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ARTICLE INFO ABSTRACT

ArﬁC{e history: The current Coronavirus Disease 19 (COVID-19) pandemic, caused by Severe Acute Respiratory Syndrome
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Accepted 30 March 2021

tains eleven cytotoxic T lymphocyte (CTL) epitopes each of nine amino acids in length. Twenty-two
unique SARS-CoV-2 ORF10 variants have been identified based on missense mutations found in sequence
databases. Some of these mutations are predicted to decrease the stability of ORF10 in silico physicochem-
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g?g/grds' ical and structural comparative analyses were carried out on SARS-CoV-2 and Pangolin-CoV ORF10 pro-
SARS-CoV-2 teins, which share 97.37% amino acid (aa) homology. Though there is a high degree of ORF10 protein
Pangolin-CoV-2020 similarity of SARS-CoV-2 and Pangolin-CoV, there are differences of these two ORF10 proteins related to
Mutations their sub-structure (loop/coil region), solubility, antigenicity and shift from strand to coil at aa position
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26 (tyrosine). SARS-CoV-2 ORF10, which is apparently expressed in vivo since reactive T cell clones are
found in convalescent patients should be monitored for changes which could correlate with the pathogen-

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

The Coronavirus Disease 19 (COVID-19) pandemic has affected the
whole world with more than 131 million people infected and 2.85 mil-
lion fatalities worldwide as of April, 5, 2021 [1-5]. The high fatality rate
of 9.7% for SARS-CoV and 37% for Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) in comparison to 1.4% for SARS-CoV-2 has
made it vital to monitor mutations within proteins such as ORF10 that
could influence viral pathogenicity [6-8]. SARS-CoV-2 is a positive-
sense, single-stranded RNA virus with four structural, sixteen non-
structural, and six accessory proteins [9]. ORF10 is the smallest acces-
sory protein (38 aa) in SARS-CoV-2, which can distinguish the infection
faster than PCR techniques [10]. ORF10, present at the C-terminal of the
genome, is hypothesized to be a transposon, although being distinct
from larger transposons [10,11]. ORF10 contains a MoRF region from
amino acid residue 3 to 7, a protein interaction site, which enables the
intrinsic protein to adopt a set of conformations connected with differ-
ent proteins [12,13]. High-throughput analysis revealed that ORF10
could interact with many host proteins such as multiple members of
the Cullin-ubiquitin-ligase complex, which is essential for viral patho-
genesis despite its small structure [12,14-17]. Humans may not utilize
any memory B and T cells elicited against other microorganisms to target
ORF10 and fight SARS-CoV-2 [18]. No sequence homology was found
with any protein in the NCBI protein depository. SARS-CoV-2 ORF10
was reported to have a 99.15% nucleotide similarity to Pangolin-CoV-
2020 [19,20].

Here we explore mutations described for SARS-CoV-2 ORF10
variants, which in addition to their physiochemical and immuno-
logical properties; may possibly have an impact on pathogenesis.
The SARS-CoV-2 and Pangolin-CoV ORF10 proteins are also
compared.

2. Data and methods
2.1. Data acquisition

11,288 complete genomes of SARS-CoV-2 were retrieved from the
National Center for Biotechnology Information (NCBI) database. There
were 34 unique ORF10 accessory protein sequences. Only 22 sequences
of these ORF10 proteins have one missense mutation, each with an
ambiguous mutation in the remaining sequences. A nonsense mutation
at position 29 resulted in a truncated ORF10 sequence (QJR96431.1)
(Table 1).

The SARS-CoV-2 genome (NC_045512) reference ORF10 (YP_
009725255.1) was used to identify mutations [21]. The ORF10 variants
of SARS-CoV-2 were compared by sequence-based homology (Fig. 1A)
and phylogeny (Fig. 1B).

SARS-CoV-2 ORF10 sequences utilize a single amino acid change at a
distinct position. These positions (18) vary widely from position 2 to 38
for the 22 SARS-CoV-2 ORF10 variants.

2.2. Methods

2.2.1. Webserver based predictions
The prediction of various properties of ORF10 proteins was deter-
mined by several webservers.

* The web server PROVEAN was used to estimate the effect of known
mutations and the structural effect of these mutations, and another
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[-MUTANT webserver was used [22-24]. The QUARK webserver
was used to predict the secondary structure of ORF10 proteins
[25-27].

The ABTMpro webserver predicts whether the protein is a trans-
membrane protein from its sequence, and further predicts alpha-
helices and beta sheets. Besides, the INNOVAGEN webserver was
used for peptide property predictions [28].

The DIpro webserver predicts whether the protein sequence con-
tains disulfide bonds, based on 2D recurrent neural network, sup-
port vector machine, graph matching and regression algorithms
[29].

Protein antigenicity is predicted using the webserver ANTIGENpro. A
two-stage architecture makes a prediction likelihood centered on sev-
eral primary sequence representations and five machine learning algo-
rithms [30]. The DisEMBL server uses the intrinsic distortion estimation
of a single protein sequence [31].

