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Lactobacillus plantarum YW11 capability to convert li-
noleic acid into conjugated linoleic acid and other me-
tabolites was studied in a dose-dependent manner by
supplementing LA at different concentrations. L. plan-
tarum YW11 displayed a uniform distinctive growth
curve of CLA and other metabolites at concentrations
of LA ranging from 1% (w/v) to 10% (w/v), with slightly
increased growth at higher LA concentrations. The bio-
transformation capability of L. plantarum YW11 evalu-
ated by GC-MS revealed a total of one CLA isomer, i.e.
9-cis,11-trans-octadecadienoic acid, also known as the
rumenic acid (RA), one linoleic acid isomer (linoelaidic
acid), and LA metabolites: (E)-9-octadecenoic acid ethyl
ester, trans, trans-9,12-octadecadienoic acid, propyl ester
and stearic acid. All the metabolites of linoleic acid were
produced from 1 to 10% LA supplemented MRS media,
while surprisingly the only conjugated linoleic acid com-
pound was produced at 10% LA. To assess the presence
of putative enzymes, responsible for conversion of LA
into CLA, in silico characterization was carried out. The in
silico characterization revealed presence of four enzymes
(10-linoleic acid hydratase, linoleate isomerase, acetoac-
etate decarboxylase and dehydrogenase) that may be
involved in the production of CLA (rumenic acid) and LA
isomers. The biotransformation ability of L. plantarum
YW11 to convert LA into RA has great prospects for bio-
technological and industrial implications that could be
exploited in the future scale-up experiments.
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INTRODUCTION

Conjugated linoleic acid (CLA) refers to positional and
geometric isomers of linoleic acid (ILA) with one or two
double bonds in the ¢s (c) or #rans (t) configuration, sep-
arated by simple carbon-carbon (c-c) linkage. CLA iso-

mers are naturally occurring trans-fats, commonly found
in beef, lamb and dairy products, etc. However, the most
abundant and common source of natural CLAs, e.g. ru-
menic acid, are animal products from ruminal bacteria
(Alfaia ef al., 2010). Very recently, CLAs have been sub-
ject of many research labs owing to its health promoting
properties (Yang e/ al, 2015; Fuke & Nornberg, 2017),
observed both 7 vitro (O’Hagan & Menzel., 2003) and
in vivo (Wahle K et al, 2004). Lee and coworkers (Lee e#
al., 2005) highlighted the potential of CLLA that at a rela-
tively low dietary level shows an inhibitory effect against
multistage carcinogenesis. Patiza ez al, 1987 found some
unidentified anti-carcinogenic factors in fried ground
beef which were later identified as CLAs. The identified
CLAs were effective in inhibiting the chemically induced
epidermal carcinogenesis in mice (Pariza ef al., 1987).
Additionally, CLLA has been reported to reduce the
risk of atherogenesis, adipogensis, immune dysfunction
(Bhattacharya ez al., 20006; Pariza et al., 2004; Roche e al.,
2006; Wahle ef al, 2004), and have anti-carcinogenesis
(Masso-Welch ez al., 2004; Lau et al., 2010; Arab et al,
2016), anti-inflammation (Flowers ef al, 2009; Olson et
al., 2017), anti-diabetic (Castro-Webb ¢ al, 2012; Mc-
Farlin ez al, 2009; Yuce ez al, 2017), anti-obesity (Kim
et al., 2010; Gilbert e al, 2011; Martin e al, 2017, de
Moraes et al., 2017), as well as bone formation-promot-
ing properties (Jaudszus e al, 2005; Kim et al, 2014).
These activities are mainly governed by two major
CLA isomers, the rumenic acid (9, t11-C18:2) and the
t10,c12, ¢12 CLA isomer (10E, 12Z-linoleic acid), which
positively encourage transcriptional or translational con-
trol of immunoglobulins, cytokines, lipids (including ei-
cosanoids) and the cell signaling machinery components
(Wahle ¢ al, 2004). It is estimated that the intake of
CLA in North America is approximately 212 and 151
mg/d for men and women, respectively (Lawson ¢ al,
2001), whereas in Germany the intake of CLA is esti-
mated to be approximately 440 and 360 mg/d for men
and women, respectively (Ritzenthaler ¢z a/, 2001). These
levels are less than the required CLA dietary intake,
which is 3.0 g/d (Siebet e al., 2004), urging interest in
the development of CLA (and especially rumenic acid)
enriched foods. Owing to the health promoting activi-
ties of rumenic acid, it is necessary to ensure a suitable
supply of this isomer by finding a suitable, efficient and
low-cost system. The dietary CLA intake might be suc-
cessfully increased via the use of rumenic acid enriched
dairy products, for example a meal containing a serving
of high rumenic acid whole milk (460 mg CLA), a sand-
wich with high rumenic acid butter (365 mg CLLA) and a
high rumenic acid cheddar cheese (721 mg CLA) could
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be used to provide 1.546 g of CLA (Coakley ez al., 2003).
Such intake of rumenic acid represents more than half
of the dose recommended by (Ip e al, 1994) and sup-
plied in a manner which might not require large adjust-
ments to human dietary habits. Due to this potential, the
rumenic acid has recently attained more attention direct-
ed towards identifying strategies for the enrichment of
milk with CLA and the development of CLA enriched
dairy products. Approaches for naturally enhancing CLA
in milk have included management of the lactating rumi-
nants’ diet to favor an increased rumenic acid produc-
tion in the milk, as well as research of CLA producing
starter cultures’ capabilities.

