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Abstract

Background and Objective: Conjugated linoleic acid (CLA) is a bioactive compound that can be synthesized by probiotics. The goals of
this study were to detect CLA production in milk fermented with Lactobacillus casei strain AG and to measure the transcription levels
of CLA synthesis-associated genes. Materials and Methods: CLA in fermented milk was detected by gas chromatography-mass
spectrometry. The predicted homologous of the cla-hy, cla-dh and cla-dc genes were identified by polymerase chain reaction
amplification. For CLA analysis, bacterial cultures were grown in media with or without the addition of 0.4 mg mL™" linoleic acid.
Results: Amplification products of the partial cla-hy, cla-dh and cla-dc homologous of the L. cases strain AG were obtained. The addition
of linoleic acid did not change the transcription level of these genes compared to the control (p>0.05). Conclusion: Lactobacillus caser
strain AG produced CLA in fermented milk but the genes involved in CLA synthesis were not induced by linoleic acid.
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INTRODUCTION

Probiotics are living microorganisms that benefit human
health when ingested in adequate doses. Probiotics produce
several metabolic compounds with bioactive properties,
including conjugated linoleic acid (CLA). Lactobacillus casei
has been shown to produce CLA isomers ¢/s-9, trans-11-
octadecadienoic acid, trans9, cis-12-octadecadienoic acid
and trans-9, trans-11-octadecadienoic acid'. The best-studied
CLA isomers in relation to their /n vitro and in some
cases, in vivo health effects are ¢is-9, trans-11-and trans-10,
¢is-12-octadecadienoic acid??. CLA refers to a mixture of
positional geometric isomers of linoleic acid (LA) that have
two conjugated double bonds. Recently, isomers ¢/s9,
trans-11- and trans-10 cis-12-octadecadienoic acid have
been shown to provide potential anti-carcinogenic,
anti-inflammatory, anti-obesogenic and anti-cholesterolemic
effects?*®. The minimum CLA doses at which physiological
effects were observed were 3.0 g CLA/day in animals and
0.1-10 g/day in humans®’. The ¢is-9, trans-11 isomer is the
most dominant CLA isomer in milk fat and accounts for
75-90% of total CLA, while trans-10, cis-12-octadecadienoic
acid accounts for 5% of the total CLA in milk®®,

Fermentation using specific lactic acid bacteria (LAB)
starter cultures in milk and meat can increase the content of
CLA. The content of CLA in fermented milk products ranges
from approximately 4.2-30 mg g=' of milk fat'"'>. The
fermentation of low-fat milk (0.05% fat) in yoghurt increased
the CLA content from 4.40-5.25 mg total CLA g™ of total fat.
During storage, the content of CLA in the yoghurt did not
change, which indicates that CLA is stable during storage™.

Kishino et a/'> isolated and selected CLA-producing LAB
and identified that the Lactobacillus plantarum strain AKU
1009a produced the highest CLA levels. The production of CLA
by LAB is known to occur through the isomerisation of LA
catalysed by linoleate isomerase. Linoleate isomerase from
L. plantarum AKU 1009a s part of a multi-componentenzyme
system. The genes that express the enzymes of this system
have been identified and include cla-hy (Accession number
AB671229.1), cla-dh (Accession number AB671230.1) and
cla-dc (Accession number AB671231.1)'%. [Lactobacillus
plantarum AKU 1009a was able to convert LA into CLA with
yields as high as 40 mg mL™", of which 38% was ¢/s-9, trans-11-
octadecadienoic acid and 62% was trans-9, trans-11-
octadecadienoic acid".

In our previous study, we isolated L. case/ strain AG from
the human gastrointestinal tract, for its potential use as a
probiotic'®.Based on an /n silico analysis, the L. casei strain AG
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has one or more homologous of the L. plantarum AKU 1009a
genes that are responsible for CLA synthesis. Therefore, this
study aims to investigate the ability of the L. case/strain AGto
synthesise CLA during milk fermentation and to measure the
transcription level of CLA-synthesis genes upon the addition
of LA.

MATERIALS AND METHODS

Starter culture and growth conditions: The L. case/strain AG,
isolated from a human intestine, was used in this study'®.
Bacterial cells were sub-cultured by plating on de
Man-Rogosa-Sharpe agar (MRS, Merck, Jakarta, Indonesia)
supplemented with 0.5 g L' L-cysteine (Sigma-Aldrich Ltd.,
Singapore) and incubated at 37°C for 24 h under
micro-aerobic conditions.