Epitopes of a given aa specific sequence were spotted and analyzed for
binding affinity using across 12 HLA (Human leukocyte antigen) sub-
types (HLA-A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*24:02, HLA-
A*26:01, HLA-B*07:02, HLA-B*08:01, HLA-B*27:05 B*39:01, B*40:01,
B*58:01 and B*15:01). The Immune Epitope Database (IDEB) score
was predicted using the IDEB immunogenicity tool [32,33].

2.2.2. Evaluating the per-residue predisposition of various ORF10 proteins
for intrinsic disorder

Per-residue disorder distribution within ORF10 protein sequences
was evaluated by PONDR-VSL2 [34], which is an accurate standalone
disorder predictor [35-37]. Predisposition scores for the per-residual
condition are 0 to 1, where 0 indicates residues entirely arranged, and
1 indicates residues completely disordered. Residues of disorder scores
between 0.25 and 0.5 were considered extremely versatile, and disorder
scores between 0.1 and 0.25 were considered mildly versatile. Residues
with values higher than 0.5 were considered disordered.

Table 1
Twenty-four distinct ORF10 protein IDs correlated with geolocation.

Accession Geo_location Collection_date
YP_009725255 China 2019-12
QLJ57416 USA: WA 2020
QIS29991 China: Hubei, Wuhan 2020-01-10
QJR96431 USA: CA 2020-03-13
QKU54102 USA: Washington, King County 2020-03-15
QLA48060 USA: NY 2020-03-24
QNG41574 USA: Minnesota 2020-03-25
QKV08176 USA: Washington, King County 2020-03-26
QKV37245 Australia: Northern Territory 2020-03-27
QNI23218 USA: Virginia 2020-04
QLG99793 USA: CA 2020-04-16
QLY88596 USA: GA 2020-04-27
QNC04532 USA 2020-04-29
QNI25281 USA: Virginia 2020-05
QLI33453 USA 2020-05-12
QNC49349 Pakistan 2020-05-15
QMT94417 USA: Washington, Yakima County 2020-05-27
QMT54534 USA: Washington, Yakima County 2020-06-17
QLG76514 Australia: Victoria 2020-06-20
QNG42985 USA: FL 2020-06-23
QMT97141 USA: FL 2020-06-30
QNB17780 Bangladesh 2020-07-07
QMU93213 USA: Wisconsin, Dane county 2020-07-13
QNA70543 Bangladesh 2020-07-19
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Sequence ID 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3738
YP_009725255.1 RN v I BE v FRWF BN FRST YRNL L LENREBESNIEENRBY Y IBWCHEV D VvV VvENF RS LR
QNIZ5ZBTT DREEEE v 1 Bh v FRBWF BN FREST YREIL L LENREBEVCEEERBEY IBWCHEW O v vENFEE LR
QNI23218.1 BRE o Y TREV FRWFRBNFRESET YRETL L LENREBENSEFENRBEY TRWCNYV D VvV VENTFERETLRE
QNG42985.1 M CIEEEENEEEE»EE sETEEE s FEAEE cES Y N sESENEESE 2 cNAEEAEA NEENBE T
QNG41574.1 DA v L BB v FRWF BN FREST YRNL L LEEREBENVEEERDBY Y IBWCNV D v vENFEBE LR
QNCa9349.1 DR EEN v T BE v FRWFRBNFRET YREL L LENREBENSEENRBEY TRBWCNL D VvV VEBNTFRELRE
QNC04532.1 DB v 1 BB v FRWFRBNFRENT YREL L LENTIRENEENREBE Y TRWEV D vV VENFREE LR
QNB17780.1 RN v 1 DR v FRWF RN FRST YREL L LENRIEBESEENRBENY IBWCHV D Vv VvIEEEESE L R
QNA70543.1 M CHEEEENEESE B ETENE s FEESE c BN ¥ N s ESENEES » 0 EAEEEAEEA N EE N BT
QMUS3213.1 Y M ¢ FEESENEIEE A B BT B s PN c EE « INCST ¢ INFESE A Do NANEEA N RN T
MT97141.1 RN v 1 DR v FRWF BN FREST YREL L LENREBENEF RBNY IBWCNV D Vv VvENFERELE
MT94417.1 DRI v T DR v FRWF BN FRET YREL L LENREBENVEENRBEY ITRBWCNV Y v VvEBNF RS LR
QMT54534.1 M cFESENESE AN BT FEEE s FEIEAE c FE «» 'n s B EESE A o RENEAEE v OB T
QLY88596.1 RN v 1 DR v F W ENFENT YRNEL 1 T NEREESEFEREBNY 1 vVENV D v vENFENTLR
QU57416.1 YiM ¢ IEEEE v F v rFBEF oY L r LEERIEESEEEREBE Yy THBWCE vV b v vENFEE L RS
QU33453.1 M cNRESEENESE A FE P FE7TEFE c 's B c FE v« ' s FENEESE A Do EAEEA N RN T
QLGS9793.1 M cNREEENESE A NFE?»EET « Fll s FEEA c FE v« ' s B NEESE » o EREEEA BB T
QLG76514.1 ¥iM ¢ IEEEE v r W BN rFENT vIEL: r 1NN REEEEFERENY TEBWN vV b v vEEFEELREN
QUA48060.1 M cINESENNEANE AKFE?» FE T FEEE s FAEEAE c Fl v« 'y s FE N FESE » o FAEREAEEA v Bl v BE 1
QKV37245.1 M cNESENEEE A FE?» BT FEEE s FEEAE c FE v« 'v s B~ FESE » o FEREAEEA v B v
QKV08176.1 M ¢« FEEENESE A B FEl T FEEA s A c FE ¥« v s BN EEEE A VD VvV Vv F ]
QKU54102.1 RN v 1 Bh v rFRWF RN FREST YR . L NEEREBECEFERBE T BWCYV D v vENFEE LR
QIR96431.1 Y v ¢ FEEEVESE » Bl ElTFEA s A c Bl ¢« IS EEEEEE A
QI529991.1 Y ¢ FEEENEEE A FE?» Fl T FEEE s A c FE v« ' s Bl EEEE A VD VvV V F L
I QLJ57416.1 ||USA|2020
|
9 QMT54534.1 ||USA|2020-06-17
[
L ©QMT97141.1 ||USA|2020-06-30
QLG76514.1 ||Australiaj2020-06-20
©QLI33453.1 ||USA|2020-05-12
r ©QNC04532.1 ||USA|2020-04-29
L) ©QMU93213.1 ||USA|2020-07-13
- Ol ©QKU54102.1 ||USA|2020-03-15
= ﬁOQNI%mB.I ||USA|2020-04
| T 2 QLY88596.1 ||USA|2020-04-27
Q lOYP_009725255.1 ||Chinal2019-12
l QNI25281.1 ||USA|2020-05
l TQNG‘2985.1 ||USA|2020-06-23
li ——0QKV37245.1 ||Australia|2020-03-27
o QLA48060.1 ||USA|2020-03-24
l QNG41574.1 ||USA|2020-03-25
QLGY99793.1 ||USAJ2020-04-16
©QIS29991.1 ||Chinaj2020-01-10
©QMT94417.1 |JUSA|2020-05-27
: Sequence based phylogeny
(PEtes phylogens ‘r—OON049349.1 ||Pakistan|2020-05-15
I ©QNB17780.1 ||Bangladesh|2020-07-07
©QNA70543.1 ||Bangladesh|2020-07-19
01 "% QKV08176.1 [|USA[2020-03-26
}—'I 4]
©QURY6431.1 ||USA|2020-03-13
Fig. 1. (A): Multiple sequence alignment (MSA) of 24 SARS-CoV-2 ORF10 proteins; (B): phylogeny of 24 SARS-CoV-2 ORF10 sequences.
3. Results magenta in Fig. 2B). The largest conserved region across all the 24

