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Article

An Exhaustive Exploration of the Semaglutide-GLP-1R 
Sequence Space towards the Design of Semaglutide 
Analogues with Elevated Binding Affinity to GLP-1R

Wei Li 

Contrebola Institute of Computational Interstructural Biophysics, No. 88, Renaissance East Road, Nantong
 City 226000, Jiangsu Province, People’s Republic of China; wli148@aucklanduni.ac.nz

Abstract: Semaglutide is a potent GLP-1 receptor agonist used in the treatment of type 2 diabetes 
mellitus due to its ability to regulate blood glucose levels and promote weight loss. On July 
26, 2021, with a manually defined set of computational structural and biophysical analysis, a 
simple Val27-Arg28 exchange was for the first time introduced in the backbone of semaglutide 
to strengthen the semaglutide-GLP-1R binding affinity. In this article, a comprehensive structural and 
biophysical analysis approach is for the first time proposed towards an exhaustive exploration of the 
semaglutide-GLP-1R sequence space for the design of semaglutide analogues with elevated binding 
affinity to GLP-1R, thereby potentially enhancing therapeutic efficacy of structurally conceivable 
semaglutide analogues. Through structure biophysics-based rational design and computational 
modeling, this article puts forward a set of semaglutide analogues and calculated their binding 
affinities to GLP-1R, with one particular semaglutide analogue-GLP-1R structural model reaching
a Kd of 3.0 × 10-8 M, while the Kd is 3.4 × 10-6 M for the binding of native semaglutide to GLP-1. 
Overall, the computationally designed semaglutide analogues here constitute a hopeful approach for 
developing GLP-1 receptor agonists with improved efficacy for the treatment of diabetes and weight 
management in future.
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1. Introduction

Semaglutide is a synthetic glucagon-like peptide-1 (GLP-1) receptor agonist that has garnered
significant attention in the field of diabetes management [1–3]. Structurally, it is a synthetic peptide
consisting of 39 amino acids. Semaglutide shares 94% sequence homology with natural human GLP-1
[2–9]. At the molecular level, semaglutide binds and activates the GLP-1 receptor, promoting insulin
secretion and inhibiting glucagon release from pancreatic beta and alpha cells, respectively [10–12].

Originally developed by Novo Nordisk, semaglutide was approved by regulatory agencies for the
treatment of type 2 diabetes mellitus (T2DM) due to its potent glucose-lowering effects and additional
benefits such as weight loss and cardiovascular risk reduction [13–16]. Semaglutide is available in both
injectable and oral formulations, with the injectable form typically administered once weekly and the
oral form taken once daily [17–19]. The therapeutic efficacy of semaglutide arises from its ability to
activate GLP-1 receptors located on pancreatic beta cells, leading to increased insulin secretion in a
glucose-dependent manner. Additionally, semaglutide slows gastric emptying, suppresses appetite,
and promotes satiety, contributing to its effects on weight loss and glycemic control [20–22].

Ligand-receptor binding affinity is an essential parameter in computer-assisted drug discovery
and structure-based drug design [23]. Thanks to the continued development of experimental structural
biology and the half-a-century old Protein Data Bank (PDB) [24–28], a comprehensive structural
biophysical analysis becomes possible [29,30] for specific ligand-receptor complex structures deposited
in PDB, such that our understanding of the structural and biophysical basis of their interfacial stability
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is able to help us modify the binding affinity of certain drug target and its interacting partners [31–35].
Take semaglutide for instance. On July 26, 2021, with a manually defined set of computational
structural and biophysical analysis, a simple Val27-Arg28 exchange was for the first time introduced in
the backbone of semaglutide to strengthen the semaglutide-GLP-1R binding affinity [7,9,36].

Figure 1. Strengthening semaglutide-GLP-1R binding affinity via a Val27-Arg28 exchange in the
peptide backbone of semaglutide [9]. This figure was prepared with PyMol [37]

2. Motivation

The development of semaglutide analogues with increased GLP-1R binding affinity holds
significant clinical relevance, offering the potential for enhanced glucose control, weight loss, and
cardiovascular benefits in patients with type 2 diabetes and obesity [3,38,39]. By leveraging insights
from structural biology and computational modeling and biophysics, this article seeks to design
semaglutide derivatives that exhibit tighter interactions with the GLP-1R binding site, thereby
improving receptor activation and downstream signaling pathways. These analogues may represent
a new class of GLP-1R agonists with superior therapeutic efficacy and reduced dosing frequency,
addressing current limitations in the management of metabolic disorders [40,41].

