the SARS-CoV-2
virus protein. The results showed ORF7a had the domains of ABC transporter: ATP binding
domain and transmembrane domain. The ABC transport domain of ORF7a transported molecules
such as metal ions, heme, and had a multi-drug efflux function. ORF7a also has
lipopolysaccharide synthesized domains. The extracellular ORF7a with the N-terminus and
C-terminus cut off still has the BPI11/LBP domain (CELYHYQECVR) and two ATP-binding
motifs (“HYQEC” and “TYEGNS”). Extracellular ORF7a can bind to CD14 molecules like LBP.

2. Data sets and methods

2.1. Data set

1. The sequences of SARS-COV-2 protein. The SARS-COV-2 protein ORF7a.

2. The sequences of bacterial ABC-related and lipopolysaccharide-related proteins. We
downloaded the sequences of the 688,680 bacterial ABC-related proteins and 473,607
lipopolysaccharide-related proteins from the UniProt dataset. The search keywords are
“Bacterial+ ABC+transporter” and “Lipopolysaccharide”, respectively.

3. Crystal structures of extracellular ORF7a. we downloaded extracellular ORF7 (PDB ID:
7¢i3) from the PDB database.

4. Crystal structures of CD14. Human CD14 molecules (PDB ID: 4glp) and Mus musculus
CD14 molecules (PDB ID: 1IWWL)

2.2. Localized MEME tool to scan for conserved domains.

The analysis steps are listed as follows (for example “Bacterial+ ABC+transporter”) :

1. Download MEME from the official website and subsequently install in the virtual machine
ubuntu operating system. The virtual machine was VM 15.2.

2. Download the sequences of SARS-COV-2 protein from NCBI official website.

3. Download the fasta format sequence of ABC-related protein from Uniprot official website,
respectively. The search keyword was “Bacterial+ ABC+transporter”.

4. For each sequence in all ABC-related proteins, paired with each SARS-COV-2 protein
sequence to generate fasta format files for MEME analysis.

5. For the files generated in Step 4, a batch of 50000 was used to create several batches. It
was considered as the limited space of the virtual ubuntu system.

6. In ubuntu, searched the conserved domains (E-value<=0.05) of SARS-COV-2 protein and
ABC-related protein with MEME tools in batches.

7. Collected the result files of conserved domains. Find the domain name corresponding to
the motif from the uniprot database.

8. We analyzed the domains’ activity of the each SARS-COV-2 protein according to the



characteristics of the ABC-related protein domains.

2.3. Docking of Discovery Studio 2016

We used Discovery-Studio's protein docking (ZDOCK) to determine whether ORF7a and
CD14 were bound.

3. Results

3.1 ABC transport system of ORF7a protein

ABC transporter is first discovered in bacteria. It is a transport ATPase (transport ATPase) on
the bacterial plasma membrane and belongs to a large and diverse protein family. The ABC
transporter contains at least two conserved regions: a highly conserved ATP binding cassette (ABC)
and a less conserved transmembrane domain (TMD). In some bacterial transport proteins, these
regions are on different polypeptides. Most ABC transporters act as dimers and consist of four
domains: two ABC modules and two TMDs. ABC transporters usually comprise multiple subunits,
one or two of which are transmembrane proteins, and one or two are membrane-associated
AAA ATPase. The function of the intact inner membrane protein is to transport the substrate
across the membrane and to recognize the substrate’" 72, The ATPase subunit binds the adenosine
triphosphate (ATP) and hydrolysis ATP to provide the energy required for substrate transport
across the membrane to absorb or export the substrate.

ABC transporter (ABC transporter) was first discovered in bacteria. It is a transport ATPase
(transport ATPase) on the bacterial plasma membrane. It belongs to a large and diverse protein
family. The ABC transporter contains at least two conserved regions: a highly conserved ATP
binding cassette (ABC) and a less conserved transmembrane domain (TMD). In some bacterial
transport proteins, these regions are located on different polypeptides. Most ABC transporters act
as dimers and consist of four domains, two ABC modules, and two TMDs. ABC transporters
usually consist of multiple subunits, one or two of which are transmembrane proteins. One or two
are membrane-associated AAA ATPase. The function of the intact inner membrane protein is to
transport the substrate across the membrane and to recognize the substrate (64, 65). ABC
transporter dimerizes by binding ATP. ATP is hydrolyzed and depolymerized. The substrate-bound
to it is transferred to the other side of the membrane through conformational changes. The ATPase
subunit uses the energy of adenosine triphosphate (ATP) binding and hydrolysis to provide the
energy required for substrate transport across the membrane to absorb or export the substrate.

