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Purpose: The objective of our work was to prepare a potent and safe antimicrobial and
anticancer agents, through synthesis of several peptides and examine their biological activ-
ities, namely as, cytotoxically potent and antimicrobial and antifungal agents.
Introduction: Multidrug-resistant microbial strains have arisen against all antibiotics in
clinical use. Infections caused by these bacteria threaten global public health and are
associated with high mortality rates.

Methods: The main backbone structure for the novel synthesized linear peptide is No-1, 3-
benzenedicarbonyl-bis-(Amino acids)-X, (3—11). A computational docking study against
DNA gyrase was performed to formulate a mode of action of the small compounds as
antimicrobial agents.

Results: The peptide-bearing methionine-ester (4) exhibited potent antimicrobial activity
compared to the other synthesized compounds, while, peptide (8), which had methionine-
hydrazide fragment was the most potent as antifungal agent against Aspergillus niger with
100% inhibition percent. Compounds (6 and 7) showed the highest potency against breast
human tumor cell line “MCF-7" with 95.1% and 79.8% of cell inhibition, respectively. The
nine compounds possessed weak to moderate antiproliferative effect over colon tumor cell
line. The docking results suggest good fitting through different hydrogen bond interactions
with the protein residues. In silico ADMET study also evaluated and suggested that these
compounds had promising oral bioavailability features.

Conclusion: The tested compounds need further modification to have significant antimi-
crobial and antitumor efficacy compared to the reference drugs.

Keywords: anticancer, antimicrobial activity, linear-peptides, N*-1, 3-benzenedicarbonyl-
bis-peptides, molecular docking

Introduction

The application of peptide-based drugs for the treatment of different diseases has
been widely developed during the last few decades. Peptides and peptide deriva-
tives are inherently active against infectious diseases within biological systems.
Moreover, antimicrobial peptides (AMPs) have been used as broad-spectrum anti-
biotics against several microorganisms including bacteria, fungi, and viruses.' The
emergence of multi-resistance pathogens is still potentially problematic for the
treatment of infectious diseases. Furthermore, weakening of the immune system
or inflammation associated with chronic infection makes patients more vulnerable

to the emergence of cancer.” Such an association between cancer and infection
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urges the identification of a new class of molecules that are
dually-active as broad-spectrum antimicrobial agents and
as anticancer agents.” Promising new molecules, defined
as antimicrobial peptides with anticancer properties,
should present activities against broad multi-resistance
pathogens and the ability to interfere with tumor growth
and invasion towards healthy tissues. Physicochemical
properties of peptide sequences exhibit dual-activity
against pathogens and cancer. For example, the presence
of positively charged or bulky hydrophobic amino acids in
such sequences electrostatically interacts with negatively
charged groups in the bacterial membranes. Furthermore,
these amino acids provide the required characteristics to
interact with tampered cancer cell membrane, through
which the activity of AMPs toward cancer cells is pro-
moted through the interactions of negatively charged phos-
pholipids exposed in the membrane of cancer cells or by
interacting with the cell membrane potential and fluidity.*
Despite the versatility of peptide design and synthesis to
achieve such dual activities, their metabolic and conforma-
tional instabilities represent the main obstacles for the
successful implementation of peptide-based drugs. This
drawback urged us to overcome such obstacles by the
design and synthesis of peptide derivatives with rigid
conformations and specific amino acid sequences that
impart, simultaneously, anticancer and antimicrobial activ-
ities. Our research group has published several studies
indicating that peptide candidates are promising as poten-

tial anticancer drugs,”'’

anti-inflammatory and analgesic
drugs,'® and as antibacterial drugs.'”?® The incidence of
microbial infections in cancer patients increases due to the
low circulating neutrophil levels in these patients in addi-
tion to the disruption of the microbial flora. Thus, the
objective of the current study is to synthesize a new pep-
tide derivative with multiple biological activities including
anticancer, anti-inflammatory, and antibacterial activities
to be considered as potential candidates used in the treat-

ment of cancer.

Materials and Methods

Chemistry

These companies; Sigma (Ronkonkoma, NY, USA), Fluka
(Buchs, and E. Merck (Hohenbrunn,
Germany) were used to import all chemical and related

Switzerland),

materials. All “melting points; M.P.” uncorrected which
gained from “Digital melting point apparatus; model:

[A9100”. The “Micro-Analytical center” in Cairo

University of Egypt was used for measuring the following
spectroscopic analysis; (i) Elemental Micro-analyses for
C, N, and H, which gained through a good restriction of
the theoretical values (£0.4%). (ii) “Potassium bromide;
KBr” disks were handled for preparation tested samples to
implement into the “Fourier transforms infrared spectro-
photometer; IR Shimadzu; Model: with 1S affinity”. (iii)
Mass spectra measured by “Shimadzu gas chromatograph—
spectrometer, Model: QP2010ultra; Kyoto, Japan”. NMR-
spectra in ”’DMSO-dg” as proton and carbon were obtained
from “JOEL500 MHz instrument”.

Synthesis of N*-1, 3-Benzenedicarbonyl-
Bis-[Amino Acid Methyl Ester]

First Route: The Acid Chloride Method

A DCM of compound 1 (1 mmol, 50 mL) was added
dropwise while stirring to a cold (—20°C) dichloromethane
solution (50 mL) of free L-alanine and L-methionine ester
(2 mmol), obtained by the addition of two equivalent
amounts of triethylamine (2 mmol) to the amino acid
methyl ester hydrochloride and cold (—20°C) dichloro-
methane, 50mL, while stirring. The obtained mixture was
stirred for an additional 3 hours at (—20°C), and then for 24
hours at room temperature, followed by washes with dis-
tilled water, 1 N sodium bicarbonate, 1 N potassium hydro-
gen sulphate, and distilled water, and then for dried for 24
hours at 0°C over anhydrous sodium sulphate. The volatile
materials were evaporated until dry and were then triturated
with petroleum ether (boiling point B.P. 40-60°C) to obtain
residual material. The obtained precipitate was collected
and then recrystallized from methanol (MeOH) to obtain
compounds 3 and 4.

Second Route: The Mixed Anhydride Method

Ethyl chloroformate (2.9 mL, 30.1 mmol), a DCM solution
(50 mL) of isophthalic acid (5 g, 30.1 mmol) and triethy-
lamine (6.6 mL, 60.2 mmol), was stirred at —20°C. The
reaction mixture was stirred for an additional 30 minutes,
and then the DCM solution (50 mL) free of L-alanine and
L- methionine ester (8.4 g; 60.2 mmol, —20°C) was added
to the dichloromethane (50 mL) under continuous stirring
for 7 hours at —20°C, and subsequently for 24 hours at
room temperature. The crude product was recrystallized
from methanol to obtain pure compounds 3 and 4; as
determined by the melting point and TLC “thin layer
chromatography* compared to the original sample pre-
pared according to Method A.
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N*-1, 4-Benzenedicarbonyl-Bis-[L-Ala-
OMe], (3)

Yield: [A]: 90; [B]: 80; m.p. 108—110°C.Rf x100 (solvent
system) 55(S,). [a]%)sz - 12.04 (C, 0.02, MeOH). IR in
(cm™'; KBr): 3400 (NH-stretching), 3066 (CH-aromatic),
2950 (CH-aliphatic), 1738 (C=0, ester), 1644 and 1534
(C=0, amide I + II).'"H-NMR (500 MHz, DMSO-d6)
5:9.04, 8.97 (s, 2H, CONH, D,0, exchangeable), 8.41 (s,
1H, aromatic H, C,), 8.15-8.04 (d, 2H, aromatic H, C,_¢),
7.65-7.60 (t, 1H, aromatic H, Cs), 4.54, 4.50 (q,2H,
CHNH), 3.66 (s, 6H, OCHj), 1.42 (d, 6H, 2CHs;,
CHCH;). "C-NMR (125 MHz, &, ppm, DMSO-dy):
173.57 (2C, CO, ester), 166.33 (2C, CONH), 134.38 (2C,
isophthaloyl, C; ), 130.77 (2C, isophthaloyl, C, 4),
128.81 (1C, isophthaloyl, Cs), 127.27 (1C, isophthaloyl,
Cs), 52.35 (2C, OCHs;, L-ala), 48.85 (2C, CHCH3;, L-ala),
17.15 (2C, CHCHj;, L-ala). MS (70-eV;-El):-m/z-(%)
=337 (M'-+1, 14.75%), 336 (M", 1.2%), 277 (87.52%),
234 (100%), 50 (7.13%). Molecular formula (M.wt.),
C16H20N20¢ — (336.3), calculated-analysis; C, 57.14; H,
5.99; N, 8.33, found; —C 57.00, —H 6.02, —N 8.30.