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0258.v1

https://doi.org/10.20944/preprints202405.0258.v1


3 of 12

3. Materials and Methods

As listed in Table 1, there is one structure (determined by Cryo-EM) of Semaglutide-bound
Glucagon-Like Peptide-1 (GLP-1) Receptor in Complex with Gs protein (PDB ID: 7KI0 [42]) as of May
6, 2024.

Table 1. Experimentally determined semaglutide-related structures (released newest
from oldest) in the Protein Data Bank (PDB [24]) as of May 6, 2024, QUERY code:
QUERY: Polymer Entity Description = "Semaglutide".

PDB ID Structure Title (release date from newest to oldest)
7KI0 Semaglutide-bound Glucagon-Like Peptide-1 (GLP-1) Receptor in Complex with Gs protein

However, with a QUERY code: QUERY: Full Text = "Semaglutide", a total of three experimental
structures related to semaglutide were found in the Protein Data Bank (PDB [24]), as listed in Table 2.

Table 2. Experimentally determined semaglutide-related structures (released newest from oldest) in
the Protein Data Bank (PDB [24]) as of May 6, 2024, QUERY code: QUERY: Full Text = "Semaglutide".

PDB ID Structure Title (release date from newest to oldest)
7KI0 Semaglutide-bound Glucagon-Like Peptide-1 (GLP-1) Receptor in Complex with Gs protein
7KI1 Taspoglutide-bound Glucagon-Like Peptide-1 (GLP-1) Receptor in Complex with Gs Protein
4ZGM Crystal structure of Semaglutide peptide backbone in complex with the GLP-1 receptor extracellular

domain

Among the three, there is one structure (determined by X-ray diffraction) of the semaglutide
peptide backbone in complex with the extracellular domain of GLP-1R (PDB ID: 4ZGM [39]). Briefly,
the amino acid sequences of the two chains of semaglutide and GLP-1R (according to PDB entry 4ZGM
[39]) are listed in italics in fasta format as below,

>4ZGM_1|Chain A|Glucagon-like peptide 1 receptor|Homo sapiens (9606)
RPQGATVSLWETVQKWREYRRQCQRSLTEDPPPATDLFCNRTFDEYACWPDGEPGSFVNVSC

PWYLPWASSVPQGHVYRFCTAEGLWLQKDNSSLPWRDLSECEESKRGERSSPEEQLLFLY
>4ZGM_2|Chain B|Semaglutide peptide backbone; 8Aib,34R-GLP-1(7-37)-OH|Homo sapiens

(9606)
HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG
In combination with the comprehensive structural and biophysical analysis [29], the key amino

acid residues at the semaglutide-GLP-1R complex binding interface (PDB ID: 4ZGM) were examined
carefully in PyMol [9,37,39], and the inter-residue distances were calculated by PyMol [37] to identify
potential neighbouring residue pair(s) to modulate the structural stability of the semaglutide-GLP-1R
complex structure, leading to the design of a set of semaglutide variants with enhanced binding
affinity.

In general, after homology structural modeling of semaglutide variants with Modeller [43], the
binding affinity between semaglutide and GLP-1R was calculated using Prodigy [44,45]. Specifically, a
total of (s = g(28, 4) = 28!

4!(24)! × 204 [46]) set of semaglutide analogues were generated with in-house
Python script with four site-specific missense mutations introduced into native semaglutide sequences
as listed above. Afterwards, homology structural modeling was carried out using Modeller [43] with
PDB entry 4ZGM [39] as the structural template. Finally, the binding affinity between semaglutide
and GLP-1R was calculated using Prodigy [44,45] for native semaglutide (10000 times) and for s =

g(28, 4) = 28!
4!(24)! × 204 [46] semaglutide analogues (twenty times each).
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4. Results

First off, with the X-ray structure of the semaglutide peptide backbone in complex with the
extracellular domain of GLP-1R (PDB ID: 4ZGM [39]) in place, Modeller [43] was employed to build
10000 structural models with 100% homology to PDB ID: 4ZGM [39], and the binding affinity between
semaglutide and GLP-1R was calculated using Prodigy [44,45] for native semaglutide (10000 times).
As shown in Figure 2, most of the Kd values are located between 2.5 × 10-6 M and 4.0 × 10-6 M, with
an average at 3.278 × 10-6 M, which is rather close to the one Kd (3.4 × 10-6 M) as reported in [9].

