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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 K4 of 3.0 x 10 M, while the Ky is 3.4 x 10° 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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"9 | GI3BA | DOBN | L23BR | V24B.O | 63E08 | 29507 | 14S7E-07 | 5645506 |

51 Y10B_A | I20B_LN | L23B_Q | V24B_N | 8.3E-08 | 3.4E-07 | 1.976E-07 | 6.715E-08




3of 174

"9 | YiOBA | 10BN | L23B R | V24BN | 11607 | 34507 | 2100507 | 6696505 |
5 | GI3BA | L0BS | FI9BW | V2B N | 13507 | 3707 | 2225507 | 77666 |
99 | GISBA | EISBT | 0BT | L2350 | 10507 | 49507 | 2270507 | 1064E07 |

103 GI13B_A | E18B_T 120B_T V24B_T | 14E-07 | 3.7E-07 | 2.280E-07 | 6.152E-08




40f174

155 GI3B_A | I20B_T F19B_Q | K17B_S | 9.1E-08 | 5.2E-07 | 2.475E-07 | 1.125E-07




5of 174

207 Y10B_A | E18B_T 120B_Q L23B_Q | 8.9E-08 | 5.8E-07 | 2.779E-07 | 1.334E-07




6 of 174

259 Y10B_A | I20B_T L23B_R | K17B_S | 1.2E-07 | 4.1E-07 | 2.970E-07 | 9.370E-08




7 of 174

311 S8B_A | GI3B_.W | I20B_S L23B_Q | 1.8E-07 | 5.8E-07 | 3.150E-07 | 1.092E-07




8 of 174

363 Y10B_A | E18B_T 120B_S L23B_R | 1.4E-07 | 6.2E-07 | 3.290E-07 | 1.423E-07




9of 174

415 GI3B_A | V7B_A 120B_Q F19B_Q | 1.6E-07 | 9.1E-07 | 3.430E-07 | 2.011E-07




10 of 174

467 | G13B_A | F3B_A 120B_N L23B_Q | 7.7E-08 | 6.1E-07 | 3.563E-07 | 1.270E-07




11 of 174

519 GI3B_A | L11B_A 120B_S V24B_T | 2.1E-07 | 6.7E-07 | 3.725E-07 | 1.154E-07




12 of 174

571 GI3B_A | 120B_LN | L11B_A | V24B_T | 24E-07 | 9.1E-07 | 3.890E-07 | 1.423E-07




13 of 174

609 | YIOB A | EISBT | 105.Q | FI9Q | 86508 | 9707 | 4028507 | 2205607 |

623 GI3B_A | F19B_Q | L23B_Q | V24B_N | 6.2E-08 | 8.8E-07 | 4.066E-07 | 1.901E-07




14 of 174

“669 | YIOBA | GI3BW | EISBT | 05O | 20607 | 1006 | 4210507 | 2077507 |

675 S8B_A | GI3B_.W | E18B_T 120B_S 1.7E-07 | 7.9E-07 | 4.215E-07 | 1.710E-07




15 of 174

“99 | GI3BA | FIBO | L23BR | VMBN | 18507 | 86507 | 4290507 | 172567 |

727 | GI3B_A | I20B_T T2B_A V24B_N | 2.7E-07 | 7.7E-07 | 4.370E-07 | 1.102E-07




16 of 174

779 Y10B_A | E18B_T 120B_Q E12B_A | 24E-07 | 1.2E-06 | 4.500E-07 | 2.113E-07




17 of 174

831 Y10B_A F3B_A 120B_Q L23B_R | 1.7E-07 | 7.5E-07 | 4.640E-07 | 1.629E-07




