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Abstract

Background and Purpose: Fatty acid synthase (FAS) is an attractive drug target for the treatment of cancer, obesity and
microbial infections. Since FAS has an important role in primary metabolic process, targeting FAS by non-cross-reacting
inhibitors will be operationally difficult to implement, though attractive. Experimental Approach: A novel FAS inhibitor,
Phormidin, from the marine cyanobacteria, Phormidium ambiguum is reported. Its structure is similar to C75, the FAS
inhibitor with a 17 carbon aliphatic chain and an open 6 carbon ring. But, it is comparatively less similar to Celurinin, another
known FAS inhibitor lacking the epozxy ring. Key Results: In vitro assay of phormidin cytotoxicity with A549 lung carcinoma
cell line showed it to be more active than cerulenin and C75, with an IC50 value 76.034 μg/mL, compared to 86.419 μg/mL

for Cerulenin and 99.034 μg/mL for C75. Conclusion and Implications: Enzyme inhibition assay of microbial and mammalian

FASs showed promising results, with potential to develop better FAS inhibitor drugs.

1. Introduction

Fatty acids play very important and diverse roles in living organisms, such as signal transduction, energy
management and maintaining structural integrity to the normal metabolic process. Fatty acid synthases
(FAS) are widely found in prokaryotes and eukaryotes, although their structures and functions vary. Fatty
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acids play a very important role in keeping the metabolic functions normal and are primary metabolites
synthesized by a system of complex and tightly controlled biosynthetic machinery (Liu et al ., 2010). Bacteria
and plants have type II FAS by which fatty acid synthesis is performed by a set of individual enzymes (White
et al ., 2005). Type I FAS, found in animals and fungi, consist of huge molecular assemblies with separate
catalytic domains to stitch on the designated fatty acid synthesis, with each catalytic domain acting as
unique enzyme (Maier et al ., 2010; Wakil, 1989). In both type I and type II FAS, there is a common
acyl carrier protein (ACP) acting as the mobile domain, shuttling the intermediate fatty acid substrates to
various catalytic sites.

Studies have identified that FAS can be a promising drug target for cancer (Chalbos et al., 1987; Kuhajda
et al ., 1994; Migitaet al ., 2009; Vazquez-Martin et al ., 2008; Wang et al ., 2004). Inhibition of FAS
might lead to apoptosis of cancer cells (Zhou et al ., 2003; Deepa et al ., 2013). Since FAS is associated
with mycolic acid biosynthesis it could be a TB drug target (Bhatt et al., 2007), with low possibility of drug
resistance and toxicity due to the difference in the FAS systems of human and bacteria (Gago et al ., 2011).

There are many molecules that target FAS, like Epigallocatechin, Cerulenin, Orlistat, Pyrimidine, Triclosan,
C75, CM55 etc., differing in modes of action and eliciting severe side effects (Brusselmans et al ., 2003;
Moche et al ., 1999; Kridel et al ., 2004; Loftus et al ., 2000; Liu et al ., 2002; Rendina et al ., 2005; Tadao
et al ., 1974). Hence, new FAS inhibitors are in demand.

Marine microbial sources have become one of the major focuses of research for identifying new chemi-
cal entities with diverse biological activities. Cyanobacteria are known to produce molecules with diverse
pharmacological properties (Wijffels et al ., 2013; Dixit et al ., 2013). In this study, a FAS inhibitor was suc-
cessfully isolated from the marine cyanobacteria, Phormidium ambiguum which could form a lead molecule
for drugs against many diseases ranging from cancer to TB.

2. Materials and methods

2.1 Collection and preparation of sample

Phormidium ambiguum Gomont was collected from the Edakkad beach, Kannur Dist, Kerala, (GPS co-
ordinates 11°49’09.9”N 75°25’02.9”E) from a depth of 0.5 to 1 m. The washed cyanobacterial biomass was
grinded to fine paste, dried under vacuum and stored at -20 ºC.