Figure 2. Distribution of the binding affinities between semaglutide (PDB ID: 4ZGM [39]) and GLP-1R
as calculated by Prodigy [44,45].

Secondly, with the X-ray structure of the semaglutide peptide backbone in complex with
the extracellular domain of GLP-1R (PDB ID: 4ZGM [39]) as the structural template, a total of
s = g(28, 4) = 28!

4!(24)! × 204 [46] semaglutide variants’ sequence were generated, and plugged into
Modeller [43] to build 20 structural models for each semaglutide analogue, and the binding affinity
between semaglutide and GLP-1R was calculated using Prodigy [44,45]. In total, the binding affinities
of 100 semaglutide analogues to GLP-1R are included in Table 3, including their minimum, maximum,
average and standard deviation of the Kd values calculated using Prodigy [44,45] for the semaglutide
analogues, each 20 times of homology structural modeling using Modeller [43] In supplementary
file supps.pdf, Table 1 includes a total of 8915 semaglutide analogues, including their minimum,
maximum, average and standard deviation of the Kd values calculated using Prodigy [44,45] for the
semaglutide analogues, each 20 times of homology structural modeling using Modeller [43].
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Table 3. Computationally designed semaglutide analogues with elevated binding affinity to GLP-1R
than native semaglutide. In this table, the binding affinity of semaglutide analogues to GLP-1R is
calculated with Prodigy [44,45] at Kd (37 ◦C) values, while Muta1, Muta2, Muta3 and Muta4 represent
the four site-specific mutations introduced into the backbone of semaglutide, and Min, Max, Mean and
Std represent the minimum, the maximum, the average and the standard deviation of the Kd values
calculated using Prodigy [44,45] for the semaglutide analogues, each 20 times of homology structural
modeling using Modeller [43].