18 of 174

883 GI3B_A | S8B_A 120B_T L23B_R | 2.5E-07 | 7.5E-07 | 4.750E-07 | 1.247E-07




19 of 174

509 | YIOBA | 12060 | GIBR | F195Q | 12607 | 1106 | 4805507 | 2384007 |

935 S8B_A D6B_A 120B_Q | V24B_Q | 2.1E-07 | 7.6E-07 | 4.850E-07 | 1.491E-07




20 of 174

969 | YIBA | 10BN | E18BA | V24B.Q | 29507 | 72607 | 4920507 | 1252607 |

987 Y10B_A | A16B_N 120B_S V24B_N | 2.0E-07 | 9.7E-07 | 4.960E-07 | 1.929E-07




21 of 174

999 | YIOB A | GI3B W | 12051 | FIBW | 25507 | 74507 | 4985E-07 | LaOIEY |

1039 | G13B_A | I20B_S S5B_A L23B_Q | 3.4E-07 | 8.9E-07 | 5.085E-07 | 1.304E-07




22 of 174

1091 | GI13B_A | S8B_A 120B_Q V24B_T | 2.8E-07 | 8.3E-07 | 5.200E-07 | 1.709E-07




23 of 174

1143 | Y10B_A 120B_S S5B_A V24B_Q | 1.8E-07 | 8.0E-07 | 5.315E-07 | 1.377E-07




24 of 174

1195 | GI13B_A | 120B_LN | F19B_.W | GIB_A | 2.7E-07 | 9.5E-07 | 5.445E-07 | 1.968E-07




25 of 174

1247 | Y10B_A | 120B_N T4B_A L23B_R | 2.5E-07 | 1.0E-06 | 5.595E-07 | 1.963E-07




26 of 174

1299 | GI13B_A | 120B_.Q | K17B_A | L23B_R | 3.1E-07 | 1.1E-06 | 5.710E-07 | 2.264E-07




27 of 174

1351 | G13B_A | I20B_N G1B_R E12B_A | 3.2E-07 | 1.2E-06 | 5.850E-07 | 2.037E-07




28 of 174

1403 | G13B_A | E18B_T | F19B_Q | V24B_T | 3.4E-07 | 1.4E-06 | 6.015E-07 | 2.589E-07




29 of 174

1455 | G13B_A | I20B_Q K17B_S | Q14B_A | 2.4E-07 | 1.0E-06 | 6.165E-07 | 2.157E-07




30 of 174

1507 | G13B_A | I20B_S F19B_A | E12B_A | 3.4E-07 | 1.1E-06 | 6.315E-07 | 2.397E-07




31 of 174

1559 | G13B_A | 120B_LN | K17B_A | L23B_R | 3.8E-07 | 1.2E-06 | 6.465E-07 | 2.230E-07




32 of 174

1611 | Y10B_A F3B_A E18B_T 120B_S | 29E-07 | 1.2E-06 | 6.630E-07 | 2.211E-07




33 of 174

1663 | YI0B_A | D6B_A 120B_Q E12B_A | 24E-07 | 1.1E-06 | 6.770E-07 | 2.651E-07




34 of 174

1715 | GI3B_A | V7B_A L11B_A 120B_Q | 3.3E-07 | 1.5E-06 | 6.905E-07 | 2.484E-07




35 of 174

1767 | GI13B_A | L11B_A 120B_S E12B_A | 4.0E-07 | 1.7E-06 | 7.000E-07 | 2.962E-07




36 of 174

1819 | S8B_A | GI3B_W | I20B_S GI1B_R | 3.8E-07 | 1.2E-06 | 7.140E-07 | 1.944E-07




37 of 174

1871 | G13B_A | Y10B_A | I20B_N S9B_A | 4.2E-07 | 1.3E-06 | 7.300E-07 | 2.348E-07




38 of 174

1923 | GI13B_A | I20B_T G1B_R F19B_A | 3.9E-07 | 1.2E-06 | 7.440E-07 | 2.109E-07




39 of 174