N%-1, 4-Benzenedicarbonyl-Bis-[L-Met-
OMe], (4)

Yield: [A]: 85; [B]: 70; m.p. 130-132 °C. Rf x100 (solvent
system) 65 (S,). [0]3: - 24.21 (C, 0.02, DMSO). IR in (em™;
KBr): 3421 (NH-stretching), 3015 (CH-aromatic), 2959 (CH-
aliphatic), 1725 (C=O-ester), 1608 and 1523 (C=0O-amidel
+I). "H-NMR (500 MHz, DMSO-d6) &: 8.46 (s, 2H, CONH,
D,0, exchangeable), 8.20-7.69 (4H, aromatic H), 3.90 (q 2H,
CHNH), 3.34 (s, 6H, OCHs), 2.51 (t, 8H, 4CH,, CH,CH,),
2.18 (s, 6H, SCH;). *C-NMR (125 MHz, 3, ppm, DMSO-d,):
165.84 (2C, CO, ester), 162.00 (2C, CONH), 134.04 (2C,
isophthaloyl, C,_ s), 130.61-130.01 (3C, isophthaloyl, C,, 3, 4.
6), 32.90-52.00 (4C, 20CHj3, 2CHCH,, L-met), 40.19-39.35
(4C, 2CHCH,CH,, L-met), 17.00 (2C, SCH3, L-met). MS (70-
eVi-ED:-m/z-(%) =457 (M -+1, 52.94%), 456 (M, 63.73%),
442 (100%), 272 (90.20%), 233 (55.88%), 51 (66.67%).
Molecular formula (M.wt.), Co0H>gN>OgS, (456.6), calculated
analysis; C, 52.61; H, 6.18; N, 6.14; S, 14.05, found; C 52.56,
H 6.10, N 6.09; S, 14.00.

Synthesis of N”-1, 4-Benzenedicarbonyl-
Bis-[Amino Acid]

To a stirred solution (—=5°C, 20 mL) containing methyl
esters of methanol (3, 4) (2 g, 5.94 mmol), sodium

hydroxide (NaOH) (1 N, 35 mL) was added dropwise
and then stirred for 3 hours at —5°C, followed by stirring
at room temperature for an additional 24 hours. The vola-
tile materials were evaporated under reduced pressure and
the aqueous solution was acidified (—5°C, 1 N hydrochlo-
ric acid [HCL], pH=3). The residual material was obtained
and then recrystallized in an ethanol/water solution to
obtain the acids 5, 6.

N°-1, 4-Benzenedicarbonyl-Bis-[L-Ala], (5)
Yield: 75; m.p. 184—186 °C. Rf x100 (solvent system) 44
(Sy). [0]¥: - 55.15 (C, 0.06, DMSO). IR in (em™'; KBr):
3318 (NH-stretching), 3131 (CH, aromatic), 2997 (CH,
aliphatic), 1715 (C=0O, acid), 1643 and 1530 (C=O,
amide I and amide II). "H-NMR (500 MHz, DMSO-d6)
d: 8.93, 8.91 (s, 2H, OH), 8.82, 8.80 (s, 2H, CONH, D,O
exchangeable), 8.38 (s, 1H, aromatic H, C,), 8.18-8.02 (d,
2H, aromatic H, C4_¢), 7. 66—7.57 (t, 1H, aromatic H, Cs),
4.48, 4.44 (q, 2H, CHNH), 3.66 (s, 6H, OCHj; disap-
peared), 1.43, 1.41 (d, 6H, 2CH;, CHCH;). "*C-NMR
(125 MHz, 3, ppm, DMSO-dy): 174.62 (2C, CO, acid),
167.38, 167.10 (2C, CONH), 166.31, 165.94 (2C, iso-
phthaloyl, C;, s), 134.76, 134, 61 (2C, isophthaloyl, C,,
4), 133.85 (1C, isophthaloyl, C3), 130.64 (1C, isophtha-
loyl, Cg¢), 52.35 (2C, OCHj;, L-ala, disappeared), 48.41
(2C, CHCH3;, L-ala), 18.25 (2C, CHCHj3;, L-ala). MS (EI,
70 eV): m/z (%) =309 (M'+1, 7.38%), 308 (M", 3.37%),
263 (23.82%), 76 (100%), 50 (41.95%). Molecular for-
mula (M.wt.), C14H 4N,Og (308.3), calculated analysis; C,
54.54; H, 5.23; N, 9.09, found; C 54.51, H 5.20, N 9.02.

N®-1, 4-Benzenedicarbonyl-Bis-[L-Met], (6)
Yield: 70; m.p. 210-212 °C. Rf x100 (solvent system) 50
(Sy). [a]¥: - 38.75 (C, 0.05, DMSO). IR in (cm™'; KBr):
3435 (NH-stretching), 3086 (CH-arom.), 3006 (CH-alipha-
tic), 1687 (C=0, acid), 1612 and 1580 (C=0, amide I and
amide II). "H-NMR (500 MHz, DMSO-d6) &: 13.00 (br,
2H, OH), 8.48 (s, 2H, CONH, D,0O exchangeable), 8.15—
7.60 (4H, aromatic H), 3.75 (q 2H, CHNH), 3.34 (s, 6H,
OCHj;, disappeared), 2.50 (t, 8H, 4CH,, CH,CH,), 2.16 (s,
6H, SCH3). >*C-NMR (125 MHz, 8, ppm, DMSO-dj):
167.03 (2C, CO, acid), 165.00 (2C, CONH), 133.81 (2C,
isophthaloyl, C, s), 131.67 (2C, isophthaloyl, C, 4),
130.43 (1C, isophthaloyl, Cs3), 129.55 (1C, isophthaloyl,
Cs), 52.50 (2C, 2CHCH,, L-met), 40.47-39.52 (4C,
2CHCH,CH,, L-met), 15.20 (2C, SCHj3, L-met). MS (EI,
70 eV): m/z (%) = 429 (M'+1, 0.80%), 428 (M., 0.85%),
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76 (19.17%), 65 (100%), 50 (48.76%). Molecular formula
M.wt.), CigH4N,O6S, (428.5), calculated analysis; C,
50.45; H, 5.65; N, 6.54; S, 14.97, found; C 50.39, H
5.66, N 6.50; S, 14.95.

Synthesis of N®-1, 3-Benzenedicarbonyl-Bis-[Amino
Acid Hydrazides]

To a stirred solution (50 mL methanol) of esters (3 and 4;
1 mmol), hydrazine hydrate (0.35 mL, 10 mmol) was
added. The mixture was refluxed for 3 hours; and the
volatile materials were evaporated under reduced pressure.
The obtained residue was triturated with ether and recrys-
tallized from mixture of methanol/ether solution to pro-
duce the hydrazides (7 and 8).

