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The high transmissibility of Delta and Lambda variants has raised the need to determine the reason for the

infectivity of these variants. Since the Delta variant first emerged in India in June 2020, the global incidence of the
Delta variant has made it a VOC. The Delta variant is 60% more infectious than the original Wuhan SARS-CoV-2
strain. Similarly, Lambda, a VOI, was first reported in Peru in December, 2020 and currently, its diverse mutations

and increased frequency in over 29 countries has raised more attention.

SARS-CoV2 Delta variant Lambda variant

| 1. Introduction

Compared to SARS-CoV and MERS-CoV, the SARS-CoV-2 genome has 82% sequence identity overall, and over
90% sequence identity for structural proteins and essential enzymes W. According to the NCBI annotation,
(NC_045512), SARS-CoV-2 has 14 functional open reading frames (ORFs), which encode up to 31 proteins,
shown schematically in Figure 1 28], The first ORFs, ORF1a and ORF1b, are the longest ORFs and occupy more
than two thirds of the whole genome 4. polyproteins 1a and 1b are encoded by ORFs 1a and 1b. These two
polyproteins are cleaved with the aid of proteases such as MP™ to produce 16 non-structural proteins (NSPs) [
[, MPr, the main protease of the coronaviruses, is responsible for viral replication and transcription and is
described in detail in previous studies Bll€l. The NSPs include regulators of the viral lifecycle, which play a crucial
role in the replication and pathogenicity of the virus I, The mechanism of viral invasion and protein functions was
reviewed previously B9 Downstream in the RNA are 11 accessory proteins encoded by ORFs, whose order is
ORF3a, ORF3b, ORF3c, ORF3d, ORF6, ORF7a, ORF7b, ORF8, ORF9b, ORF9c and ORF10, respectively 11,
They interact with four structural proteins, but their roles remain unknown 12, The four structural proteins are spike
surface glycoprotein (S), small envelope protein (E), membrane or matrix protein (M), and nucleocapsid protein (N)
(231 Among the structural proteins, S protein plays a vital role in the pathogenicity and transmission of the virus
(Figure 1).

https://encyclopedia.pub/entry/15815 1/8



Delta and Lambda Variants of SARS-CoV-2 | Encyclopedia.pub

(SARS-CoV-Z genome)
4] 5 1o 15
SLUTR
JI i?f ORF1b
e

CORF1D -]
- 1 . L
[ nspl2 I nspl3 ]nspm:[nspl*j}ﬂsplﬁ] _51 51.('_-'.2.?2' 52 o
(9] [} oufod ffmifd
;‘; \

Figure 1. Schematic diagrams of the SARS-CoV-2 genome and its translation products. The top part shows the
~29.9 kb genome 4. The second portion shows the overall position of structural, non-structural and accessory
proteins in 5' to 3' order @15, The bottom half depicts the non-structural proteins encoded by ORFla (NSP1-11)
and ORF1b (NSP12-16), 11 accessory proteins encoded by ORF3-ORF10, and the structure of S, which has S1
and S2 domains 2. Furin and TMPRSS?2 cleavage sites (PRRA and S2’ sites) are depicted in the S protein (18],

| 2. Why Delta and Lamba Variants Are More Pathogenic

Apart from the toxicity of the S protein, the S1 domain is highly mutable and may not be a suitable candidate for
drug targeting 7. In contrast, cell-mediated immune responses to the S protein are mainly elicited to the S2
domain (28, This also contains two heptad repeat regions (HR1 and HR2), which provide the S2 domain as a target
of NAbs and vaccine candidate (12, Mutations in spike protein may lead to increased affinity between the RBD and
the ACE2 [2021] Among the 17 mutations of the Delta spike protein, the L452R and T478K mutations are notable
because amino acid substitutions at positions 452 and 478 have increased affinity of the spike protein for ACE2
receptors. Thus, they increase the capability of the virus to evade a host’s immune response 22, There is a specific
mutation, P681R, found within the furin cleavage site of the Delta variant 22, An initial study in Delta demonstrates
the increased processing of spike protein, compared with the original SARS-CoV-2 23], |n this regard, higher fusion
activity and syncytium formation has been reported in the Delta variant, compared with previous lineages 2.
Similarly, there are 19 mutations in the Lambda variant, including a unique deletion of 7 amino acids at positions
246-253, plus the substitution D253N located at the NTD of the S protein (Figure 2), the antigenic supersite,
raising the prospect of more transmissibility and more infection in the Lambda variant 24, However, T76l, F490S
and L452Q substitutions in Lambda also occur in the RBD of spike protein 23], As seen in Figure 2, the most
significant changes within the RBD for the two variants are L452R and T478K in Delta, and T76l, F490S and
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L452Q in Lambda. Generally, mutations that occur in the RBD and the N-terminal domain allow the virus to evade
the host immune response. Consequently, the Delta and Lambda variants appears to have decreased sensitivity to
antibodies [28127] glicited by the current vaccine spike protein. The molecular structure, important amino acid
changes and protein—protein binding of spike with ACE2 for Delta and Lambda variants are represented in Figure
2.

