Journal of Epidemiology and Global Health

i

Epidemiology

ATLANTIS Vol. 10(3); September (2020), pp. 198-200
PRESS DOIL: https://doi.org/10.2991/jegh.k.200806.001; ISSN 2210-6006; eISSN 2210-6014
https://www.atlantis-press.com/journals/jegh
Commentary

Analysis of Host Cell Receptor GRP78 for Potential Natural

Reservoirs of SARS-CoV-2

L. Sirakov"""“, D. Bakalov?, R. Popova?, I. Mitov'

'Department of Medical Microbiology, Faculty of Medicine, Medical University of Sofia, 2 Zdrave Street, Sofia 1431, Bulgaria
’Department of Pathophysiology, Faculty of Medicine, Medical University of Sofia, 2 Zdrave street, Sofia 1431, Bulgaria

*Gen Lab Ltd., 4 Rodopi Street, Sarafovo, Burgas, Bulgaria

ARTICLE INFO

Article History

Received 12 May 2020
Accepted 20 July 2020

Keywords

SARS-CoV-2
potential hosts
GRP78

protein receptor
COVID-19

1. INTRODUCTION

Since 31 December 2019, over 9 million cases of SARS-CoV-2 have
been reported on five continents. During the 2003 SARS outbreak,
the reported burden of asymptomatic infections was 7.5% among
healthcare workers, and 13% among SARS-CoV positive cases [1].
In the current pandemic (COVID-19), the percentage of asymp-
tomatic carriers is even higher up to 56.5% [2], posing a serious
challenge to controlling the spread.

A key factor in the infectious process is the interaction between
the viral surface receptor(s) and the host-cell receptor(s). A study
using combined molecular docking and structural bioinformatics
has demonstrated that the SARS-CoV-2 spike protein can interact
with the Glucose Regulating Protein 78 (GRP78) on the surface of
human respiratory cells [3]. The same approach could shed light
on the possible interactions between SARS-CoV-2 spike protein
and GRP78 in different animal species. We hypothesize that some
animals that come into close contact with humans might become
a reservoir for the disease. To explore this hypothesis, we stud-
ied the structure of GRP78 protein in different species and com-
pared it with that in humans. Identifying any potential ecological
reservoirs of the SARS-CoV-2 virus could help predict possible
future outbreaks.

In our research, we retrieved the amino-acid sequences of the
GRP78 proteins in 84 mammals, amphibians and birds from the
National Center for Biotechnology Information (NCBI) database
(Figure 1). For data analysis, we applied statistical Maximum
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Likelihood (ML) analysis with MEGA X software, Cn3D -
including the online version in NCBI, and Phyre2 [4]. In the phy-
logenetic analysis, we used human DnaJ homolog subfamily C
member 3 protein (NCBI accession number Q13217.1) as an out-
group; and the differences between bovine and human GRP78
protein, determined by Yang et al. [5], as an ingroup reference.
The human GRP78 deposited by Yang et al. [5] under sequence
number P11021.1.

Multiple sequence alignment and phylogenetic analysis identified
several taxa (Figure 1). The species with the highest similarity to
the human GRP78 protein were apes from the genera Macaca,
Nomascus, Pongo and Piliocolobus. This similarity was also present
in the 3D visualization of the proteins.

In humans, GRP78 consists of two domains: a nucleotide-binding
domain and a Substrate-binding Domain (SBD). SBD has two
subdomains: SBD¢;, a 10-kDa subdomain, and SBD/, a 25-kDa
subdomain. The active site of the protein consists of amino acid
residues located in SBD: L, (1426, T428, V429, V432, T434)
and L,, (F451, S452, V461, and 1463), which interact with the
substrate through Van der Waals forces [5]. Ibrahim et al. [3]
described the interaction between the spike protein of SARS-
CoV-2 and cell-surface GRP78 SBD/ with the corresponding
amino-acid residues [3]. While analyzing the structure of GRP78
in the phylogenetically similar species, using the data reported by
Ibrahim et al. [3] in their Table 1, we found complete congruence
with some of the amino acid residues in human GRP78. Other
positions did not have a corresponding match in the human refer-
ence sequences of GRP78, e.g.: residues forming hydrogen bonds
in positions G489 (P), V453 (T), V490 (A), G489 (P), G454 (A),
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XP 021050596.1 Mus pahari.