N®-1, 4-Benzenedicarbonyl-Bis-[L-Ala-
NHNH,], (7)

Yield: 65; m.p. 269-271 °C. Rf x100 (solvent system) 35
(S). [a]¥: - 112.00 (C, 0.02, DMSO). IR in (cm™'; KBr):
3298 (NH-stretching), 3100 (CH-arom), 2900 (CH-alipha-
tic.), 1643 (C=0, hydrazide), 1610 and 1531 (C=0- amide
I+ 1I). "H-NMR (500 MHz, DMSO-d6) &: 8.75 (s, 2H,
CONHNH,, D,O exchangeable), 8.40, 8.34 (s, 2H,
CONHCH, D,O exchangeable), 8.02-7.52 (s, 4H, aro-
matic H),4.49-4.47 (q, 2H, CHNH), 4.19 (s, 4H,
CONHNH,), 3.66 (s, 6H, OCHj; disappeared), 1.35, 1.33
(d, 6H, 2CH;, CHCH;). *C-NMR (125 MHz, &, ppm,
DMSO-dy): 172.27 (2C, CO, hydrazide), 166.27 (2C,
CONH), 165.00 (2C, isophthaloyl, C;, s), 134.51 (2C,
isophthaloyl, C,, 4),130.78 (1C, isophthaloyl, C3),128.67
(1C, isophthaloyl, C¢), 52.35 (2C, OCHs;, L-ala, disap-
peared), 48.74 (2C, CHCH;, L-ala), 17.33, 17.25 (2C,
CHCH;, L-ala). MS (EI, 70 eV): m/z (%) =337 (M'+1,
1.65%), 336 (M", 0.76%), 273 (100%), 76 (29.37%), 50
(7.46%). Molecular formula (M.wt.), C14H»oN,Og¢ (336.3),
calculated analysis; C, 57.14; H, 5.99; N, 8.33, found; C
57.11, H 5.90, N 8.31.

N®-1, 4-Benzenedicarbonyl-Bis-[L-Met-
NHNH,], (8)

Yield: 70; m.p. 292-294 °C. Rf x100 (solvent system) 40
(S). [a]¥: - 86.25 (C, 0.03, DMSO). IR in (em™'; KBr):
3288 (NH-stretching), 3155 (CH-aromatic), 3053 (CH-
Aliphatic), 1661 (C=0, hydrazide), 1625 and 1525 (C=0,
amide I and amide II). "H-NMR (500 MHz, DMS0-d6)3:
9.85 (br, 2H, CONHNH,, D,0 exchangeable), 8.28 (s, 2H,
CONH, D,O exchangeable), 7.94-7.51 (4H, aromatic H),
4.00 (br, 2H, CONHNH,), 3.17 (q, 2H, CHNH), 3.34 (s,

6H, OCHj;, disappeared), 2.51 (t, 8H, 4CH,, CH,CH,),
1.75 (s, 6H, SCH;). '*C-NMR (125 MHz, &, ppm,
DMSO-dy): 16591 (2C, CO, hydrazide), 160.00 (2C,
CONH), 133.55 (2C, isophthaloyl, C; s), 129.88 (2C,
isophthaloyl, C, 4), 128.97 (1C, isophthaloyl, Cs),
126.45 (1C, isophthaloyl, C4), 50.45 (2C, 2CHCH,,
L-met), 40.18-39.34 (4C, 2CHCH,CH,, L-met), 16.25
(2C, SCH3, L-met). MS (EI, 70 eV): m/z (%) =456 (M",
3.42%), 265 (5%), 76 (100%), 64 (10.92%), 50 (81.49%).
Molecular formula (M.wt.), C50H,5N,04S, (456.6), calcu-
lated analysis; C, 52.61; H, 6.18; N, 6.14; S, 14.05, found;
C- 52.55, H- 6.15, N- 6.11; S— 14.00.

Synthesis of N”-1, 3-Benzenedicarbonyl-
Bis-[L-Ala-L-Phe Methyl Esters], (9)

Ethyl chloroformate (2.9 mL, 30.1 mmol) was added to
solution of 1, 3-benzenedicarbonyl-bis-[L-Alanine], 5,
(—20 °C, 15.05mmol) and triethylamine (3.3 mL,
30.1lmmol) in dichloromethane (50 mL). The reaction
mixture was stirred for additional 30 minutes, then the
two equivalents amount of free amino acid ester (L-Phe)
(30.1mmol)(—20°C)
added. Then, the same procedure, mentioned in the synth-

in dichloromethane (50mL) was

esis of compound 3 using the mixed anhydride method
was completed. The crude product was collected, and then
purified by recrystallization from ethanol to get the corre-
sponding ester 9.

Yield: 85; m.p. 86-88 °C. Rf x100 (solvent system) 70
(S2); [a]¥: - 22.10 (C, 0.02, MeOH). IR in (cm™'; KBr):
3422 (NH-stretching) 3140 (CH, aromatic) 2950 (CH,
aliphatic) 1732 (C=0, ester) 1648, 1530, 1441 and 1382
(C=0, amide I, amide II, amide III and amide 1V). 'H-
NMR (500 MHz, DMSO-d6)5: 9.09-9.01 (s, 4H, CONH,
D,0 exchangeable), 8.66 (s, 1H, isophthaloyl, aromatic H,
C,), 8.48-8.40 (d, 2H, aromatic H, isophthaloyl, C4, ¢),
7.65 (t, 1H, isophthaloyl, aromatic H, Cs), 7.50—7.21 (10H,
aromatic H, L-phe), 4.56-4.51 (q, 2H, CHNH, L-phe),
4.29-423 (t,2H, CHNH, L-ala), 3.64-3.59 (s, 6H,
OCHj;), 3.19-2.88 (d, 4H, CH,, L-phe), 1.41-1.03 (d,
6H, 2CH;, CHCHj, L-ala). *C-NMR (125 MHz, &, ppm,
DMSO-dy): 173.00 (2C, CO, ester), 169.00-170.25 (4C,
CONH), 135.50 (1C, L-Phe, C;), 133.20 (2C, isophtha-
loyl, Cy, 5), 131.50 (2C, isophthaloyl, C,, 4), 128.80—-124-
25 (10C, the remaining aromatic carbon), 53.25 (2C,
CHCH,, L-phe), 51.50 (2C, OCHj;, L-ala), 50.00 (2C,
CHCH;, L-ala), 38.20 (2C, CH,, L-phe), 18.00 (2C,
CHCHs, L-ala). MS (EI, 70 eV): m/z (%) =631 (M'+1,
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18.77%), 630 (M", 23.60%), 611 (100%), 74 (2.15%), 55
(1.33%). Molecular formula (M.wt.), C34H3gN4Og (630.7),
calculated analysis; C, 64.75; H, 6.07; N, 8.88, found; C
64.70, H 6.04, N 8.90.