No. Muta1 Muta2 Muta3 Muta4 Min Max Mean Std
1 G13B_A I20B_Q L23B_Q V24B_N 5.3E-08 2.2E-07 1.337E-07 4.778E-08
2 G13B_A I20B_N L23B_R V24B_N 6.5E-08 2.4E-07 1.344E-07 4.996E-08
3 G13B_A I20B_N L23B_Q V24B_T 6.6E-08 2.2E-07 1.376E-07 4.199E-08
4 G13B_A I20B_T L23B_Q V24B_N 8.0E-08 3.1E-07 1.404E-07 5.478E-08
5 G13B_A I20B_Q L23B_Q V24B_T 6.8E-08 2.0E-07 1.407E-07 3.779E-08
6 G13B_A I20B_S L23B_R V24B_T 6.1E-08 2.5E-07 1.408E-07 5.527E-08
7 G13B_A I20B_Q L23B_R V24B_N 3.0E-08 3.2E-07 1.461E-07 7.095E-08
8 G13B_A I20B_T L23B_R V24B_N 8.3E-08 2.1E-07 1.467E-07 3.690E-08
9 G13B_A I20B_N L23B_R V24B_Q 6.3E-08 2.9E-07 1.487E-07 5.848E-08
10 G13B_A I20B_Q L23B_R V24B_Q 8.6E-08 2.5E-07 1.489E-07 5.170E-08
11 G13B_A I20B_Q L23B_Q V24B_Q 6.3E-08 2.4E-07 1.505E-07 5.269E-08
12 G13B_A I20B_S L23B_R V24B_N 4.4E-08 3.5E-07 1.520E-07 6.568E-08
13 G13B_A I20B_T L23B_R V24B_T 9.4E-08 2.2E-07 1.545E-07 4.188E-08
14 G13B_A I20B_N L23B_Q V24B_N 7.7E-08 2.2E-07 1.559E-07 4.164E-08
15 G13B_A I20B_S L23B_R V24B_Q 7.7E-08 3.0E-07 1.571E-07 6.401E-08
16 G13B_A I20B_S F19B_Q V24B_N 3.5E-08 2.8E-07 1.583E-07 6.648E-08
17 G13B_A I20B_N L23B_Q V24B_Q 8.2E-08 2.9E-07 1.602E-07 5.879E-08
18 G13B_A I20B_N F19B_Q V24B_N 5.0E-08 2.9E-07 1.634E-07 7.035E-08
19 G13B_A I20B_T F19B_Q V24B_Q 9.7E-08 2.9E-07 1.653E-07 4.839E-08
20 G13B_A I20B_N L23B_R V24B_T 8.0E-08 3.4E-07 1.662E-07 8.233E-08
21 G13B_A I20B_S L23B_Q V24B_Q 7.8E-08 3.4E-07 1.682E-07 7.062E-08
22 G13B_A I20B_Q F19B_Q V24B_T 3.6E-08 3.3E-07 1.686E-07 7.653E-08
23 G13B_A I20B_S L23B_Q V24B_N 6.2E-08 3.0E-07 1.703E-07 6.652E-08
24 G13B_A E18B_T I20B_Q V24B_Q 8.4E-08 2.7E-07 1.706E-07 5.558E-08
25 G13B_A I20B_T F19B_Q V24B_N 6.3E-08 2.9E-07 1.711E-07 7.268E-08
26 Y10B_A I20B_Q L23B_Q V24B_Q 7.3E-08 3.8E-07 1.725E-07 8.816E-08
27 G13B_A I20B_S F19B_Q V24B_T 6.2E-08 3.2E-07 1.725E-07 6.884E-08
28 G13B_A I20B_T L23B_R V24B_Q 5.5E-08 3.0E-07 1.725E-07 6.902E-08
29 G13B_A I20B_T F19B_Q V24B_T 6.5E-08 3.3E-07 1.765E-07 7.216E-08
30 G13B_A I20B_T L23B_Q V24B_T 9.2E-08 3.4E-07 1.765E-07 7.525E-08
31 G13B_A I20B_Q L23B_R V24B_T 8.3E-08 3.7E-07 1.778E-07 7.613E-08
32 G13B_A I20B_S L23B_Q V24B_T 7.8E-08 3.6E-07 1.785E-07 6.839E-08
33 G13B_A I20B_T L23B_Q V24B_Q 9.1E-08 2.9E-07 1.791E-07 4.888E-08
34 G13B_A I20B_Q K17B_S V24B_N 7.5E-08 2.9E-07 1.822E-07 7.042E-08
35 G13B_A I20B_Q K17B_S V24B_T 8.2E-08 2.9E-07 1.826E-07 5.543E-08
36 G13B_A I20B_Q S9B_A V24B_N 7.7E-08 3.5E-07 1.836E-07 6.655E-08
37 G13B_A E18B_T I20B_Q V24B_N 9.5E-08 2.7E-07 1.842E-07 5.523E-08
38 Y10B_A I20B_Q L23B_R V24B_N 8.1E-08 4.7E-07 1.851E-07 9.983E-08
39 G13B_A I20B_Q F19B_Q V24B_N 6.0E-08 3.1E-07 1.869E-07 6.942E-08
40 G13B_A I20B_Q F19B_Q V24B_Q 7.3E-08 3.4E-07 1.870E-07 7.308E-08
41 Y10B_A I20B_N L23B_R V24B_Q 8.9E-08 3.7E-07 1.890E-07 7.203E-08
42 G13B_A I20B_Q S9B_A V24B_T 9.1E-08 3.6E-07 1.895E-07 7.000E-08
43 G13B_A I20B_Q S9B_A L23B_R 8.6E-08 4.6E-07 1.900E-07 8.860E-08
44 G13B_A I20B_N F19B_Q V24B_Q 6.8E-08 3.4E-07 1.909E-07 6.762E-08
45 G13B_A I20B_S F19B_Q V24B_Q 8.8E-08 3.5E-07 1.926E-07 7.739E-08
46 Y10B_A I20B_Q L23B_R V24B_T 9.9E-08 3.5E-07 1.934E-07 7.962E-08
47 Y10B_A I20B_Q L23B_R V24B_Q 6.6E-08 3.3E-07 1.951E-07 7.414E-08
48 G13B_A I20B_Q K17B_S V24B_Q 8.3E-08 3.6E-07 1.962E-07 6.561E-08
49 Y10B_A I20B_T L23B_R V24B_T 1.1E-07 3.4E-07 1.970E-07 6.689E-08
50 G13B_A I20B_T K17B_S V24B_N 1.1E-07 3.0E-07 1.975E-07 5.524E-08
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Table 3. Cont.