Several studies have reported that CLA can be pro-
duced by microbial metabolism in animals. CLA has
shown interaction with microbes, such as lactic acid bac-
teria or ruminal bacteria, and conversion of the vaccenic
acid in the mammary gland (Ip ef 4/, 1994). The conver-
sion of LA into CLA occurs naturally in the rumen during
bio-hydrogenation of LA (Coakley ¢ al., 2003), though few
probiotic strains are capable of the CLLA production from
free LA added to the medium (Abd E- Salam ez @/, 2010).
Seiber e al., 2004 reported that several strains of Lactobacil-
lus, Lactococcus and Streptococcus have the ability to produce
CLA from LA. Subsequently, CLLA formation is closely re-
lated to the amount of LA, the types and amount of mi-
crobes present. Several bacterial strains have been report-
ed so far to convert free linoleic acid (LA) into conjugated
linoleic acid (CLA), such as Butyrivibrio fibrisolvens (Keplet et
al., 1071), Bifidobacterinm breve (Park et al., 2009), B. longum
(Barret et al, 2007), Clostridium sporogenes (Verhulst ef al,
1985), Lactobacillus reuteri (Lee et al, 2003), L. plantarum
(Kishino et al, 2002; Dahiya ez al, 2017), L. casei (Alonso
et al., 2003), L. acidophilus (Lin et al., 1999), Propionibacterium
acnes (Wallace e al., 2007), and  P. freudenreichii (Vethuslt et
al., 1987). The main CLA isomers documented with the
beneficial activities are: cis-9, #rans-11 C18:2, trans-10, cis-12
C18:2 and trans-9, trans-11 C18:2 (Yang et al., 2015; Kim
et al, 2016; Renes et al, 2017). Among members of the
Lactobacillus genus, Alonso and coworkers (Alonso e¢f 4,
2003) reported that Lactobacillus acidophilus and Lactobacillus
case; were able to covert free LA to CLA. Lee and others
(Lee et al, 2007), also reported that Lactobacillus acidophilus,
Lactobacillus caser, 1actobacillus delbruechis, 1actobacillus paraca-
set, Lactobacillus pentosus, Lactobacillus plantarnm, Lactobacillus
reuters, Streptococcus salivarius, Bifidobacterinm breve, and Bifido-
bacterium dentinm can also produce CLA. On the basis of
CLA formation, both the ruminal bacteria and probiotic
bacteria, some LAB (such as Lactobacillus or bifidobacterinm
strains) are capable for the production of CLA (Rodriguez
et al, 2012; Rodriguez Alcala et al, 2011; Shingfield ez al,
2013; Sorplang et al, 2016), and different enzymes such
as the linoleate isomerase, 10-LAH hydratase, oxidoreduc-
tase/dehydrogenase and acetoacetate decarboxylase are in-
volved in production of CLA (Yang ¢ al, 2017).