2.2 Isolation of compound

Approximately 500 g of the powdered cyanobacterial mass was defatted with hexane and Soxhlet-extracted
at 65 ºC with chloroform for about 6 to 8 hrs. The chloroform extract was concentrated to 1/5th the volume
using a rotary vacuum evaporator (IKA, Germany) at 150 rpm/40 ºC. Fatty acid synthase (FAS) inhibition
assay gave positive result with the extract and it was marked as the property at every step involved in the
purification of the compound/s. The concentrate was then added to excess of methanol in a separating funnel,
stirred and kept overnight till a greenish precipitate was formed. The greenish precipitate was removed and
re-dissolved in minimal amount of chloroform. This step was repeated until the precipitate turned pale white.
The pale white waxy precipitate was further purified by 240 H silica gel column chromatography (5 x 30
cm column). The column was subjected to gradient elution by ethyl acetate to methanol and finally by
dichloromethane. Further purification was carried out by vacuum liquid chromatography with TLC grade
silica 60 H in 1.5 x 15 cm column. Elution was carried out from 100% dichloromethane to 100% methanol.
All the chemicals used were from Merck, India. Final purification of the compound was done by reverse
phase chromatography, using Agilent 1200 High Pressure Liquid Chromatographic (HPLC) system equipped
with Extend-C18 column of 1.8 μm, 2.1 x 50 mm, Diode Array Detector in combination with Chem32, and
Chemstation softwares. Gradient elution was performed with acetonitrile to water at a constant flow rate of
0.2 mL/min with a constant column temperature of 30 ºC.

2.3 Structure elucidation

Infrared (IR) spectra were recorded on a Shimadzu 8900 FTIR spectrophotometer as neat. Molecular weight
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of the compound was determined by LCMS/MS using Waters Xevo® G2-QT equipped with Aquity BEH
C18 1.7 μm column, having 2.1 x 50 mm dimensions. 1H NMR spectra were recorded on a Bruker NMR
spectrometer and the chemical shifts were expressed in δ (ppm) with trimethylsilane as the internal reference.
1H-NMR and 13C-NMR spectra were recorded on a Brucker AV500 Spectrometer, operating at 500 MHz
for 1H NMR and 500 MHz for 13C spectra. The chemical shifts were given in ppm (δ) and were referenced
relative to CDCl3 (δ7.26 and 77.24 ppm for1H and 13C NMR respectively). Activity spectra of the iden-
tified compound were predicted using PASS prediction server (http://www.way2drug.com/PASSOnline/)
(Filimonovet al., 2004) which generated FAS as possible lead target enzyme.

2.4 Determination of In vitro cytotoxic effect on cultured Cells

L929/A549 cell lines were purchased from National Centre for Cell Science (NCCS), Pune, India. Cultures
were maintained in Dulbecco’s modified eagles media (Himedia, India) supplemented with 10% fetal bovine
serum (FBS) (Invitrogen) and grown to confluence at 37 °C and 5% CO2 in a humidified atmosphere using
a CO2 incubator (NBS, Eppendorf, Germany). The cells were trypsinised (500 μL of 0.025% Trypsin in
PBS/0.5 mM EDTA solution (Himedia, India) for 2 mts and passed to T flasks under aseptic condition.
Test compounds were added to grown cells at a final concentration of 6.25, 12.5, 25, 50 and 100 μg/mL from
a stock of 1 mg/mL and incubated for 24 hrs. The percentage difference in viability was determined by
standard MTT assay (Arung et al ., 2000) after 24 hrs of incubation.