1975 | G13B_A | 120B_N S5B_A F19B_W | 4.5E-07 | 1.2E-06 | 7.600E-07 | 2.467E-07




40 of 174

2027 | YIOB_A | K17B_S | E12B_A | V24B_N | 3.4E-07 | 1.3E-06 | 7.780E-07 | 2.692E-07




41 of 174

2079 | YI0B_A | A16B_N | I20B_Q E12B_A | 3.7E-07 | 1.8E-06 | 7.925E-07 | 3.735E-07




42 of 174

2131 | G13B_A | V7B_A F3B_A 120B_T | 4.1E-07 | 1.1E-06 | 8.075E-07 | 1.610E-07




43 of 174

2183 | YI0B_A | I20B_N E18B_T | Q14B_A | 49E-07 | 1.3E-06 | 8.270E-07 | 2.271E-07




44 of 174

2235 | S8B_A D6B_A | G13B_W | I20B_N | 4.4E-07 | 1.6E-06 | 8.475E-07 | 3.025E-07




45 of 174

2287 | GI3B_A | YI10B_A | L23B_R | V24B_N | 4.6E-07 | 1.3E-06 | 8.680E-07 | 2.275E-07




46 of 174

2339 | YI0B_A | I20B_N S9B_A T2B_A | 47E-07 | 1.7E-06 | 8.850E-07 | 2.811E-07




47 of 174

2391 | Y10B_A S8B_A | GI3B_.W | I20B_T | 6.4E-07 | 1.5E-06 | 9.025E-07 | 2.499E-07




48 of 174

2443 | YI0B_A | I20B_N T4B_A E12B_A | 5.1E-07 | 1.7E-06 | 9.165E-07 | 2.987E-07




49 of 174

2495 | Y10B_A | I20B_Q T4B_A S9B_A | 3.8E-07 | 1.6E-06 | 9.330E-07 | 3.788E-07




50 of 174

2547 | G13B_A | F19B_Q | V24B_Q T2B_A | 2.5E-07 | 1.5E-06 | 9.450E-07 | 3.699E-07




51 of 174

2599 | G13B_A | I20B_T G1B_R S5B_A 5.9E-07 | 1.5E-06 | 9.610E-07 | 2.805E-07




52 of 174

2651 | G13B_A | I20B_.N | L11B_A | E18B_A | 5.2E-07 | 1.4E-06 | 9.760E-07 | 2.415E-07




53 of 174

2703 | YIOB_A | V7B_A 120B_T F19B_A | 5.2E-07 | 1.8E-06 | 9.895E-07 | 3.275E-07




54 of 174

2755 | G13B_A | I20B_T G1B_R T4B_A | 59E-07 | 1.4E-06 | 1.004E-06 | 2.086E-07




55 of 174

2807 | G13B_A | A16B_N | E18B_T | V24B_Q | 1.4E-07 | 1.8E-06 | 1.019E-06 | 4.911E-07




56 of 174

2859 | YIOB_A | A16B_N | L23B_R | V24B_T | 2.2E-07 | 1.8E-06 | 1.033E-06 | 4.097E-07




57 of 174

2911 | YIOB_A | D6B_A L23B_Q | V24B_N | 53E-07 | 2.3E-06 | 1.044E-06 | 4.385E-07




58 of 174

2963 | Y10B_A 120B_S E18B_A G1B_R | 6.3E-07 | 1.8E-06 | 1.060E-06 | 2.732E-07




59 of 174

3015 | S8B_A D6B_A V7B_A I20B_N | 5.7E-07 | 1.8E-06 | 1.075E-06 | 3.336E-07




60 of 174

3067 | S8B_A D6B_A 120B_T G1B_A | 5.8E-07 | 1.9E-06 | 1.090E-06 | 3.494E-07




61 of 174

3119 | G13B_A | V7B_A L23B_Q | E12B_A | 6.5E-07 | 1.8E-06 | 1.109E-06 | 3.100E-07




62 of 174