We downloaded ABC protein-related sequences from the Uniprot database with the keyword
“Bacterial+t ABC+transporter”. Then used the local MEME tool to search for the conserved
domains of these proteins and ORF7a protein. In the initial search results, there were too many
motif fragments for one domain. For the convenience of analysis, we had merged the motif
sequences by domain. The search results of domains and motifs related to the ABC transport
system are shown in Table 1. ORF7a has ATP binding domains (AAA, AAA 15, CBIO, CBS,
OppC_N, STAS, TOBE 2) and transmembrane domains (ABC transmembrane type-1, ABC
transporter, ABC tran_Xtn, ABC transp aux, ABC2_membrane). AMP-binding (Interpro entry:
IPR000873) is the AMP binding region’?. The ATP binding domain overlaps the transmembrane
domain.“MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLADNKFAL
TCFSTQFAFACPDGVKHVYQLRARSVSPKLFIRQEEVQELYSPIFLIVAAIVFT” (residues 1 -



110) motif has the function of ATP binding and ABC transmembrane transport.

ATP binding sites (ABC). The ATP binding sites are in AAA, AAA 15, CBIO, CBS,
OppC_N, STAS, TOBE 2 domains. AAA (Pfam: PF13173) is an ATPase’ related to a variety of
cellular activities, an ATP-dependent protein clamp that can achieve ATP-dependent proteasome
function and ATP-dependent anchoring of proteins. AAA (ATPases Associated with diverse
cellular Activities) protein couples the chemical energy provided by ATP hydrolysis with
conformational changes and converts it into mechanical force exerted on macromolecular
substrates”. The AAA protein of the cyclic P-ring NTPase exerts its activity through
energy-dependent remodeling or translocation of macromolecules’® 7. It involved AAA protein in
protein degradation and membrane fusion. The AAA domain contains two sub-domains, an
N-terminal alpha/beta domain that binds and hydrolyzes nucleotides (Rossmann fold) and a
C-terminal alpha-helix domain’®. AAA 15 (Interpro entry: IPR041685) is the AAA ATPase
domain, which contains a P-ring motif characteristic of the AAA superfamily”®. CBIO (Interpro
entry: IPR005876) is the cobalt transporter ATP binding subunit®®. CBS domain (Interpro) entry:
IPR000644) binds to ligands with adenosine groups®!, such as AMP, ATP, and S-AdoMet.
OppC_N (Interpro entry: IPR025966) is an oligopeptide transport permease C-like, N-terminal
domain, and is a highly conserved ATP binding cassette transporter>. The STAS (sulfate
transporter and AntiSigma factor antagonist) domain (Interpro entry: IPR002645) was found in the
C-terminal region of the bacterial anti-sigma factor antagonist (ASA) and SLC26 (SulP) anion
transporter. The STAS domain of ASA SpollAA binds GTP and ATP¥, and has weak NTPase
activity. The decisive sequence conservation shows that the STAS domain may have general NTP
binding activity. TOBE 2 (Interpro entry: IPR013611) is a transport-related OB, type 2, found in
the ABC transporter after the ATPase domain®*. In summary, we can see that there are two ATP
binding motifs in Table 1, “HYQEC” (residues 19-23) and “TYEGNS” (residues 39-44), the
former is at the N-terminal, and the latter is at at the middle near C-terminal. The sites of AAA 15,
CBIO, CBS, OppC_N, STAS, TOBE 2 domains are ATP binding regions. CBIO and TOBE 2
have two ATP binding sites at the N and middle, respectively. AAA 15 and CBS have a
N-terminal ATP binding site, and OppC_N and STAS have a middle ATP binding site. AAA spans
the ATP binding site and the TM binding site.

Transmembrane structure binding sites (TMD). The transmembrane structure binding
sites include ABC transmembrane type-1, ABC transporter, ABC tran Xtn, ABC transp aux,
ABC2_membrane domains. ABC transmembrane type-1 (Interpro entry: IPRO11527) represents
the transmembrane domain when the TMD and ABC regions are found in the same protein®’.
ABC transp aux (Interpro entry: IPR019196, Pfam: PF09822) belongs to the ABC type
non-characteristic transport system. This domain is found in various eukaryotic and prokaryotic
intraflagellar transporters and several hypothetical proteins involved in a gliding motion.
ABC2_membrane (Pfam: PF01061, Interpro entry: IPR013525) belongs to the transmembrane
structure of the ABC-2 transporter®®. ABC transporter (Pfam: PF00005, Interpro entry: IPR003439)
belongs to the ATP-binding cassette (ABC) superfamily, which uses the hydrolysis of ATP to
provide energy for various biological systems®”. The ABC transporter comprises at least two
conserved regions: the highly conserved ATP-binding cassette (ABC) and the less conserved
transmembrane domain (TMD). ABC tran Xtn (Interpro entry: IPR032781) is the
ABC-transporter extension domain bound to the ribosome to stabilize the interaction®. In
summary, the ABC transmembrane domain (TMD) of ORF7a in Table 1 is at sites 1-110, and the



first half of the sequence overlaps with the two ATP binding sites.