2.5 Preparation of bacterial FAS for FAS inhibition assay

Crude FAS containing protein fraction was isolated according to the modified protocol of Ahmad et al.
(1981). Stock culture ofBacillus subtilis was inoculated in 100 mL LB broth pH 7.2 and cultured for 24 hrs
at room temperature. It was used for further inoculation of four 1000 mL flasks with same media and culture
conditions. The flasks were placed in a rotator shaker to ensure adequate suspension of cells. Bacteria were
harvested during the late-exponential phase of growth by centrifugation at 10000 x g for 10 min and washed
twice with 50 mM sodium phosphate buffer (pH 7.0). Cell pastes were stored at -20 °C until use.

2.5.1. Preparation of cell free extracts.

Frozen cell paste (25-35 g) was thawed and suspended in 50 mM sodium phosphate buffer (pH 7.0). The
cell suspension was disrupted by sonication (12 W, 6 x 15 pulses with 15 sec intervals) in 2 mL Eppendorf
tubes containing 1.5 mL of cell suspension, supplemented with lysozyme (250 μg/mL,) in a sonicator at 4
°C. Unbroken cells and cell debris were removed by centrifugation at 30000 x g for 30 min at 4 °C. The
pellets were re-suspended in 50 mM sodium phosphate buffer (pH 7.0) and made up to appropriate volume
and subjected to ammonium sulphate precipitation. Solid ammonium sulphate was added and the proteins
precipitated at 40-60 % saturation was collected by centrifugation, dialyzed and used for assay.

2.6 Extraction of crude protein from bovine liver

Crude preparation of FAS enzyme was made according to modified protocol of Dulter et al . (1971). Liver
from freshly slaughtered Indian water buffalo was collected and transported in ice bucket and kept at 4 °C.
The liver was processed at the earliest by removing connective tissues and sliced into small pieces. About 750
g of liver was minced in a blender into suspension with 0.05 M Potassium phosphate buffer pH 7.4 containing
1 mM EDTA, to make up to a volume of 2.5 L. The thick solution was centrifuged at 7500 x g for 20 min
to remove meat debris and supernatant was further centrifuged at 30000 x g for 30 min to get a translucent
solution. The supernatant was further diluted to specific volume with 0.05 M Potassium phosphate buffer
pH 7.4 with 1 mM EDTA and brought initially to 10% and then to 40% saturation with solid ammonium
sulfate at 4 °C. The 40% ammonium sulfate fraction was centrifuged and protein precipitate was redissolved
in 0.05 mM Tris.HCl buffer, pH 7.4, dialyzed against same buffer and used for further purification. Enzyme
was further purified by ion exchange chromatography with DEAE cellulose column (Dulter et al ., 1971).

2.7 FAS Assay

FAS assay was performed according to Li et al . (2002) with modifications. Crude protein was made up to
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a concentration of 0.5 mg/mL for the assay. Assay was carried out in 96 well plates with the final working
volume of 100 μL. Compounds to be tested were incubated with previously made crude protein extract for
30 min at 25 °C. 50 μL of this mixture was added to 50 μL of reaction mixture containing 1 mM each
of malonyl CoA and NADPH, 40 μM acetyl CoA, and 2 mM DTT in phosphate buffer (250 mM). The
microplate was read immediately for 10 min at 340 nm. FAS activity was calculated by subtracting the
optical density (OD) obtained at 1 min from the OD obtained at 10 min. FAS activity was calculated and
compared with that of control and test compounds. DMSO was taken as control as it was used to dilute the
compounds. The IC50 was determined by linear regression. The negative control consisted of protein plus
reaction buffer. DMSO (1 %) was also tested and it did not interfere with FAS activity. Another control
consisted of buffer reaction without protein.

FAS activity was determined by the rate of oxidation of NADPH to NADP which was monitored at 340 nm.
The change in concentration of NADPH during oxidation was calculated using the following equation:

ΔC=ΔA/E

Where, ΔC was change in the concentration of NADPH, ΔA was change in absorbance, and E was ex-
tinction coefficient of NADPH (E340nm = 6.22 mM-1[?]cm-1). FAS activity was expressed as nM NADPH
oxidized/min/mg protein.