3171 | G13B_A | 120B_Q | K17B_A | FI19B_A | 3.9E-07 | 1.8E-06 | 1.125E-06 | 4.478E-07




63 of 174

3223 | G13B_A | D6B_A 120B_T S5B_A 5.5E-07 | 1.6E-06 | 1.143E-06 | 2.975E-07




64 of 174

3275 | G13B_A | E18B_A | L23B_Q | K17B_S | 3.7E-07 | 1.7E-06 | 1.164E-06 | 3.463E-07




65 of 174

3327 | G13B_A | Y10B_A 120B_T E18B_A | 5.5E-07 | 1.6E-06 | 1.187E-06 | 3.376E-07




66 of 174

3379 | YIOB_A | I20B_LN | K17B_A | F19B_W | 4.2E-07 | 2.3E-06 | 1.208E-06 | 4.644E-07




67 of 174

3431 | G13B_A | 120B_Q | Ql4B_A T2B_A | 7.1E-07 | 2.2E-06 | 1.228E-06 | 4.012E-07




68 of 174

3483 | G13B_A | YI10B_A | E18B_T | V24B_T | 7.8E-07 | 2.1E-06 | 1.243E-06 | 4.140E-07




69 of 174

3535 | YI0B_A | 120B_Q T2B_A GI1B_A | 6.8E-07 | 2.5E-06 | 1.264E-06 | 5.262E-07




70 of 174

3587 | GI3B_A | S9B_A V24B_Q | Ql4B_A | 6.7E-07 | 1.7E-06 | 1.284E-06 | 3.258E-07




71 of 174

3639 | YIOB_A | L23B_R | V24B_Q | Q14B_A | 6.0E-07 | 2.1E-06 | 1.302E-06 | 3.588E-07




72 of 174

3691 | G13B_A | F3B_A L11B_A | V24B_N | 7.3E-07 | 2.4E-06 | 1.316E-06 | 3.688E-07




73 of 174

3743 | YI0OB_A | I20B_N T2B_A GI1B_A | 9.7E-07 | 1.9E-06 | 1.334E-06 | 3.065E-07




74 of 174

3795 | YI0B_A | G13B_W | E18B_A | V24B_Q | 7.8E-07 | 1.8E-06 | 1.348E-06 | 2.820E-07




75 of 174

3847 | YIOB_A | L11B_A | V24B_Q | E12B_A | 9.4E-07 | 1.8E-06 | 1.366E-06 | 2.510E-07




76 of 174

3899 | GI3B_A | E18B_T S9B_A GI1B_A | 9.2E-07 | 3.0E-06 | 1.382E-06 | 4.642E-07




77 of 174

3951 | S8B_A | GI3B_W | L11B_A | L23B_Q | 3.7E-07 | 2.5E-06 | 1.396E-06 | 5.648E-07




78 of 174

4003 | YI0B_A | A16B_N | K17B_S | V24B_T | 41E-07 | 4.8E-06 | 1.410E-06 | 9.156E-07




79 of 174

4055 | Y10B_A S8B_A V7B_A I20B_N | 8.2E-07 | 2.3E-06 | 1.428E-06 | 5.091E-07




80 of 174

4107 | Y10B_A | G13B_W | K17B_S F19B_A | 8.1E-07 | 2.3E-06 | 1.445E-06 | 4.278E-07




81 of 174

4159 | S8B_A D6B_A E18B_.T | V24B_T | 9.9E-07 | 2.6E-06 | 1.469E-06 | 4.402E-07




82 of 174

4211 | Y10B_A S5B_A F19B_Q | V24B_Q | 4.2E-07 | 5.2E-06 | 1.488E-06 | 9.814E-07




83 of 174

4263 | YIOB_A | V7B_A V24B_Q | E12B_A | 9.5E-07 | 2.7E-06 | 1.512E-06 | 4.401E-07




84 of 174

4315 | G13B_A | E18B_T | K17B_A | V24B_T | 7.5E-07 | 3.3E-06 | 1.537E-06 | 6.083E-07




85 of 174

4367 | G13B_A | D6B_A F3B_A L23B_Q | 9.9E-07 | 2.3E-06 | 1.565E-06 | 3.823E-07