L. plantarnm YW11, isolated from the Tibet Kefir,
has been found to exhibit antimicrobial, antitumor, an-
tioxidant, and immune regulatory activities (Wang ¢f al,
2015a). L. plantarum YW11 was also shown to produce
a ropy acidic EPS, composed of glucose and galactose
(molar ratio of 2.71:1) with molecular mass of 1.1x105
Da, and it had a highly branched-porous microstructure
(Wang ez al, 2015b). On the basis of these characteris-
tics, strain YW11 is an excellent candidate for applica-
tions in functional products. In our previous study, we
found that the exopolysaccharide produced by L. plantar-
um YW11 has multiple bioactivities, including inhibition
of pathogen growth, regulation of the microbiota and
reducing oxidative status of aged mice. (Jiang Zhang ef

al., 2017a; Jiang Zhang et al, 2017b). We found that our
strain (L. Plantarnm YW11) has a potential to produce
the CLA isomer (rumenic acid) at 10 percent of LA sup-
plied to the medium.

The aim of the study presented here was to scrutinize
and investigate the potential of L. plantarum YW11 to
produce CLA and LA isomers. In our previous work we
screened six different strains of L. plantarum i.e. 1-2, 2-3,
3-2, 4-5, 12-4 and 12-5, for the ability of CLA and LA
isomer production, but not one among them was able
to produce CLA isomers and stearic acid (Tariq Aziz ef
al., 2019). Recently, we found that our strain L. plantarum
YW11 has the potential to produce the CLA isomer (ru-
menic acid) as well as the stearic acid.

MATERIALS AND METHODS

Growth medium for the microorganism. The Lac-
tobacillus  plantarum YW11 under investigation in this
study was previously isolated from Tibetan kefir grains
and kept in the dairy food processing laboratory of Bei-
jing Technology and Business University, Beijing, China.
L. plantarnm YW11 was activated for 3 times at 37°C
MRS broth (Beijing Aoboxing Co Ltd) containing 2.0%
glucose, 1.0% meat extract, 1.0% tryptone, 0.5% yeast ex-
tract, 0.5% sodium acetate, 0.1% Tween 80, 0.2% K2H-
PO4, 0.2% diammonium citrate, 0.02% MgSO,x7H,O
and 0.005% MnSO,*XH,O was used in this study. All
of the medium components were dissolved in distilled
water, adjusted to pH 5.5 and sterilized at 121°C for 15
minutes. The fresh MRS medium, with different con-
centrations of LA added, was inoculated with 1% of the
activated culture of L. plantarnm YW11 for growth and
production of CLA and LA isomers at 37°C.

Growth conditions of L. plantarum fot production of
isomers. Growth of L. plantarunm YW11 was carried out in
the MRS medium containing 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8% 9% and 10% (w/v) of LA (Shanghai yuanye Bio-
Technology Co. Ltd). At 0, 8, 16, 24, 36 and 48 h post in-
oculation, culture samples were taken for determination of
viable counts by the plate count method, and expressed by
colony forming units (CFUs) per ml, and for determina-
tion of CLA and LA isomers as desctibed below.

Extraction of fatty acid from the medium. For
analysis by gas chromatography (GC), the culture sam-
ples were centrifuged at 1900 rpm for 5 minutes at 4°C
to remove the cells. An internal standard (C17:0, hepta-
decanoic acid, 98% pure; Macklin) was added to 5 ml of
the supernatant fluid to obtain a final concentration of
0.15 g/ml. Next, 5 mL of isopropanol were added and
vortexed for 30 seconds. Afterwards, 2 mlL of isopro-
panol were added and vortexed for 30 s. Finally, 5 mL
of n-hexane were added to this mixture, vortexed for 3
min, incubated for 30 min, and centrifuged at 1900 rpm
for 5 min. The upper hexane layer containing fatty acid
methyl esters (FAME) was collected and dried under a
steam of liquid nitrogen (Shantha e/ a/, 1993)

Gas chromatography and mass spectrometry
(GC-MS). For the GC-MS analysis, a Shimadzu GC-
2010 instrument coupled with a Dual Stage TMP (Ul-
tra) mass spectrometer was used. 2 pul. of the FAME
sample were injected in a split mode, set at 10:1
split ratio at 250°C. Helium was used as carrier gas
at a constant flow rate of 1 mL/min. The separation
was directed on a highly polar (TR-Wax MS, 30 m
length X 0.25 mm i.d.*x0.25 um thickness) and fused
silica capillary column (Thermo Fisher Scientific). The
initial oven temperature was held at 170°C for 1 min,
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and then increased at 0.8°C/min to 200°C. The tem-
perature of line transfer was at 250°C, and the ion
source was controlled at 200°C. The MS detector was
operated at an electron ionization (EI) voltage of 70 eV
under a mass scan range of 33-450 amu (7/3).