Milk fermentation and sample preparation: Fresh milk was
pasteurised at 80°C for 30 min. The pasteurised milk was
inoculated with a bulk starter L. caseistrain AG (5% v/v) and
incubated at 37°C overnight (18 h). Samples were then
harvested by centrifugation at 5000 rpm/5°C for 30 min. The
supernatants were collected for CLA analysis by gas
chromatography-mass spectrometry (GC-MS), according to
Alonso et al.

Fat extraction: Fat extraction was carried out according to
Alonso et al!. Fermentation supernatants (6 mL) were mixed
with 12 mL isopropanol and homogenised. The solution
was then mixed with 9 mL hexane and centrifuged at
23,000 rpm/5°C for 5 min. The upper layer was collected,
filtered using sodium sulphate and washed with 7 mL hexane.
Evaporation of the hexane at room temperature (30-40°C)
resulted in condensed fat. The esterification of the fat residue
was carried out with 300 uL of 14% boron trifluoride in
methanol at 50-60°C for 2 h. After esterification, 800 L
hexane was added and the sample was analyzed by GC-MS.

GC-MS analysis: GC-MS analysis was performed using a DB-1
AgilentJ and W column (30 mX0.25 mm i.d.) with helium as
the carrier gas and electron ionisation at 70 eV. The following
conditions were used: a column heater temperature of 80°C,
injection temperature of 310°C, injection model split, 16.5 kPa,
40 mL min~" total flow and 0.50 mL min~—" column flow, with
a split ratio of 73.2 mL injection volume. The CLA peak was
identified by retention time comparisons.

Polymerase chain reaction (PCR) amplification: Genomic
DNA was isolated using the Geneaid gSYNC™ DNA Extraction
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Table 1: Primers used to amplify the partial homologue genes in L. case/ strain AG

Primer Nucleotide sequence Product (bp)
cla-hy Forward, 5'-GAAGTAGTCGGCGATGCTAAC-3'

Reverse, 5'-GGTTGATGGAAGGCGGTATTG -3' 143
cla-dh Forward, 5'-TCGGGTCATTGCTGAAGAAG-3'

Reverse, 5'-CTTGGATCGCTGTATTGCTTTG-3' 206
cla-dc Forward, 5'-TCGTTTGGCGGACCTTATC-3'

Reverse, 5'-GTGGTTCGCACCTTGTTTATC-3'

161

Kit (Geneaid Biotech Ltd., New Taipei City, Taiwan). PCR
amplification (Applied Biosystems thermal cycler 2720, Foster
City, CA, USA) was performed using 2x KAPA Taq Readymix
(Kapa Biosystems, Cape Town, South Africa), according to the
manufacturer’s instructions. The primers used to detect
CLA-synthesis genes were designed to recognise conserved
regions of cla-hy, cla-dh and cla-dc genes, based on published
L. caseigenomes. The primer sequences were designed using
primer 3 and are presented in Table 1. The following
amplification programme was used: 1 min at 95°C, followed
by 30 cycles of 30 sec at 94°C, 30 sec at 55°C, 2 min at 72°C
and finally, 1 cycle of 5 min at 72°C. Amplified bands were
resolved by electrophoresis on 2% (w/v) agarose gel
(Sigma-Aldrich Ltd) and visualised by ethidium bromide
staining.

The purified DNA was sequenced using the Applied
Biosystem 3730-XL Analyser (1st Base, Singapore). The
resulting sequences were compared using the National Centre
for Biotechnology Information (NCBI) database. Phylogenetic
trees were constructed in Mega 6.0.

Quantitative real-time PCR (qRT-PCR) analysis: Bacterial
cultures were grown ina medium with or without the addition
of 0.4 mg mL~" LA (Sigma-Aldrich Ltd.). LA was added as an
aqueous solution at 1% (v/v) in Tween 80 (Merck). The broth
medium was inoculated with 2% (v/v) of a bacterial starter
culture and incubated at 37°C for 4 h. After incubation, cell
cultures were harvested for total RNA isolation.