51 Y10B_A I20B_N L23B_Q V24B_N 8.3E-08 3.4E-07 1.976E-07 6.715E-08
52 Y10B_A I20B_N L23B_R V24B_T 1.1E-07 3.5E-07 1.985E-07 6.784E-08
53 G13B_A I20B_Q S9B_A V24B_Q 9.0E-08 3.0E-07 1.985E-07 6.548E-08
54 G13B_A I20B_S F19B_Q L23B_R 1.2E-07 3.1E-07 1.990E-07 5.077E-08
55 G13B_A I20B_N K17B_S V24B_N 1.2E-07 4.4E-07 2.015E-07 7.264E-08
56 G13B_A I20B_S F19B_Q L23B_Q 7.7E-08 4.1E-07 2.023E-07 9.647E-08
57 G13B_A I20B_S L23B_R K17B_S 1.1E-07 2.8E-07 2.030E-07 4.736E-08
58 Y10B_A I20B_T L23B_R V24B_N 8.9E-08 4.4E-07 2.034E-07 7.708E-08
59 G13B_A I20B_N K17B_S V24B_Q 1.0E-07 5.2E-07 2.035E-07 8.707E-08
60 Y10B_A I20B_S L23B_R V24B_T 8.6E-08 3.5E-07 2.038E-07 7.595E-08
61 G13B_A I20B_N S9B_A L23B_R 1.2E-07 3.8E-07 2.050E-07 8.300E-08
62 G13B_A I20B_N F19B_Q V24B_T 8.4E-08 4.1E-07 2.067E-07 7.351E-08
63 G13B_A I20B_N L23B_R K17B_S 1.1E-07 3.8E-07 2.070E-07 8.228E-08
64 G13B_A E18B_T I20B_Q L23B_Q 1.1E-07 3.4E-07 2.080E-07 7.317E-08
65 G13B_A I20B_N L23B_Q K17B_S 1.1E-07 3.6E-07 2.080E-07 7.557E-08
66 G13B_A I20B_T F19B_Q L23B_R 6.7E-08 3.5E-07 2.097E-07 9.136E-08
67 G13B_A I20B_S K17B_S V24B_N 8.6E-08 3.6E-07 2.098E-07 7.261E-08
68 Y10B_A I20B_N F19B_Q V24B_Q 7.6E-08 3.9E-07 2.098E-07 8.400E-08
69 Y10B_A I20B_N L23B_R V24B_N 1.1E-07 3.4E-07 2.100E-07 6.696E-08
70 G13B_A I20B_T S9B_A L23B_R 8.9E-08 3.8E-07 2.104E-07 7.158E-08
71 Y10B_A I20B_T L23B_R V24B_Q 1.2E-07 3.2E-07 2.105E-07 5.698E-08
72 G13B_A I20B_Q L23B_R K17B_S 8.2E-08 7.9E-07 2.120E-07 1.610E-07
73 G13B_A I20B_T K17B_S V24B_Q 9.2E-08 4.2E-07 2.121E-07 7.875E-08
74 G13B_A I20B_N E18B_T V24B_N 1.3E-07 3.8E-07 2.125E-07 7.181E-08
75 G13B_A I20B_T L23B_R K17B_S 9.5E-08 4.5E-07 2.128E-07 9.408E-08
76 G13B_A E18B_T I20B_S V24B_T 1.0E-07 3.5E-07 2.135E-07 7.081E-08
77 G13B_A I20B_Q F19B_W V24B_Q 8.9E-08 3.9E-07 2.149E-07 8.920E-08
78 Y10B_A I20B_Q L23B_Q V24B_N 6.7E-08 4.5E-07 2.161E-07 1.064E-07
79 Y10B_A I20B_N L23B_Q V24B_Q 9.7E-08 3.3E-07 2.168E-07 5.626E-08
80 G13B_A I20B_N E18B_T L23B_R 1.1E-07 4.0E-07 2.175E-07 9.118E-08
81 G13B_A I20B_Q V24B_Q E12B_A 1.0E-07 3.9E-07 2.175E-07 8.175E-08
82 Y10B_A I20B_S L23B_Q V24B_Q 8.7E-08 3.4E-07 2.179E-07 7.437E-08
83 G13B_A I20B_N F19B_Q L23B_R 8.9E-08 4.4E-07 2.179E-07 9.986E-08
84 Y10B_A I20B_Q K17B_S V24B_T 1.1E-07 4.0E-07 2.195E-07 7.970E-08
85 G13B_A I20B_S S9B_A V24B_Q 9.9E-08 3.2E-07 2.199E-07 5.489E-08
86 G13B_A I20B_Q L23B_Q K17B_S 7.5E-08 3.6E-07 2.208E-07 7.533E-08
87 Y10B_A I20B_T L23B_Q V24B_N 1.0E-07 4.7E-07 2.210E-07 9.037E-08
88 Y10B_A I20B_Q F19B_Q V24B_N 6.8E-08 5.7E-07 2.218E-07 1.294E-07
89 G13B_A I20B_S F19B_W V24B_N 1.3E-07 3.7E-07 2.225E-07 7.376E-08
90 Y10B_A I20B_Q F19B_Q V24B_Q 9.9E-08 4.3E-07 2.244E-07 8.656E-08
91 G13B_A E18B_T I20B_Q L23B_R 8.6E-08 3.9E-07 2.248E-07 9.776E-08
92 G13B_A I20B_T S9B_A V24B_Q 1.4E-07 3.7E-07 2.250E-07 6.653E-08
93 Y10B_A I20B_S L23B_R V24B_N 1.4E-07 3.5E-07 2.260E-07 6.344E-08
94 G13B_A I20B_T F19B_Q L23B_Q 6.0E-08 4.6E-07 2.263E-07 1.111E-07
95 G13B_A I20B_N E18B_T V24B_Q 1.0E-07 4.0E-07 2.265E-07 7.700E-08
96 Y10B_A I20B_Q F19B_Q V24B_T 8.5E-08 3.2E-07 2.267E-07 6.989E-08
97 Y10B_A I20B_T L23B_Q V24B_Q 9.6E-08 4.5E-07 2.268E-07 9.045E-08
98 G13B_A I20B_N E18B_T V24B_T 1.2E-07 4.4E-07 2.270E-07 8.572E-08
99 G13B_A E18B_T I20B_T L23B_Q 1.0E-07 4.9E-07 2.270E-07 1.064E-07
100 Y10B_A I20B_N F19B_Q V24B_N 9.0E-08 4.4E-07 2.277E-07 9.537E-08