Synthesis of Na-1, 3-Benzenedicarbonyl-Bis-[L-Ala-L-
Phe], (10)
To a stirred solution (—5 "C, 20 mL methanol) of ester (9;
2 mmol), NaOH (IN, 25 mL) was added dropwise, then
stirring was continuous for additional three 3 hours at —5 °
C. The reaction mixture was left over night at room
temperature. Then complete the same procedure which
was mentioned in the synthesis of compounds 5 and 6.
The precipitated crude product was filtered off and recrys-
tallized from ethanol to get the corresponding acid 10.
Yield: 75; m.p. 169-171 °C. Rf x100 (solvent system)
60 (Sy); [a]ZDS: —33.41 (C, 0.02, MeOH). IR in (cm™
KBr): 3430 (NH-stretching) 3175 (CH, aromatic) 2928
(CH, aliphatic) 1643 (C=0, acid) 1529, 1480, 1421 and
1386 (C=0, amide I, amide II, amide III and amide IV).
"H-NMR (500 MHz, DMSO-d6)8: 12.55 (br, 2H, OH),
9.19-9.09 (s, 4H, CONH, D,0O exchangeable), 8.70 (s,
1H, isophthaloyl, aromatic H, C,), 8.40-8.33 (d, 2H, aro-
matic H, isophthaloyl, C4, ), 7.77 (t, 1H, isophthaloyl,
aromatic H, Cs), 7.47-7.18 (10H, aromatic H, L-phe),
4.61-449 (q, 2H, CHNH, L-phe), 4.33-4.20 (t, 2H,
CHNH, L-ala), 3.64-3.59 (s, 6H, OCH; disappeared),
3.25-2.75 (d, 4H, CH,, L-phe), 1.55-1.25 (d, 6H, 2CHs;,
CHCHj, L-ala). ">C-NMR (125 MHz, &, ppm, DMSO-d):
174.50 (2C, CO, acid), 170.15-172.00 (4C, CONH),
139.20 (1C, L-Phe, C;), 136.00 (2C, isophthaloyl, C,, 5),
134.20 (2C, isophthaloyl, C,, 4), 130.50-125-00 (10C, the
remaining aromatic carbon), 54.50 (2C, CHCH,, L-phe),
51.50 (2C, OCH3;, L-ala, disappeared), 48.50 (2C, CHCH3;,
L-ala), 39.70 (2C, CH,, L-phe), 17.50 (2C, CHCHs,
L-ala). MS (EIL, 70 eV): m/z (%) =603 (M'+1, 66.92%),
602 (M", 79.23%), 484 (100%), 367 (72.31%), 159
(79.23%), 53 (64.62%). Molecular formula (M.wt.),
C3,H34N4Og (602.6), calculated analysis; C, 63.78; H,
5.69; N, 9.30, found; C 63.70, H 5.70, N 9.32.

Synthesis of N%-1, 3-Benzenedicarbonyl-Bis-[L-Ala-L-
Phe-Hydrazide], (11)

The ester (9; 1 mmol) in 50 mL methanol was stirred with
hydrazine hydrate (0.35 mL, 10 mmol) for 3 hours; the
volatile materials were evaporated under reduced pressure.
The residual product diluted with ether and recrystallized
by mixture of methanol/ether to afford the corresponding
hydrazide 11.

Yield: 65; m.p. 235-237 °C. Rf x100 (solvent system)
45 (S); [a]¥: —133.80 (C, 0.04, DMSO). IR in (em';
KBr): 3424 (NH-stretching), 3273 (CH, aromatic) 3066
(CH, aliphatic) 1647 (C=0, hydrazide) 1538, 1449, 1400
and 1382 (C=0, amide I, amide II, amide III and amide
IV). 'H-NMR (500 MHz, DMSO-d6)8: 9.92 (br, 2H,
CONHNH,, 9.23-9.15 (s, 4H, CONH, D,0O exchange-
able), 8.82 (s, 1H, isophthaloyl, aromatic H, C,), 8.35—
8.24 (d, 2H, aromatic H, isophthaloyl, C4 ¢), 7.86 (t, 1H,
isophthaloyl, aromatic H, Cs), 7.62-7.38 (10H, aromatic
H, L-phe), 4.74-4.60 (q, 2H, CHNH, L-phe), 4.44-4.30 (t,
2H, CHNH, L-ala), 4.00 (br, 2H, CONHNH,), 3.64-3.59
(s, 6H, OCHj;, disappeared), 3.40-2.80 (d, 4H, CH,,
L-phe), 1.90-1.60 (d, 6H, 2CH;, CHCH;, L-ala). '*C-
NMR (125 MHz, 8, ppm, DMSO-dy4): 176.60 (2C, CO,
hydrazide), 171.25-172.50 (4C, CONH), 138.00 (IC,
L-Phe, C,), 135.20 (2C, isophthaloyl, C,, 5), 133.00 (2C,
isophthaloyl, C,, 4), 128.00-123-50 (10C, the remaining
aromatic carbon), 55.75 (2C, CHCH,, L-phe), 51.50 (2C,
OCHj3;, L-ala, disappeared), 46.00 (2C, CHCHj;, L-ala),
36.00 (2C, CH,, L-phe), 16.20 (2C, CHCHj3;, L-ala). MS
(EL, 70 eV): m/z (%) =631 (M'+1, 41.67%), 630 (M",
69.70%), 403 (74.24%), 91 (100%), 71 (47.73%), 52
(92.42%). Molecular formula (M.wt.), C3,H3gNgOg
(630.7), calculated analysis; C, 60.94; H, 6.07; N, 17.77,
found; C 60.92, H 6.02, N 17.72.

Biological Evaluation

In vitro Antimicrobial Activity

Antimicrobial efficiency for the investigated compounds
(3—-11) was evaluated using “well diffusion method”
against pathogenic Gram-positive bacteria including
pneumonia,  Staphylococcus
ATCC25923, and Micrococcus Iuteus. Subsequentially,
these compounds were tested against Gram-negative bac-
teria “Escherichia coli (ATCC25922), Pseudomonas aer-
uginosa (ATCC7853) and Proteus mirabilis, and Candida
albicans (ATCC1031)” as the human yeast pathogen.

While antifungal activity was tested against different

Streptococcus aureus

plant pathogens (Rhizocotonia solani, Fusarium oxy-
sporum, and Fusarium solani) and human pathogen
Aspergillus niger in terms of the percent inhibition of
mycelial growth. All tested bacteria and yeast were incu-
bated at 37°C for 24 hours by inoculation into nutrient
broth. The culture suspensions were prepared and adjusted

at absorbance 0.5 by spectrophotometer.
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Well Diffusion Method

Petri dishes with nutrient agar were inoculated with a 100
uL suspension of each bacterial or yeast culture. Wells
were generated using the agar surface around (5 mm)
below the cork-borer. The tested compounds (100 pL)
were poured into the well using a sterile syringe. The
bacteria seeded plate was placed in the refrigerator for 8
hours at 4°C. Next, the plates were incubated at 37+2°C
for 24 hours. The inhibition zone formed around the well
in the plates was measured as the diameter of the inhibi-
tion zone around the well (in mm) through the well dia-
meter. DMSO was used to dissolve the investigated
compounds (3 to 11; 1 mg/mL) as well as for the dilution
of the compounds to be tested.”> The average values for
the three different trials (measurements were taken in three
different fixed directions) are tabulated in Table 1.

Antifungal Activity

The antifungal potency for compounds 3 to 11 was evaluated
as the inhibition percent for expansion mycelial(IPEM).?
The test compounds 3 to 11(100 pL) were added to potato
dextrose agar medium (PDA) plates at a concentration of 1
mg/mL. Agar discs (5 mm) were taken from 7 day-old
fungi
Rhizoctonia solani, Fusarium oxysporum, and Fusarium

cultures of 4 pathogenic (Aspergillus  niger
solani) and were placed separately in the center of the Petri
plates. For the control condition, agar discs of the same size
as the tested pathogen were positioned similarly on a fresh
PDA plate. The incubation period for all paired cultures was
performed at 25°C for 6 days. Inhibitory efficiency was
measured by determining the expansion radius of the myce-

lium on the treated media (R2) versus the control (R1). The

IPEM were obtained using the following formula: [IPEM=
{(R1 —R2)/R1} x 100.

