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Abstract: The effects of the presence of linoleic acid (LA) and ethanol on the conjugated linoleic acid (CLA) conversion rates and the
transcription level of CLA synthesis-related enzymes of Lactobacillus plantarum p-8 (L. plantarum p-8) were studied. For this, 0.05 mg/mL LA
and ethanol at different concentrations were added to MRS media. The results showed that the conversion rates of the three CLA isomers were
the highest when 0.50% ethanol was added to the fermentation broth. More specifically, the conversion rate of the cis9, trans11-CLA
(c9,t11-CLA) isomer was the highest, reaching up to 2.49%, which was 2.37 times higher than that observed without ethanol. The conversion
rate of the trans10, cis12-CLA (t10,c12-CLA) isomer in the fermentation broth was the lowest, regardless of the concentration of ethanol added.
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The CLA conversion rates were much higher in the fermentation broths compared to those observed in the bacteria, and the CLA conversion
rates in the bacteria were very low, but the variations in the CLA conversion rates following ethanol addition were consistent between the
fermentation broths and the bacteria. The conversion rate of the ¢9,t11-CLA isomer was the highest (0.05%) in the bacteria following 0.50%
ethanol treatment. This rate is five times higher than that obtained without ethanol treatment. When the ethanol concentration was higher than
0.50%, the conversion rates of all CLA isomers were reduced. The results indicate that CLA is produced in the cytosol and then transferred to the
extracellular environment. Meanwhile, the transcription levels of the genes encoding CLA synthesis-related enzymes increased following
ethanol stress within a certain concentration range, and accordingly, the CLA conversion rates increased. It is confirmed that the variation in the
transcription levels of the CLA synthesis-related enzyme genes is the main reason for the differences in the CLA conversion rates. The results

provide a foundation for elucidating the molecular mechanism of CLA production by Lactobacillus plantarum p-8 and for exploring effective

regulation methods to improve CLA production.
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Fig.3 Three CLA conversion rates in fermentation broth with
different concentration ethanol stress
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Fig.5 The RNA agarose gel electrophoresis of L. plantarum p-8
under different ethanol concentrations stress
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FILEAE 4 L L, 1 cla-dh A1 cla-dc AR A=A 2
2, YtHIHER A4 B 2R 1K LA B R R A 7K T E: RIAPRE KB BT, KRR FEAT £RL
CLA LR & . LBFIREAE 1.50%M 3%, FEH 23 p<0.05.
&1 L plantarum p-8 UM ESREMET CLA &AL XEEEE K 16S rRNA RT-gPCR B Ct &
Table 1 Ct value of RT-qPCR for related enzyme gene to CLA synthesis and 16S rRNA in L. plantarum p-8 under four ethanol

CLA-hy CLA-dh  CLA-dc  CLA-er  CLA-eno
[ 6 PUFPZEERE AE THE KB E R Rk KT
Fig.6 Expression level of related enzyme genes under three
ethanol concentration stress

concentration stress

TBERE/%  16S tDNA cla-hy cla-dh cla-dc cla-er cla-eno
0 2332+032°  25.72£0.07° 24.43+0.14% 23.65+0.13% 24.58+0.12° 24.49+0.26°
0.50 28.3140.05° 33.25+0.12° 32.85+0.10° 32.84+031° 34.35+0.13° 34.69+0.15°
1.50 29.26+0.06° 33.99+0.21° 33.42+0.09° 33.23+025° 34.65+0.22° 34.82+0.17°
3.00 30.4240.13°  34.60+0.09° 33.96+0.07* 33.67+0.17° 34.87+0.11° 34.92+0.08"

R 2 TEIZEEKRET CLA #XEFEFERKTHI CLA B LR [ERIHE XM
Table 2 The difference between the transcription level of CLA-related genes and the conversion rate of CLA under different ethanol
concentrations

I B cla-hy  cla-dh cla-dc  cla-er cla-eno

ek

Pearson A% /K 1.000™  1.000” -1.000"  0.500 -1.000"
0.50%LBE % B4 CLA #4t%  R3FM (1)  0.000 0000  0.000  0.667  0.000
N 3 3 3 3 3
Pearson 8% K -0.870  -1.000"  0.866  0.500  -0.500
1.50% B3 4% Bk CLA 4% 234 (1)) 0328 0000 0333 0667  0.667
N 3 3 3 3 3
Pearson 8%/ 1.000™  1.000"  1.000”  1.000”  1.000™
BEM () 0000 0000 0000  0.000  0.000
N 3 3 3 3 3

3%LEE R Bk CLA #:4b%

E: ORGTAE 001 KR () ERFEAEK.