Among the 100 semaglutide analogues included in Table 3, one particular semaglutide analogue
stood out, named here as semaglutideX, where the semaglutideX-GLP-1R structural model is reaching
a Kd value of 3.0 × 10-8 M, while the Kd is 3.4 × 10-6 M for the binding of native semaglutide to GLP-1
[9]. The amino acid sequence of semaglutideX is listed in italics in fasta format as below,

>semaglutideX (supplementary file semx.pdb)
HAEGTFTSDVSSYLEAQAAKEFQAWRNRGRG
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For a close comparison, the amino acid sequence of semaglutide (PDB ID: 4ZGM [39]) is listed in
italics in fasta format as below,

>4ZGM_2|Chain B|Semaglutide peptide backbone; 8Aib,34R-GLP-1(7-37)-OH|Homo sapiens
(9606)

HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG
and the amino acid sequence of semaglutide with a Val27-Arg28 exchange [9] is listed in italics in

fasta format as below,
>Val27-Arg28 exchange
HAEGTFTSDVSSYLEGQAAKEFIAWLRVGRG

Table 4. The binding affinities of semaglutide, semaglutide with a Val27-Arg28 exchange [9] and
semaglutideX to GLP-1R calculated by Prodigy [44,45]. In this table, 4ZGM represents the experimental
structure (determined by X-ray diffraction) of the semaglutide peptide backbone in complex with the
extracellular domain of GLP-1R (PDB ID: 4ZGM), mutant semaglutide represents the B27Arg-B28Val
mutant of semaglutide, whose structural model is described in the supplementary file semx.pdb, and
semaglutideX represents a semaglutide variant with four site-specific missense mutations, i.e., G13B_A
I20B_Q L23B_R V24B_N.