For gRT-PCR analysis, total RNA was extracted using the
Geneaid Presto™ Mini RNA Bacteria Kit (Geneaid Biotech Ltd.,
New Taipei City, Taiwan) with a DNAse treatment, according
to the manufacturer’s instructions. RNA concentration was
measured using spectrophotometry. RT-PCR (Real-Time PCR
Bio-Rad CFX-96 thermal cycler, Singapore) was carried out
using a KAPA SYBR® FAST Universal One-Step qRT-PCR Kit
(Kapa Biosystems) in duplicate. Relative quantification of the
results was calculated using the equation 2-24<T ', Differences
between the treatments and control were analyzed by
independent #tests using SPSS 16.0 (SPSS Inc., Chicago).
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RESULTS AND DISCUSSION

CLA detection in fermented milk: CLA in milk fermented by
the L. casef strain AG and corresponding non-fermented milk
standard was detected in the form of fatty acid methyl esters
(FAME). FAME forms of CLA and LA can be distinguished by
GC-MS, due to their different retention times and same
molecular weights. Fresh milk (non-fermented milk standard)
used in this study contains LA but does not include CLA (data
not shown). GC-MS results showed that milk fermented by the
L. caseistrain AG contained CLA (Fig. 1).

This study showed that the L. case/strain AG produced
CLA isomers when it was used as a starter culture for milk
(Fig. 1). retention time, the
chromatogram peak number 23 in milk fermented with the
L. casef strain AG (Fig. 1) was close to the peak representing
the CLA standard trans-10, cis-12-octadecadienoic acid.
Meanwhile, the chromatogram peak number 19 was LA with
a molecular weight (m/2) of 294. The presence of CLA in milk
fermented by the [ case/ strain AG was in agreement
with the previous study by Alonso et al'. Using L. caseiand
L. acidophilus as starters to ferment skimmed milk,
Alonso et al! observed CLA production in milk supplemented
with 0.02% LA. CLA isomers produced by L. caseiwere cis-9,
trans-11-, trans-10, c¢/s12- and  trans9, trans-11-
octadecadienoicacid. However, CLAisomers produced by the
L. caseistrain AG have not been previously identified.

fermentation Based on

Detection CLA-synthesising genes: The nucleotide sequences
of cla-hy, cla-dh and cla-dc genes from L. plantarum AKU
1009a were aligned with the genome of .. case/strain Zhang
and this approach revealed homologous of 1710, 861 and
876 bp, respectively. These homologue sequences were used
to design primers cla-hy, cla-dh and cla-dc, with amplification
products of 143,206 and 161 bp, respectively. The length of
the amplification products generated by these three primers
was confirmed to be about 100-200 bp (Fig. 2).

The size of the amplification products obtained from
L. casei strain AG, using the three selected primer pairs,
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Fig. 1: Gas chromatography-mass spectrometry chromatogram, indicating the peaks corresponding to linolenic acid (LA) and

conjugated linolenic acid (CLA)
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Fig.2: Amplified bands obtained using the primers cla-hy (1),
cla-dh (2) and cla-dc (3)

correlated with the predicted target lengths. The amplified
bands were then sequenced, to obtain nucleotide sequences.
The nucleotide sequence of the cla-hy amplification product
showed a 76% homology with the genes putatively encoding
linoleate isomerase from Lactobacillus sakeistrain LMG 13558
and 73% homology with the cla-hy gene from L. plantarum
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(Fig. 3). The nucleotide sequence of the cla-dh amplification
product had 100% homology to the putative short-chain
dehydrogenase/oxidoreductase gene from L. paracaser
strain 1195 and 74% homology with the cla-dh gene from
L. plantarum (Fig. 4). The nucleotide sequence of the cla-dc
amplification product was 148 bp, instead of the expected
161 bp. This sequence was 77% homologous to the cla-dc
gene for isomerase from L. plantarum (Fig. 5).

Some LAB, especially those belonging to the genus
Lactobacillus, produce CLA from LA and ricinoleic acid. CLA
production is a response to LA toxicity, as converting LA into
CLA can reduce its toxicity?®. Previously, it was thought that
CLA was generated as the product of LA catalysis by a single
enzyme, linoleate isomerase. However, Kishino et a/'®
showed that catabolism of LA into CLA involves multiple
enzymes and reactions. The pathway for CLA synthesis has
been described for L. plantarum AKU 1009a, which produces
CLA isomers trans-10, ¢is-12-octadecadienoic acid and ¢is-9,
trans-11-octadecadienoic acid. Synthesis of the CLA isomer
trans-10, c/s-12-octadecadienoic acid requires only a single
enzyme that is expressed by the cla-hy gene. The other
isomer, ¢/s-9, trans-11-octadecadienoic acid is synthesized by
two enzymes that are expressed by the cla-dh and cla-dc
genes. The majority of species within the Lactobacillus genus
possess one or more of these genes. The synthesis of CLA
isomers depends on the enzyme cofactors FAD and NADH or
NADPH.