86 of 174

4419 | G13B_A | F3B_A E18B_ T | F19B_.W | 6.2E-07 | 2.6E-06 | 1.590E-06 | 6.337E-07




87 of 174

4471 | S8B_A D6B_A | FI9B.W | V24B_N | 1.2E-06 | 2.4E-06 | 1.620E-06 | 2.802E-07




88 of 174

4523 | G13B_A | D6B_A | V24B_N | GIB_A | 8.8E-07 | 2.5E-06 | 1.647E-06 | 4.672E-07




89 of 174

4575 | G13B_A | D6B_A E18B_A | L23B_Q | 7.9E-07 | 2.9E-06 | 1.672E-06 | 6.423E-07




90 of 174

4627 | G13B_A | S8B_A L23B_R | E12B_A | 1.0E-06 | 3.2E-06 | 1.700E-06 | 5.601E-07




91 of 174

4679 | Y10B_A S9B_A T2B_A V24B_N | 7.5E-07 | 2.7E-06 | 1.726E-06 | 5.660E-07




92 of 174

4731 | Y10B_A S9B_A K17B_S F19B_A | 9.8E-07 | 2.9E-06 | 1.754E-06 | 4.679E-07




93 of 174

4783 | YIOB_A | V7B_A 120B_T K17B_A | 8.9E-07 | 3.2E-06 | 1.778E-06 | 5.141E-07




94 of 174

4835 | Y10B_A S8B_A E18B_T | L23B_Q | 9.0E-07 | 3.0E-06 | 1.800E-06 | 5.439E-07




95 of 174

4887 | YI0B_A | E18B_T | L23B_Q T2B_A | 9.3E-07 | 2.6E-06 | 1.826E-06 | 5.310E-07




96 of 174

4939 | Y10B_A S5B_A F19B_.W | L23B_Q | 5.7E-07 | 5.4E-06 | 1.853E-06 | 1.058E-06




97 of 174

4991 | G13B_A | GIB_R T4B_A L23B_Q | 1.1E-06 | 3.6E-06 | 1.875E-06 | 6.282E-07




98 of 174

5043 | YIOB_A | A16B_N G1B_R F19B_Q | 3.9E-07 | 5.2E-06 | 1.898E-06 | 1.118E-06




99 of 174

5095 | YI0B_A | G13B_W | F19B_Q T2B_A | 1.1E-06 | 3.2E-06 | 1.920E-06 | 6.296E-07




100 of 174

5147 | YI0B_A | G13B_W | T4B_A L23B_R | 1.3E-06 | 3.3E-06 | 1.945E-06 | 5.726E-07




101 of 174

5199 | G13B_A | S5B_A F19B_A | V24B_N | 9.6E-07 | 3.7E-06 | 1.973E-06 | 8.303E-07




102 of 174

5251 | YI0B_A | F19B_A | V24B_Q GI1B_A | 9.0E-07 | 3.0E-06 | 1.995E-06 | 4.617E-07




103 of 174

5303 | Y10B_A S8B_A E18B_T L23B_R | 9.0E-07 | 3.9E-06 | 2.015E-06 | 7.982E-07




104 of 174

5355 | YIOB_A | E18B_A S9B_A E12B_A | 1.1E-06 | 2.7E-06 | 2.040E-06 | 3.992E-07




105 of 174

5407 | Y10B_A S8B_A S9B_A L23B_R | 1.3E-06 | 3.2E-06 | 2.065E-06 | 5.806E-07




106 of 174

5459 | YI0OB_A | L11B_A G1B_R V24B_T | 1.3E-06 | 3.2E-06 | 2.095E-06 | 5.680E-07




107 of 174

5511 | G13B_A | S5B_A F19B_.W | E12B_A | 1.2E-06 | 4.1E-06 | 2.125E-06 | 7.239E-07




108 of 174

5563 | G13B_A | S9B_A T2B_A E12B_A | 1.0E-06 | 5.2E-06 | 2.155E-06 | 8.507E-07