The type of ORF7a transport substance. We continued to sort out the “Bacterial + ABC +
transporter” domain’s search results, then summarized the ORF7a transportable substances and the
corresponding motifs (Table 2). Table 2 shows that ORF7a can transport metal ions (molybdenum,
cobalt), heme, purine nucleoside/riboflavin, amino acids (branched-chain amino acids Leu/Ile/Val,
methionine), oligopeptides, sugars(D-galactose, lactose), ribose, vitamins (Vb1/Vb2), periplasmic
solutes, salts (citrate, phosphate, C4-dicarboxylate, molybdenum sulfate), alkali (glycine betaine),
and other molecules. It has also multi-drug efflux function. The sites that achieve the transport
function are in the ABC transporter domain (residues 1-110).

The domains involved in transport are: Bmp domain (Interpro entry: IPR003760, PFAM:
PF02608) is a basic membrane lipoprotein and also a substrate-binding protein of ABC transporter.
Examples include PnrA (also known as TmpC or TP0319) and RfuA (also known as Tpn38 or
TP0298) from Treponema pallidum. PnrA transports purine nucleosides®®, while RfuA transports
riboflavin®, CBIO (Interpro entry: IPR005876) is the cobalt transporter ATP binding subunit®.
CitMHS domain (Interpro entry: PF16980) is citric acid salt transporter family belongs to the
NhaD-like permease superfamily of Na+/H+ antiporters. The DctM domain (Interpro entry:
[PR0O10656) is the DctM subunit of the TRAP C4-dicarboxylate transport system permease. The
C4-dicarboxylate transport system can absorb C4-dicarboxylates such as succinate, fumarate, and
malic acid’!. DctM is a complete membrane protein and one component of the periplasmic TRAP
vector?>. DUF3382 (PFAM: PF02653) is a high-affinity permease for the branched-chain amino
acid transport system®>. DUF3708 (PFAM: PF00528, Interpro entry: IPR035906) is the
D-methionine transport system permease protein Metl, the helix subset, observed in the larger
transmembrane subunits of the molybdate (ModBC) and maltose (MalFGK) ABC transporters®.
FtsX (Interpro entry: IPR003838, PFAM: PF02687) is an ABC3 transporter permease protein
domain. It is a heme transport system. The permease protein HrtB may be part of the ABC
transporter complex involved in the import of Hemin®. It is also the transmembrane protein LolC
of the lipoprotein release system?. FtsX ECD (Interpro entry: IPR040690) is the extracellular
domain (ECD) found in FtsX, which is a homolog of transmembrane PG hydrolase modulator®’.
HMA (Interpro entry:IPR006121) is a conserved domain found in many heavy metal transport or
detoxification proteins®®. MacB_PCD (Interpro entry: IPR025857) is a periplasmic core domain
found in various ABC transporters, similar to AcrB multidrug efflux transporters”. MatC N
(Interpro entry: IPR009827) is the N-terminal region of the dicarboxylate carrier protein MatC %,
MatC protein is a complete membrane protein that can be used as a malonate carrier. MFS
(Interpro entry: IPR011701) targets a wide spectrum of substrates, including ions, carbohydrates'®!,
lipids, amino acids and peptides, nucleosides and other small molecules in both directions across
the membrane'??. The NIL domain (Interpro entry: IPR018449) is at the C-terminus of the ABC
transporter involved in D-methionine transport and many ferredoxin-like proteins. The
NMT1/THIS series (Interpro entry: [IPR027939) are the substrate-binding components of the ABC
transporters of vitamins B1 and B2!', OppC N domain (Interpro entry: IPR025966) is the
N-terminal domain of oligopeptide transport permease C-like®?. OpuAC (Interpro entry:
IPR007210, PFAM: PF04069) is the ABC-type glycine betaine transport system '*. PBPb
(Interpro entry: IPR001638, SMART: SM00062) is the 3/N-terminal domain of the MItF
solute-binding protein family!®>. The PDGLE domain (Interpro entry: IPR025937) was also found
in the energy coupling factor transporter substrate capture protein NikMN, indicating that it may



play a role in metal transport. Peripla BP 4 (Interpro entry: IPR025997, PFAM: PF13407)
participates in the active transport of galactose!%, AI-2!%7) and acidic amino acids ' across the
plasma membrane of the solute. Peripla BP_6 (Interpro entry: IPR028081, PFAM: PF13458) is a
leucine binding protein and Leu / Ile/Val binding protein, the main receptor of the leucine
transport system!?”. SBP_bac_5 (Interpro entry: IPR000914) is involved in the active transport of
solutes across the plasma membrane''?. The SSD domain (Interpro entry: IPR000731) is a sterol
sensing domain''". The STAS domain (Interpro entry: IPR002645) is found in the C-terminal
region of the bacterial anti-sigma factor antagonist (ASA) and SLC26 (sulfate) anion transporter®3.
ABC transpr TagH (Interpro entry: [IPRO15860) participates in the export of teichoic acid!!? . The
TOBE 2 domain (Interpro entry: IPR013611, PFAM: PF08402) is related to the transport of
molybdenum (SWISSPROT: P46930) and sulfate (SWISSPROT: P16676) 8.