3.1. SARS-CoV-2 ORF10 mutations

Each ORF10 sequence has been aligned using the p-blast protein and
omega blast suites of the NCBI, and missense mutations were identified
in (Fig. 2A) [38,39]. Conserved and non-conserved residues in ORF10
proteins are identified and marked in different colors (Fig. 2B). MoRF
(YINVF) is also predicted using MoRFchibi server for the ORF10
Wuhan sequence [40].

There are 22 unique mutations in 22 SARS- CoV-2 ORF10 variants.
These missense mutations are found in the entire ORF10 sequence
from the aa position 2 to 38. Arginine (R), valine (V), and leucine
(L) are substituted to more than one aa at fixed positions (marked
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ORF10 variants is ‘SLLLC’ at positions 15-19.

Each unique variant (Table 1) of SARS-CoV-2 ORF10 possesses a sin-
gle missense mutation (Table 2).

It was established that the most diversified mutations are
deleterious and resulted in decreased protein stability, thus indi-
cating the amplification of intricate virulence of SARS-CoV-2
(Table 2).

3.2. Sequence homology and mutations of SARS-CoV-2 ORF10
SARS-CoV-2 ORF10 does not show homology with other proteins in

the NCBI depository including the Bat CoV ORF10 [10]. Surprisingly,
SARS-CoV-2 ORF10 showed 97.37% homology to Pangolin-CoV ORF10
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(A): ORF10 SARS-CoV-2 Mutations

From GlI|[VIA[P]I]Y
Position |2 |4 (6] 8 |10[13]14
To DIL]I|V]|S|M]|C

N
22
T

S YA D[F
23 26[28 31[35 38|
F H]V YIS [ 1|

(B):| SARS-CoV-2 ORF10 |

| MY INVFAFPFT 1 Y SLLLCRMNSRNY IAQVDVVNENLT 38

Red residues possess mutations

Black residues are conserved

YINVF (3-7 aa): MoRF (Molecular Recognition Features)

Fig. 2. (A): Mutations and their aa positions in ORF10 proteins; (B): conserved, mutated residues and molecular recognition features of ORF10 (YP_009725255) of SARS-CoV-2.

(QIG55954.1 (release date: 2020-05-18; collection date: 2019-03-29; geo-
location: China; host: Sunda pangolin (Manis javanica))) (Fig. 3) [20].

The only difference in the ORF10 sequences is between the serine
(S) in the Pangolin-CoV and asparagine (N) in the SARS-CoV-2 at posi-
tion 25, which according to the PROVEAN score (—3) is deleterious.
Subsequently, the protein structural stability is predicted to decrease.

