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Abstract

Semaglutide is a glucagon-like peptide 1 analog used for the treatment of patients
with type 2 diabetes mellitus. With 94% sequence similarity to human GLP-1,
semaglutide is a glucagon-like peptide-1 receptor (GLP-1R) agonist, which binds
directly to GLP-1R, causing various beneficial downstream effects that reduce blood
glucose. Practically, it is favourable for semaglutide to bind not just directly, but
also tighter, to its receptor GLP-1R. Therefore, incorporating currently available
experimental structural data of semaglutide-GLP-1R, this short article reports for
the first time that biophysically, semaglutide is able to bind tighter to GLP-1R with
just a simple Val27-Arg28 exchange in its peptide backbone.

∗Institute of Special Environmental Medicine, Nantong University, No. 9, Seyuan Road, Nantong
City, Jiangsu Province, People’s Republic of China

1

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 July 2020                   doi:10.20944/preprints202007.0582.v1

©  2020 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202007.0582.v1
http://creativecommons.org/licenses/by/4.0/


1 Introduction

Semaglutide is a glucagon-like peptide 1 (GLP-1) analog used for the treatment of

patients with type 2 diabetes mellitus along with lifestyle changes [1, 2, 3, 4, 5, 6, 7].

Other members of this drug class include exenatide and liraglutide [8, 9, 10, 11, 12,

13, 14, 15, 16]. Semaglutide was developed by Novo Nordisk and approved by FDA

for subcutaneous injection in December 2017, the tablet formulation was approved for

oral administration in September 2019 [2, 11, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27].

Semaglutide offers a competitive advantage over other drugs used to treat diabetes,

which may require several daily doses. Clinical trials have revealed that this drug

reduces glycosylated hemoglobin levels and reduces body weight, proving to be

effective for patients with type 2 diabetes [1, 3, 28, 10, 29, 30, 31, 32, 33].

Pharmacologically, semaglutide stimulates the synthesis of insulin by stimulating

pancreatic islet cells and reducing glucagon secretion [34, 35]. In hypercholesterolemia,

semaglutide is believed to reduce the progression of atherosclerosis via decreased gut

permeability and decreased inflammation [36, 11], while weight loss is believed to

occur via the reduction of appetite and food cravings after semaglutide administration

[37, 35].

2 Motivation

With 94% sequence similarity to human GLP-1, semaglutide is a glucagon-like peptide-

1 receptor (GLP-1R) agonist [11, 17, 18, 38, 1, 34, 39], which binds directly to GLP-1R,

causing various beneficial downstream effects that reduce blood glucose [40, 41]. As

of July 18, 2020, there is already one experimental structure (determined by X-ray

diffraction) of the semaglutide peptide backbone in complex with the extracellular
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domain of GLP-1R (PDB ID: 4ZGM [2]). Therefore, incorporating this structure

(PDB ID: 4ZGM [2]), this short article aims to answer: biophysically, can semaglutide

bind tighter to GLP-1R?

3 Materials and Methods

To begin with, a close inspection and structural analysis [42] of the binding interface

of the complex structure (PDB ID: 4ZGM [2]) led to a B27Arg-B28Val mutant of

semaglutide with potentially higher binding affinity to GLP-1R. Specifically, the

amino acid sequence of GLP-1R is listed in italics in fasta format as below,

>GLP-1R

RPQGATVSLWETVQKWREYRRQCQRSLTEDPPPATDLFCNRTFDEYAC

WPDGEPGSFVNVSCPWYLPWASSVPQGHVYRFCTAEGLWLQKDNSSLPWR

DLSECEESKRGERSSPEEQLLFLY

The amino acid sequence of native semaglutide peptide backbone is listed in italics

in fasta format as below,

>SemaglutideNative

HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG

The amino acid sequence of a B27Arg-B28Val mutant semaglutide peptide back-

bone is listed in italics in fasta format as below,

>SemaglutideMutant

HAEGTFTSDVSSYLEGQAAKEFIAWLRVGRG

Genetically, the B27Arg-B28Val mutant of semaglutide is engineered in such a way

that it has a similar amino acid sequence as the native semaglutide but has a Val-Arg

(V-R) exchange (Figure 1) of valine (Val)-arginine (Arg) sequence at positions 27 and

28 in the B chain of PDB ID: 4ZGM [2], similar to the way insulin lispro is designed
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Figure 1: An alignment of the amino acid sequences of native (from literature

[2, 11]) semaglutide and the B27Arg-B28Val mutant (supplementary file sema.pdb)

semaglutide peptide backbones. In this figure, the residue numberings are different

for the two sequences. For instance, positions 27 and 28 (of native semaglutide)

corresponds to positions 33 and 34 (from literature [2, 11]).