Identification and quantitation of CLA and LA
isomers. Chemical identification was accompanied by
comparison of the mass spectra (MS) of the peaks with
those found at the National Institute of Standard and
Technology library (NIST, 2014).

Quantitation analysis was done by comparison of their
respective peak area with that of the internal standard
(i.e. heptadecanoic acid, 50 mg/5 mL of isopropanol).
The concentration of each compound was calculated
based on the follwing equation:

Concentration of volatiles
_ peakarea of the compound

= - X concentration of the internal standard
peak area of the internal standard

All the samples were analyzed in triplicate.

In silico characterization of conversion of LA to
CLA and LA isomers by L. plantarum YW11. En-
zymes involved in the relevant reactions for conversion
of LA to CLA and LA isomers were identified by analy-
sis of the whole genome sequence (GCA_004028295.1)
of L. plantarum YW11 using the SWISS-MODEL which
is a fully automated protein structure homology mod-
elling server (Biaisini e/ al, 2014). The protein module
was visualized by a protein visualizing program Dis-
covery Studio 3.5 (Dassault Systems BIOVIA, Dis-
covery Studio Modelling Environment 2015). The LA
molecule was drawn with ChemSketch v15.0.9 (Che-
maxon) assigned with proper 2D orientation, and the
structure of each compound was analyzed for connec-
tion error in the bond order. Energy of the molecules
was minimized using Avogadro (Hanewell ez al, 2012)
with MMFF94 force field. Docking studies calculations
were performed with the Autodock Tool (Mortis ef al.,
2009). Protein (dehydrogenase) and ligands (LA) struc-
tures were converted to the pdbqt file by the MGL
Tools 1.5.6 rc3. Interactions of the protein-ligand com-
plex conformations were analyzed using the Autodock
Tools 4.2 (Mortris e/ al, 2009) and Discovery Studio
4.1 (Dassault Systems BIOVIA, Discovery Studio Mod-
elling Environment 2015).

Statistical Analysis. Data were statistically analyzed
by ANOVA SAS version 9. Evaluation of the signifi-

Log CFUmI

ATIeLA

T 7 T
18hrs 24 hrs 36 hes 8
Incubation Period

cance of differences between groups was performed
with one-way ANOVA as noted in the figure legends.

RESULT AND DISCUSSION

Growth of L. plantarum YW11 in MRS media under
different concentration of LA

L. plantarumr YW11 revealed a characteristic growth
curve of typical bacteria at the concentrations of LA rang-
ing from 1% (w/v) to 10% (w/v), as shown in Fig. 1.
For all of the LA concentrations, it was observed that L.
Pplantarum YW11 has increased its growth up to 24 h, then
entered stationary phase till 36 h, and then the growth de-
creased till 48 h. There was a slight increase in growth of
a strain with the increase of the LA concentrations. On
the contrary, many other LAB strains were reported to be
inhibited to different extent by LA, and their tolerance to
LA varied (Lin e al, 1999; Wallace e al, 2007; Vethuslt
¢t al., 1987). While earlier studies showed that even low
LA levels (25 pg/ml) could inhibit bacterial growth (Lin
et al., 1999), L. plantarnm YW11 was able to grow well at
LA concentrations up to 10% (w/v), indicating its rela-
tively high tolerance to LA. In order to stop this toxicity
of LA, L. plantarunz YW11, has shown an ability to enzy-
matically convert hydrogenated polyunsaturated fatty acids
by a mechanism called biohydrogenation which is charac-
terized by a complete reduction of double bonds on the
carbon chain, producing non-toxic saturated fatty acids as
the final product. Other studies, such as those by (Goris-
sen ¢f al, 2010; Li et al, 2016), have proposed that LA
inhibition is not species but strain dependent. Moreover,
Coakley and others (Coakley ez al., 2003), reported that all
five L. reuteri strains tested were able to grow with LA up
to 1 mg/mL and, inclusively, three of them tolerated up
to 3 mg/ml of LA.