Analysis of the per-residue intrinsic disorder predispositions of the
ORF10 of SARS-CoV-2 and Pangolin-CoV provide evidence of their dif-
ferences. The findings indicate that while the ORF10 SARS-CoV-2 and
Pangolin-CoV proteins have very close disorder profiles, the residual
disorder tendency of SARS-CoV ORF10 differs significantly, especially
within its C-terminal half (Fig. 4A).

Fig. 4B compares intrinsic disorder predispositions of the 24 unique
variants of ORF10 protein from different SARS-CoV-2 isolates. It is seen
that intrinsic disorder predispositions can vary significantly, especially
within the C-terminal half of the protein. In fact, majority of substitutions
found within the N-terminal region (residues 1-15; i.e., mutations G2D,
141, V6I, A8V, P10S, 113M, and Y14C) have very little effect on the local in-
trinsic disorder predisposition of ORF10. On the other hand, ORF10 vari-
ants with the mutations within the C-terminal region (residues 20-38;
i.e., mutations R20I/K, N22T, S23F, R24C/L, Y26H, A28V, V30A/L, D31Y,
F35S, L37P/F, and T38], as well as shortened QJR96431.1 variant, which
is truncated due to a nonsense mutation at the position 29) typically
show rather substantial variability in their local disorder predispositions.

The most significant changes are observed within the “disorder hump”
region (residues 20-30), intensity of which is increased in QKU54102.1
(Y26H), QNI25281.1 (V30A), and QNB17780.1 (F35S) ORF10 variants,
whereas in the variants QMT54534.1 (R24L), QNC04532.1 (R20I),
QMU93213.1 (R24C), and QMT97141.1 (S23F), this hump is either elim-
inated or noticeably flattened. Interestingly, comparison of Fig. 4A and B
shows that the variability in the disorder predisposition between many
variants of the ORF10 protein from various SARS-CoV-2 isolates is notice-
ably greater than that between the reference ORF10 from SARS-CoV-2
and ORF10 from Pangolin-CoV. On the other hand, none of the SARS-
CoV-2 ORF10 variants (with the exception for the truncated QJR96431.1
variant) has as disordered C-terminal half as the ORF10 protein from
SARS-CoV does.

3.3. Comparison of SARS-CoV-2 ORF10 and Pangolin-CoV ORF10

Provided that SARS-CoV-2 and Pangolin-CoV ORF10 have the
highest sequence homology, we aimed to detect parity and difference
between SARS-CoV-2 and Pangolin-CoV. Therefore, we performed a
multi-dimensional analysis of both ORF10 proteins from structural,
physicochemical, biophysical, and immunological aspects to under-
stand the origin of SARS-CoV-2 from the ORF10 perspective.

The correlations between sequences of SARS-CoV-2 and Pangolin-
CoV ORF10 showed no disulfide connections (Fig. 5A). However, there

Table 2

Twenty-two ORF10 proteins, their corresponding mutations, and predicted effects with chemical property changes.
Accession ID Mutations Type of mutations PROVEAN score® Effect of mutations on structure RI® Polarity changes Charge
QNI23218.1 G2D Deleterious —7 Decrease 7 NP to P Neutral to acidic
QIS29991.1 V6l Neutral -1 Decrease 7 NP to NP Neutral to neutral
QLI33453.1 Y14C Deleterious -9 Decrease 2 PtoP Neutral to neutral
QNC04532.1 R201 Deleterious —8 Decrease 3 NP to NP Basic (strongly) to neutral
QLA48060.1 R20K Deleterious -3 Decrease 8 NP to P Basic (strongly) to basic
QMT97141.1 S23F Deleterious —6 Increase 2 P to NP Neutral to neutral
QMU93213.1 R24C Deleterious —8 Decrease 7 PtoP Basic (strongly) to neutral
QMT54534.1 R24L Deleterious —7 Decrease 9 P to NP Basic (strongly) to neutral
QKU54102.1 Y26H Deleterious —5 Decrease 8 PtoP Neutral to basic (weakly)
QNI25281.1 V30A Deleterious —4 Decrease 9 NP to NP Neutral to neutral
QNC49349.1 V30L Deleterious -3 Decrease 4 NP to NP Neutral to neutral
QNA70543.1 L37F Deleterious —4 Decrease 7 NP to NP Neutral to neutral
QKV37245.1 T38I Deleterious —6 Decrease 5 P to NP Neutral to neutral
QKV08176.1 L37P Deleterious —7 Decrease 8 NP to NP Neutral to neutral
QNB17780.1 F35S Deleterious —8 Decrease 9 NP to P Neutral to neutral
QMT94417.1 D31Y Deleterious -9 Decrease 6 PtoP Acidic to neutral
QLY88596.1 A28V Deleterious —4 Decrease 5 NP to NP Neutral to neutral
QLG76514.1 N22T Deleterious —6 Decrease 1 PtoP Neutral to neutral
QLG99793.1 113M Deleterious -3 Decrease 8 NP to NP Neutral to neutral
QNG42985.1 P10S Deleterious —8 Decrease 8 NP to P Neutral to neutral
QLJ57416.1 A8V Deleterious —4 Increase 3 NP to NP Neutral to neutral
QNG41574.1 4L Neutral -2 Increase 1 NP to NP Neutral to neutral