109 of 174

5615 | Y10B_A F3B_A L11B_A | F19B_Q | 9.5E-07 | 4.3E-06 | 2.190E-06 | 8.762E-07




110 of 174

5667 | Y10B_A F3B_A V24B_Q GI1B_A | 9.6E-07 | 4.5E-06 | 2.223E-06 | 7.440E-07




111 of 174

5719 | Y10B_A S5B_A S9B_A K17B_S | 1.2E-06 | 3.4E-06 | 2.265E-06 | 6.046E-07




112 of 174

5771 | G13B_A | S8B_A Al16B_N | F19B_Q | 4.1E-07 | 5.8E-06 | 2.296E-06 | 1.266E-06




113 of 174

5823 | G13B_A | Y10B_A | L11B_A | F19B_Q | 1.3E-06 | 5.0E-06 | 2.335E-06 | 9.126E-07




114 of 174

5875 | YIOB_A | GIB_R V24B_T | QI14B_A | 1.6E-06 | 3.6E-06 | 2.365E-06 | 5.363E-07




115 of 174

5927 | G13B_A | E18B_A T4B_A L23B_Q | 1.3E-06 | 3.6E-06 | 2.400E-06 | 6.617E-07




116 of 174

5979 | YIOB_A | E18B_A G1B_R K17B_S | 1.1E-06 | 4.3E-06 | 2.440E-06 | 7.258E-07




117 of 174

6031 | YI0OB_A | E18B_T K17B_S T2B_A | 9.7E-07 | 4.3E-06 | 2.474E-06 | 1.058E-06




118 of 174

6083 | S8B_A V7B_A F3B_A E18B_T | 1.6E-06 | 3.6E-06 | 2.505E-06 | 5.356E-07




119 of 174

6135 | YI0B_A | GI1B_R L23B_Q T2B_A | 1.8E-06 | 3.5E-06 | 2.540E-06 | 5.215E-07




120 of 174

6187 | G13B_A | E18B_T | K17B_A S9B_A 9.8E-07 | 54E-06 | 2.574E-06 | 1.046E-06




121 of 174

6239 | GI13B_A | K17B_S T2B_A GI1B_A | 1.3E-06 | 3.9E-06 | 2.610E-06 | 7.033E-07




122 of 174

6291 | GI3B_A | V7B_A S9B_A QI14B_A | 1.8E-06 | 4.1E-06 | 2.650E-06 | 5.790E-07




123 of 174

6343 | YIOB_A | T4B_A V24B_Q GI1B_A | 1.7E-06 | 3.9E-06 | 2.680E-06 | 4.764E-07




124 of 174

6395 | Y10B_A S8B_A F19B_W S9B_A 1.4E-06 | 4.3E-06 | 2.710E-06 | 7.966E-07




125 of 174

6447 | Y10B_A | L11B_A | K17B_S GI1B_A | 1.6E-06 | 3.9E-06 | 2.745E-06 | 6.370E-07




126 of 174

6499 | GI3B_A | A16B_N T2B_A E12B_A | 8.1E-07 | 54E-06 | 2.781E-06 | 1.265E-06




127 of 174

6551 | Y10B_A S8B_A V7B_A L23B_R | 1.6E-06 | 4.3E-06 | 2.820E-06 | 7.743E-07




128 of 174

6603 | GI3B_A | S8B_A L23B_R T2B_A | 1.6E-06 | 5.1E-06 | 2.850E-06 | 1.016E-06




129 of 174

6655 | G13B_A | D6B_A | K17B_A | L23B_R | 1.4E-06 | 5.1E-06 | 2.895E-06 | 1.102E-06




130 of 174

6707 | S8B_A D6B_A E18B_.T | L11B_A | 1.6E-06 | 5.1E-06 | 2.940E-06 | 9.484E-07




131 of 174

6759 | G13B_A | V7B_A | F19B_.W T4B_A | 1.4E-06 | 4.9E-06 | 2.990E-06 | 9.250E-07




132 of 174

