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Abstract

Bacteria control the biophysical properties of their membranes
to allow them to thrive in a wide range of physical environments®.
Mycobacterium tuberculosis (Mtb) contains an unsaturated-
phospholipid methyltransferase (UPM) which is associated with the
transferase family, especially those who move methyltransferase one-
carbon group'®. Deactivation of the UPM gene coding region is necessary
to weaken the activity of Mtb bacteria; therefore, disrupting the function
of the UPM was the study goal. This study helps to understand the
effective inhibitors, which can inhibit the function of UPM. The protein
sequence of UPM has been retrieved from the Swiss-Prot database.
Structural similarity search has been performed to find templates by
standalone BLAST against the PDB database. BLAST shows the protein
3D structure of the UPM, hence it has been downloaded from the PDB

database and docking studies have been carried out with the same.

Bacteria control the biophysical

properties of their membranes to allow them to
thrive in a wide range of physical environments®.
Mycobacterium tuberculosis (Mtb) contains
an unsaturated-phospholipid methyltransferase
(UPM) which is associated with the
transferase family, especially those who move
methyltransferase one-carbon group'®.
Mycobacterium tuberculosis (Mtb) belongs
to the Mycobacterium genus. It is a pathogenic
bacteria species causing Tuberculosis in human
lungs’. Robert Koch in 1882 discovered Mtb,

which is an obligate aerobic Gram-positive
mycobacterium®. In Mtb genome approx
40,000 genes are present and many of the
genes functions are still unknown'> 7. Of the
4411522 base pair long genome of Mtb,
34660.1 base pairs are functional, which is
90.80% of the total genome’. Mtb genome has
a high content of G+C approx 65.60%.
Compared to other species of Mycobacterium,
only six pseudogenes have been found in the
genome of Mtb, indicating that throughout
evolution, the Mtb genome has lost many
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functional and non-functional regions’.
Evolutionary studies of lost areas help differentiate
between Mycobacterium species as well as
track evolutionary paths that geographically
separate Mtb strains. Genomic evolutionary
studies of each strain show that Mtb has
undergone several changes in the genome, due
to which it also shows high drug resistance®.
This research has attempted to find out which
product’s structural and functional Mtb gene
domain encodes. Other common names for
UPM include cyclopropane synthetase.
Weakening of Mtb requires inactivation of the
UPM gene coding region, so the study goal
was to inhibit the function of UPM. UPM
induced catalytic reaction which Equation
showed in below.

Protein sequences fetched from the
Swiss Prot tool?, based on a review of UPM
literature from PubMed, PMC, Oxford journals,
Nature journals, etc., which have the elite of
annotation protein sequence data, provides the
characterization of protein sequences including
their functions. The UPM query sequence has
a total of 302 amino acids with a molecular
weight of 34660.01. Protein sequence analysis
by EMBOSS, Pepwheel, and Pepstats.
Predicted the primary structure of the protein
with the assist of ProtParm software® and the
secondary structure with the help of SOPMA
software'>!*. Protein 3D structure of UPM
was obtained from PDB database''*. With the
assist of the standalone blastp found that the
UPM sequence for modeling in the PDB
database was similar to the template and
evolutionary studies performed by Philippe. For
drug comparison, Gentamicin, Kanamycin,
Prednisone, Rifampin, and Streptomycin, data
were obtained from the PubChem database
and the drugs have been screened by JMol

software'’. Molegro Virtual Docker software
was used for docking the 3D structure of the
UPM. With the assist of ADMET software,
checked the effectiveness of drugs at the
target site''. In this work, studied the drug
actions of Gentamicin, Kanamycin, Prednisone,
Rifampin, and Streptomycin on UPM.