NP 001156906.1 Mus muscus.

NP 037215.1 Ratus norvegicus.

XP 028640932.1 Grammomys surdaster.
XP 012977507.1 Mesocricetus auratus.
PO07823.1 Cricetulus griseus.

XP 005346064.1 Microtus ochrogaster.
XP 021516616.1 Meriones unguiculatus.
XP 008823042.1 Nannospalax galili.

XP 004662863.1 Jaculus jaculus.

XP 020014858.1 Castor canadensis.

XP 012876821.1 Dipodomys ordii.

XP 015353076.1 Marmota marmota marmota.
XP 0262422581 Urocitellus parryii.

XP 027800156.1 Marmota flaviventris.
NP 001269183.1 Ictidomys tridecemlineatus.
Q384T7.1 Ietidomys tridecemlineatus.
XP 0045836281 Och princeps.

XP 004849435.1 Heterocephalus glaber.
XP 003470822.1 Cavia porcellus.

XP 004641630.1 Octodon degus.

XP 017205553.1 Oryctolagus cuniculus.
AAA52614.1 Homo sapiens.

NP 0011269271 Pongo abelii.

XP 003264177 Nomascus leucogenys.
P11021.1 Homo sapiens.

NP 001253525.1 Macaca mulatta.
BAE79724.1 Macaca fuscata.
EHHB1921.1 Macaca fascicularis.

XP 023072916 Piliocolobus tephrosceles.
XP 012495185.1 Propithecus coquereli.
XP 012627352.1 Microcebus murinus.
XP 003785350.1 Otolemur garnettii.

XP 008058393.1 Carlito syrichta.

XP 012313568.1 Aotus nancymaae.

XP 003940675.1 Saimiri boliviensis boliviensis.
XP 0090011871 Callithrix jacchus.

XP 017404647.1 Cebus capucinus imitator.
XP 032107488.1 Sapajus apelfa.

XP 006158307.1 Tupaia chinensis.

XP 008568189.1 Galeopterus variegatus.
XP 006834828.1 Chrysochloris asiatica.
XP 004716507 Echinops telfairi.

XP 006892626.1 Elephantulus edwardii.
XP 003407784.1 Loxodonta africana.

XP 004375722.1 Trichechus manatus latirostris.
XP 007954566.1 Orycteropus afer afer.
KAB0379200.1 Muntiacus reevesi.

XP 004593628.1 Muntiacus reevesi.

XP 020730015.1 Odocoileus virginianus texanus.
ACT46911.1 Cervus elaphus.

XP 019826396.1 Bos indicus.

NP 001068616.1 Bos taurus.

XP 014332868.1 Bos mutus.

XP 004005686 Ovis aries.

NP 001274500.1 Capra hircus.

XP 024418082 Common vimpire bat

XP 017517694.1 Manis javanica.

XP 014696145.1 Equus asinus.

XP 863385.2 Canis lupus familiaris.

XP 005881560.1 Myotis brandtii.

XP 027986635 Eptesicus fuscus.

XP 004613383.1 Sorex araneus.

XP 004313501.1 Tursiops truncatus.

XP 004269273.1 Orcinus orca.

XP 001927830.4 Sus scrofa.

XP 015992874.1 Rousettus aegyptiacus.
XP 006918027 Pteropus alecto.

XP 004677392.1 Condylura cristata.
KAF0878833.1 Crocuta crocuta.

XP 025769955 BiP Puma concolor.

XP 016066451.1 Miniopterus natalensis.
XP 006187781 Camelus ferus.