¢ PROVEAN score: If the PROVEAN score is equal to or below a predefined threshold (e.g., —2.5), the protein variant is predicted to have a “deleterious” effect. If the PROVEAN score is

above the threshold, the variant is predicted to have a “neutral” effect.
b RI: Reliability Index ranges from 0 to 9.
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ORF10-Pangolin-CoV MGYINVFAFPFTIYSLLLCRMNSRSYIAQVDVVNFNLT 38
ORF10-SARS-CoV-2 MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNLT 38

000 00 00 0000 80 2 R0 R B0 80 K 00 R 00 00 BRI R0 R R0 K 8 K R K K K Ok

Fig. 3. Alignment of two ORF10 sequences (37 out of 38 identical residues) of Pangolin-CoV.
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Fig. 4. (A) Comparison of the intrinsic disorder profile of the reference ORF10 protein from SARS-CoV-2 (YP_009725255) from the NC_045512 SARS-CoV-2 genome (China, Wuhan) (black
curve) with ORF10 proteins from the Pangolin-CoV (QIG55954.1) and SARS-CoV TW-HP1 (UniProt ID: Q6SRY8). (B) Predisposition of intrinsic disease of SARS-CoV-2 ORF10 single variants
relative to SARS-CoV-2 (YP 009725255) ORF10 protein of the NC_045512 SARS-CoV-2 genome (China, Wuhan) (black curve). The analysis is conducted using the PONDR-VSL2 algorithm
[34], one of the more accurate standalone disorder predictors [35-37]. A thin line (score = 0.5) is the threshold separating order from disorder. Residues with the predicted disorder scores
>0.5 are considered as disordered, residues with the disorder scores ranging between 0.25 and 0.5 are flexible, whereas disorder scores below 0.25 correspond to ordered residues.

7. -
ISARS'CO‘ -2 ORF10 | Pangolin-CoV ORF10 I A

Amino Acids: Amino Acids:

MGYINVFAFPFTIYSLLLCRMNSRNYIAQVOVVNFNLT MGYINVFAFPFTIYSLLLCRMNSRSYIAQVDVVNFNLT

ABTMpro Prediction: ABTMpro Prediction:

Alpha Helical Transmembrane protein Non Transmembrane protein

Predicted Probabilities: Predicted Probabilities:

Non Transmembrane protein ©.445291 Non Transmembrane protein ©.512876

Alpha Helical Transmembrane protein 2.488699 Alpha Helical Transmembrane protein ©.427982
lBeta Barrel Transembrane protein 0.0660101 Beta Barrel Transembrane protein ©.0591427

Predicted Disulfide Bonds: Predicted Disulfide Bonds:

Input sequence has LESS THAN TWO cysteins and therefore cannot form disulfide bonds. Input sequence has LESS THAN TWO cysteins and therefore cannot form disulfide bonds
Predicted Probability of Antigenicity: Predicted Probability of Antigenicity:

0.046675 0.045067

Predicted Capsid/Tail Sequence: Predicted Capsid/Tail Sequence:

Capsid Sequence : YES (distance = 2.114194) Capsid Sequence : YES (distance = 8.150264)

Tail Sequence : NO (distance = -0.727386) Tail Sequence : NO (distance = -08.695244)
Userlnput

SORF18-SARS (38 residues) >ORF10-PANG (38 residues)
MGYINVFAFPFTIVYSLLLCRMNSRNYIAQVDVVNFNLT MGYINVFAFPFTIYSLLLCRMNSRSY IAQVDVVNFNLT

Predicted Secondary Structure Predicted Secondary Structure

20 20
| |
Sequence  MGYINVFAFPFTIYSLLLCRMNSRANYIAQUDVWNFNLT Sequence MGYINVFAEPFTIVSLLLCRMNSRSYIAQUDVVNENLT
Prediction CCSSSSSSSHHHHHHHHHHHCCCCCCSSSSSSSSSSCC Prediction CCSSSSSSSHHHHHHHHHHHCCCCCSSSSSSSSSSSCC
Conf .Score 98689998469999990087578785999989987759 Conf. Score 98679998460999999997578665999989977659
H:Heldx; S:Strand; C:Coil H:Helix; S:Strand; C:Coil
20 2@
| |
Sequence MGYINVFAFPFTIVSLLLCRMNSRNYIAQVDVWNFNLT Sequence MGYINVFAFPFTIVSLLLCRMNSRSYTAQVDVVNFNLT
Prediction 41106200€000002000021223210€1008010225 Prediction 41, 2122 10225
Values range from © (buried residue) to 9 (highly exposed residue) Values range from 0 (buried residue) to 9 (highly exposed residue)

Fig. 5. (A): Basic properties of ORF10 proteins of SARS-CoV-2 and Pangolin-CoV; (B): peptide and solvent accessibility properties of ORF10 proteins of SARS-CoV-2 and Pangolin-CoV.
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are several variations. Due to the ABTMpro server and the inclusion of
the bulk of hydrophobic amino acids, the SARS COV-2 ORF10 was pre-
dicted to be an alpha-helical transmembrane protein (probability
0.489) while the Pangolin-CoV ORF10 series was predicted to be a
non-transmembrane protein (probability 0.513). The predicted proba-
bility of antigenicity of SARS-CoV-2 ORF10 was slightly higher than
that of Pangolin-CoV ORF10. Both proteins were expected to be located
in the capsid area of the virus as they both show a positive distance with
Pangolin-CoV (0.1502) at a higher rate than SARS-CoV-2 (0.1141).