RSYLTPG at
246-252 & D2S3N

Spike glycoprotein (S)

Figure 2. Spike protein and associated mutations in S1 domain for Delta and Lambda variants of SARS-CoV-2,
and ACE2 binding to the S protein. (A) The crystal structure of S protein domains (S1 and S2) in the active
conformation of the RBD of spike protein (Chain A). The PDB format was obtained from the RCSB protein data
bank (PDB ID: 7DX5) 28], Homology modeling was performed, using UCSF ChimeraX version 1.2.5 (2021-05-24).
ACE2 was removed from the structure in the central panel 22, (B) Right panel, the partial conformation of the
structure of RBD of the spike protein (Chain F), shown in a green color, in complex with ACE2 (Chain B) in purple
color, retrieved from the RCSB protein data bank (PDB ID: 6vw1) to demonstrate the RBD binding to hACE2 89,
Structural modeling and point mutations were carried out, using UCSF ChimeraX. Other chains and molecules
were removed. (C) The structural comparison of T478K related to the Delta variant. (D) The structural
demonstration of F490S related to the Lambda variant. (E) Demonstration of two mutants related to the two
variants, L452R and L452Q of Delta and Lambda, respectively. (F) Demonstration of sequence deletion (RSYLTPG
at position 246-252) and a mutation D253N located in the NTD of the spike protein of the Lambda variant.

The genomic data and protein sequence analysis of Delta and Lambda variants were compared with the original
Wuhan isolate, available on the NCBI and GISAID clade database, accessed on 29 August 2021 from

(http://gisaid.org). The comparison shows abundant changes in NSPs and S proteins (Table 1). The very large
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number of mutations in Delta and Lambda, combined with the limited experimental data, make the analysis of the
significance of mutations extremely difficult at the current time. According to the available sequences of accessory
proteins and comparison to the Wuhan strain, ORF6 and ORF7b of Delta and ORFs 6, 7a and 7b of Lambda and
ORF10 of both variants had no changes. More information and amino acid sequences are available in Table Al.
There are 20 substitutions in Delta’s NSP and 15 substitutions in Lambda’s NSP, plus 2 deletions of trimers. Within
the S protein, Delta has 7 amino acid substitutions, while Lambda has 7 amino acid substitutions plus a heptad
deletion. The Lambda changes provide replication advantages 1. The substitutions stabilize the S protein with
human ACE2, causing the virus to evade NAbs and increasing COVID-19 severity [2812781[32] There is more
conservation in E and M proteins. For Delta and Lambda, there are no changes in the E protein and single amino
acid substitutions in the M protein. With regard to the N protein, Delta has 4 amino acid substitutions, while
Lambda has 8.

Table 1. List of amino acid (aa) substitutions and deletions of Delta and Lambda variants in comparison with the
original Wuhan strain. The non-structural proteins (NSPs) and accessory proteins in beige, envelope protein (E) in
cyan, membrane protein (M) in green, nucleocapsid protein (N) in yellow, and spike glycoprotein (S) in dark orange
color represent different changes for both Delta and Lambda variants of SARS-CoV-2, using GISAID ID:
EPI_ISL_402124. The Lambda variant has more changes, compared to the Delta variant, and shows a deleted
amino acid sequence in NSPs and S proteins. Delta and Lambda sequences extracted from NCBI tool and
changes were found, using the GISAID online tool. Changes in accessory proteins ORF3, ORF7a and ORF8 in
Delta, and ORF8 in Lambda are highlighted in dark blue color.

aa Substitutions Deletions

COVID-19
Variant NSPs Acc_essory E M N s Source
Proteins
Delta (3) P822L, No 182T D63G, TI19R, NCBI, GISAID
NSP3: T1022X,  Change R203M, A222V, (EPI_ISL_402124)
' P2767L, Q349H, L452R,
T2967X D377Y T478K,
D614G,
_ A446V, P681R,
NSPa: A946V D950N
V149A,
_ T181l,
NSP6: VA39A,
T4711
P323L,
NSP12: M463l,
G671S
_ P77L,
NSP13: T125N
ORF3: S26L
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aa Substitutions Deletions

COVID-19
- NSPs Accessory Source
Variant Proteins E M N S
V82A,
ORF7a: T1201
D119V,
ORFS8: F120L
T428I,
P1469S,
_ F1569V,
RAELES T2373l,
P3414S,
F3514V
L438P, SR
T492] T76l,
NSP4: ' R246A,
L938P, S247A
T992I P13L, R203K, '
Y248A,
G204R,
G15S G214C el i
Lambda  NSP5: : No : T250A, NCBI, GISAID  tivity. The
G321S K384N P432L, _ _
(A) Change R622K P251A, (EPI_ISL_402124) rison with
’ G252A,
S106A, G623R, D253N ed on 29
G107A, G633C ’ o
F108A L452Q, e original
NEIFE: S3964, F490S, has 46%
G397A D614G,
F398A T859N M and E
inges due
NSP12: P323L ons using
NSP13: T599| such as E
ourposes.
ORFS8: S142N
o AccEsaory
= NEPs
[
« M

Delta variant Lambda variant

Figure 3. Comparison of amino acid changes in structural and Non-structural proteins in Delta and Lambda
variants of SARS-CoV-2 compared to the Wuhan strain. Most changes are observed in NSP proteins (47% for
Delta and 46% for Lambda), shown in orange colour in both variants. S proteins, shown in green color, have the
greatest changes compared to other structural proteins. E protein, shown in grey color, has no mutations (0%) in
both variants. Accessory proteins, shown in dark blue of Lambda show less change (2%) compared to Delta variant
(16%). M proteins, shown in yellow color, have the least change in both variants, apart from E protein. The initial

databases were extracted from GISAID online tool and processed using Excel.
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