2.8 Molecular docking studies

Molecular docking studies were carried out to explain the possible binding mode of the purified compound to
FAS. Since the structure of the purified inhibitor (Phormidin) was similar to Cerulenin, the crystal structure
with protein data bank (PDB) ID 4LS7 was selected as receptor which is of Bacillus subtilis FAS II beta-
ketoacyl-ACP synthase II (FabF) domain, with non-covalently bonded Cerulenin. Similarly, for studying
the interactions of the ligand with mammalian FAS I, PDB 3HHD (Pappenberger et al., 2010) consisting of
human FAS-I’s KS-MAT domain was taken as model. Prior to the docking studies, the receptor structure
was prepared by deleting the crystallographic water molecules and adding hydrogen to polar moities. Later,
the disulphide bond lengths were corrected and a minimization was performed by applying a RMSD cut off
0.30 Å using a force field OPLS 2001. In the PDB structure of 4LS7 (Trajtenberg et al. , 2014), Cerulenin
at the active site was taken as reference and grid was generated with 15 x 15 x 15 Å volume surrounding the
ligand. In the case of PDB structure 3HHD, according to Von Wettstein-Knowles et al. (2006), active site
residues Cys161, His331 and His293 play crucial roles in FAS I’s activity. Hence, these residues were taken
as the centroid and grid was generated with a box of 15 x 15 x 15 Å. Docking simulation was performed
using extra precision (XP) docking method implemented in Schrodinger version 9.4.0 (Friesneret al. , 2006).

2.8.1 Calculation of binding free energies

The docked poses with highest glide score were selected and binding free energies for the protein-ligand
complex were calculated using Prime MM-GBSA (Friesner et al. , 2006). Prime MM-GBSA generates energy
properties for the ligand, the receptor, and complex structure along with energy differences relating to strain
and binding. Prime calculates the binding free energy using the equation:

ΔG (bind) = E complex (minimized) - (E ligand (minimized) + E receptor (minimized))

2.8.2 ADME prediction

In a drug design point of view the ADME (absorption, distribution, metabolism, and excretion) properties of
the newly found compound, Phormidin, compared to the standard, Cerulenin and C75 were predicted using
the Schrödinger suite’s Qikprop module (QikProp, version 3.5, Schrödinger, LLC, New York,). Also, Qikprop
can predict ADME of any possible drug leads by comparing the compound scaffold with known database
and analyzing its similarity within a class of compounds (Schrödinger Release 2015: QikProp, Schrödinger,
LLC, New York, NY, 2016.).

3. Results

4
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3.1 Silica column chromatography

FAS inhibition activity guided purification of the extract prepared as described above was done by silica
column chromatography (5 x 30 cm column) and 240 mesh size silica as stationary phase. Column was
subjected to gradient elution using ethyl acetate to methanol, and finally by dichloromethane. The compound
got eluted at dichloromethane:methanol, at 1:1 and precipitated in white waxy form, when excess methanol
was added to the eluant. Further purification steps were carried out as described in the methods section
to yield the purified compound. Final purification was carried out with HPLC provided with Extend-C18
column of 1.8 μm, 2.1 x 50 mm, Diode Array Detector in combination with Chem32, Chemstation software.