Transcription of CLA-synthesising genes: The addition of LA
in the growth medium was used to induce CLA synthesis. In
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FR773883.1| Lactobacillus curvatus gene for putative linoleate isomerase strain LM G 13553
FR773884.1] Lactobacillus plantarum partial gene for putative linoleate isomerase strain LMG 17682
FR732047.1| Lactobacillus plantarum gene for putative linoleate isomerase strain LMG 13556

FR732046.1| Lactobacillus plantarumgene for putative linoleate isomerase strain IMDO 130201
AB671229.1| Lactobacillus plantarumcla-hy gene for hydratase/dehydratase complete cds
DQ227322.1| Lactobacillus plantarum strain AS1.555 linol eate isomerase gene complete cds
JF747255.1| Lactobacillus plantarum strain ZS2058 putative linoleate isomerase gene partial cds
AR541644.1| L. reuteri ATCC 55739 Linoleate isomerase
FR732049.1| Lactobacillus sakei gene for putative linoleate isomerase strain CTC 494
FR732050.1| Lactobacillus sakei gene for putative linoleate isomerase strain CG1

91 FR732051.1| Lactobacillus sakei gene for putative linoleate isomerase strain LMG 13558
Amplif ied sequence L. casei strain AG using primer cla-hy

HQ593838.1| Bif idobacterium breve strain NCIMB 702258 myosin cross reactive antigen gene partial cds

DQ239438.1| Lactobacillus acidophilus AS1.1854 linoleate isomerase gene complete cds
GU474813.1| Lactobacillus acidophillus strain ATCC 832 myosin-cross-reactive antigen family protein gene complete cds

0.1

Fig. 3: Phylogenetic tree of cla-hy based on the sequence amplified from Lactobacillus casei AG

100 KJ019513.1] Lactobacillus plantarum short-chain dehydrogenase/oxidoreductase gene complete cds
AB671230.1| Lactobacillus plantarum cla-dh gene for oxidoreductase complete cds

1
\—,7 EF030832.1| Lactobacillus paracas strain 1195 putative short-chain dehydrogenase/oxidoreductase gene partial cds
'Amplif ied sequence L. casei strain AG using primer cla-hy

0.02

Fig. 4: Phylogenetic tree of cla-dh based on the sequence amplified from Lactobacillus casei AG

| AB671231.1| Lactobacillus plantarurr gene for isomerase complete cds

0.05

Bi |342240345:60505-61350_Lactobacillus_plantarum WCFS1_complete_genome
KJ019514.1| Lactobacillus plantarum acetoacetate decarboxylase gene complete cds
Amplified sequence L. casei AG using primer cla-dc

Fig. 5: Phylogenetic tree of cla-dc based on the sequence amplified from Lactobacillus casei AG

this study, we measured the transcription levels of the cla-hy,
cla-dh and cla-dc genes. The gene expression of cla-hy, cla-dh
and cla-dc, when grown in m e dia with the addition of
0.4 mg mL~" LA, was normalised to an expression without the
addition of the control.

The expression level of the cla-hy, cla-dh and
cla-dc genes upon the addition of 0.4 mg mL~" LA was 0.74,
0.69 and 1.43, respectively. The addition of 0.4 mg mL~" LA
in the growth medium did not change the expression of
these genes (p>0.05). According to Alonso et al!, the
addition of 04 mg mL~" LA in the growth medium of
L. casei E4 and E10 increased CLA production. In the
current study, the gene expression of cla-hy, cla-dh
andcla-dc was not upregulated by the addition
of 0.4 mg mL~" LA.

Milk fermented by the L. casei strain AG produced CLA
and it possesses CLA-synthesising genes. However, the
transcription activity of the cla-hy, cla-dh and cla-dc genes
in the L. case/ strain AG was not induced by the addition of
0.4 mg mL~" LA.
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SIGNIFICANCE STATEMENT

This study discovers the synthesis of conjugated linoleic
acid (CLA) in milk fermented with L. casei strain AG. The
ability of L. case/ AG to synthesise CLA in fermented milk can
be beneficial for human health. This study will support the
utilization of L. case/ AG as starter culture for dairy
fermentation and thus develop probiotic-based food
industries.
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