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Abstract: Drug-target binding is an essential parameter in drug discovery and design to ensure drug
efficacy and specificity. In 2022, the concept of a general intermolecular binding affinity calculator
(GIBAC) was for the first time coined: Kq = f(molecules, envPara). Technically, GIBAC represents a
set of in silico approaches for structural and biophysical data generation towards a paradigm shift in
precise drug discovery and design, providing a comprehensive framework for intermolecular binding
affinity calculation with adequate accuracy, precision and efficiency. For the first time, this study
reports a prototype of GIBAC (semaGIBAC), i.e., a one-dimensional semaglutide-GLP-1R-based mini
static GIBAC, based on an experimental complex structure of semaglutide and GLP-1R. Semaglutide
is a potent GLP-1 receptor agonist used to treat type 2 diabetes mellitus by regulating blood glucose
levels and promoting weight loss. In 2021, a structural modification involving a Val27-Arg28 exchange
was manually introduced to enhance semaglutide-GLP-1R binding affinity. This study employs a
comprehensive structural and biophysical analysis aimed at thoroughly exploring the sequence
space of semaglutide-GLP-1R to design analogues with improved binding affinity, leading to the
identification of a promising semaglutide analogue, which binds to GLP-1R with an affinity that is
more than two orders of magnitude (113.3 times) higher than native semaglutide. To sum up, this
article puts forward a promising structural biophysical approach for developing GLP-1 receptor
agonists with enhanced efficacy, and with a GIBAC prototype (semaGIBAC), this article argues again
that the time is now ripe for the construction of a real GIBAC to be listed on the agenda of the drug
discovery and design community.
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Intermolecular interactions are the fabrics underlying almost all processes in living organisms [1-8].

1. Supplementary information

No. | Mutation Mean Std Min Max

1 I20B_N | 7.560E-07 | 1.686E-07 | 4.800E-07 | 1.200E-06
2 120B_Q | 7.620E-07 | 2.477E-07 | 4.100E-07 | 1.300E-06
3 I120B_S | 8.600E-07 | 2.739E-07 | 5.700E-07 | 1.600E-06
4 I120B_T | 8.645E-07 | 2.210E-07 | 5.700E-07 | 1.300E-06
5 V24B_N | 1.397E-06 | 3.222E-07 | 7.300E-07 | 2.000E-06
6 V24B_Q | 1.417E-06 | 4.108E-07 | 7.000E-07 | 2.400E-06
7 L23B_N | 1.496E-06 | 3.469E-07 | 9.200E-07 | 2.100E-06
8 L23B_R | 1.515E-06 | 2.889E-07 | 1.100E-06 | 2.100E-06
9 V24B_T | 1.570E-06 | 4.014E-07 | 1.000E-06 | 2.400E-06
10 L23B_Q | 1.605E-06 | 3.859E-07 | 1.000E-06 | 2.500E-06
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11 A15B_N | 1.605E-06 | 3.689E-07 | 7.900E-07 | 2.400E-06

51 S9B_V | 2.180E-06 | 5.961E-07 | 1.300E-06 | 3.500E-06
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69 | SOB1 | 2288E-06 | 7.720E-07 | 9.600E-07 | 4300E-D6.
89 | AlsB 1 | 238506 | 4913E-07 | 1400E-06 | 3100E-O6.
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93 V7B_Y | 2.400E-06 | 5.601E-07 | 1.300E-06 | 3.400E-06

99 | V7BN | 2415606 | 5761E-07 | 1300E-06 | 3500E-06-

133 | GI1B_W | 2.540E-06 | 5.960E-07 | 1.300E-06 | 4.000E-06
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175 S9B_E | 2.805E-06 | 6.802E-07 | 1.800E-06 | 4.400E-06

215 | F19B_K | 2.980E-06 | 8.495E-07 | 1.700E-06 | 4.400E-06
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257 | Dé6B_D | 3.100E-06 | 7.130E-07 | 1.700E-06 | 4.900E-06

297 | A21B_E | 3.175E-06 | 6.463E-07 | 1.900E-06 | 4.300E-06
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339 | A21B_I | 3.290E-06 | 1.027E-06 | 2.100E-06 | 6.400E-06

379 | S8B_N | 3.375E-06 | 8.045E-07 | 2.000E-06 | 4.900E-06
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421 | R25B_M | 3.540E-06 | 1.021E-06 | 2.200E-06 | 5.600E-06

461 | R27B_L | 3.855E-06 | 1.060E-06 | 2.600E-06 | 6.900E-06
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503 | W22B_A | 4.175E-06 | 1.322E-06 | 2.600E-06 | 8.100E-06

543 | K17B_V | 4.555E-06 | 7.423E-07 | 3.600E-06 | 6.200E-06
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Table 1. A one-dimensional semaglutide-GLP-1R-based mini static GIBAC. In this table, the site-specific

mutation naming scheme is residue name-residue number-Chain ID_new residue name, the binding

affinities of semaglutide analogues to GLP-1R are calculated with Prodigy at 37 °C, while Mutation

represents the one site-specific missense mutation introduced into the backbone of semaglutide, Mean,

Std, Min and Max represent the average, the standard deviation, the minimum and the maximum of the

K4 values calculated using Prodigy for the 11200 (%
28!

analogues and GLP-1R. Of all 560 (m x 201) semaglutide analogues with one site-specific missense

mutation introduced into its backbone, they are ranked and numbered (the first column of this table)

x 201 x 20) structural models of semaglutide

according to the average K4 values calculated using Prodigy.
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