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Structure-Activity Relationship of 17 Sulfonamides Binding to
Antibody by Molecular Modeling Technique
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(National Reference Laboratory for Veterinary Drug Residues, College of Veterinary Medicine,
China Agricultural University, Beijing 100094)

Abstract The geometries of seventeen sulfonamide molecules were optimized using a quantum chemistry
AM1 method and the minimum conformations of these molecules obtained. Some important parameters in-
cluding conformational properties (bond length, bond angle and dihedral), electronic parameters (the electric
amount of R group and other important atoms) and physico-chemical parameters (hydration energy, Log P
values), were calculated to compare the difference among the 17 sulfonamides and subsenquently the recog-
nition between four polyclonal antibodies to sulfamethazine and sulfonamides structurally related analogs
was disscussed. The results show that the hydration energy and Log P values have the most impotant rolein
the structure-activity relationship between the antibody and sulfonamides, whereas, the conformational and
electronic parameters exert limited influence on the relationship.

Keywords sulfonamide; polyclonal antibody; molecular modeling; quantum chemistry; structure-activity
relationship
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Table1l Relative affinity to sulfonamides of four antibodies at
100 pgemL ~* of sulfonamides

Drug N.o. 1 N.o. 2 N.o. 3 N.o. 5
antibody antibody antibody antibody
SM, 100 100 100 100
SMR 88 89 97 95
SMX 96 92 88 91
SDM 73 70 75 76
SDz 60 63 75 70
STZ 58 50 59 59
SCP 57 56 42 59
SFX 55 49 52 54
SQX 53 43 34 58
SMP 50 46 51 55
SMT 49 45 43 53
SPY 45 39 59 49
SMM 45 42 45 56
SMZ 41 41 40 45
SPA 30 25 22 34
SME 28 26 27 27
SAM 13 9 5 11
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Figure2 Models of the minimum energy conformations of the sulfonamides
The elements are represented in the following manner: oxygen, red; nitrogen, blue; hydrogen, white; fluorine, yellow; and carbon, off white
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Table2 Dihedra (°), bond length (nm) and bond angel (°) of optimized sulfonamides
Drug C—S—N(1)>R N@)—C—CC SC—CCCC—SN1 O-SOC-SNDHDHC-SSN1L N—R
SM, —179.93 176.83 177.90 —91.30 117.61 0.04 1676 1661 —179.98
SMR 179.87 176.90 177.89 —91.23 117.67 —0.20 1675 1662 —179.87
SMX 179.45 177.58 177.84 —91.31 116.83 —0.53 1664 1665 —179.89
SDM 171.92 177.73 177.95 —90.245 115.82 —10.75 1661 1658 —179.59
Sz —179.93 176.95 177.87 —91.19 117.68 0.06 1674 1664 —180.00
STZ 179.97 176.87 177.84 —91.39 117.68 —0.02 1675 1663 —179.99
SCP 163.15 178.35 178.58 —88.76 115.53 —20.40 1656 1.658 —180.00
SFX —179.94 178.02 179.92 —91.21 115.80 0.037 1659 1.661 179.45
SQX 179.98 176.90 177.87 —91.33 117.60 —0.04 1675 1662 —180.00
SMP 167.41 177.74 178.05 —88.93 115.38 —18.46 1661 1650 —179.88
SMT 179.81 177.07 177.74 —91.39 118.01 —0.18 1671 1670 —179.79
SPY 174.48 177.38 177.95 —90.28 115.27 —7.98 1664 1648 —179.76
SMM 169.64 177.65 177.92 —89.87 115.84 —13.47 1662 1657 —179.53
SMZz 83.35 177.53 178.62 —92.15 117.10 —93.63 1660 1648 —179.41
SPA 158.95 177.08 177.95 —87.58 116.19 —25.60 1667 1651 —179.87
SME 179.95 176.90 177.92 —91.39 117.48 —0.04 1674 1660 —179.79
SAM 90.77 —176.40 —178.89 —90.89 117.42 —90.71 1.674 1.605 —
R3 KAWL S
Table3 Some physical and chemical indexes of sulfonamides
- - >
Drug Vo::umeli 1 Hydration erjelrgy LogP  Refractivity Diameter/ Polarizability Mol gcular Surface arealnn-1
(bohr’smol ) (kJemol %) nm weight ~ Approx  Grid
SM, 795 —63.12 173 62.85 10.45 26.86 278 525 496
SMR 740 —67.05 154 57.92 10.45 25.02 264 506 471
SMX 755 —68.01 183 62.74 9.89 25.27 267 471 479
SDM 844 —86.99 127 77.90 10.52 28.67 310 644 528
Sz 686 —71.39 1.36 52.99 10.46 23.19 250 487 439
STZ 671 —70.39 0.20 63.14 10.02 23.42 255 499 431
SCP 727 —88.28 3.02 72.64 10.35 25.66 285 610 458
SFX 734 —76.87 1.03 63.86 9.97 25.39 267 471 457
SQX 817 —89.58 2.99 79.97 12.69 29.91 300 639 507
SMP 761 —84.14 133 68.33 10.39 26.20 280 571 480
SMT 712 —74.11 1.70 66.39 10.03 25.21 270 498 452
SPY 695 —68.76 1.69 65.86 10.50 24.44 249 507 440
SMM 763 —81.47 113 67.32 10.50 26.20 280 559 476
S\ 4 689 —81.30 1.10 58.92 7.93 23.43 253 497 435
SPA 867 —75.28 2.66 80.94 9.84 31.97 314 601 531
SME 763 —80.26 111 59.45 10.45 25.66 280 565 480
SAM 491 —60.15 —0.03 44.03 6.46 15.07 172 379 324
gy, X
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7
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A2 SASHAIE B RUE R AR  R RA SR ulr ReE, AE 2 AR
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EAEMAINE PP AT, Gt AEAE T E S P