3.2. Structure elucidation

The Fourier transform infrared spectroscopy (FTIR) spectrum revealed the presence of alkenes, alkanes,
hydroxy and aldehyde groups as shown in Supplementary Figure. Similarly, from QTOF MS/MS data, m/z
value of 349.093from which its molecular formula was determined to be C20H31NO4. This was in match with
the molecular composition calculated by CHN analysis which gave a value of C: 0.687, H: 0.089, N: 0.040, O:
0.183. The molecular weight of the compound was later calculated to be 349.475 g/mol. The fragmentation
data search from LC MS/MS spectrum did not match with any compound from the database (Figure 1). So,
NMR data was required for structure solution. Hence different NMR spectra were made (Figure 2a and b.).
The structure of the novel compound was resolved from the LC MS/MS data together with NMR spectra.
From the 1HNMR and13C NMR spectra, the isolated compound was confirmed as (3S,5Z,7S,8Z)-7-amino-
3,5-dihydroxy-2-methyl-13-[(1s,4s)-4-hydroxycyclohexa-2,5-dien-1-yl]trideca-5,8-dien-4-one (Figures 4 and 5
respectively). The 1H and13C NMR spectra pointed to a compound with long aliphatic chain and an open
ring. Signals at δH 7.26 correlated with δC 67.62 suggested the presence of an NH group. δH at 2.46 to 2.62
and δC at 29.64 pointed to the presence of CH2 groups. δH at 1.25 to 1.67 indicated CH3 and 5.23 to 5.27
of C=CH2. This in correlation with δC 19.76 confirmed the long aliphatic chain. δC at 169.17 indicated
a CH=CH and an the absence of any signal corresponding to aromatic ring inferred towards an open ring
structure and named as Phormidin (Figure 3). Mass difference between fragments in MS/MS and from FTIR
spectra confirmed the presence of the said groups. Structural search of the available literature revealed no
reported compound and the purified compound was concluded to be entirely a novel one.

3.3 Cytotoxic effect of Phormidin

Cytotoxicity test revealed that Phormidin has a median cell line lethal dose (LD50) of 89.65 (μg/mL) against
L929 cell lines. Viability percentage was calculated using the formula,

% viability = (OD of Test/OD of Control) x 100, where control OD was 0.993

% viability at various concentrations of the new FAS inhibitor, Phormidin is depicted in the Table 1.

In-vitro cytotoxicity of Phormidin, and Cerulenin and C75 on cultured A549 cells are calculated on the
formula as in the previous case and depicted in Table 1 as well.

In-vitro cytotoxic effect of Phormidin on cultured A549 cells is calculated on the formula shown above and
the values are given in Table 1. The LD50 value calculated from the above are also shown in the Table 1.

3.4. FAS assay using partially purified FAS I and II

The Assays using partially purified enzymes were performed to verify the FAS I and FAS II inhibitory
activities of Phormidin (Figure 4a. and b.). Phormidin showed comparable results with Cerulenin and C75
at lower concentration of the title compound and higher inhibition at higher concentration of Phormidin.
The graphs (Figures 5a. and b.) were plotted with change in concentration of NADP to NADPH against
time. Each point in graph was the concentration of NADPH measured at 340 nm (Table 2).

3.5 Docking studies

Docking studies were carried out to understand the possible binding sites and thus the mechanism of action
of Phormidin against bacterial FAS II and human FAS I. Crystal structure of Bacillus subtilisFAS II with

5
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inhibitor Cerulenin bonded at beta-ketoacyl-ACP synthase II domain and human FAS IKS-MAT di-domain
were considered as a model for the studies. Binding results were interpreted based on the scores obtained in
docking studies, as well as the theoretical binding energies calculated from the docked poses. Possible amino
acid residues involved in binding and the type of interactions made by Phormidin with active site residues
are shown in Figure 4a. for FAS II and in Figure 4b. in the case of FAS I. As seen from the Table 3, for
both FAS II and FAS I, the glide scores as well as the theoretically calculated binding energies are better
for Phormidin compared to that of both the other inhibitors, Cerulenin and C75. Glide score is calculated
based on different parameters of ligand-protein interactions and it represents the overall affinity of ligand-
protein binding. MMGBSA simulates binding free energy of ligand-protein interaction; more negative values
represent tighter binders. Parameters like number of H-bonds between ligand atoms and active site residues,
ligand interaction with number of hydrophobic residues and the total number of van der Waals contacts
involved in ligand binding indicates the affinity and strength of ligand enzyme interactions. Table 4 gives a
comparison of total number of these parameters with respect to Phormidin and other two FAS inhibitors in
FAS II and FAS I. It can be clearly seen that Phormidin has stronger interaction with both FAS II and FAS
I enzymes when compared to the other known inhibitors. Also, the results of ADME prediction have been
summarized in Table 5.