The sequence of UPM was analyzed
by EMBOSS Pepwheel and Pepstats. The
resulting Pepwheel showed molecular
arrangements and with the help of pepstats
the amino acid properties such as molecular
weight=34660.01, Isoelectric point=4.9118,
total numbers, Mole%, DayhoffStat, etc. were
analyzed. These are shown in Figure 1 and 2.
Prediction of protein primary structure by
Protparam, by which the number of amino acids
(302), the molecular weight of protein sequence
(34660.1), Theoretical pl (5.11), amino acid
composition (C-1555, H-2363, N-409, O) -466,
s) -13) and total atom number (4806), negatively
charged(Asp + Glu)-(47) and positively
charged (Arg + Lys)-(34) residues, efc. are
shown in Figure 3. All the values helped
understand Protein sequence length, chemical,
and physical properties. Protein secondary
structure prediction was done SOPMA, which
determined helix, f bridge, random coil,
ambiguous states, etc. are shown in Figure 4
and graph indicating helix, coil, and turn shown
at particular length of the sequence are shown
in Figure 5 which helped in understanding
binding sites and the number of cavity. UPM
and drugs 3D structure analyzed by JMole
viewer, which determined atom arrangement,
bond length, bond width, angle value and surface
of the atom, etc are shown in Figure 6. Results
from blastp which shows 99% identity and
99% similarity between UPM and PDB
database of bacteria are shown in Figure 7.
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Results from Molegro Virtual Docker showed
ligand binding site or drug target site. In that
bond energy, affinity, torsions, and rerank
scores are shown in Figures 8, 9, 10, 11 and
12. By the ADMET study, found effects of
drugs on the human body based on various
categories are shown in Figure 13. The highest
binding average energy with UPM v/s
Kanamycin was 141.5768 and Rifampin was
140.2142.

Mycobacterium tuberculosis has an
unsaturated-phospholipid methyltransferase
enzyme belonging to the family of transferases'®.
Deactivation of the UPM gene coding region

is necessary to weaken the activity of Mtb
bacteria. Hence, study target was to stop the
function of UPM. This study would help to
understand the effective inhibitors, which can
stop the function of UPM. Gentamycin,
Kanamycin, Prednisone, Rifampin, and
Streptomycin drugs were prescribed by the
physicians against Mtb. Study target was to
find out the most stable, effective, and fewer
side effects on the human body. Two of the
four drugs namely Kanamycin and Rifampin
are the most effective drugs to stop the
function of UPM, which are calculated by
docking software Molegro Virtual Docker and
ADMET.

Equation

S-adenosyl-L-methionine + phospholipid
olefinic fatty acid

—

S-adenosyl-L-homocysteine+ phospholipid
cyclopropane fatty acid

Equation 1: UPM induced catalytic reaction

Figures :

Residue Nomber Alole®s DavhoffStat | Residue Number Mole®s Davhoff5tat | Residoe Number Aole® DavhoffSian
A= Ala F¥] T.483 0547 I=1le 13 14302 0957 5= Ser 16 5.498 0.757
Be= Asx i) 0.000 0.000 Blo=Lys 17 5629 0.833 T=Thr 19 6.291 1.031
C=Cys 4 1325 0437 L=Leu 28 2272 1253 Vo= Val 14 1636 0.702
D= Asp 23 8.278 1.505 | M= Met 9 2,980 1753 | W=Tm 5 1.636 1.274
E=Cly 22 1285 1.214 N= A 8 2649 0516 N=Xia 0 0.000 0.000
F= Phs 15 5298 1472 P=Pro K] 43038 0828 Y= Tyr ] 5208 1.558
G= Ly 0 6623 0788 Q=Gin 10 3311 0849 | Z=Gilx Q 0.000 2000
H= Hi ] 2649 1.323 E=Ag 17 5629 1.14%
PEPSTATS of YP_0012581795.1 from 1 1o 302 Froperty Residues Number  Alole®d
Molecular weight = 34660.01 Residues = 302 Ty (A=C+G=5+T) g1 26.821
Average Residue Weight =114 768 Charge=-90 | Small (AB-CD-GN-P=5+T=V) i
Isoelectric Point = 4.5118 Aliphatie (I+L-V) 55 18212
A280 Molar Extinction Coefficient = 48930 s R s B