YEAR R 2 E R cla-dh A1 cla-dc ) mRNA
FEX B AL ASLT, 5 M genebank |- L. plantarum
p-8 [EFA 75 HE 2 cla-dh F1 cla-de A—AMF;

30

S BT S BARYIS . T cla-hy 2EAR R 2B B i
FEEH cla-dnh F1 cla-dc f) mRNA A RIEE 1.53
%, BLHA cla-hy Bt LREAE B, an Rl St
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LA fif i ;e me—#£. cla-dh A1 cla-dc W Z57E A 5 il
1] cla-hy f#ELLF=4 10-23E1 )\ BRI IR T BRI H T~ A4
ATLAHA S KERIA.
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AR ZBEWRBE T CLA AH G HE R 5 5 K A
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HARFREREEMK; 7E 1.50%LFRET: RA
cla-dh 5 CLA ¥b R 2R EH K, HARNYEANL
FAHSE; 1R 3% LBERE T : 2HRNE CLA #ikx
YRR EMK,
2.1.7 IhBRFAMBE A A K BEE G 4 ALt b

oA

RO B SRR I SR %R R e M TE
BRI =53, SEGRRRIR. FIF MEGA 344
7 L. plantarum p-8 B LA FLAS CLA &
FSAHSCER AT 7~11, BRI L. plantarum p-8
5 ST Se4 Rk &dpcdeilr, Frbl, L. plantarum p-8 H3
&= CLA Bfk, 1ASCS CLA & RHHIGEEIZRIAK
- CLA ¥t 2K, FESARIET) Lactobacillus
plantarum ST-II AHWI &, HHr ¢9,t11-CLA (AL
0.34, t10,t12-CLA 034 0.92, 19,t11-CLA AL
RN 0.35; cla-hy FIXRIA SN 4.50, cla-dh A% ZRIA S
N 1, cla-dc MHXTRIEEN 140, cla-er HXFREEHN
1401, STk SR A R

9| WP 057731601.1:1-563 oleate hydeatase Levilactobacillus zymae

9
100
82

KRL 15065.1:5-566 myosin-cross-reactive antigen Lactobacillus zymae DSM 19395
KRL 96163.1:1-566 myosin-cross-reactive antigen Lactobacillus acidifarinae DSM 19394
WP 182150979.1:1-563 oleate hydeatase Levilactobacillus suantsaii

WP 203641484.1:1-563 oleate hydeatase Levilactobacillus sp. 866-3
99 EKRL 93630.1:4-566 myosin-cross-reactive antigen Lactobacillus hammesii DSM 16381
100L— WP 168900493.1:1-563 oleate hydeatase Levilactobacillus sp. ZJLC28-8

KRL 25548.1:6-569 hypothetical protein FD24 GL003041 Lactiplantibacillus pentosus DSM 20314

100 l_l ADN97339.1:6-569 hypothetical protein LPST CO0115 Lactobacillus plantarum subsp. piantarum ST-111

78" ADL62865.2 hypothetical protein LBP c¢g0119 Lactobacillus plantarum subsp. piantarum P-d

0.02

& 7 TE497H CLA-HY BIRGEA LA
Fig.7 Phylogenetic tree of CLA-HY from different species

99 ‘| ADL62796.2 Short-chain dehydrogenase/oxidoreductase Lactobacillus plantarum subsp. piantarum P-8

100 ADN97274.1 short-chain dehydrogenase/oxidoreductase Lactobacillus plantarum subsp. plantarum ST-111
67 KPK22053.1:28-313 short-chain dehydrogenase oxidoreductase Lactiplantibacillus plantarum DSM 20314

