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Functi Relevant heme-protein

Oxygen transport Hemoglobin
Oxygen storage Myoglobin, neuroglobin
Mitochondrial respiration Cytochromes
Cellular metabolism Cytochrome P450 enzymes
Antioxidant function Glutathione peroxidase, catalase
Cellular signaling Soluble guanylate cyclase
Immune regulation Indoleamine 2,3-dioxygenase
I Antimicrobial defense iNOS, NADPH oxidase, myeloperoxidase
Vasodilation NOS, cyclooxygenase
Endothelial and vascular integrity eNOS
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Superoxide anion radical (0;7)
Hydrogen peroxide (H,0,)
Hydroxyl radicals (OH)
Hydroxyl ion (OH")
Peroxide ion (0;™)
Nitric oxide (NO)

Peroxynitrite (ONO,")

Production

Generated in mitochondrial ETC
By-product of different metabolic pathways
Generated by Fenton reaction between H,0, and Fe** fon
Generated by Fenton reaction between H,0; and Fe** ion
Generated in mitochondrial ETC
Synthesized endogenously by nitric oxide synthase (NOS) isoenzymes

Resulting from the reaction of superoxide and nitric oxide
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Molecule  Absorption Distribution Metabolism Excretion Toxicity
Number

Human Blood-brain Central Substrate Inhibitor Total AMES  Hepatotoxicity Skin
intestinal barrier nervous clearance test of sensitization
absorption  permeability system Cytochromes toxicity
permeability

2D- 3A- 1A- 2C- 2C- 2D- 3A-
6 4 2 19 9 6 4

(% absorbed) (Log BB) (Log PS) (No/Yes) Numeric (No/Yes)

(log ml/

min/kg)
M 78513 0952 3356 No  No No  No  No  No  No 0473 No No No
M2 sr6s7 o446 2 No | Yes | Ye  Ye | Ye | No | No 0385 No No No
M3 a8 0865 438 No  No No  No | No | No  MNo 0395 No No No
M 10 0137 L7 No Y | No No  No  No  No 0083 No Yes No
M5 81159 1152 2455 No  No Yo No  No | No Ye 06t No No No
M6 s6687 -Laos 433 No  No  No No No | No | No o601 Yes No No
M7 s2s27 0417 2559 No  No No  No | No | No | MNo 0e2s No No No
s 7377 031 291 No Mo | Mo No  No N  No 0666 No No No
Mo 72519 1066 3395 No  No No  No  No | No  No 0266 Yes No No
Mo 6543 1385 e No  No  No No No | No | No 0474 Yes No No
Mt 75302 1234 2368 No  No Ys  No | No | No | MNo 0392 No No No

R

(2, trimethoxyflavone: M3, arbutin: M, ursolic acid: MS, luteolin: M6, kaemplerol-3-O-pentoside: M7, vanillic acid: M8, p-hydroxybenzoic: M9, epicatechin: M10, gallocatechin: M11, kaempferol.
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Anatomy of a Cytochrome ‘Nanowire™
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& His-His orientation vary
by binding site

Packing Motifs:
Repeating, unbranched Branched Junction Motif
alternatingly parallel &
perpendicularly stacked

LKA 4

Polymerization Strategy:
Non-covalent Interface Inter-chain Ligation
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Molecule Physicochemical properties Lipinski rules
Number

Molecular Molar Log P Hydrogen bond  Hydrogen bond Categorical
weight (g/mol) refractive (octanol/ acceptors donors (Yes/No)
index water)
Rule <500 40< MR < 130 <s <10 s
» M1 30228 77.83 251 6 | 3 Yes
M2 31232 [ 87.40 296 5 0 Yes
ow 27225 [ 62.61 164 7 5 Yes
M4 456.70 | 13691 395 3 2 Yes
Ms 28624 7601 186 6 4 Yes
M6 | 41835 [ 10217 176 10 6 Yes
M7 168.15 41.92 1.40 4 1 2 Yes
M8 138.12 3542 085 3 2 Yes
M9 29027 7433 147 6 5 Yes
Mio 306.27 7636 137 7 6 Yes
Mi1 28624 [ 7601 170 6 4 Yes