4. DISCUSSION

A novel compound named, Phormidin was isolated from the marine cyanobacteriumPhormidium ambiguum
, from the shores of Ezhara beach, Kannur district, Kerala, India (coordinates 11°49’09.9”N 75°25’02.9”E).
Structure of the compound was elucidated by a combination of UV, FTIR, NMR and LC MS/MS methods.
The isolated compound was found to have a molecular weight of 349.475 Daltons and has a structure similar
to C75 and Cerulenin, known fatty acid synthase inhibitor drugs. Phormidin has a 20 carbon skeleton
composed of a long aliphatic chain with an amide group attached to 13thcarbon and a 6 carbon open ring at
one end. The two non polar methyl groups at one end make Phormidin lipophilic in nature. The compound
is readily soluble in chloroform and DMSO.

How good a lead molecule can act as a drug candidate is termed ‘drug likeness’, a measure of the compound’s
bioavailability and potency which is calculated based on properties like solubility in aqueous and organic
phases, molecular weight etc. Lipinski’s rule of five is a set of four rules that can be correlated to check how
much the compound is ‘druglike’ (Lipinski et al ., 2001). Phormidin fits to all the four of the ‘Lipinski’s rule
of five’ which also predicts whether a compound is orally active or not. The Lipinski’s rule wants the number
of hydrogen bond donors to be less than 5 and number of hydrogen bond acceptors to be less than 10. The
number of hydrogen bond acceptors is 5 and donors are 4 for Phormidin, extending towards the bacterial
FAS II. Likewise, the molecular weight of Phormidin is 349.4 Daltons and it is within the molecular weight
limit of 500 Dalton for any compound to be an oral drug. And, finally the logp value which is the ratio of
solubility of a compound in aqueous phase to that of an organic phase and has a maximum value of 5, for
Phormidin it was found to be 2.75. Since it obeys all 4 of Lipinski’s rules, Phormidin can be considered as
a good drug lead molecule. Along with Lipinski’s rule of five there are some more discussed criteria which
are now used to establish the ‘druglikeness’ of any compound like molar refractivity, total number of atoms
present and the total topological surface area of a compound etc. The molar refractivity of Phormidin comes
to around 104.76 which indicate the polarizability of the compound. The total number of atoms in the title
compound is 25 and for a good drug lead the total number of atoms must be from 20 to 70, including H-bond
donors. Similarly, the maximum topological surface area (TPSA) of a good drug lead is considered to be
around 140 Å2, exceeding which usually results in poor cell membrane permeation. Phormidin is having a
TPSA value of 103.78 Å2 indicating a moderate cell membrane penetrating capacity. All the above discussed
properties and specifications of Phormidin place it better than the known FAS inhibitors, Cerulenin and
C75.

Enzyme inhibition assay with both bovine FAS I and bacterial FAS II showed that Phormidin is a better
inhibitor compared to the standard FAS inhibitor Cerulenin. Also Phormidin showed better inhibition against
bacterial FAS II compared to bovine FAS-I. This could be either due to the difference in activity towards
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FAS I and FAS II or might be related to the extent of purity of the enzymes used in the assay. The bovine
enzyme extract used for the assay was partially purified which may consist of both cytoplasmic FAS I and
mitochondrial FAS II enzymes. This aspect has to be clarified further by assaying with pure FAS I and FAS
II enzymes.