Lipoprotein release domains. We searched again from the above ABC domain results to
find the lipoprotein release domains. The SBP_bac 5 domain (residues 10-100) has lipoprotein
activity!®. Bmp (residues 15-25, 43-48, 51-82) is the membrane lipoprotein region''.
Peripla BP 4 (residues 14-78) and PBPb (residues 14-59) have membrane-anchored lipoprotein
activity 1% . FtsX (residues 10-24, 34-90) is the release position of lipoprotein!!4,

3.2 ORF7a protein could synthesize lipopolysaccharide

The translocation of LPS from the inner membrane IM to the outer membrane OM is
unidirectional''>. All components of LPS (lipid A, core, and O antigen) are synthesized on the
internal lobules of IM, where lipid A and core are connected to form the so-called rough LPS. The
rough LPS and O antigens pass through the IM independently and are ligated on the lobules of the
IM °. Then LPS is extracted from IM by ABC transporter.

We downloaded the protein sequence related to lipopolysaccharide from the UniProt database.
Then wused the local MEME tool to compare lipopolysaccharide-related proteins with
SARS-COV-2 protein ORF7a to find the conserved domains. We combined the motifs according
to the structural domains of the comparison results (Table 3). Table 3 shows that ORF7a can
synthesize Lipids, Core polysaccharide and O-specific polysaccharide and assemble the three
molecules into lipopolysaccharide. The sites involved in lipopolysaccharide synthesis are 1-120:
“MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLADNKFALTCFSTQ
FAFACPDGVKHVYQLRARSVSPKLFIRQEEVQELYSPIFLIVAAIVFITLCFTLKRKT”.

The relevant domains of synthetic lipopolysaccharide are: Acyl transf 3 domain (Interpro
entry: IPR002656) is the acyltransferase 3 domain. Acyl transf 3 includes NolL protein, and NolL
protein functions as an acetyltransferase!'®. Acetyltransferase is an important enzyme in the
process of lipid synthesis. The CTP_transf like domain (Interpro entry: IPR004821) is a cytidine
transferase-like domain. This protein family includes lipopolysaccharide core biosynthesis protein
KdtB!'®. The Glyco_transf 8C domain (Interpro entry: IPR013645) is at the C-terminus of the
glucosyltransferase and galactosyltransferase proteins. Glyco transf 8C has lipopolysaccharide
3-a-galactosyltransferase activity, jointing the process of lipopolysaccharide biosynthesis. The
Glycos_transf 1 domain (Interpro entry: IPR001296) is family 1 of glycosyltransferases.
Glycos_transf 1 domain protein transfer UDP, ADP, GDP or CMP linked sugars to various
substrates, including glycogen, fructose 6-phosphate, and lipopolysaccharide. Glycos_transf 1 can
take part in various biosynthetic processes, including exopolysaccharide biosynthesis and
lipopolysaccharide core biosynthesis!!”. PglL. A domain (Interpro entry: IPR031726) is a protein
glycosylation ligase domain. PglL O-oligosaccharyltransferase differs from Waal. O-antigen
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ligases. PglL. O-oligosaccharyl transferase (O-OTase) transfers oligosaccharides to serine or
threonine in proteins''®. Glycos_transf N domain (Interpro entry: IPR007507) is the N-terminus
of 3-deoxy-D-manno-octulosonic-acid transferase. Glycos_transf N can transfer activated sugars
to various substrates, including glycogen, fructose 6-phosphate, and lipopolysaccharide ''°.
Glycos_transf N proteins with this domain transfer UDP, ADP, GDP, or CMP-linked sugars. A
signal peptide flanks the N-terminus of this region. Rubredoxin 2 domain (Interpro entry:
IPR041166) is LapB (lipopolysaccharide assembly protein B)'?’, rubredoxin metal-binding
domain. The rubredoxin-like domain (Interpro entry: [IPR024934) is a similar rubredoxin domain.
The Wzz domain (Interpro entry: IPR003856, PFAM: PF02706) is the N-terminal domain of the
polysaccharide chain length determinant. The chain length determining protein (or wzz protein) is
involved in lipopolysaccharide (lps) biosynthesis, giving the O-antigen component of Ips a modal
distribution of chain length'?!.