Identification of CLA, LA isomers, and analogues
metabolites by GC-MS

Gas chromatography-mass spectrometry was used to
identify the compounds produced by Lactobacillus plantar-
um YW11, in the presence of different concentration of
LA, ranging from 1% to 10%. From Table 1 and Fig. 2,
it can be seen that 5 compounds were identified by

comparison of their mass spectrum (MS). Four of
these compounds were identified as isomers and ana-

—m—AT THLA

~@= AT 10%LA

Log of Lactobacillus plantrem yw11 in GFU/ml

T T T T
16 hrs 24 hrs 36 hrs 48 hrs

Incubation Period

T T
0 hrs 8hrs

b

Figure 1. (a) CLA and LA isomers and analogues derivatives produced at 8, 16, 24, 36 and 48 h during growth of L. plantarum YW11
at different concentrations of LA in the medium, and (b) Growth pattern of L. plantarum YW11 affected by different concentrations
of linoleic acid assessed by the plate count method at 0, 8, 16, 24, 36 and 48 h, respectively.
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Figure 2. Gas chromatography of representative culture samples showing peaks of the LA analogues produced by L. plantarum
YW11. (a) 1% of added LA; (b) 5% of added LA (c) 10% of added LA, and Control (d) (without LA).

Table 1. GC-MS identification of CLA, LA isomers and derivatives produced by Lactobacillus plantarum YW11 in the presence of a dif-

ferent concentrations of LA.

Percentage of LA (%)

Compounds 1T 2 3 4 5 6 7 8 9 10
Linoelaidic acid - - + o+ + o+ + o+ o+ +
(E)-9-Octadecenoic acid ethyl ester + 4+ + 4+ + o+ + o+ 4+ +
9-cis-11-trans-octadecadienoic acid ( rumenic acid) - - - - - - - - - +
trans,trans-9,12-octadecadienoic acid, propyl ester + + + + + + + + + +
Stearic acid - - + 4+ + o+ + o+ 4+ +

+the compound has been produced at this concentration of added LA; - not produced.

logue metabolites of LA, including the linoelaidic acid;
(E)-9-octadecenoic acid ethyl ester; trans, trans-9,12-
octadecadienoic acid, propyl ester; and stearic acid; as
shown in Table 1, as well as the (E)-9-octadecenoic
acid ethyl ester; trans, trans-9,12-octadecadienoic acid,
propyl ester were produced with LA added in the range
of 1% to 10%. However, the remaining two isomers
(i.e. the linoelaidic acid and stearic acid) were produced
at the range of 3% to 10% of added LA, as listed in
Table 1. On the other hand, the 9-cis-11-trans-octadec-
adienoic acid was identified as conjugated LA, and was
produced by Lactobacillus plantarnm YW11 at 10% of
added LA (see Table 1).

Identification of enzymes involved in the CLA isomer
(rumenic acid) production in Lactobacillus plantarum

As suggested by many researchers in their stud-
ies about the presence of multi enzymatic complexes,
at least lactobacilli produce conjugated fatty acid by

a mechanism that might not only involve the linoleate
isomerase (Kishino e al, 2011; Yang e al, 2014; Orte-
ga Anaya ef al, 2016). The first step is hydration of LA
by 10-LAH resulting in the production of the 10-HOE
acid, which is further oxidized by a short chain dehy-
drogenase (DH), and is subsequently transformed into
10-oxotrans-11 octadecenoic acid by the action of an
acetoacetate decarboxylase (DC), and reduced by DH
(10-hydroxy-trans-11-octadecenoic); finally, LAH leads to
the production of rumenic acid (RA) and C18:2 9, 711,
as shown in Fig 3.

Figure 3 shows the proposed pathway of rumenic acid
production in L. plantarum YW11 by the action of differ-
ent enzymes, such as 10 LAH, DH and DC.