[43, 44, 45, 46, 47].

To build a homology structural model of the V-R exchange (Figure 1) mutant

(B27Arg-B28Val) of semaglutide-GLP-1R, the two sequences above (>GLP-1R and

>SemaglutideMutant) were plugged into the SWISS-MODEL homology modeling

[48, 49] server in search of an experimental structural model, which led to the hetero-

dimeric complex structure (PDB ID: 4ZGM [2]) with 98.69% sequence homology to

the two sequences above (>GLP-1R and >SemaglutideMutant). After the homology

structural modeling [48], the UCSF Chimera software [50] was employed to minimize

the energy level of the homology structural model. The energy-minimized model

(supplementary file sema.pdb) was subsequently subject to a comprehensive set of

electrostatic interaction analysis as described previously in [42].

4 Results

In the complex structure of the native semaglutide peptide backbone in complex with

the extracellular domain of GLP-1R (PDB ID: 4ZGM [2]), the side chain nitrogen
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atoms of Arg28 of chain B are at least 12.4 Å away from the side chain oxygen atoms

of Glu104 of chain A, making interfacial salt bridges or hydrogen bonds practically

impossible between the two interfacial residues. Furthermore, two sets of electrostatic

interactions contribute towards the stabilization of structure (PDB ID: 4ZGM) of

native semaglutide (chain B) bound to GLP-1R (chain A), including interfacial salt

bridges between Lys20 of chain B (K20B) and Glu105 of chain A (E105A), and

interfacial salt bridges and side chain hydrogen bond between Glu45 of chain A

(E45A) and Arg30 of chain B (R30B), as listed in Tables 1 and 2 and illustrated in

Figures 2 and 3 and 4.

PDB file name Residue A Atom A Residue B Atom B Distance (Å)

sema.pdb B LYS 20 NZ A GLU 105 OE1 2.575

sema.pdb B LYS 20 NZ A GLU 105 OE2 2.713

sema.pdb B ARG 27 NH2 A GLU 104 OE2 3.694

sema.pdb B ARG 30 NH1 A GLU 45 OE1 3.734

sema.pdb B ARG 30 NH1 A GLU 45 OE2 3.775

Table 1: Interfacial salt bridging network analysis of the homology structural model

of the B27Arg-B28Val mutant of semaglutide peptide backbone in complex with the

GLP-1 receptor extracellular domain (supplementary file sema.pdb). In this table,

the residue naming scheme is Chain ID residue name residue number.

PDB file name Acceptor (A) Donor (D) Hydrogen (H) D-A (Å) H-A (Å) ∠ADH(°)

sema.pdb OE1, A GLU 45 NE, B ARG 30 HE, B ARG 30 2.72 1.75 14.43
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Table 2: Interfacial side chain hydrogen bonding analysis of the homology structural

model of the B27Arg-B28Val mutant of semaglutide peptide backbone in complex

with the GLP-1 receptor extracellular domain (supplementary file sema.pdb). In this

table, the residue naming scheme is Chain ID residue name residue number,

∠ADH represents the angle formed by acceptor (A), donor (D) and hydrogen (H)

(∠ADH).
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Figure 2: An overview of the homology structural model of the B27Arg-B28Val

mutant of semaglutide peptide backbone (cyan cartoon) in complex with the GLP-1

receptor extracellular domain (green cartoon). In this figure, six amino acid residues

are highlighted as sticks because they are involved in a set of interfacial structure-

stabilizing electrostatic interactions, including Lys20 of chain B (K20B), Glu105 of

chain A (E105A), Glu104 of chain A (E104A), Arg27 of chain B (R27B), Glu45 of

chain A (E45A) and Arg30 of chain B (R30B), all interfacial electrostatic interactions

are indicated with yellow dotted lines. This figure is prepared by PyMol [51].
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Figure 3: Homology structural model of the B27Arg-B28Val mutant of semaglutide

peptide backbone (cyan cartoon) in complex with the GLP-1 receptor extracellular

domain (green cartoon). In this figure, a set of interfacial salt bridges (yellow dotted

lines) are highlighted between Lys20 of chain B (K20B) and Glu105 of chain A

(E105A), with their details included in Table 1. This figure is prepared by PyMol

[51].
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Figure 4: Homology structural model of the B27Arg-B28Val mutant of semaglutide

peptide backbone (cyan cartoon) in complex with the GLP-1 receptor extracellular

domain (green cartoon). In this figure, a set of interfacial salt bridges (yellow dotted

lines) and one side chain hydrogen bond are highlighted between Glu45 of chain A

(E45A) and Arg30 of chain B (R30B), with their details included in Tables 1 and 2.