3.3 Extracellular ORF7a could bind to the CD14 antigen molecule

Structural insight reveals that SARS-CoV-2 ORF7a is an immunomodulatory factor of human
CD14" monocytes*. SARS-CoV-2 ORF7a is a type I transmembrane protein with 121 amino acid.
Consists of the N-terminal signal region (residues 1-15), Ig-like extracellular domain (residues
16-96), hydrophobic transmembrane domain (residues 97-116), and typical endoplasmic reticulum
retention motifs (residues 117-121). SARS-CoV-2 ORF7a has a conserved Ig-like B-sandwich fold
of seven B chains. The SARS-CoV-2 ORF7a extracellular domain protein (residues 14-96) binds
to CD14" monocytes from human peripheral blood mononuclear cells (PBMC) with the highest
efficiency. However, the interaction pattern between SARS-CoV-2 ORF7a and white blood cells
differs from the ICAM3-LFA-1 complex®.

In the synthesis domain analysis of lipopolysaccharide, we found that ORF7a had the BPI1
domain (CELYHYQECVR, 15-25). BPI1 domain (Interpro entry: [IPR017942, SMART: SM00328)
represents the N-terminal domain found in several lipid-binding serum glycoproteins. It includes
bactericidal permeability-increasing protein (BPI), lipopolysaccharide-binding protein (LBP). BPI

122 Lipopolysaccharide

can bind to and neutralize lipopolysaccharides in the outer membrane
binding protein (LBP) is an endotoxin binding protein closely related to BPI and acts
synergistically to promote the host’s comprehensive response to invasion'?’. ORF7a (residues
14-96) without the N-terminal signal peptide and the transmembrane region still has the BPI /LBP
domain and two ATP binding sites. The BPI1/LBP domain is at the N-terminus of the extracellular
ORF7a and is also at the first B-sandwich fold of the Ig-like fold of the extracellular domain
(Figure 1.A). ORF7a has two ATP binding sites, “HYQEC” and “TYEGNS”, the former is in
the N-terminal BPI1/LBP domain, and the latter is behind the relative direction of the BPI/LBP
domain. Interestingly, the ABC transporter domain of ORF7a includes the N-terminal signal
region and the transmembrane region. The BPI1 domain of ORF7a is also in the vital region of
ABC  transport and lipopolysaccharide  synthesis domain and is also  the
lipopolysaccharide-binding region. So the BPI1 domain of extracellular ORF7a is also a
lipopolysaccharide-binding domain. It indicates that the splicing of the N-terminal signal peptide
and the transmembrane region may trigger ORF7a to lose its ABC transport function and release
itself outside the infected cell.

In order to determine whether the extracellular ORF7a binds to the CD14 molecule, we made
the extracellular ORF7a to the human CD14 molecule for protein docking. The PDB database
only has human CD14 molecules (PDB ID: 4glp) and Mus musculus CD14 molecules (PDB ID:
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1WWL). The human CD14 molecule (4glp) is a monomer, and the Mus musculus CD14 molecule
(1IWWL) is a dimer. The C-terminal sequence of the CD14 molecule is mainly involved in GPI
anchoring'?*
binding!?. The relevant biologically active site of LPS is within the N-terminal half of the CD14
protein!?%, Our protein docking results show that the end of the N-terminal of extracellular ORF7a
can bind to the IWWL dimer, but the extracellular ORF7a cannot bind to 4glp.

Considering that the CD14 sequence of the PDB database had a truncation problem, we used

. C-terminal truncation does not affect the relative biological activity of LPS

the Robetta server to model the structure of the human CD14 molecule and then adopted the
extracellular ORF7a and the modeled human CD14 for protein docking (Figure 1.B). Figure 1.B
shows that the extracellular ORF7a can bind to the human CDI14. The extracellular ORF7a
binding sites are in the middle and C-terminal beta folding region. The one binding area of CD14
is near the alpha-helix between the second beta-sheet and the third beta-sheet. Another binding
area is closed to alpha-helix between the third beta-sheet and the fourth beta-sheet. The N-terminal
alpha-helix of CD14 is behind the binding region, which shows that the N-terminal structure of
CD14 plays a vital role in assisting the binding of extracellular ORF7a to CD14. The N-terminal
BPI1/LBP domain of extracellular ORF7a is outside. The first ATP binding site("HYQEC") is in
the BPI1/LBP domain. The second ATP binding site ("TYEGNS") is close to the N-terminal active
pocket of CD14.