M1, hesperetin; M2, trimethoxyflavone; M3, arbutin; Md, ursolic acid; M5, luteolin; M6, kaempferol-3-O-pentoside; M7, vanillic acid; M8, p-hydroxybenzoic; M9, epicatechin; M10,
gallocatechin; M11, kaempferol.
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DPPH ICso (mg/mL) FRAP ECso (mg/mL)

BHT Extract Quercetin

0263 + 0.008" 0.118 + 0.0001° 15.659 + 0.087" 0.033 % 0.0004"

Each value represents the means + SD of the three experiments (ANOVA I and Tukey tests at p < 0.05).
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Observation

Doses

200 mg/kg 300 mg/kg 400 mg/kg
Death Alive Alive Alive Alive
Coma Not observed Not observed Not observed Not observed
» Mobility ' Normal Normal " Nommal Normal
Aggressiveness Normal Normal Normal Normal
Urination ' Normal Normal Normal Normal
Change in skin [ No effect No effect [ No effect No effect
Tremor Normal Normal Normal Normal
Sleep | Normal Normal | Normal Normal
Vomiting Normal Normal Normal Normal
Diarthea Normal Normal Normal Normal
| Viglance Normal Normal | Normal ' Normal
Eye color | Noeffect No effect | No effet No effect
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Parameter

RBC (10/pL)

HCT (%)

PLT (10%/pL)

Control
200 mg/kg
300 mg/kg

400 mg/kg

757 £029

742£023

766 £ 0.15

697 £ 107*

1412 £ 016

13.55 + 1.55

1426 + 1.38

1475221

45.18 £ 0.69

4565 £ 2.38

4528 £ 2.63

4525 £ 3.19

60.42 £ 3.71

60.73 £ 1.24

61.38 £ 2.67°

58.55 £ 3.29°

17.58 + 057 618 + 049
1843 +2.13 683 224
1824 +243 746 £ 1.06
1807 + 158 836 + 2.87%

At *p < 0.05, **p < 0.01, and ***p < 0.001, the comparison between the control and other groups is shown by the mean + SEM for each value (ANOVA I and Tukey’s tests).
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Polyphenol Flavonoid

Polyphenol | 1 0.981% -0,73,572** | 0951,274***

Flavonoid 1 | ~0,85,188*% | 087,455 ‘
DPPH [ 1 ~0,49,104 ‘
FRAP 1 ‘

Statistical significance, *p< 0.05; **p< 0.01; ***p < 0.001.
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Polyphenol content (mg eq AG/ Flavonoid content (i

eq AG/mg)

Aqueous extract 0257 + 0.003 032 +0.04

Each value represents the means + SD of the three experiments.
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Compound Formula Classes of compounds (M-H) Al
Hesperetin CieH1i05 Flavonoid 301,300 30.864.912 202%
‘Trimethoxyflavone CisHieOs Flavonoid 3,120,000 28,631,550 187%
Arbutin CiaHi07 Glucosidic 2,712,000 115.934.449 7.59%
Ursolic acid CaoHisOs Triterpenoid 4,550,000 67.861.417 1.44%
Luteolin CisHie05 Flavonoid 2,849,000 71673.895 4.69%
Kaempferol-3-O-pentoside CaoHisOro Flavonoid 4,171,000 114.690.785 7.51%
Vanillic acid CHy04 Phenolic acid 1,670,000 44742570 2.93%
P-hydroxybenzoicisalicylic acid CH O Phenolic acid 1,370,000 819040964 53.65%
Catechin\epicatechin CisHuOs | Favonoid 289.0000 94509137 6.19%
Gallocatechin\epigallocatechin CisH107 Flavonoid 305.0000 62493779 4.09%
CisHie05 Flavonoid 285.0000 4.98%