6811 | GI3B_A | F3B_A L11B_A G1B_R | 2.0E-06 | 4.1E-06 | 3.040E-06 | 5.134E-07




133 of 174

6863 | YIOB_A | V7B_A F3B_A F19B_W | 1.9E-06 | 4.5E-06 | 3.085E-06 | 7.184E-07




134 of 174

6915 | YI0B_A | L11B_A | FI9B.W | GIB_A | 1.2E-06 | 5.5E-06 | 3.135E-06 | 1.113E-06




135 of 174

6967 | YI0B_A | F19B_W T2B_A E12B_A | 2.0E-06 | 5.4E-06 | 3.190E-06 | 9.458E-07




136 of 174

7019 | GI3B_A | S8B_A K17B_S T2B_A | 1.6E-06 | 5.3E-06 | 3.255E-06 | 1.094E-06




137 of 174

7071 | G13B_A | K17B_A T2B_A V24B_N | 2.0E-06 | 5.1E-06 | 3.315E-06 | 7.842E-07




138 of 174

7123 | YI0B_A | A16B_N S5B_A K17B_S | 9.5E-07 | 6.7E-06 | 3.373E-06 | 1.391E-06




139 of 174

7175 | YI0B_A | V7B_A | K17B_A | F19B_Q | 1.5E-06 | 6.0E-06 | 3.430E-06 | 1.321E-06




140 of 174

7227 | GI13B_A | YI10B_A | K17B_S | Ql4B_A | 1.9E-06 | 5.1E-06 | 3.490E-06 | 8.926E-07




141 of 174

7279 | GI13B_A | Y10B_A S5B_A E12B_A | 2.1E-06 | 5.8E-06 | 3.565E-06 | 9.599E-07




142 of 174

7331 | YI0B_A | D6B_A E18B_A | E12B_A | 2.4E-06 | 5.7E-06 | 3.630E-06 | 7.665E-07




143 of 174

7383 | GI3B_A | S8B_A K17B_A | F19B_Q | 1.1E-06 | 7.7E-06 | 3.705E-06 | 1.950E-06




144 of 174

7435 | Y10B_A S8B_A | GI3B_W | E18B_A | 2.5E-06 | 6.3E-06 | 3.770E-06 | 8.998E-07




145 of 174

7487 | GI3B_A | S5B_A T4B_A S9B_A 2.7E-06 | 5.1E-06 | 3.825E-06 | 7.405E-07




146 of 174

7539 | YI0B_A | V7B_A S5B_A F19B_W | 2.5E-06 | 6.1E-06 | 3.895E-06 | 1.111E-06




147 of 174

7591 | Y1I0B_A | T4B_A K17B_S GI1B_A | 2.2E-06 | 6.3E-06 | 3.975E-06 | 1.177E-06




148 of 174

7643 | Y10B_A S8B_A D6B_A E12B_A | 2.8E-06 | 6.5E-06 | 4.040E-06 | 8.407E-07




149 of 174

7695 | GI13B_A | Y10B_A S8B_A E12B_A | 3.0E-06 | 6.2E-06 | 4.130E-06 | 8.131E-07




150 of 174

7747 | Y1I0B_A | Dé6B_A G1B_R F19B_A | 3.1E-06 | 6.4E-06 | 4.220E-06 | 1.087E-06




151 of 174

7799 | Y1I0B_A | T4B_A K17B_S | Q14B_A | 2.1E-06 | 6.7E-06 | 4.310E-06 | 1.178E-06




152 of 174

7851 | Y10B_A S8B_A L11B_A | E12B_A | 2.4E-06 | 7.1E-06 | 4.380E-06 | 1.334E-06




153 of 174

7903 | GI3B_A | S8B_A G1B_R F19B_A | 3.2E-06 | 6.0E-06 | 4.470E-06 | 8.424E-07




154 of 174

7955 | YI0B_A | L11B_A | E18B_A G1B_R | 3.2E-06 | 6.5E-06 | 4.550E-06 | 9.372E-07




155 of 174

8007 | G13B_A | SS8B_A D6B_A F19B_A | 2.8E-06 | 7.1E-06 | 4.665E-06 | 1.265E-06