The above domain search and protein docking results show that the N-terminal BPI1/LBP
domain of extracellular ORF7a has functioned as binding lipopolysaccharide, the C-terminal and
middle part of extracellular ORF7a bind CD14. Therefore, we believed extracellular ORF7a had
similar LBP activity and could help to form the LPS-ORF7a-CD14 complex, then ORF7a fell off
and promoted the binding of LPS and CD14. However, the N-terminal of extracellular ORF7a is
outside the N-terminal active pocket of CD14. We speculated that the two ATP-supplying energy
structures promoted the rotation of the extracellular ORF7a around the two ATP sites' central axis
and accurately delivered the N-terminal LPS into the N-terminal active pocket of CD14.

4. Discussion

4.1 Lipopolysaccharide made SARS-COV-2 virus be more aggressive.

SARS-CoV-2 ORF7a and SARS-CoV ORF7a share the same ER retention motif (C-terminal
KRKTE sequence), suggesting that SARS-CoV-2 ORF7a may be incorporated into the viral
envelope as SARS-CoV ORF7a*. Viruses bind to bacteria or directly bind to free
Lipopolysaccharide(LPS), enhancing their attachment to the ACE2 receptor on the host cell
surface. This interaction significantly increases viral infectivity and promotes hypercytokineemia
127 Therefore, LPS makes the virus spread more efficiently. In addition, SARS-COV-2 virus
protein synthesized and transported LPS, which activated monocytes or phagocytes through CD14
receptors. When LPS increased, the number of activated phagocytes increased significantly. The
swallowed behavior for red blood cell and iron by activated phagocytes was enhanced. There were
more heme and iron in phagocytes. ROS damage theory ! believes that the SARS-COV-2 virus
parasitizes in the vesicles or lysosomes of phagocytes. After the virus binds to the heme in the
vesicles or lysosomes, it is more aggressive. It attacks the phagocytes’ lysosome membrane by
generating ROS. The lysosomal membrane ruptures after being damaged by ROS to release

hydrolase. The phagocytes will die and rupture due to autophagy reaction and released virus
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particles. The nearby phagocytes swallows the virus particles again and continues a vicious circle.
The surrounding tissues will therefore produce a robust inflammatory response and fibrosis.

4.2 ORF7a enhanced the ability of infected cells to resist T cells, NK cells, and
drugs

Microorganisms often use cell surface polysaccharides to build expanded barriers to prevent
their host’s defense mechanisms!?. In this study, it was found that ORF7a can synthesize
lipopolysaccharide (LPS). After a lot of LPS bound to the infected cell’s surface, LPS was
equivalent to the infected cell's shield, making the SARS-COV-2 infected cell’s outer membrane
like a “cell wall”. Infected cells significantly reduced cytotoxic T cells and NK cells’ ability to
destroy the infected cell membrane (such as perforation).

Simultaneously, the transport function of the ABC transporter for drugs increased bacteria
resistance and made antibiotics and other drugs ineffective. At present, COVID-19 patients in
some areas had a dual infection of fungus and bacteria in their lungs. Long-term antibiotics for
these patients increased bacterial resistance. For cells infected with the SARS-COV-2 virus,
similar drug resistance problems would also arise because of the ABC transport function of
ORF7a protein. Therefore, some researchers speculated from the statistical data that sickle cell
infected SARS-COV-2 showed resistance but are very confused about it.

4.3 Mutations in the extracellular domain of ORF7a enhanced its LBP-like
activity

The sequence alignment of SARS-CoV-2 ORF7a and SARS-CoV ORF7a shows that
SARS-CoV-2 ORF7a has a conserved Ig-like B sandwich fold with seven B chains. Most of the
sequence variation is distributed in the extracellular domain (8-residue variation), so the potential
protein function is diversified. Interestingly, this part represents the internal disordered C-terminal
region of the SARS-CoV ORF7a protein, which the 3D structure of the ORF7a protein of SARS
implied '3°. Western blot analysis with a specific anti-ORF7a antibody indicates that SARS-CoV
ORF7a is a new structural protein in viral particles'*!. The deletion of nucleotides at specific sites
leads to the fusion of ORF7a and ORF7b'32. The rare Greek SARS-CoV-2 variant contains a
premature stop codon in ORF7a, causing the protein to be truncated. Premature termination will
abolish the 28 amino acids at the C-terminus of the ORF7a protein®. This mutation may represent
the continued adaptation of the virus to human cells'33. The C-terminal truncation of ORF7a will
undoubtedly produce sub-proteins with LBP activity. The extracellular domain mutation makes us
worried that there may be short ORF7a that enhances LBP-like activity.

5. Conclusion

Diabetes and obesity are susceptible to COVID-19 disease and are also essential factors that
lead to the worsening of COVID-19 condition. Because of COVID19 pneumonia, the blood sugar
control of diabetic patients may deteriorate, which may be insulin resistance that can induce the
accumulation of lipopolysaccharide (LPS)-dependent macrophages in white adipose tissue (WAT).
Structural analysis studies have shown that SARS-CoV-2 ORF7a is an immunomodulatory factor
for human CD14 + monocytes and phagocytes. It usually relates the regulation of CD14 +
monocytes to endotoxin (lipopolysaccharide, LPS). The ABC transporter-dependent

lipopolysaccharide biosynthesis mechanism is a common form. Therefore, it is of great
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significance to study the pathological mechanism of the relationship between SARS-CoV-2 virus
and lipopolysaccharide, ABC transport, and diabetes.