PDB file Protein-Protein Complex ∆ G (kcal/mol) Kd (M) at 37 ◦C Fold to 4ZGM
4ZGM [39] semaglutide-GLP-1R [39] -7.8 3.4 × 10-6 1
sema.pdb [9] Val27-Arg28 exchange [9] -8.4 1.1 × 10-6 3.09
semx.pdb G13B_A I20B_Q L23B_R V24B_N -10.7 3.0 × 10-8 113.33

With the X-ray structure of the semaglutide peptide backbone in complex with the extracellular
domain of GLP-1R (PDB ID: 4ZGM [39]) in place, Modeller [43] was employed to build 20 structural
models for each one of the 8915 semaglutide variants (supplementary file semx.pdb), and the binding
affinity between semaglutide variants and GLP-1R were calculated using Prodigy [44,45] for 20 times.
As shown in Figure 3, most of the Kd values are located between 1.0 × 10-7 M and 2.0 × 10-7 M, with
an average at 1.437 × 10-7 M, which is at least one order of degree lower that the Kd (3.4 × 10-6 M) as
reported in [9].

Figure 3. Distribution of the binding affinities between semaglutideX (supplementary file semx.pdb)
and GLP-1R as calculated by Prodigy [44,45].
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5. Conclusion

To sum up, this article reports a set of computationally designed semaglutide analogues with
elevated binding affinity to the GLP-1 receptor compared to native semaglutide and also to a previous
semaglutide with a Val27-Arg28 exchange [9]. Overall, these analogues hold promise for improving the
treatment of type 2 diabetes and obesity by enhancing receptor activation and downstream signaling
cascades. Future preclinical and clinical studies are needed to evaluate the pharmacological properties
and therapeutic potential of these novel semaglutide derivatives. Moreover, continued optimization of
GLP-1R agonists through structure-based drug design approaches could lead to further advancements
in the field, ultimately benefiting patients with diabetes.

6. Discussion

Pharmacologically, there are reasons to design semaglutide analogues with elevated binding
affinity to the glucagon-like peptide-1 receptor (GLP-1R) compared to semaglutide itself. However,
designing semaglutide analogues with heightened binding affinity to the glucagon-like peptide-1
receptor (GLP-1R) presents both opportunities and challenges in the field of metabolic therapeutics. On
the positive side, analogues with enhanced receptor affinity hold the potential to improve therapeutic
outcomes by maximizing receptor activation and downstream signaling pathways, leading to more
robust glucose control, weight loss, and potentially cardioprotective effects [47]. Additionally, these
analogues may offer the advantage of reduced dosing frequency, enhancing patient compliance and
convenience [48]. However, there are also drawbacks to consider, including the risk of off-target effects
[49] and increased receptor desensitization with prolonged exposure to highly potent semaglutide
analogues. Furthermore, the development of analogues with elevated binding affinity necessitates
careful optimization to maintain selectivity and minimize adverse reactions [50,51]. Balancing these
factors is crucial for realizing the full therapeutic potential of semaglutide analogues with enhanced
GLP-1R binding affinity while mitigating potential risks, which is where a truly general intermolecular
binding affinity calculator [46,52,53] will be useful to accomodate off-target effects and drug-drug
interactions [49–51].

Finally, while this study represents a series of semaglutide analogues with elevated binding
affinity to the GLP-1 receptor compared to native semaglutide and also to a previous semaglutide with
a Val27-Arg28 exchange [9], the entire process of the design, along with the structural biophysics-based
strategy for the molecular design [31–34,54], is essentially also a process of the construction of a
semaglutide-GLP-1R based mini general intermolecular binding affinity calculator (GIBAC) [46,52,
53] based on the structure of semaglutide peptide backbone in complex with the GLP-1 receptor
extracellular domain determined by X-ray diffraction [39]. With a series of semaglutide analogues with
elevated binding affinity to the GLP-1R available and this semaglutide-GLP-1R based mini GIBAC
in place, here, this articles calls again for the construction of a truly general intermolecular binding
affinity calculator to be listed on the agenda of the entire community of drug discovery and design
[46,52,53].
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