156 of 174

8059 | GI3B_A | GIB_R T4B_A QI14B_A | 3.5E-06 | 7.2E-06 | 4.775E-06 | 1.004E-06




157 of 174

8111 | G13B_A | GIB_R K17B_A | F19B_A | 2.9E-06 | 9.2E-06 | 4.905E-06 | 1.500E-06




158 of 174

8163 | G13B_A | GIB_R T4B_A T2B_A | 2.3E-06 | 9.2E-06 | 5.050E-06 | 1.428E-06




159 of 174

8215 | GI3B_A | V7B_A | K17B_A | GIB_A | 3.6E-06 | 9.6E-06 | 5.245E-06 | 1.384E-06




160 of 174

8267 | S8B_A D6B_A | K17B_A S9B_A | 4.0E-06 | 1.1E-05 | 5.365E-06 | 1.778E-06




161 of 174

8319 | GI3B_A | L11B_A | K17B_A | GIB_A | 3.5E-06 | 9.1E-06 | 5.535E-06 | 1.243E-06




162 of 174

8371 | YIOB_A | A16B_N T4B_A GI1B_A | 1.1E-06 | 8.2E-06 | 5.680E-06 | 2.239E-06




163 of 174

8423 | G13B_A | L11B_A S5B_A T4B_A | 42E-06 | 7.7E-06 | 5.800E-06 | 1.036E-06




164 of 174

8475 | Y10B_A F3B_A Al16B_N S5B_A 1.7E-06 | 1.0E-05 | 5.935E-06 | 1.670E-06




165 of 174

8527 | G13B_A | S5B_A T4B_A GI1B_A | 3.6E-06 | 1.1E-05 | 6.140E-06 | 1.600E-06




166 of 174

8579 | S8B_A D6B_A | A16B_N T4B_A | 2.0E-06 | 8.3E-06 | 6.375E-06 | 1.837E-06




167 of 174

8631 | YIOB_A | D6B_A G1B_R K17B_A | 4.8E-06 | 1.1E-05 | 6.705E-06 | 2.040E-06




168 of 174

8683 | YIOB_A | S8B_A G1B_R S5B_A | 3.1E-06 | 1.1E-05 | 7.065E-06 | 1.905E-06




169 of 174

8735 | Y10B_A S8B_A F3B_A T2B_A | 45E-06 | 1.0E-05 | 7.440E-06 | 1.419E-06




170 of 174

8787 | Y10B_A S5B_A QI14B_A | GIB_A | 5.3E-06 | 1.2E-05 | 7.775E-06 | 1.765E-06




171 of 174

8839 | Y10B_A F3B_A K17B_A T2B_A | 54E-06 | 1.6E-05 | 8.735E-06 | 2.169E-06




172 of 174

8891 | Y10B_A S8B_A T4B_A T2B_A | 6.3E-06 | 1.5E-05 | 9.915E-06 | 2.013E-06




173 of 174

8915 | Y10B_A S5B_A K17B_A T2B_A | 79E-06 | 2.3E-05 | 1.313E-05 | 4.067E-06

Table 1. 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 [1,2] at K4 (37 °C) values, while Mutal, 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 K4 values
calculated using Prodigy [1,2] for the semaglutide analogues, each 20 times of homology structural
modeling using Modeller [3], respectively. Finally, the two rows with yellow background represent
two particular semaglutide-GLP-1R structural models reaching a K4 of 3.0 x 108 M, respectively.
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