Non-polar (A~C+F+G+I+L=-M+P+V=W+Y) 160 52080
A250 Extinction Coefficient lmg/ml = 1.41 ! =

Polar  (D+E~H=K~N=Q-R+5=T+Z) 142 47.020
Probability of expression in inclusion bodies = 0.722 Charged (B+D-E+H*K-R+Z) 59 29.470

Basic (H+E=R) 42 13907

Acidie  (B+D-E+Z) 47 15563

Figure- 1 Protein sequence analysis by EMBOSS Pepstats
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PEPWHEEL of YP-001281795.1 from 1 to 302
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Figure- 2 Protein sequence analysis by EMBOSS Pepwheel

10 20 30 40 50 &0
MTSQGDTTSG TQLEPPVEAY RSHYDKSNEF FELWLDPSMT YSCAYFERPD MTLEEAQYAK
T0 80 90 100 110 120
REELALDKLNL EPGMTLLDIG CGWGSTMEHA VAEYDVNVIG LTLSENOQYAH DEAMFDEVDE

130 140 130 160 170 180
PREEKEVEIOQG WEEFDEPVDE IVSLGAFEHF ADGAGDAGFE REYDTFFEEFY MNLTPDDGEML
120 200 210 220 230 240
LHTITIFDKE EAQELGLTSPF MSLLRFIKFI LTEIFFGGEL PFRISOVDYYS SNAGWEVERY
250 260 270 180 250 300

HEIGANYVPT LNAWADAIL QA HEDEAIAILKG QETYDIYMHY LEGCSDLFRD KYTDVCQFTL

VE
Number of amino acids: 302 Atomic composition:
Molecular weight: 34660 1 Carbon C 1555
Theoretical pl: 5.11 Hvdrogen H 2363
Total number of atoms: 4806 Nitrogen N 409
Formula: C1555H2363N4090466513 Oxvgen O 466

Sulfur 5 13
Total number of negatively charged residues (Asp + Glu): 47
Total number of positively charged residues (Arg + Lys): 34

Figure- 3 Protein Primary structure prediction by Prot Param
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10 20 30 40 3 50 &0 70
I | | | I | |
MTSQGDTTSGTQLKPPVEAVRSHY DKSNEFFKLWLDPSMTYSCAYFERPDMTLEEAQYARRKLALDKLNL
| ‘=coschheccchhhhhhhhec chhhhheehottoccchhee ©-cchhhhhhhhhhhhhhhhhht
EPGMTLLDI GCGH‘G STMRHAVAEYDVNVIGLTLSENQYAHDKAMFDEVDSPRREEVRIQGWEEFDEPVDR
ttoeeees: thhhhhhhhtttoeeeeeeechhhhhhhhhhhhhhtochhhheeehhhhhechhhhh
IVSLGAFEHFADGAGDAGFERYDTFFKKFYN LTPDDGRMLLETITI PDKEEAQELGLTSPMS LLRFIKFI
heehhhhhhhhhtocooco-chhhhhhhhhhhe ottt ceesease - - ooc-chhhoc - cchhhhhechhh
LTEIFFGGRLPRISOVDY Y SSNAGWEVERTHRIGANY VETLNAWADALOAHEDEAIALKGOQETYDI TMHY
hhee ttcoocchhhhhhhhhhttoeeshhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhbhhbhhh
LRGCSDLFRDRYTDVCOFTLVE
hhhhhhhhottceeeehhhhht

Sequence length : 302

SOPMA :
Alpha helix {(Hh) = 171 is 56.62%
340 helix ({Gg) = 0 is 0.00%
Pi helix (Ii) 0 is 0.00%
Beta bridge (Bb) 0 is 0.00%
Extended strand (Ee) 38 is 1lz.58%
Beta turn {TL) 21l i=s 6.95%