Antioxidant Activity

Scavenging efficiency for free radicals was measured as
the change the color of DPPHe radical from strong violet
to yellow color as previously reported.*®

Anticancer Activity

Human cancer cell lines used in this study, included MCF7
(Breast carcinoma cell line), Hep-G2 (Liver carcinoma cell
line), and HCT116 (Colon carcinoma cell line). They were
obtained frozen in liquid nitrogen (—180°C) from Vacsera
(Giza, Egypt). The tumor cell lines were maintained by
serial sub-culturing. Cytotoxicity was determined using
the MTT assay.

Cell Viability Assay

For the assessment of the cytotoxic activities of com-
pounds 3 to 11, cells were seeded in 96-well flat-bottomed
microtiter plates at a density of approximately (10x10°/
well for MCF-7 and HepG2, while in HCT-116 20x10°
cells/well), in complete RPMI-1640Medium. Cells were
incubated in a water jacketed CO, incubator at 37°C for 24
hours. The remaining procedures, including the MTT
assays, were performed as previously reported.’'*

BCL-2 Measurement

Based on previous reports,*” the effects on BCL-2 levels
for the compounds under examination and the standards
were tested. A contaminated biotin with antibody was
added and was then streptavidin HRP. The termination of
the reaction takes place by addition of acid, and the absor-
bance was determined at 450 nm.

Table | Antimicrobial Activity of the Synthesized Compounds by Well Diffusion Assay Method

Pathogenic Microbial Strains Diameter of Inhibition Zone (mm)
3 4 5 6 7 8 9 10 1
Gram-positive bacteria Streptococcus pneumoniae 14 - - - - - -
Staphylococcus aureus ATCC25923 - - -
Micrococcus luteus 15 20 3.0 20 12 I 14 15 15
Gram- negative bacteria | Escherichia coli ATCC25922 14 - 13 - 12 12
Pseudomonas aeruginosa ATCC7853 - 10 -
Proteus mirabilis 10 22 - 15 - 15 13 20
Yeast Candida albicans ATCCI1031 - - -

Note: (-) No inhibition.
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LC;5o Determination

LCso values were calculated using SPSS Statistics Base
v.9 for the active extracts which showed promising values
in the analysis.

Enzyme-Linked Immunosorbent Assay for Tubulin
Beta (TUBb)

A total of 1.2-1.8x10,000 cells/well of MCF-7 cells were
seeded in DMEM (supplemented with 10% FBS and 1%
penicillin-streptomycin). Before assessment of tubulin
levels, the compound under investigation was added for
18-24 hours. Next, Avidin combined with HRP was added
to each microplate well and incubated. The remaining
steps were performed as previously reported.”

Human P53 Estimation

ELISA was used to measure the amount of human p53
bound to antibodies in the sample or to standards adsorbed
onto the microwells. A solution containing biotin was
added. The contaminated biotin with antibodies was sup-
plemented. Then, Human p53 was measured as previously

reported.**

Computational Study

Preparation of Ligands and Protein

The 3-dimensional structure protein files were downloaded
from the RCSB protein data bank for DNA Gyrase B (ID:
4uro),*>  14%sterol Candida
(ID:1EA1),? and transforming growth factor beta receptor
type I (TGFBR1) (ID: 1VIY).*” For mining of protein
data, we used the BLAST P tool for analysis of the
FASTA protein sequence. Then, the CLUSTALW*® pack-

age was utilized for the alignment of multiple of amino
38-44

demethylase albicans

acid sequences.

The Docking computations were completed using
the MOE 2015 package.*> Compounds 3 to 11 were
built then energy minimized based on “Semi-empirical”
PM3 then DFT discrete Fourier transform” based on
B3LYP/6-311G. The error correction for the structure
of the catalytic sites was performed by supplementing
hydrogens and partial charges using (Amber12: EHT),
then minimized by utilized the same force field with
RMSD= 0.100. The catalytic site was identified and
analyzed using the Site Finder program. This method
is based on alpha spheres as well as an energy model.*®
The catalytic zone was predicted by the MOE-Site
finder.*’

Stepwise Docking Experiment

Water and inhibiting molecules were eliminated, then
H-atoms were supplemented to the obtained crystal struc-
ture. The charges were designed using MMFF94x force
field. The alpha-site spheres were added based on the
findings of the on-site-finder module. The final energy,
generated structures, and final scores were measured
using procedures described previously.*®

ADMET Predictions

The in silico ADMET profile was simulated using MOE and
admetSAR Lipinski criteria and ADMET properties (absorp-
tion, distribution, metabolism, excretion, and toxicity).49

Results and Discussion

Chemistry
The N*I,
Methionine methyl esters (3, 4, respectively), were obtained

3-benzenedicarbonyl-bis-(L-Alanine and L-

using two synthesis routes. The first involved acylation of
L-alanine and L-methionine methyl esters with 1, 3-benzene-
dicarbonyl dichloride 2, which was obtained from the reaction
of 1, 3-benzenedicarboxlaic acid 1 with thionyl chloride.
Compound 2 was then coupled with the L-alanine and
L-methionine esters at a low temperature in the presence of
trimethylamine. In the second synthesis route: the bis-esters (3,
4) were prepared starting from Na-1,3-benzenedicarboxlaic
acid 1, with L-alanine and L-methionine esters, in the presence
of ethyl chloroformate, as a mixed anhydride partner.
Hydrolysis of (3, 4) with methanolic NaOH resulted in the
corresponding No-1,3-benzenedicarbonyl-bis-(L-alanine and
L-methionine; 5, 6). The hydrazinolysis of 3, 4 with alcoholic
hydrazine hydrate, generated the corresponding No-1,3-ben-
zenedicarbonyl-bis-(L-alanine and L-methionine; 7, 8)
(Scheme 1).

Treatment of 5 with free L-phenyl alanine ester generated
the corresponding Na-1,3-benzenedicarbonyl-bis-(dipep-
tide)-ester (9). This compound was converted to the corre-
sponding Na-1,3-benzenedicarbonyl-bis-(dipeptide;  10)
under hydrolysis conditions by ethanolic sodium hydroxide.
Likewise, hydrazinolysis of the dipeptide methyl ester (10)
with methanolic hydrazine hydrate generated the correspond-
ing dipeptidehydrazide (11) (Scheme 2).

Biological Evaluations

Antimicrobial Activity

The antimicrobial activity of the synthesized compounds 3
to 11 against pathogenic bacterial and fungal strains is
shown in Tables 1 and 2. The tested compounds showed
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3: N?-1, 3-benzenedicarbonyl-bis-(L-Ala)-OMe,  4: N?-1, 3-benzenedicarbonyl-bis-(L-Met)-OMe
5: N?-1, 3-benzenedicarbonyl-bis-(L-Ala)-OH, 6: N?-1, 3-benzenedicarbonyl-bis-(L-Met)-OH
7: N?-1, 3-benzenedicarbonyl-bis-(L-Ala)-NHNH,, 8: N®1, 3-benzenedicarbonyl-bis-(L-Met)-NHNH,

Scheme | Synthetic routes for Na- 1, 3-benzenedicarbonyl-bis-(Amino acid methyl esters) (3, 4); corresponding carboxylic acid (5, 6) and the corresponding hydrazides (7, 8).
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11: N?-1, 3-benzenedicarbonyl-bis-(L-Ala-L-Phe)-NHNH,

Scheme 2 Synthetic routes for No-1, 3-benzenedicarbonyl-bis-(L-Ala-L-Phe methyl esters) (9), corresponding carboxylic acid (10) and the corresponding hydrazide (11).
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Table 2 Antifungal Activity of the Synthesized Compounds by the Percent Inhibition of Mycelial Growth

Pathogenic Fungi The Inhibition Percent for Expansion Mycelial (IPEM)(%)

3 4 5 6 7 8 9 10 1

Rhizocotonia solani - 30% - - - - 25% - 40%

Fusarium oxysporum - - 11% - - - 11% - -

Fusarium solani - - - - - - - - -

Aspergillus niger * - * * - 100% - * No spore formation

Notes: (-) No inhibition; (¥) spore color; (%>100) inhibition with sparse growth; (%=100) inhibition (growth and sporulation).

different degrees of potency against pathogenic bacteria.
Micrococcus luteus was the most sensitive bacteria against
the highest
Compounds 5, 7 produced the lowest inhibitory activity

compound 6, which showed activity.
and showed resistance towards all tested pathogenic
microorganisms tested with the exception of Micrococcus
luteus.