This figure is prepared by PyMol [51].
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With respect to the homology structural model (supplementary file sema.pdb) of

the V-R exchange (Figure 1) mutant (B27Arg-B28Val) of semaglutide in complex with

GLP-1R, three sets of electrostatic interactions contribute towards the stabilization

of structure (supplementary file sema.pdb) of V-R exchange mutant semaglutide

(chain B) bound to GLP-1R (chain A), including interfacial salt bridges between

Lys20 of chain B (K20B) and Glu105 of chain A (E105A), and between Glu104 of

chain A (E104A) and Arg27 of chain B (R27B), and interfacial salt bridges and side

chain hydrogen bond between Glu45 of chain A (E45A) and Arg30 of chain B (R30B),

as listed in Tables 1 and 2 and illustrated in Figures 2, 3, 4 and 5.

Of further biophysical interest is that the structure-stabilizing interfacial salt

bridges (Figures 5) between Glu104 of chain A (E104A) and Arg27 of chain B (R27B)

is entirely due to the V-R exchange in the semaglutide peptide backbone, as shown

in Figure 1, while the other two sets of interfacial electrostatic interactions remains

unchanged (Figures 2 and 3 and 4).

In addition, of the homology structural model (supplementary file sema.pdb) of

the V-R exchange (Figure 1) mutant (B27Arg-B28Val) of semaglutide in complex with

GLP-1R, further structural analysis revealed that in addition to the interfacial salt

bridges listed in Table 1, the oppositely charged side chains of the three residue pairs

(Figure 2) are still quite close spatially to each other, with their inter-atomic distances

close to the distance cut-off [42] for structural salt bridge screening (Table 3).

PDB file name Residue A Atom A Residue B Atom B Distance (Å) Notes

sema.pdb B LYS 20 NZ A GLU 105 OE1 2.575 Yes

sema.pdb B LYS 20 NZ A GLU 105 OE2 2.713 Yes

sema.pdb B ARG 27 NH1 A GLU 104 OE1 5.947 No

sema.pdb B ARG 27 NH1 A GLU 104 OE2 5.095 No
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sema.pdb B ARG 27 NH2 A GLU 104 OE1 5.246 no

sema.pdb B ARG 27 NH2 A GLU 104 OE2 3.694 Yes

sema.pdb B ARG 30 NH1 A GLU 45 OE1 3.734 Yes

sema.pdb B ARG 30 NH1 A GLU 45 OE2 3.775 Yes

sema.pdb B ARG 30 NH2 A GLU 45 OE1 4.838 No

sema.pdb B ARG 30 NH2 A GLU 45 OE2 5.577 No

Table 3: Interfacial salt bridging network analysis of the homology structural model

of the B27Arg-B28Val mutant of semaglutide peptide backbone in complex with the

GLP-1 receptor extracellular domain (supplementary file sema.pdb). In this table,

the residue naming scheme is Chain ID residue name residue number. In the

last column of this table, Yes means that a normal salt bridge is formed because the

inter-atomic distance is shorter than 4 Å, while No means that no normal salt bridge

is formed because the inter-atomic distance is longer than 4 Å, the distance cut-off

for structural salt bridge screening used in [42].

5 Conclusion

For the first time, this short article puts forward a homology structural model

(supplementary file sema.pdb) of the B27Arg-B28Val mutant of semaglutide peptide

backbone in complex with the extracellular domain of GLP-1R. With an in-depth

structural analysis of it, this short article argues that biophysically, this B27Arg-

B28Val mutant of semaglutide is able to bind GLP-1R tighter than semaglutide

itself, hoping that the R&D of a novel semaglutide analogue with the V-R exchange

(Figure 1) is within our reach in the foreseeable future [52, 53, 54, 55].
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Figure 5: Homology structural model of the B27Arg-B28Val mutant of semaglutide

peptide backbone (cyan cartoon) in complex with the GLP-1 receptor extracellular

domain (green cartoon). In this figure, a set of interfacial salt bridges (yellow dotted

lines) are highlighted between Glu104 of chain A (E104A) and Arg27 of chain B

(R27B), with their details included in Table 1. This figure is prepared by PyMol [51].
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