0 is 0.00%
72 is  23.84%
0 is 0.00%
n+is n.00%

Figure- 4. Protein Secondary structure by SOPMA
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Figure- 5. Protein Secondary structure by SOPMA



Gentamycin

Predenisone

Rifampin Streptomycin

Figure- 6. 3D Structure of UPM and Drugs

Result of Blast

>pdb | lLKPI|A Chain A, Crysctal Scructure Of Mycolic Acid Cyclopropane Synthase
CmaazZ Complexed Wich Sah And Ddcmal
Length = 302

Score = 622 bic= (1605), Expect = =-=179
Idencicies = 301/302 (99%), Posicives = 3017302 (99%)

Cuery: 1 NTSOGDTTSGTOLEPPVEAVREHYDEKSNEFFEKLUWLDPSHTYSCAYFERPDHTLEEAQYAK S0
HTSOGDTTSGTOLEPPVEAVRSHYDKSNEFFELWLDPSHTYSCAYFERPDHTLEE AQY AR
Sbjcr: 1 HTSOGDTTSGTOLEPPVEAVRSHYDESNEFFELUVLDPSHTYSCAYFERPDHTLEEAQYARK &0

Cusry: 61 RELALDELNLEPGHTLLDIGCGUGSTHMRHAVAEYDVNVIGLTLSENQYAHDEANFDEVDS 120
RELALDELNLEPGHTLLDIGCGUGETMRHAVAEYDVNVIGLTLSENQYAHDPEKEANFDEVDS
Shijcc: &1 RELALDHLNLEPGHTLLDIGCGWGSTMRHAVAEYDVNVIGLTLSENQYAHDEANFDEVDS 120

Query: 121 PRREEVRIQGWEEFDEPVDRIVSELGAFEHFADGAGDAGFERYDTFFEEFYNLTPDDGRML 180
PREKEVREIOGWEEFDEPVDRIVSLGAFEHFADGAGD AGFERYDTFFEEKFYNLTFDDGRML
Sbijcr: 121 PRREKEVRIQGWEEFDEPVDRIVSLGAFEHFADGAGDAGFERYDTFFEEFYNLTPDDGRML 180

Cuery: 181 LHTITIPDEEEAQELGLTSPHMSLLRFIEKFILTEIFPGGRLPRISOVDYYSSNAGWEVERY Z40
LHTITIPDPEKEEAQELGLTSPMSLLRFIKFILTEIFPGGRLPRISOVDYYSSNAGWEVERY
Sbhjct: 181 LHTITIPDEKEEAQELGLTSPHMSLLRERFIKFILTEIFPGGRLPRISOVDYYSSNAGWEVERY Z40

Query: 241 HRIGANYVPTLNAWADALQAHKDEATALKEGOQETYDIYMHYLRGCSDLFRDEYTDWVCQFTL 300
HEIGANYVFTLNAWADALQAHEDEATALKGQET DIYMHYLRGCSDLFRDEYTDWVCOFTL
Sbjcr: 241 HRIGANYVPTLNAWADALOQAHKDEATALKGQETCDIYMHYLRGCSDLFRDEYTDVCQFTL 3I00

Cusry: 201 VK 302
VK
Shijcc: 301 VE 302

Figure- 7. Structure similarity searching by standalone blastp against PDB database



(281)

Molecular Docking by Molegro Virtual Docker Docking Result
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Figure- 8. Molecular Docking UPM vs Gentamycin
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Figure-9. Molecular Docking UPM vs Kanamycin
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Figure- 10. Molecular Docking UPM vs Prednisone
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Figure- 11. Molecular Docking UPM vs Streptomycin
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Figure- 12. Molecular Docking UPM vs Rifampin

Figure- 13. ADMET studies of effective drug by ADME Boxes Tox Boxes
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