We characterized their secondary structure (Fig. 5B) for detailed in-
sights into ORF10 proteins from SARS-CoV-2 and Pangolin-CoV and
found that these are almost the same except for a significant variation
of tyrosine (Y) at position 26 for SARS-CoV-2 ORF10. In SARS-CoV-2
ORF10, 23 of the residues are buried, and the solubility is significantly
greater in 24 residues in SARS-CoV-2 ORF10 compared to Pangolin CoV.

Subsequent in-depth physiochemical properties study of two of
ORF10 SARS-CoV-2 and Pangolin-CoV proteins revealed the high simi-
larity of extinction, isoelectric point, and net charging dependent on
structural and fundamental proprietary studies (Fig. 6A). However, in
contrast to Pangolin-CoV ORF10 (4422 g/mol), the molecular weight
of SARS-CoV-2 ORF10 was higher because of the replacement of
Pangolin-CoV S (low molecular weight) for N (high molecular weight)
for SARS-CoV-2. The enzyme cleavage sites for the SARS-CoV-2 and
Pangolin-CoV ORF10 were also indistinguishable for all proteases
(Fig. 6B).
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Protein intrinsic disorder analysis disclosed the presence of hotloops
in both sequences within the same span of amino-acids (26-38). How-
ever, the presence of loops/coils (22-29) was a distinct characteristic of
SARS-CoV-2 ORF10 and no such structures were observed for Pangolin-
CoV ORF10 (Fig. 7).

We studied and identified nine amino acid epitopes 11 cytotoxic T-
lymphocytes (CTLs), from the SARS-CoV-2 ORF10 series, in all 12 HLA
subtypes to demonstrate the immunogenic properties of ORF10 and
their associated epitopic mutations (Fig. 8). The scores were contrasted
with the initial epitopes, thereby predicting that the binding affinity for
Class-I MHC molecules will increase/decline due to mutations. All
eleven epitopes and mutational epitopes have been analyzed using
the IDEB tool to take their immunogenicity into account.

4. Discussions

A detailed study of the ORF10 protein was carried out to evaluate its
potential to yield to variants that could possibly alter viral pathogenic-
ity. It was observed that each SARS-CoV-2 ORF10 sequence possesses
one distinct mutation. Each of the twenty-two SARS-CoV-2 ORF10 var-
iants is at a uniquely different position. None of these mutations in the
SARS-CoV-2 ORF10, however, contributes to the determination of clades
of SARS-CoV-2. Of all variants, a total of 13 variants were identified to
possess mutations at amino acid positions 22-38 and in a region pre-

[SARS-CoV-2: ORF10 |

MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNLT

Single letter code:

Sequence interpretation

Single letter code: NH2- MGYINVFAFP FTIYSLLLCR MNSRNYIAQV DVVNFNLT -COOH

Triple letter code: NH2- Met - Gly - Tyr - lle - Asn - Val - Phe - Ala - Phe - Pro - Phe - Thr - lle - Tyr - Ser -
Leu-Leu - Leu- Cys - Arg - Met - Asn - Ser - Arg - Asn - Tyr - lle - Ala - Gln - Val - Asp -
Val - Val - Asn - Phe - Asn - Leu - Thr -COOH

Physiochemical properties

Number of residues: 38
4449.18 g/mol

Net charge vs pH
z

Molecular weight: notes on MW

Extinction coefficient: 3840 M Tem”! notes on Ext. Coefficient
Iso-electric point: pH 8.52 notes on pl
Net charge atpH 7: 09 notes on net charge

Estimated solubility: Poor water solubility. notes on solubiiity

Hydropathy Hopp & Woods

Top is hydrophilic
Bottom is hydrophobic
Color codes: Basic Polar

| Pangolin-CoV: ORF10 |
MGYINVFAFPFTIYSLLLCRMNSRSYIAQVDVVNFNLT

dicted to contain overlapping loops/coils and hot-loop regions of the
Single letter code:
Sequence interpretation

Single letter code: NH2- MGYINVFAFP FTIYSLLLCR MNSRSYIAQV DVVNFNLT -COOH

Triple letter code: NH2- Met - Gly - Tyr - lle - Asn - Val - Phe - Ala - Phe - Pro - Phe - Thr - lle - Tyr - Ser -
Leu - Leu - Leu - Cys - Arg - Met - Asn - Ser - Arg - Ser - Tyr - lle - Ala - GIn - Val - Asp -
Val - Val - Asn - Phe - Asn - Leu - Thr -COOH

Physiochemical properties Net charge vs pH
3

Number of residues: 38 [
Molecular weight: 442216 g/mol notes on MW ‘:
Extinction coefficient: 3840 M e’ notes on Ext. Coefficient !
Iso-electric point pH 8.52 notes on pl

Net charge at pH 7: 0.9 notes on net charge

Estimated solubility: Poor water solubility.