In addition, Ortega Anaya and others (Ortega Anaya
et al., 2016), have recently reported that in L. plantarum
ATCC8014, CLA synthesis takes place due to a mul-
tifunctional enolase 2 dehydration/isomerization of
10-hydroxy-cis-12-octadecenoic acid.
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HOJI\/WVWV\

Linoleic acid (LA)

(9E,12E)-octadeca-9,12-dienoic acid
Chemical Formula: C4gH3,0,

10-LAH

HOJ\/\/\/\/\(E/\/\/

OH

(Z)-10-hydroxyoctadec-12-enoic acid

Enolase

Rumenic acid (RA)
(9Z,11E)-octadeca-9,11-dienoic acid

(E)-10-oxooctadec-11-enoic acid

[¢]
HOMWW\

(9E.11E)-octadeca-9,11-dienoic acid

Figure 3. Proposed pathway of rumenic acid production by L. plantarum YW11.

Till now, studies related to the microbial production
of hydroxyl fatty acids have been intensively focused
on CLA production. However, some of the authors
have found that L. plantarum and L. acidophilus are able
to convert LA into 13-hydroxy-cis-9-octadecnoic acid
or 10,13-dihydroxy-octadecanoic acid by the action of
both 10-LAH and 13-LAH (Yang ¢ al, 2017; Kim ez al,
2015).

But till now, the biological importance of such spe-
cific compounds for these microorganisms has not been
completely understood. However, it has been found that
Lactobacillus hammesii (Black et al., 2013) and Lactobacillus
Plantarum TMW1.460 A lah (Liang e al, 2017) have an
antifungal defense mechanism using coriloic acid (13-hy-
droxy-9,11-otadecadienoic acid).

In silico calculation

Autodock vina allows flexible docking of ligands
into their site of action. It has an ability to use all of
the rotatable bonds of the ligands to give a number
of conformations from which the best mode could
be achieved. On the basis of the binding energy and
pharmacological interactions, one can conclude the op-
timum result. LA has been successfully placed in the
cavity of its receptor proteins, the linoleate 10 hy-
dratase (10-LAH), linoleate isomerase, acetoacetate de-
carboxylase and dehydrogenase. It is evident from 7
silico calculations that LA has been actively involved in
forming a hydrogen bond with the active site residues
(Fig. 5, Fig. 6, Fig. 8 and Fig. 9). The main interactions
of the protein with the ligand acidic part were observed

o]

HOJK/\/\/\M/M

Chemical Formula: CygH3,0,

Conjugated Linoleic acid Isomer

o 0
HOJJ\/\/’\/‘\/\/\/\/\/\

Chemical Formula: CyH3,0;
Linocelaidic acid

< HO

Chemical Formula: CygH350;

Chemical Formula: CygH3,04
Linoleic acid (Z,Z)

0

Z HO)K/\/\/\A/\/\/\/\

—_—
Chemical Formula: Cy5H3,0,

trans trans 9,12-octadecadienoic acid (Z,2)

Chemical Formula: CygHys0p

9-octadecenoic acid ethyl ester

Stearic acid

Figure 4. shows the conversion of LA into conjugated linoleic acid (CLA) and other LA derivatives.
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due to the electron withdrawing effect and make a suit-
able site for the interaction to occur. The overall enzy-
matic reaction carried out by the whole cell of YW11 is
summarized in Fig. 4 below.

Further mechanism and interaction (In-silico studies)
are explained below.

The linoleate 10-hydratase (10-LAH)

Linoleate hydratase belongs to the class of enzymes
which are mainly responsible for the formation of an
enol form from the adjacent double bonds. This enzyme
perfectly holds the ligand molecule for the enzymatic re-
action by making hydrogen bonding between the acidic
part of LA. The residues involved in the active site are:

ASP
ALA A:40
A:300 GLY
. A:42
|
o T ) .
H
4
A THR
‘ A:301
GLN HIS
A:302 A:41
Residue Interaction
Electrostatic
wan der Waals
Covalent bond
Water
Metal -

GIn-302, Ala-300, Gly-42, Thr-301, Asp-40 and His-41.
Among these residues, GIn-302 is involved in the hydro-
gen bond formation with LA, while the others are in-
volved in the van der waals and electrostatic interactions.
The overall 2D and 3D orientation of LLA in the active
site is represented in Fig. 5 below.

The linoleate isomerase

Linoleate isomerase belongs to the class of enzymes
which are involved in the conversion of one isometic
form of the ligand to another form, through an enzy-
matic mechanism. Isomers are different forms of the
same ligands, having the same molecular formula but a
different structural formula with different 3D orientation

GLN302
o ®

Figure 5. 2D and 3D interaction of linoleate hydratase with LA, showing the 2D and 3D interaction of linoleate hydratase with lin-

oleic acid in L. plantarum YW11.