None of the tested compounds exhibited any activ-
ity against Staphylococcus aureus and yeast. The
pathogen Proteus sp. was inhibited by most synthe-
sized peptides except for compounds 6 and 11, while
Streptococcus pneumonia pathogen was only resistant
to compound 3, among all members of all synthesized
compounds.

Most synthesized compounds showed the most sig-
nificant antifungal activity against Aspergillus niger,
except for compounds 4, 7, and 9. Exposure to com-
pounds 3, 5, 6, and 10 changed the black color of
Aspergillus niger spores to grey. Compound 8 was the
most potent antifungal agent against Aspergillus niger,
which produced 100% inhibition, while compound 11
inhibited the formation of the respective fungal spores.
The inhibitory mechanism of these compounds may be
attributed to a fungicidal inhibition of the THN-reduc-
tase enzyme, involved in melanin synthesis via the
DHN-melanin pathway.”® Compounds 4, 9, and 11
showed a moderate inhibition against Rhizocotonia
solani, while compounds 5 and 9 showed a relatively
low degree of inhibition (11%) against Fusarium oxy-
sporum. Most synthesized compounds (ie, 3, 4, 6, 7, 8,
and 10) showed no antifungal activity against Fusarium
solani.

Antioxidant Activity

Nine compounds were screened to investigate their anti-
oxidant potency using the free radical scavenging activity
DPPH assay, and all nine compounds showed weak free
radical scavenging activity (Table 3).

Table 3 Free Radical Scavenging Activity of the Synthesized
Compounds on Free Radical DPPH at 50ug/mL

Samples % DPPH Scavenging Activity
Cpd 3 6.7£1.5
Cpd 4 0.9£0.5
Cpd 5 0.6£0.2
Cpd 6 1.0+0.8
Cpd 7 7.6£0.8
Cpd 8 14.8+1.3
Cpd 9 3.6£0.7
Cpd 10 13.3+0.8
Cpd |1 0.9£0.5

Anticancer Activity
Nine samples (3 to 11) were preliminary screening for
their antiproliferative activity against the following
human carcinoma cell lines, breast MCF-7 (Figure 1),
colon HCT-116 (Figure 2), and hepatocellular carcinoma
HepG2 (Figure 3) cell lines. The nine compounds pos-
sessed weak to moderate antiproliferative effects in the
HCT-116 cell line at concentration 10 ppm or 10pg/mL,
with cytotoxicity ranging from 14% to 60.7%. While
compound 9 possessed weak cytotoxic activity in the
liver human tumor cell line HepG2, with cytotoxicity
ranging from 2.2% to 9%. All the cytotoxicity results of
the studied compounds were compared with the results of
the doxorubicin reference drug, which ranged from 80% to
95% cytotoxicity for all three cell lines tested.

Conversely, compounds 6 and 7, showed a strong
cytotoxic effect on the breast cancer cell line MCF-7
with 95.1% and 79.8% of cell inhibition, respectively.
Based on the promising results of compound 6 in the
breast cancer cell line, it was selected for further investi-
gation of additional anticancer activity.

The proto-oncogene coding the B-cell lymphoma 2
(Bcl-2) is known as apoptosis regulator by maintaining
the equilibrium between cell death and proliferation. Low
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Figure | In vitro cytotoxicity screening for nine tested compounds against colon carcinoma (MCF-7).
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Figure 2 In vitro cytotoxicity screening for nine tested compounds via against breast carcinoma (HCT-116).

levels of Bcl-2 are associated with cell death through
apoptosis.

MCF-7 cells treated with compound 6 produced BCL2
levels of 103.3 pg/mL, which lies near the borderline
calibration curve of BCL2, ranging from 78.1 to
2500 pg/mL. Weak expression of Bcl2 was observed in

comparison to the reference drug doxorubicin, indicates
compound 6 induced apoptosis of MCF-7cells.

P53 is a tumor suppressor that is triggered in response
to stress. Studies demonstrate that p53 is critical for the
prevention of tumorigenesis and may potentially be
involved in at least half of all known cancers. MCF-7
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Figure 3 In vitro cytotoxicity screening for nine tested compounds via liver carcinoma (HepG 2).

treated with compound 6 showed a slight downregulation
of the protein levels of p53 to 70.15 pg/mL, which sug-
gests that compound 6, induces apoptosis via another path-
way rather than acting via p53 protein.

Microtubules are a major component of the cytoskele-
ton. They play a crucial role in cell division. Tubulin-
binding agents are amongst the most widely used che-
motherapeutic drugs in cancer treatment. We investigated
the effects of compound 6 at a concentration of 10 pg/mL
on TubBin MCF-7 cells. TubBlevels were 0.19 pg/mL
which indicated that compound 6 had no significant effect
on tubulin polymerization as compared with reference
drug colchicine.

Docking Studies

The docking study targeted (ID: 4uro) DNA Gyrase B,
(ID:1EA1) Candida albicans lanosterol14-o-demethylase,
and (ID: 1VJY) transforming growth factor (TGF) for f-
receptor type I (B-RI), to examine the potential mode of
action of the small compounds as antimicrobial and anti-
tumor agents. The ligand—protein interactions were esti-
mated based on the docking score using the functions
implemented in the Molecular Operating Environment
MOE 2015.10 package. All calculations of the docking
experiments against crystal structures (PDB: 4uro, 1EAI
and 1VJy) are shown in Tables 4 and 5. Bacterial DNA-

gyrase plays a vital role in the activity of antibacterial
agents and acts by breaking double-stranded DNA by
catalyzing negative supercoiling which is essential for
DNA replication, transcription, and recombination.”’
Analysis of the co-crystallized DNA-gyrase cleavage com-
plex with novobiocin, which is an effective antibacterial
agent that acts by cleaving DNA and restricting the
ATPase binding site located on the vital peptidoglycan of
the bacterial cell wall (Ser 55, Ala64, Asn.65, Asp8&9,
Thr164, Thr173, and Val79). The inhibitory effect may
be a result of the distinct structure of cell wall that char-
acterizes Gram-negative and Gram-positive bacteria. The
cell wall of Gram-negative bacteria is composed of a thin
peptidoglycan layer (7-8 nm) with an additional an outer
membrane. The Gram-positive bacteria contain a thick
peptidoglycan layer (20-80 nm) outside of the cell wall
with no outer membrane. The peptidoglycan is a mesh-like
polymer consisting of sugars and amino acids. A peptido-
glycan layer protects microorganisms against antibacterial
agents such as antibiotics, toxins, chemicals, and degrada-
tive enzymes.’>>* Furthermore, a docking study evaluated
the lanosterol  14-a-demethylase-fluconazolecomplex
(PDB ID: 1EAI), extracted from Mycobacterium tubercu-
losis and showed a high similarity with the lanosterol-14-
a-demethylase obtained from Candida species, for which
it is difficult to obtain X-ray crystal structure for bound
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Table 4 Simulated Molecular Docking Energy in (kcal/mol) for the Tested Ligands