NP 0011915811 Aplysia californica.

NP 001081462.1 Xenopus laevis.

XP 010569002.1 Halizeetus leucocephalus.
XP 032056108.1 Aythya fuligula.
PKU36656.1 Limosa lapponica baueri.
XP 014798288.1 Calidris pugnax.
KAF1406978.1 Spheniscus humboldti.
NP 001310128.1 Coturnix japonica.

XP 021269670.1 Numida meleagris.

XP 031457853.1 Phasianus colchicus.
KAF1406978.1 Gallus gallus.

XP 015734935.1 Coturnix japonica.

NP 001273821.1 i sinensis
Q132171 HS

Figure 1 The evolutionary history of 87 amino acid sequences of GRP78
protein from 84 species was inferred by using the ML statistical method,
JTT matrix-based model plus Gamma distribution (+G, parameter =
0.2191) and bootstrap 1000. There were a total of 683 positions in the
final dataset. The human GRP78 protein grouped together with GRP78
from Macaca mulatta, Macaca fascicularis, Macaca fuscata, Piliocolobus
tephrosceles, Nomascus leucogenys and Pongo abelii.

T456 (D), Q492 (R), T458 (Q) and some hydrophobic residues
-V490 (A), Q492 (R), V453 (T), V457 (N) (The letters in brack-
ets indicate the amino acids in the reference molecule P11021.1).
We associate the lack of matches in these positions with possible
technical errors, due to the immense amount of data analyzed
by the authors; else the role of GRP78 receptors would not be as
significant as thought.

We found differences in SBD (TASDNQP — TASDTQP) in Macaca
fuscata. However, this modification in L, , does not have a signif-
icant effect on the polypeptide-binding pocket of the protein [6].

Our analysis suggested that domestic animals are not likely to
act as an epidemiological factor due to significant differences
in the structure of their GRP78 protein. The species that stood
out as potential SARS-CoV-2 reservoirs belong to the so-called
Old World Monkey (OWM) family Cercopithecidae, with a broad
distribution in Asia (Macaca mulatta), Southeast Asia (Macaca
fascicularis), Japan (M. fuscata), and Africa — Tanzania, Uganda,
Democratic Republic of Congo, Rwanda, Burundi (Piliocolobus
tephrosceles). Potential reservoirs other than OWM are Nomascus
leucogenys, found in Vietnam and Laos, and Pongo abelii, from
Sumatra (superfamily Hominoidea). The animals from the group
of OWM are one of the important reservoirs for Lentiviruses and
have played an essential role in the evolution of HIV [7]. In super-
family Hominoidea, there are reports about interspecies transmis-
sions between man and some closely-related species (Pan, Gorilla,
Pongo and Hylobates), e.g. evidence of HBV of gibbon and human
origin in chimpanzees [8]. Based on these data and our results,
we hypothesize that these species could act as potential reservoirs
for SARS-CoV-2.

Interestingly, in our analysis, Manis javanica did not demonstrate
a significant risk of becoming a reservoir for SARS-CoV-2 despite
the reported link between Pangolin-CoV and SARS-CoV-2 [9].
This could be because Li et al. [9] show the probable path of cross-
species transmission of the virus from bat or pangolin and its adap-
tation to the human body. After the virus has adapted to the new
host, it can become a single-host pathogen infecting humans only
or it can also infect species other than the ones the virus has orig-
inated from. An example of the latter evolutionary scenario is the
human measles virus, which has resulted from a cattle-to-human
host-jump of rinderpest virus [10] or HBV. In our study, we discuss
the possibility of transmission of SARS-CoV-2 from humans to pri-
mates to humans.

Our findings based on GRP78 protein analysis corroborated with
published reports support the hypothesis that some primate spe-
cies - but not likely domesticated animals — could serve as a reser-
voir for SARS-CoV-2. Surveillance of those potential reservoirs for
SARS-COV-2 can help prevent future outbreaks.
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