84

KPK56552.1:10-295 short-chain dehydrogenase oxidoreductase Furfurilactobacillus rossiae DSM 15814
5T|:WP 105449514.1:1-286 SDR family NAD(P)-dependent oxidoreductase Lactobacillus sp. CBA3606
TRL46540.1:4-287 Short-chain alcohol dehydrogenase Lactobacillus manihotoivorans DSM 13343 JCM 12514
KPK12660.1:10-298 short-chain dehydrogenase reductase SDR Lactobacillus zeae DSM 20178 KCTC 3804
100 EPC53167.1:-286 putative oxidore ductase yxjF Lactobacillus paracasei subsp. paracasei Lpp7
100 L EPC47886.1:-286 putative oxidore ductase yxjF Lactobacillus paracasei subsp. paracasei Lpp229
WP 1198213572.1:1-282 SDR family NAD(P)-dependent oxidoreductase Lactobacillus sp. M0396

100 L WP 122051826.1:1-282 SDR family NAD(P)-dependent oxidoreductase Lactobacillus sp. ESL0261

& 8 N[E)497H CLA-DH BYRGi LA
Fig.8 Phylogenetic tree of CLA-DH from different species

100 |'| ADL62797.2Acetoacetate decarboxylase Lactobacillus plantarum subsp. piantarum P-8

85| L ADN97275. lacetoacetate decarboxylase (putative) Lactobacillus plantarum subsp. plantarum ST-IIT
100 I:WP 105449515.1:1-281 acetoacetate decarboxylase family protein Lactobacillus sp. CBA3606
99— WP 105452013.1:1-281 acetoacetate decarboxylase family protein Lactobacillus sp. CBA3605

99 —— WP 137626240.1:1-281 acetoacetate decarboxylase family protein Lactiplantibacillus pingfangensis

50

0OAU90562.1.2-269 acetoacetate decarboxylase partial Lacticaseibacillus rharmnousus

) KRK12659.1:2-276 acetoacetate decarboxylase Lactobacillus zeac DSM 20178 KCTC 3804
‘WP 076652779.1:1-281 acetoacetate decarboxylase family protein Lacticaseibacillus paracasei
1

00/KRM66115.1:2-284 acetoacetate decarboxylase Lactobacillus paracasei subsp. paracasei DSM 5622

WP 112206801.1:1-281 acetoacetate decarboxylase family protein Lactiplantibacillus sakei
WP 1125550861.1:1-279 acetoacetate decarboxylase family protein Loigolactobacillus zhaoyuanensis

&9 T[E)497Hh CLA-DC BIRGiA LA
Fig.9 Phylogenetic tree of CLA-DC from different species
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79 ADL97276.1 nitrordeuctase Lactobacillus plantarum subsp. piantarum ST-II1
99 ” ADL62798.2 nitroreductase Lactobacillus plantarum subsp. piantarum P-S‘
50] I—EYR70743.] :1-209 NAD(P)H-dependent quinone reductase Lactobacillus plantarun WHE 92
2 |:WP 105449516.1:1-217 nitroreductase family protein Lactobacillus sp. CBA3606
WP 105452014.1:1-217 nitroreductase family protein Lactobacillus sp. CBA3605
L——WP 057705367.1:1-216 nitroreductase family protein Lactiplantibacillus xiangfangensis

WP 137639585.1:1-216 nitroreductase family protein Lactiplantibacillus dongliensis

WP 137644553.1:1-216 nitroreductase family protein Lactiplantibacillus plajomi

WP 057871236.1:1-215 nitroreductase family protein Lactiplantibacillus ghanensis

KRL56554.1:3-222NAD(P)H nitroreductase Furfurilactobacillus rossiae DSM 15814

EE168087.1:11-223 nitroreductase family protein Lactobacillus paracasei subsp. paracasei ASTCC25302

100 ~EPC53165.1:1-218 nitroreductase/transcriptional regulator MarR family protein Lactobacillus paracasei subsp. paracasei

& 10 AEHFH CLA-ER B R G L i
Fig.10 Phylogenetic tree of CLA-ER from different species

i(:Lacmbacillus sp. LC28-10
97 Lactobacillus sp. 887-11
93 ————— Secundilactobacillus sp. F79-211-2

liLacmbacillus buchneri ATCC 11577
.
99 Lactobacillus sp. YK48G
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liLevilactobacillus sp. 866-3
100 I—Lactobacillus sp. ZJLC28-8

Lactobacillus sp. CAB1-7
100 i

% [camm

Lactobacillus plantarum ST-II1

& 11 FE4# Eno BIRGEFHLR

Fig.11 Phylogenetic tree of Eno from different species
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