notes on solubility

Hydropathy Hopp & Woods
i
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3|2 5= 55 222225555333 3055 5L |
ZloF|~ /> alcaladiF~rFlonadaJdoc = cnac I
Top is hydrophilic
Bottom is hydrophobic
Color codes: Basic Polar

Name of enzyme
Arg-C proteinase

No. of cleavages

2 20 24

Asp-N endopeptidase 1 30

Asp-N endopeptidase + N-terminal Glu 1 30

CNBr 2 121

Chymotrypsin-high specificity (C-term to [FYW], not before P) 6 3711142635

Chymotrypsin-low specificity (C-term to [FYWML], not before P) 12 13711141617 182126 3537

Clostripain 2 20 24

Formic acid 1 31

NTCB (2-nitro-5-thiocyanobenzoic acid) 1 18

Pepsin (pH1.3) 12 67910151617 18 34 3536 37

Pepsin (pH>2) 17 23679101314 1516 17 18 25 34 35 36 37
Proteinase K 22 346789111213 14 16 17 18 26 27 28 30 32 33 35 37 3§
Thermolysin 16 356710121516 17 20 26 27 29 32 34 36
Trypsin 2 20 24

Positions of cleavage sites

Fig. 6. (A): Physicochemical properties and hydropathy of ORF10 of SARS-CoV-2 and Pangolin-CoV; (B): enzymes and numbers of associated cleavages and their positions.
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| Pangolin-CoV-ORFlOl

Disordered by Loops/coils definition

>none_LOOPS none
Imgyinvfafp ftiyslllcr mnsrsyiaqv dvvnfnlt

Disordered by Hot-loops definition

>none_HOTLOOPS 26-38
mgyinvfafp ftiyslllcr mnsrsYIAQV DVVNFNLT

I SARS-CoV-2 ORF10 |

Disordered by Loops/coils definition

>none_LOOPS 22-29
mgyinvfafp ftiyslllcr mNSRNYIAQv dvvnfnlt

Disordered by Hot-loops definition

>none_HOTLOOPS 26-38
mgyinvfafp ftiyslllcr mnsrnYIAQV DVVNENLT
—

Fig. 7. Disordered loops and hotloops of ORF10 of SARS-CoV-2 and Pangolin-CoV.

ORF10 protein. All mutations were predicted to be deleterious with
decreased effect on protein structure stability except S23F, which
increased stability, denoting that these mutations play an active
role in enhancing intrinsic propensity disorder (IPD) and allowing
the protein to undergo more favorable interactions with other pro-
teins. Two other mutations, I14L and V61, were found to be in the
MOoRF region of ORF10, and which may also possibly contribute to
the IPD as well.

The mutations at positions 20 and 24 were also significant due to
their sensitivity for trypsin activity. Four ORF10 variants (QNC04532.1,
QMT54534.1, QMU93213.1 and QLA48060.1) possess four mutations
at these two positions. Among them, three variants harboring the muta-
tions R20I, R24L and R24C provide trypsin resistance, while the fourth
variant (QLA48060.1) with the R20K mutation is susceptible to protease
degradation.

An amino acid homology of 97.37% was observed between SARS-CoV-
2 ORF10 and Pangolin-CoV ORF10. Although most physicochemical and
peptide properties are similar, the probability of antigenicity is greater
for SARS-CoV-2 ORF10 than that of Pangolin-CoV ORF10 and consequently
a stronger immune response is predicted for SARS-CoV-2 ORF10. A change
from strand (Pangolin-CoV ORF10) to coil (SARS-CoV-2 ORF10) at position
26 (tyrosine (Y)), is predicted indicating the higher disordered state of the
protein. A sequence with the Y26H mutation was also detected in SARS-
CoV-2 ORF10, which showed that a hydrophobic amino acid was replaced

by a hydrophilic amino acid, thus increasing the probability for more ionic
interactions.

Analysis identified ORF10 mutations predicted to alter binding affinity
to respective HLA alleles and to possibly correspondingly change the im-
munogenicity of SARS-CoV-2 ORF10. Eight ORF10 variants (containing
one of the following mutations each G2D, 14L, 113M, Y14C, Y26H, F35S,
L37S and L37P (Table 2)) accounted for 40% of total mutations and dem-
onstrated decreased affinity for MHC class I, 25% of the variants (carrying
mutations R20K, R20I, R24C, R24L and D31Y) predict for increased affin-
ity, and 35% of the variants (carrying mutations V6I, A8V, P10S, S23F,
A28V and V30A) contain both high and low binding affinity epitopes.
This may indicates that mutations in ORF10 predominantly decrease the
affinity of epitopes to escape the host-immune system, while in the
mixed cases the effect of increased affinity by mutations is nullified by
the presence of mutations contributing to decreased affinity. For muta-
tions showing only increased binding affinity epitopes, it is hypothesized
that acquiring more than one mutation in a single sequence in the future
will nullify them as well. In addition, the immunogenicity score prediction
revealed that a large number of mutations had decreased or no effect and
very few of them exhibited an increased immunogenicity score, which
may be a possible strategy adopted by SARS-CoV-2 to evade the host-
immune response. Six mutation-bearing sequences (QLJ57416.1,
QMT97141.1, QLY88596.1, QNC49349.1, QMT54534.1, and QLG76514.1)
were found to contain epitopes showing both high affinity binding for