The new compound did not show marked cytotoxicity (IC50>30 μg/mL) on the tested normal cell lines,
and was simultaneously FAS I and FAS II inhibitors. Likewise, effect of Phormidin on cultured human
alveolar basal epithelial cells; A549 cells showed an IC50 value 76.034 μg/mL, compared to 86.419 μg/mL for
Cerulenin and 99.034 μg/mL for C75. This shows that Phormidin acts on normal cell line in a limited way
only, but is more active against cancer cell lines. This could be because Phormidin acts on FAS expression
and its activity is limited (Deepa et al ., 2013). Since there is added free fatty acids present in cultured
media, inhibition of FAS may limit the cell growth but would not affect much on its growth rate. But in
cancer cell line, since there is an increased need for fatty acids beyond what is available in culture media due
to increased expression of FAS, inhibiting FAS will prevent the formation of new fatty acids and thus may
directly affect the growth rate of cancer cell. Interestingly, FAS assay using crude Bacillus subtilis FAS II
and bovine FAS I showed similar pattern of activity with Phormidin where it showed higher activity than
Cerulenin and C75. This was well in accordance with the docking simulation results obtained comparing the
three different inhibitors against FAS. As seen from the Figures 6a. and b. and Tables 4, 5 & 8. For both
FAS II and FAS I docking glide scores as well as binding energies are in the order Phormidin<Cerulenin<C75
demonstrating that Phormidin would be better than Cerulenin and C75.

In designing good FAS inhibitor, as a lead compound Phormidin stands out as a promising candidate. The
two other inhibitors, both Cerunenin and C75 are used as FAS inhibitors in different scenarios but have
limitations. Cerulenin contains the reactive epoxy group that may interact with other proteins and may act
on other off targets other than FAS like interfering with palmitoylation (a posttranslational modification,
there by fatty acids are attached to amino acids allowing key signaling proteins to attach to the plasma
membrane), cholesterol synthesis and proteolysis (Lupu and Menendez, 2006). Also, this epoxy group
contributes to lower stability of Cerulenin. C75 was designed to avoid this epoxy group to increase stability
and availability, but this redesign reduced potency of C75 (Kuhajda et al ., 2000). Phormidin does not
contain this epoxy group and thus might have less side effects compared to Cerulenin and C75 due to non
binding to off targets and also improved stability.

Results of docking studies carried out to investigate the mode of interaction of Phormidin with FAS I and
FAS II was in accordance with the assay data (Figures 9 and 10). In docking simulations with FAS I
and FAS-II, Phormidin showed better score compared to Cerulenin and C75. Even though the active site
residues are different for both FAS IKS MAT domain and FAS II FasF domain interaction of Phormidin
showed remarkably similar results.

From the enzyme assay and docking studies it is clear that Phormidin is more active than Cerulenin, even
without the reactive epoxy group and hence, it must be also stable than Cerulenin. It is also better active
than C75 as found in this study but Phormidin’s interaction with CPT has to be investigated and can be
further re-engineered as a good lead molecule for suitable uses.
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FIGURE CAPTIONS

Figure 1: LCMS/MS Spectrum of Phormidin

Figure 2: HNMR (a) and CNMR (b)spectrum of Phormidin

Figure 3: Structure of (3S,5Z,7S,8Z)-7-amino-3,5-dihydroxy-2-methyl-13-[(1s,4s)-4-hydroxycyclohexa-2,5-
dien-1-yl]trideca-5,8-dien-4-one, Phormidin

Figure 4: FAS inhibition assay with bacterial FAS II (a) and bovine FAS I enzyme (b)

Figure 5: Phormidin at active site Βαςιλλυς συβτιλις β -ketoacyl-ACP synthase II (FAS II) (a) and human
FAS IKS-MAT domain (FAS I) (b).