In this study, bioinformatics techniques such as domain search, molecular docking were used
to study the relationship between SARS-COV-2 virus ORF7a protein and lipopolysaccharide. The
results showed that the transmembrane protein ORF7a protein had ABC transporter domains: ATP
binding and ABC transmembrane domains. The ABC transporter domain of ORF7a transported
molecules such as metal ions, heme, nucleosides, amino acids and oligopeptides, sugars, vitamins,
salts and alkalis, and it had a multi-drug efflux function. ORF7a had domains for synthetic
lipopolysaccharide. The lipopolysaccharide synthesized by ORF7a bound to CD14 molecules
through LBP protein to activate CD14" monocytes. The extracellular ORF7a with the N-terminus
and C-terminus cut off still had the BPI1 domain (CELYHYQECVR) and two ATP-binding motifs.
The first ATP binding site (“HYQEC”) is in the BPI1/LBP domain. The second ATP binding site
(“TYEGNS”) is behind the relative direction of the BPI/LBP domain. Extracellular ORF7a had
lipopolysaccharide - binding protein (LBP) - like activity, could be combined with CD14 antigen
molecules.

We speculated that the lipopolysaccharide synthesized by the SARS-COV-2 virus protein
made the SARS-COV-2 virus more effectively attached to the ACE2 receptor on the host cell
surface. The interaction significantly increases viral infectivity and promotes hypercytokineemia.
More lipopolysaccharides activated monocytes and phagocytes to release many inflammatory
factors, destroyed adipose tissue and vascular endothelial tissue, and induced diabetes and high
blood pressure. Cells infected by the SARS-COV-2 virus often used cell surface polysaccharides
to build expanded barriers to prevent their host’s defense mechanisms. Lipopolysaccharide
enhanced the ability of infected cells to resist T cells, NK cells, and drugs. For cells infected with
the SARS-COV-2 virus, similar drug resistance problems would also arise because of the ABC
transport function of ORF7a protein.
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Table 1. The domains of the ABC system of ORF7a

Domain

Motif

Start

End

ABC transmembrane

type-1

ABC transporter

ABC tran Xtn
ABC transp aux
ABC2_membrane

AAA

AAA 15
CBIO

CBS
OppC N
STAS
TOBE 2

AMP-binding

MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGN
SPFHPLADNKFALTCFSTQFAFACPDGVKHVYQLRARSVSPK
LFIRQEEVQELYSP
MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGN
SPFHPLADNKFALTCFSTQFAFACPDGVKHVYQLRARSVSPK
LFIRQEEVQELYSPIFLIVAAIVFI

EPCSSGTYEGNSPFHP

YHYQECVRGTTVLLKEPCSSGTYEG
ATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLADNKF
ALTCFSTQFAFACPDGVKHVYQLRAR
CELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHPLADNKFAL
TCFSTQFAFACPDGVKHVYQLRARSVSPKLFIRQE
HYQECVR

YHYQEC

TYEGNSPF

YEGNSPFHP

CELYHYQEC

CELYHYQEC

YHYQEC

SGTYEGNS

NKFALTCFSTQFAFAC

33
18
13

15

19
18
39
40
15
15
18
37
52

99

110

48
42
80

91

25
23
46
48
23
23
23
44
67
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Table 2. Substances transported by ORF7a's ABC system