Cpd. Esc rmsd_ E_place E_conf Eele E.Int.
(ID: 4uro) DNA Gyrase B
3 —6.02317 0.360479 50.5415 —47.7144 —5.52189 —37.2061
4 —4.67928 0.766497 43.41455 —35.2866 —5.60077 —23.5248
5 —5.31233 0.480625 —15.352 —62.018I —6.94589 —22.5068
6 —5.65801 0.705182 —18.7582 —64.7541 —7.14161 —37.9289
7 —551191 0.356299 81.43585 —65.5201 —6.30798 -31.2715
8 —5.77681 0.321674 79.70246 —47.8776 —6.00393 —37.1633
9 —7.10236 3.661316 4471742 —9.48044 —4.53216 —44.1672
10 —6.16023 2317993 —23.5398 —54.9007 —5.2083 —34.4003
I —7.06915 2.493655 97.9485 —86.6334 —6.06098 —51.2235
(ID:1EAI) Candida albicans lanosterol |14-a-demethylase

3 -8511 0.462 53.894 —45.302 —-10.254 —42.994
4 —-8.231 0.134 70.956 —34.067 —-10.521 —-31.988
5 -7.420 0.924 —18.645 —60.338 —-13.730 —-32.109
6 =1.717 0.980 —-30.501 —37.080 —-10.094 —42.641

7 -8.170 0.272 90.043 —63.536 —13.050 —-39.811

8 —-8.386 0.447 83.722 —58.822 —12.528 —45.894
9 -8.162 0.634 54.197 49.092 —6.841 —-39.879
10 —-8.727 0.556 -11.711 —50.456 —11.146 —41.903
I —-8.250 0.934 97.236 —5.341 -7.027 —36.096

(ID: 1V)Y) transforming growth factor (TGF) for B-receptor type | (5-Rl)

3 —9.748 2.489 52.032 —61.789 —3.504 —32.149
4 —12.450 2.956 60.790 —-113.823 —2.608 —13.581

5 —12.490 2016 —-18.932 —80.589 —3.453 —37.079
6 —12.863 1.361 —10.826 —-102.615 =117 —8.393

7 —16.354 1.890 104.488 —72.455 —2.627 —6.256

8 —12.303 1.276 88.752 —-81.780 0.585 —47.178
9 —11.536 2.484 44.366 —84.405 3.726 —53.218
10 —-13.708 1.735 -3.721 —84.626 7.078 —24.206
I —-10.283 4.103 94.121 —62.072 7.601 —42.896

Abbreviations: E, g, final free binding energy; E_conf, binding energy for the ligand-conformer; E_place, binding energy of the ligand-receptor; E.Int., ligand-receptor affinity
of interaction energy; E.ele, ligand-receptor Electrostatic interaction; RMSD, the root mean square deviation of the pose of the docking pose compared to the co-crystal

ligand position.

membrane enzyme. In addition, the crystal structure
of TGF of B-RI bound with naphthyridine (ligand 460)
was obtained as PDB file (ID: 1VJY) with 2.0A resolution.

All compounds were redocked into active sites in the
absence of the reference inhibitor. The ligands were suc-
cessfully complexed with active fsites of enzymes. The
extracted docked poses of ligands were energy-minimized
with a molecular mechanics (Amber12: EHT) force field,
up to 0.05 kcal/mol for the gradient convergence. The
poses were initially selected among those with a docking
score of E.dG<-7 kcal/mol). Next, poses were filtered
based on lowest docking MOE score with lowest root

means quart deviation (RMSD) against reference drugs.

Finally, the highest MOE scoring function for the tested
compounds was applied to evaluate the binding affinities
of the tested compounds (Table).

(ID: 4uro) DNA Gyrase B: The bispeptides 9,10, and
11 exhibited the highest binding affinity and RMSD over
other compounds for DNA gyrase (—7.1,-6.1, and —7.0
kcal/mol.), respectively, (summarized in Table 4). The
other compounds showed considerable binding affinity
(RMSD < 1), which was attributed to the higher stability
of these compounds in the binding site (Table 4). The
binding scores for compounds 3 to 8 could be arranged
as 3> 8> 6 >7 > 5> 4 with a trend for RMSD between
~0.3-0.7 (Table 4). All compounds allowed H-bond
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Table 5 Pharmacokinetic Features for Compounds (3—11)

Comp. 3 4 5 6 7 8 9 10 1
HBA 8 8 8 8 10 10 12 12 14
HBD 2 2 4 4 8 8 4 6 10
lip_drug like | | | | | | 0 0 0
lip.V 0 0 0 0 [ | 2 3 3
Log P 1.003 2313 0.475 1.785 —-1.821 -0.511 3.251 2.723 0.427
logS —3.147 —4.880 -2.323 —4.056 —2.848 —4.581 =7.151 —6.327 —6.852
TPSA 110.8 110.8 132.8 132.8 168.44 168.44 169 191 226.64
P-GPLII-S NO NO NO NO NO NO NO NO NO
P-GPLlI-I NO NO NO NO NO NO NO NO NO
Irritant NO NO NO NO NO NO NO NO NO
CYP450-I NO NO NO NO NO NO NO NO NO
CYP450-S NO NO NO NO NO NO NO NO NO
Tumorigenic NO NO NO NO NO NO NO NO NO
Carcinogens NO NO NO NO NO NO NO NO NO
AMES.T. NO NO NO NO NO NO NO NO NO
hERGLII NO NO NO NO NO NO NO NO NO
Hepatotoxicity NO NO NO NO NO NO NO NO NO
LD50 2.639 2951 2222 2.278 2.486 2.465 3.075 2.483 2.465
LOAEL 0.86 0.848 1.259 1.242 217 2.172 2.894 3.681 4.044
Skin Sensitivity NO NO NO NO NO NO NO NO NO

formation with important amino acid residues (Ala64,
Asn.65, and Thr164) at the DNA gyrase active site
(Table S1, Supplementary materials). All compounds

were arranged in parallel with Asn65 and Thr164, the
hydrophobic portion of these compounds was considered
a stabilization key in the receptor conformation.
Furthermore, compounds 3, 4, and 6 were linked via an
H,0 molecule which bound to three important backbone
amino acids Val79, Ser 55, and Thr173 (Figure 4). The
different ligand conformations indicated the interactions
with hydrophilic amino acid backbone at the 4uro binding

site (Table S1, Supplementary materials). From (Figure 4),

we can postulate that the hydrophobicity fragment gener-
ated in the synthesized compounds (Ala and Met) is an
important pharmabiotic characteristic for binding to the
DNA-gyrase pocket. Furthermore, the inhibitory efficiency
of the synthesized compounds against bacterial growth
may be explained by their ability to attack the naked
peptidoglycan of the cell wall.>*> As a result, the anti-
bacterial mechanism of the synthesized compounds
involves the possibility of attacking the bacterial mem-
brane and changing its permeability. Hence, the synthe-
sized particles may leak through sugars and proteins to
deactivate hydrogen respiratory chain enzymes, and sub-
sequently, they produce pits and gaps in the bacterial
membrane (peptidoglycan layer), to induce irregular frag-

mentation of the bacterial cells.’®>’ We therefore

concluded that these indicators suggested that the com-
pounds tested would induce suitable biological functions.

(ID:1EA1) Candida albicans Lanosterol 14-a-
Demethylase

The tested compounds 3—-11 showed good binding affinity
against 1EA1 (Table 4, Figure S1, 2; Supplementary mate

rial). The binding pockets of 1EA1 included amino acid
residues Arg324, Arg324, GIn70, Tyr74, Arg93, Hip390,
GIn70, and Arg94, which produce H-, n-n and hydropho-
bic interactions with the tested compounds (Table S2,
Supplementary Materials).