Kaempferol

76.097.990
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Name of the ligand E (eV) p (eV) n (ev) o (eV) (eV) w (e
Ligand 36 | 002268 019754 001134 88.18342 ‘ 05931 0000221
Ligand 32 007135 ~0.122205 0035675 28.030833 ‘ 0543265 0.000266
Std galantamine 0.19083 0098985 0095415 10480532 ‘ 0501785 0.000467






OPS/images/fchem-13-1586728/fchem-13-1586728-t004.jpg
S. No Complex Average + SD  Average + SD

RMSD (nm) RMSF (nm)

6. 503L with standard 1.429 0755 0317 0122

1 1IYT with ligand 36 0.944 + 0205 0.481 0114

2 YT with standard 0.886 + 0.164 0.374 + 0096 ‘

3. 4EY7 with ligand 36 0.281 + 0034 0.250 + 0.081 ‘

4. 4EY7 with standard 0.294 + 0034 0.284 + 0,082 ‘

5. 503L with ligand 32 0.552 + 0388 0.295 + 0077 ‘
|
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Complex

H-bond interactions

Amino
acid

Distance
(A)

Ligplot analysis

Hydrophobic contacts

Amino acid

1IYT with - - Gly33(A), Phe20(A), Val24(A), Asp23(A)
ligand 36

LIYT with standard - - Asn27(A), Gly29(A), Tle32(A), Ser26(A), Gly25(A), Lys28(A)
4EY7 with - - Phe297(A), Thr238(A), Hisd05(A), Val239(A), Leus40(A), Leu336(A), Pro537(A), Trps32(A),
ligand 36 Pro235(A), Val370(A), Pro368(A), Arg247(A), Arg296(A)
4EY7 with Trpl82(A) 270 GInI81(A), Phe37(A), Leul78(A), Glyl4(A), le35(A), Lys53(4), Pro36(A), Asn186(A), TrpS6(A),
standard Pro55(A), Argl3(A)
503L with Lys331(F) 312 His329(D), Lys340(1), Glu338(D), His329(F), Lys340(G), Val329(G), Glu338(G), Val339(E),
ligand 32 Val339(C), Lys340(C), Glu338(E), Glu338(C), Lys340(E)
503L with Lys331(F) 2.99 Lys340(1), Glu338(1), Lys331(D), His329(D), His329(F), Lys340(E), Lys340(G), Glu338(G),
standard Val339(G), Val339(E)
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Ligand No Drug likeness ADME-toxicity profile

MR MW HBD HBA LogP RO5 (%) BBB  PPB (%) WS Carcinogen

40-130 <500 <5 < (mg/

Top ligands for 11IYT
36 113216 405 1 5 3456 100 + 0719 -3473 —ve

15 40.776 194 4 6 -2.567 100 + 0354 0693 —ve

‘ Top ligands for 4EY7

36 113216 405 1 5 3456 100 + 0719 -3473 -ve
39 125.749 428 0 5 4550 100 + 1.026 -2353 -ve
38 112,685 390 0 4 6200 80 + 0881 ~6578 —ve
12 [ 98.054 337 0 4 4.155 100 + 1177 -393 -ve

Top ligands for 503L

32 74295 244 1 2 4162 100 + 03888 -09 —ve
21 71298 212 0 0 5953 | 80 + 0916 -5.764 —ve
30 95.561 296 1 1 6364 80 + 0756 -2472 -ve
36 113216 405 1 5 3456 100 + 0719 -3473 —ve
23 94.055 278 0 0 7.167 80 + 077 -5255 -ve
39 125.749 428 0 5 4550 100 + 1.026 -2353 —ve

Standard Galantamine

std 78.869 287 1 4 1617 100 + 0526 -253 -ve
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S.No  Retention Peak Name of the ligands (Identified by the GCMS) Binding energy
time area (%) (Kcal/mol)

UYT  4EY7 503L
i 4317 144 1,1-Diethoxy-2-butene -27203 | -567974 -556313
2 4802 7.80 2-Methyl-1,3-dioxolan-4-one -267553 | -55.8781 -50.126
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