Domain Substance Motif Start  End
Bmp Purine Nucleoside CELYHYQECVR 15 25
/Riboflavin
NSPFHP 43 48
DNKFALTCFSTQFAFACPDGVKHVYQLRARSV 51 82
CBIO cobalt YHYQEC 18 23
TYEGNSPF 39 46
CitMHS Citrate/Na+/H+ YHYQECVR 18 25
DctM TRAP TCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFH 14 102
C4-dicarboxylate PLADNKFALTCFSTQFAFACPDGVKHVYQLRARS
/periplasmic TRAP ~ VSPKLFIRQEEVQELYSPIFL
DUF3382 Branched chain EPCSSGTYEGNSPFHPLADNKFALTCFSTQF 33 63
amino acid(Leu /Ile
/Val)
DUF3708 methionine KEPCSSGTYEGNS 32 44
FtsX Heme /Lipoprotein ~ ITLATCELYHYQECV 10 24
release
PCSSGTYEGNSPFHPLADNKFALTCFSTQFAFACP 34 90
DGVKHVYQLRARSVSPKLFIRQ
FtsX ECD Heme YHYQEC 18 23
FACPDGVKH 65 73
HMA Heavy metal DNKFALTCFSTQFAFACPDGVKHVYQ 51 76
MacB PCD Multi-drug efflux ATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPF 13 101
/periplasmic core HPLADNKFALTCFSTQFAFACPDGVKHVYQLRA
RSVSPKLFIRQEEVQELYSPIF
MatC N Dicarboxylate YHYQECVRG 18 26
MFS Lactose TCELYHYQECVR 14 25
PCSSGTYEGNSPFHPLADNKFALTC 34 58
NIL D-methionine CSSGTYEGNSPFHP 35 48
NMTI VBI1 /VB2 ATCELYHYQECVR 13 25
NSPFHP 43 48
QFAFACPDGVKHVYQLRARSVSPKLFIR 62 89
OppC N Oligopeptides CELYHYQEC 15 23
OpuAC Glycine Betaine YHYQEC 18 23
Transformation
CFSTQFAFACPDGVKHV 58 74
PBPb Periplasmic solute TCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFH 14 78
PLADNKFALTCFSTQFAFACPDGVKHVYQLR
PDGLE metal YEGNSPFHPLADNKFALTCFSTQFAFACPDGVKH 40 76
VYQ
Peripla BP 4  D-galactose /Ribose =~ TCELYHYQECVRGTTVLLKEPCSSGTYEGNSPFH 14 59

/Al-2 /periplasmic
TRAP

PLADNKFALTCF
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Peripla BP 6

SBP bac 5

SSD
STAS

TAGH
TOBE 2

Branched chain
amino acid (Leu /Ile
/Val)

Periplasmic solute
/heme-binding
lipoprotein

Sterol

SLC26A anion
/sulfate

Teichoic acid
Molybdenum
Sulfate

HVYQLR
CELYHYQECVRGTTVLLKEPCSSGTYEGNSPFHP
LADNKFALTCFSTQFAFACPDGVKHVYQLRARS
VSPKLFIRQEEVQELY
ITLATCELYHYQECVRGTTVLLKEPCSSGTYEGN
SPFHPLADNKFALTCFSTQFAFACPDGVKHVYQL
RARSVSPKLFIRQEEVQELYSPI

HYQECVRG

CELYHYQEC

ACPDGVKHVYQLR
YHYQEC

SGTYEGNS

73
15

10

19

15

66
18

37

78
97

100

26

23

78
23

44
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Table 3 Related domains of lipopolysaccharide synthesized by ORF7a

Domain Synthetic molecule Motif Start  End
Acyl transf 3 Lipids YHYQEC 18 23
KEPCSSGTYEGNSPFHPLADNKFALTCFSTQF 32 76
AFACPDGVKHVYQ
CTP_transf like Core YHYQECVRGTTVLLKEPCSSGTYEGNSPFHPL 18 75
polysaccharide ADNKFALTCFSTQFAFACPDGVKHVY
Glyco_transf 8C  Core HVYQLRARSVSPK 73 85
polysaccharide
Glycos_transf 1 Core TCELYHYQECVRGTTVLLKEPCSSGTYEGNSP 14 48
polysaccharide FHP
ALTCFSTQFAFACPDGVKHVYQLRARSVSPK 55 106
LFIRQEEVQELYSPIFLIVAA
PgllL A O-specific KEPCSSGTYEGNSPFH 32 47
polysaccharide
Glycos_transf N Lipopolysaccharide = MKIILF 1 6
CELYHYQECVRGTTVLLKEPCSSGTYEGNSPF 15 82
HPLADNKFALTCFSTQFAFACPDGVKHVYQL
RARSV
Rubredoxin 2 Lipopolysaccharide =~ CELYHYQECVRGTTVLLKEPCSSGTYEGNSPF 15 52
HPLADN
STQFAFACPDGVKH 60 73
Rubredoxin-like Lipopolysaccharide =~ YHYQECVRGTTVLLKEPCSSGTYEGNSPFHP 18 48
Wzz Lipopolysaccharide =~ MKIILFLALITLATCELYHYQECVRGTTVLLK 1 120

EPCSSGTYEGNSPFHPLADNKFALTCFSTQFA
FACPDGVKHVYQLRARSVSPKLFIRQEEVQEL
YSPIFLIVAAIVFITLCFTLKRKT
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Figure 1. Extracellular ORF7a (PDB ID: 7ci3; 14-96) binds LPS and CD14. A. the BPI1/LBP
domain of extracellular ORF7a binds to LPS. ORF7a has two ATP binding sites, "HYQEC" and

"TYEGNS" . "HYQEC" is in the BPI1/LBP domain. B. Extracellular ORF7a binds to human

CD14 antigen molecules.
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