TYR
A:320
— LYS (
/ A:328
IYS &~ h /
A:329 \Y 2 /
N
N \
X
SER
VAL A325 I
Ai322
Residue Interaction
Electrostatic
van der Waals
Covalent bond
Water

Metal .

Figure 6. 2D and 3D interaction of LA with linoleate isomerase.

™ I LYS329
A:318 8
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in space. The genome of Lactobacillus plantarum YW11
was blasted for the search of different linoleate isomer-
ases and gave many hits, among which the best hit was
selected for further study.

The conversion of linoleic acid (LA) into CLA and its
corresponding isomers was studied by using a computa-
tional approach. LA was optimized by using Avogadro
and saved into the PDB format. A linoleate isomerase
gene was found in Lactobacillus plantarum YW 11 which
was blasted by using NCBI platform and then mod-
cled by using the Swiss model. Linoleate isomerase is
a monomer protein having a tertiary structure, which
consists of its backbone, side chain, hydrophobic moiety,
hydrophilic moiety, an acidic group and a basic group.
The collective interaction of the linoleate isomerase with
LA was carried by using the Auto-dock Vina Program.
The optimized structures of linoleate isomerase and lin-
oleic acid was used for the Auto-dock study.

The linoleate isomerase enzyme of YW11 consists of
a monomer with active site amino acids including lysine
329, serine 325, valine 322, tyrosine 320, methionine 318
and lysine 328, as shown in Fig. 9. The hydrogen bond
between lysine 329 and LLA has a distance of 2.95 nm
while the XDA angle is 97.39, and the DAY angle is
115.76. The second hydrogen bond between serine 325
and LA has the distance of 2.97 nm, and has the XDA
angle of 98.73, and the DAY angle of 165.99.

Figure 6 shows the 2D and 3D interaction of linoleic
acid with the linoleate isomerase enzyme from L. plana-
tarum YW11.

After docking, it was observed that the carboxylic
acidic moiety of LA formed two hydrogen bonds with
lysine (LYS A:329) and serine (SER:325), and also
showed electrostatic and van der waals interactions. As
linoleate isomerase is an NADPH dependent enzyme,
the hydrogen from NADPH could attack the double
bond of LA, and ultimately the reaction of LA with Li-
noleate isomerase and NADPH would lead to the for-
mation of the isomers.

The following table (Table 2) is showing the docking
result of LA with linoleate isomerase.

LA show good interaction with active site residues
of linoleate isomerase because it occupies the active site
which provides the pathway for enzymatic reaction. The
acidic group of LA forms two hydrogen bonds, one
with lysine 329 (LYS:329) and the other with serine 325
(SER:325). The LA acidic moiety is held by the enzyme
by hydrogen and electrostatic interactions, which pro-
vides amedium for the double bond transfer reaction.

Table 2. Interaction of LA with linoleate isomerase and theresult
calculated by autodock.

Binding Energy -0.72
Ligand efficiency -0.04
Inhibition Constant 29831 mM
Intermol Energy -4.44
Vdw_hb_desolv energy -3.77
Electrostatic energy -0.67
Total_ internal -0.39

Table 3. Interaction of LA with acetoacetate decarboxylase, and
their result calculated by autodock.

Binding Energy -1.14
Ligand efficiency -0.06
Inhibition Constant 147.14 mM
Intermol Energy -4.62
Vdw_hb_desolv energy -3.81
Electrostatic energy -0.81
Total_ internal -0.63
Calculated RMS 0.0

The acetoacetate decarboxylase

Acetoacetate decarboxylase belongs to a class of en-
zymes which play a key role in solvent production by
catalyzing the decarboxylation of acetoacetate moieties,
producing acetone and carbon dioxide. The production
of solvent acetone by the acetoacetate decarboxylase en-
zyme containing bacteria was utilized in large-scale in-
dustrial syntheses in the first half of the twentieth cen-
tury. We have explored in this study that beyond this, it
also plays an important role in the fatty acid chemistry
by converting LA into CLA.

The complete structure of this oligomer consists of
twelve monomers. The structure of an oligomer is given
below in Fig. 7.