(ID: 1V]Y) Transforming Growth Factor (TGF) for -
Receptor Type | (B-RI)

All synthesized compounds showed higher binding affinity
(Table 4) than the reference ligand 460 (Eq = —4.81 kcal/
mol). The Ala-hydrazide derivative 7 showed the highest
binding score (Ejg= —16.354 kcal/mol). Compound 7
interacted with binding site by forming five H-bonds
with the following amino acids Lys232, Ser280, and
Asp290, respectively. While at the same time it formed
H-bonds with H,O which interacted with backbone amino
acids Lys232 and Glu245 (Figure S3; Supplementary mate

rial). The binding affinity for peptide derivatives (4 to 6
and 8) showed almost equally binding affinity (Eqg=~ —12
kcal/mol). This compound occupied the binding site
through similar interactions with important amino acids
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Figure 4 The 2D binding mode of 3,4,7,8 and || into the active site of DNA Gyrase, H-bond represented as blue dashed color.

of the binding sites for compound 3 with GIn70, Ala254, Thr258, and Cys392. The bis-peptide 9 to 11 derivatives
Leu319, andArg324; for compound 5 with Arg94; for 6 showed lower binding affinity than the amino acid deriva-
with Glu255, Leu319, and Phe385; and for 8 with Ala254, tives 3 to 8 (Table 4). Bis-peptide 9 formed two
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H-bondswithArg93 and two m- m interactions with Arg94.
Compound 10 formed the following interactions: H-bonds
withHip390, Arg93, and n- © bonds with Cys392. While
compound 11 produced two bonds with Val393 and
Arg389 (Figure S3, S4; Table S3, Supplementary
Material).

ADMET Profile in silico

For any bioactive molecule to be considered a potential
drug should possess low toxicity with good pharmaco-
kinetic properties. ADME/T has interfered with several
agents from reaching the clinical trials. Hence, the
ADME/T profile for compounds 3 to 11 was predicted
using MOE and admet-SAR.[52]The pharmacokinetic
descriptors in Table 5 indicate that compounds 3 to 8
fulfilled the Lipinski rules, while the other compounds 9
to 11 showed more than one violation when the Lipinski
restrictions were applied. The low lipophilicity values of
compound 5 (Log P<5 mol/L) and generally for all
compounds (3-11) predicted good permeability and
absorption across the cell membrane.®” The topological
polar surface area (TPSA) is another important pharma-
cokinetic parameter that predicts the permeability of the
membrane by polar atoms.>® The passive absorption
value is TPSA>140A%. Compounds (7 to 11) were pre-
dicted to be passively absorbed with values ranging
from ~168 to —226 A% The tested compounds did not
act as inhibitors or substrates against the P-glycoprotein
isoforms P-GPI, II-1 and P-GPI, II-S, thus, it can be
safely presumed that these compounds would not exert
any relevant activity.”®>° Based on the above findings,
synthesized compounds 3 to 11 may present good
absorption properties.

As shown in Table 5, (i) our compounds did not show
any inhibition or activation of any Cytochrome P450
(CYP450) isoform. CYP450 is an important detoxification
enzyme in the body and is mainly located in liver. It
oxidizes xenobiotics to facilities their excretion. CYP450
can activate or deactivate many drugs. It is therefore
important to evaluate the potential inhibitory effects
against CYP450 enzymes (ie, CYP1A2, CYP2CI19,
CYP2C9, CYP2D6, CYP3A4) or activation of CYP2D6
or CYP3A4 for the synthesized compounds against 18,000
compounds known to inhibit or mimic these isoforms. (ii)
There were no observed carcinogenic or tumorigenic
effects induced by the synthesized compounds, comparing
981 known carcinogenic modules obtained from the

Carcinogenic Potency Database (CPDB).° (iii) The che-
mical structure of each of the investigated compounds was
compared with 10,000 models that have been previously
tested in rats to predict the lethal dose value for these
compounds. Our findings showed low values of LD50
(~2.2-3.07 mg/kg) for the synthesized compounds. (iv)
The LOAE was predicted by comparing the tested com-
pounds with 576 known agents. This test is applied in
chronic evaluation studies for the identification of the low-
est doses of chemicals tolerable over a long period. The
predictor simulated that no LOAE was detectable for any
of the investigated compounds. (v) The synthesized com-
pounds exerted no mutagenic effect on DNA of microor-
ganisms when tested in the Ames test with over 8000
compounds. The Ames test is a widely used examination
of mutagenic effects of bioactive molecules against micro-
organism DNA.°"* (vi) A weak inhibitory action was
determined against the human Ether-a-gogo-Related
Gene (hERG), which can lead to long QT syndrome, for

6364 (viii) The tested compounds did

the tested compounds.
not exhibit any skin sensitivity, when tested utilizing 254
compounds able to induce skin sensitization, or hepatoxic
effects when evaluated against 531 compounds which have
liver associated side effects in human. (vii) Based on the
above characteristics, we can conclude that the synthesized
compounds may have a good oral bioavailability without
any potential for marked health adverse effects via rodent
toxicity profiles.

This study introduces novel peptide derivatives based
on two amino acids: alanine and methionine. Based on the
activity results and docking studies, the Ala, Met, and Ala-
Phe, at N®1, 3-benzenedicarbonyl do not induce any
meaningful differences in antimicrobial or antioxidant
activities. The docking study showed that a binding affi-
nity ranging, —5 to —7 kcal/mol) against DNA gyrase as
the model of anti-microbial activity, and against antifungal
model these compounds showed higher binding score than
antibacterial results (—7 to —8 kcal/mol.). In addition, all
the compounds were evaluated as anticancer agents in
three cell lines MCF-7, HCT-116, and HepG-2. In case
of MCF-7, the presence of Met.OMe (7) and Ala.hydra-
zide (8) in the parent compound increased the activity
against all similar members of the tested compounds.
Furthermore, the parent compound that carried other frag-
ments did not present any significant variation in cytotoxic
activity. In the HCT-116 cell line, introducing Ala (3) and
Ala.Phe (9) fragments into the parent compound showed
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highest activity against HCT116, with inhibition potency
percentage (56% and 61%), respectively. These com-
pounds showed binding scores —9.7 and —13.7 kcal/mol,
respectively for compounds 3 and 9. The presence of Met.
OMe (6) and its derivatives from the hydrazide (8), in
addition to the presence of Ala.Phe.OMe (10) showed
moderate activity. The other compounds showed the low-
est activity among the compounds. In the HepG-2 cell line,
all compounds showed a low toxic potency in the range
of 2-10%.

Conclusion

In the present study, nine novel peptide derivatives, char-
acterized by the general stretcher, Na-1, 3-benzenedicar-
bonyl-bis-(amino acid) and dipeptide candidates were
synthesized. All synthesized compounds showed potent
antimicrobial activity of different degrees against different
pathogenic bacteria and fungi, and only compounds 5 and
7 had the lowest inhibitory activity. These compounds
showed good antimicrobial activity against important
pathogens so they can be considered potent therapeutic
drugs that exert biological control, warranting further
investigations. Furthermore, three human cancer cell
lines (MCF-7, HCT-116, and HepG-2) were used to eval-
uate the anticancer potency of the synthesized compounds.
The novel compounds (3-11) showed a strong cytotoxic
effect in the MCF-7 human breast cancer cell line with
95.1% and 79.8% cell inhibition, respectively. The dock-
ing results suggest good fitting through different hydrogen
bond interactions with protein residues allowing eliciting
anticancer activity. The ADME/T profile in silico sug-
gested compounds 3-11 may have a good absorption

property.
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