SUPPLEMENTARY FIGURE CAPTION

Supplementary Figure: FTIR Spectrum of Phormidin taken as neat

TABLES

Table 1: In-vitro anti-proliferative effect of Phormidin, C75 and Cerulenin on cultured L929 and A549 cells

-54.679

Phormidin

Table 2: Percentage inhibition of Phormidin on FAS I and FAS II, compared to Cerulenin and C75 taken
as standard inhibitors

FAS-I assay compared with known inhibitors FAS-I assay compared with known inhibitors FAS-I assay compared with known inhibitors FAS-I assay compared with known inhibitors FAS-I assay compared with known inhibitors

Control Cerulenin Phormidin C75
Average ΔC 0.051383 0.032476 0.030064 0.036125
Inhibition compared to control Inhibition compared to control

36.49 % 41.49 % 29.60 %
Control Cerulenin Phormidin C75

FAS-II assay compared with known inhibitors FAS-II assay compared with known inhibitors FAS-II assay compared with known inhibitors FAS-II assay compared with known inhibitors FAS-II assay compared with known inhibitors
Average ΔC 0.05037 0.03955 0.034984 0.042476
Inhibition compared to control Inhibition compared to control

21.48 % 30.54 % 15.67 %

Table 3: Compared docking result of Phormidin, Cerulenin and C75 against Bacillus

FAS II / FAS I
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-54.679

Phormidin

Compound Number of Hydrogen bonds Number of Hydrogen bonds Number of Hydrophobicresidues at 5 Å distance Number of Hydrophobicresidues at 5 Å distance Number of van der Waals interactions Number of van der Waals interactions

FAS II FAS I FAS II FAS I FAS II FAS I
Phormidin 4 3 9 18 632 465
Cerulenin 3 2 8 17 363 347
C 75 1 3 8 13 454 341

Table 5: ADME predictions of Phormidin compared to Cerulenin and C75 predicted using QikProp module
of Schrodinger suit.

Compoud ID #starsa #rotor b SASA (Å) Donor HBd Accept HB e QPlogPo/wf QPlogKpg PSAh(Å)

Phormidin Cerulenin C75 0 0 0 10 7 9 726.16 223.27 254.32 5 1 1 7 5 5 1.882 0.697 2.616 -5.27 -3.59 -3.22 106.23 90.39 87.84

aNumber of descriptor values fall outside values of 95 % known drugs (recommended range: 0 to 5)

bNumber of rotatable bonds (recommended range: 0-15)

c Total solvent accessible surface area (SASA) in square angstroms (recommended range: 300 to 1000)

dNumber of hydrogen-bond donors (recommended range: 0 to 6)

e Number of hydrogen-bond acceptors (recommended range: 2 to 20)

f Predicted octanol/water partition coefficient (recommended range: –2 to 6.5)

gPredicted skin permeability (recommended range: –8.0 to –1.0)
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Figure 1: LCMS/MS Spectrum of Phormidin
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Figure 2: HNMR (a) and CNMR (b) spectrum of Phormidin
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Figure 3: Structure of (3S,5Z,7S,8Z)-7-amino-3,5-dihydroxy-2-methyl-13-[(1s,4s)-4-hydroxycyclohexa-2,5-
dien-1-yl]trideca-5,8-dien-4-one, Phormidin

Figure 4: FAS inhibition assay with bacterial FAS II (a) and bovine FAS I enzyme (b)
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Figure 5: Phormidin at active site Βαςιλλυς συβτιλις β -ketoacyl-ACP synthase II (FAS II) (a) and human
FAS IKS-MAT domain (FAS I) (b).

Supplementary Figure: FTIR Spectrum of Phormidin taken as neat

Bullet point summary:

What is already known :

• Cerulenin and C75 are Fatty Acid Synthase inhibitor drugs.
• Despite their in vitro efficacy, cerulenin and C75 have side effects limiting their use.

What this study adds:

• A novel compound, phormidin has been found to be Fatty Acid Synthase inhibitor.
• Phormidin showed better cytotoxicity with A549 cell line than cerulenin and C75.

Clinical significance :

• Phormidin is stabler than Cerulenin, more active than C75 and predicted less toxic.
• Phormidin can be further re-engineered as a good lead molecule for suitable uses.
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