The structure of an individual monomer is reported
below along with its major active site for the recogni-
tion of LA. The major contributing active site resi-
dues consist of amino acids Leu-195, Gly-189, Thr-

Figure 7. (a) the structure of acetoacetate decarboxylase which is an oligomer (b) monomer of acetoacetate decarboxylase and (c)

its active site residues.


https://en.wikipedia.org/wiki/Decarboxylation
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Figure 8. Active site of acetoacetate decarboxylase, and substrate (LA) in that site.
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Figure 9. The overall interaction of LA with active site amino acids of Lactobacillus plantrum YW11 acetoacetate decarboxylase

150, Pro-188, Met-153, Ala-94, Ile-93 and Tyr-196
is shown in Fig. 8 and the docking results has been
shown in Table 3 as well as the overall interaction has
been shown in Fig. 9.

Dehydrogenase/Oxidoreductase:

Dehydrogenase belongs to a class of enzyme that
catalyze a reaction which involves the transfer
of electrons from one molecule, the reductant, also
called the electron donor, to another, the oxidant,
also called the electron acceptor. Thus, these en-
zymes usually involve the transfer of charge from
the catalyzing molecule leading to oxidation or re-
duction. This group of enzymes usually consists of
NADP or NAD+ dependent enzymes which use it
as cofactors. The L. plantarum YW11 dehydrogenase is
a tetramer, composed of monomers A, B, C and D.
The active site residues and substrate are reported in
Figs. 10 and 11. The amino acids in the active site
are Tyr-206, Phe-18, Gly-17, His-16, Met-186, Cys-
187, Val-141, Ala-91, Gly-92, Lys-160, Tyr-156, 1le-93,
Ala-94, Ala-62 and Asn-90. The Tyr-156 amino acid
in the active site of dehydrogenase forms a hydro-
gen bond with the substrate (LA), which provides the
plane form for the enzymatic reaction by holding the
acidic moiety of substrate for the reduction reaction.

Table 4. Interaction of LA with dehydrogenase/oxidoreductase,
and their result calculated by autodock.

Binding Energy -1.64

Ligand efficiency -0.08

Inhibition Constant 26268mM
Intermol Energy 498
Vdw_hb_desolv energy 52
Electrostatic energy o
Total_ internal 078
Calculated RMS w0

As these enzymes are cofactor dependent enzymes,
hydrogen from the FADH or NADPH could attack
the unsaturated moiety of LA which results in for-
mation of a reduced product. Moreover, the docking
result is reported in Table 4.

CONCLUSION

We show that L. plantarnm YW11 is capable of con-
verting LA to a CLA isomer (rumenic acid), and an LA
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Figure 10. Showing all the enzymatic reactions of dehydrogenase in YW11.
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Figure 11. Active site of dehydrogenase with bound substrate
(LA).

isomer (such as the linoelaidic acid) and other deriva-
tives of LA: (E)-9-Octadecenoic acid ethyl ester; trans,
trans-9,12-Octadecadienoic acid, propyl ester; and stearic
acid, at different concentrations of LA supplied. The
main reactions involved in this biotransformation pro-
cess comprise of hydration, isomerization, hydrogenation
and reduction, as confirmed by our zz-silico studies. The
enzymes catalyzing these reactions were identified using
the whole genome sequence of L. plantarnm YW11. The
10 LAH enzyme was shown to bind the LA molecule
at its active site mainly by formation of hydrogen bonds
between the acidic group of LA and the His 41 residue;
similarly, the linoleate isomerase showed two hydrogen
bonds between the acidic group of LA with lysine 329
and serine 325. For the other two enzymes, the ace-
toacetate decarboxylase showed hydrogen bonding with
alanine 94, and the dehydrogenase showed hydrogen
bonding with Tyr 156. It is hence proven that biotrans-
formation of LA into biologically or industrially impor-
tant compounds by L. plantarum is an important area of
research which needs to be explored in order to replace
the synthetic reaction, which is either very expensive by

chemical means or ecither not possible to be done by
whole cell bacteria. I.. plantarum YW11 has shown many
health promoting properties and is also capable of pro-
ducing rumenic acid which has many health benefits, and
so this strain should be of great interest in the future for
assessing it’s 7z vivo and 7n vitro biological properties.
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