Fe 55 ZAHRBE o FRUER ED MG T BOR. EAEST 7, PSR S R G IR R T L R R RS
WAL G5 65 15 25 5 3 A (g ) A 45 B AN AL, TERBUE 1O W 1 0F AN AE. Wl 3 Pros, R 2
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Table4 Some quantum chemical indexes of sulfonamides

Drug N(4) S o8 N(1) Enovole ELumole AEy- "l R

SM, —0.362 2.891 —1.848 —0.787 —0.338 —0.017 0.321 —0.019
SMR —0.363 2.891 —1.846 —0.784 —0.339 —0.018 0.321 —0.016
SMX —0.368 2.889 —1.846 —0.781 —0.318 —0.026 0.292 —0.048
SDM —0.370 2.880 —1.863 —0.801 —0.343 —0.025 0.318 0.106
SDz —0.363 2.890 —1.846 —0.801 —0.340 —0.019 0.321 —0.027
STZ —0.361 2.885 —1.838 —0.776 —0.331 —0.023 0.308 —0.025
SCP —0.373 2.880 —1.840 —0.795 —0.345 —0.031 0.314 —0.004
SFX —0.371 2.886 —1.860 —0.781 —0.329 —0.030 0.299 —0.032
SQX —0.362 2.885 —1.843 —0.793 —0.333 —0.021 0.312 0.079
SMP —0.370 2.881 —1.878 —0.804 —0.331 —0.025 0.306 0.019
SMT —0.363 2.884 —1.828 —0.765 —0.344 —0.029 0.315 —0.049
SPY —0.368 2.880 —1.875 —0.813 —0.335 —0.022 0.313 0.132
SMM —0.369 2.879 —1.863 —0.803 —0.345 —0.026 0.319 0.003
SMZ —0.370 2.876 —1.863 —0.788 —0.340 —0.023 0.317 0.001
SPA —0.363 2.883 —1.846 —0.800 —0.329 —0.024 0.305 0.503
SME —0.363 2.891 —1.850 —0.785 —0.331 —0.018 0.313 0.075
SAM —0.357 2.876 —1.886 —0.953 —0.336 —0.012 0.324 0.214

3sum of two oxygen atom electron, ® AEy— =ELumo— Enowmo.
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Figure3 TheLUMO and HOMO of sufonamides
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