1-1og50k - 1-1og50k 1-1og50k
Position| Epitope . u;';:ws (affinity I; Position | Epitope ﬂ:t';;es (affinity slc?:; Position| Epitope | _ u;';:es (affinity
score score
MGYINVFAF  0.514  |0.28694 VEAFPFTIY | 0.311  [034042 FTIYSLLIC
MDYINVFAF 0.28694 IFAFPFIIY 0.34042 1119 FIMYSLLLC | HLA-A*03:01
1-9 MGYLNVFAF | HLA-B#58:01 VEVEPFTIY FTICSLLLC
MGYINIFAF 614 Rarsrrry| TA-BH:01 RMNSRNYIA
MGYINVEVE VEAFPFTMY IMNSRNYIA
YINVEAFRE  0.474  |0.28259 VEAFPFTIC 0.34042 KMNSRNYIA
YLNVEAFPE 0.28259 AFPFTIYSL | 0.483  [01775 RMNFRNYIA
3-11 YINIFAFPF | HLA-B#58:01 VEPFTIYSL 0.1775| 20-28 |RMNSCNYIA|HLA-A*02:01
YINVEVFPF 8-16 AFSFTIYSL | HLA-A%*24:02 RMNSLNYIA
YINVEAFSF AFPFIMYSL RMNSRNHIA
NVEAFPFTI . 0.533 030241 AFPFTICSL RMNSRNYIV
NIFAFPFTI 030241 FPFTIYSLL _ 0.595  |0.05708 RMTSRNYIA
5-13 NVEVEPFTI | HLA-A%02:01 oq7 |ESEILYSLL| o o 02 0.05708
NVEAFSFTI FPFTMYSLL
NVEAFPFIM 0.30241 FPFTICSLL
1-1og50k 1-10g50k
Position| Epitope < u;';;es (affinity SI::: Position | Epitope ﬂ;';“pes (affinity SI;B:; Position | Epitope HLA
score score
NSRNYIAQV  0.321 _ |0.09546 TAQVDVVNE  0.458 _ [0.09546 QVDVVNENL
NERNYIAQV IVQVDVVNE 0.09546 QADVVNENL 0.29 |
NSCNYIAQV IAQADVVNF QLDVVNENL
NSLNYIAQV 2733 MaoLovwnr | TLABI8:01 29-37 | QuyvviENL | HLA-A%02:01
22-30 NSRNEIAQV | HLA-A%02:01 IAQVYVVNE QVDVVNSNL
NSRNYIVQV IAQVDVVNS 0.09546 QVDVVNENE
NSRNYIAQA QVDVVNENP
NSRNYIAQL
TSRNYIAQV

Fig. 8. In 12 HLA subtypes, 11 distinct epitopes were described and analyzed in the SARS-CoV-2 ORF10 for binding affinity using PICKPOCKET. Using the IDEB tool, the IDEB value was
estimated. Eleven epitopes of the Wuhan SARS-CoV-2 ORF10 series (marked in orange). Red/blue scores indicate an increase/decline of the score for nine epitopes. The

immunogenicity attribute remains unchanged with significant green values.
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MHC class 1 and high immunogenicity, indicating that these epitopes can
mount significant immune response and might serve as potential targets
for vaccine candidates. More critical studies in ORF10 SARS-CoV-2 are
necessary to monitor high frequency mutations that could change viral
pathogenesis.

ORF10 protein of SARS-CoV-2 and Pangolin-CoV are similar. How-
ever, there are predicted notable differences detected between these
two ORF10 proteins in terms of loop/coil structure, antigenicity, solubil-
ity, and in mutational diversification of SARS-CoV-2. These significant
disagreements of various physicochemical, structural, immunological
properties despite an amino acid homology of 97.37% between the
ORF10 proteins of SARS-CoV-2 and Pangolin-CoV are quite surprising,
and deserving of further study.

A question exists as to the expression of ORF10 both in vivo and in vi-
rally infected cell lines. In a small case series of two subjects, a SARS-CoV-2
strain with a truncation mutation of ORF10 was associated with mild dis-
ease and in vitro this strain replicated with the same efficiency as strains
with non-truncated ORF10 [41]. It should be noted that both individuals
infected with this strain had mild disease, and the VeroE6 cells used for
viral culture lack native interferon (IFN) production. Evasion of IFN pro-
duction as well as IFN signaling appears to be important in the pathogen-
esis of SARS-CoV-2, and interference with IFN induction or interferon
sensitivity by ORF10 cannot be ruled out by these experiments [42]. In
this vein, ORF10 expression is found in immune cells of subjects infected
with SARS-CoV-2, and expression levels of ORF 10 are associated with dis-
ease severity [43]. Finally, T cells of acute and convalescent subjects with
SARS-CoV-2 infection react to ORF10 in vitro [44]. Taken together, these
data suggest that ORF10 is indeed expressed during infection and may
be involved in disease severity. The analysis of mutations described in
our study through various in vivo and in vitro models of COVID-19 infec-
tion and disease severity should be explored, and appear crucial in our un-
derstanding of disease pathogenesis.
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