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Effect of pH value on folate production and gene expression of Lactobacillus plantarum

WU Bian"?, LIU Chenj jan®, LI Qiangkun3, LI Xiaoran®
(1. Department of General Surgery II, the First People Hospital of Yunnan Province, Kunming 650032; 2. Department of General
Surgery 11, the Affiliated Hospital of Kunming University of Science and Technology, Kunming 650032; 3. School of Life Science
and Technology, Kunming University of Science and Technology, Kunming 650500)

Abstract: Folate is an important intermediate in cellular metabolism. However, because of lack of key en-
zymes in folate biosynthetic pathway, humans require folate from diet. Due to the difference in the number of glu-
tamate, biosynthesis folate is superior to chemical synthetic folic acid by the body. Some Lactobacillus plantarum
strains have the ability to synthetize folate. The extent of folate production and its form depend on the strain and
culture conditions. The primary objective of this study is to gain a better understanding of the effects of pH on
folate production and related gene expression in L. plantarum strain 4 3, which can generate high folate yields.
Bacteria in pH 6.0 medium could still maintain a high cell density after logarithmic growth, but the folate content
in the corresponding medium decreased. Real-time fluorescence quantitative PCR results showed that the expres-
sion of folate biosynthesis-related genes in pH 6.0 medium was higher as compared with those without regulated
pH values.

Key words: Lactobacillus plantarum; folate; biosynthesis; gene expression
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TERLAAE ) R A AN AR 12 D
R, FLRE R K GC &R M % K
W, BOKEYIRIEN B R AT YN, HET
BEE R, SRR, AT SEEEFRMER T
NARMEERR, kb FTAE PR TheetE & i, 78
FURRE AR 2 LR FLER b FIVE AEERR B 1Y) B A
AReA TR, K2 HBHEYFLAT B (Lactobacillus
plantarum) AT LAWK A R L. plantarum wi]
DL FANFE & R AT R B, BRSNS B8
S5 I E S A NIl 0T o 7 =R = o N i
SRR IIRE /7, L. plantarum RBP4 B R4EA:
FASEHER, i L. plantarum WCSF1 BAG B
&R AE W PR R S R R R B A
PR R T R A S AR R Y T B
BRI TE R, K2 TR 78 AR R 1) e 24
FERE, MR AR EE R R, R
BRAE T WRLEAR L, TR e R AT IR T AT
T T 4 R B o B P,

PRI, R IESE—Rm =R E L. plantarum
4 3 BEATREFR, A H SR A pH, K
REAF pH FAF T R = 5 AN A BRI R AH G ]
Tk BRI B pH X - BR JE DR 38 (R 520 o
1 MR5R®
11 #HikEbR A IERE

M= FAfE G KR i 7r B A5 2] L. plantarum
4 3 Wtk (RAET R T A G SRS

ANAER T G X M i S
MRS }:73E: &AM, 10.0 g; Lab-lemco

poweder, 8.0 g; Yeastextract, 4.0 g; FZ&HE, 20.0
g; Tween-80, 1 mL; BEREA 4, 2.0 g; BRI,
50g; FrEER=4%, 2.0g; -L/KBIEREE, 02¢g; 1Y
IKBRERER, 0.05 g, MAMKERZ1 L, 121CK
B 15 min, ##E1)5 4°C (RAF&H .
12 UF58F
w6 E & PCR X (Applied Biosystems 7300,

F D, RO - 5T i 5 A 4% (High Performance
Liquid Chromatography-Mass Spectrometry, HPLC-
MS) (AB SciexQTRAP® 4500, USA) , & %

(BIOFLO 415 Fermentor, Eppendorf, %[ ).
13 H&
1.3.1 L. plantarum 4 3 B AB &4 BUAGHR
TE(1) L. plantarum 4_3 TR, 7RI MRS #5357
SRR TR, R VE M B MRS W7
BRIk, TEAEIE 1% LR 2 5 mL MRS R
DA, BT 37 CHEERRIEEEFE 120 5, ¥
HoAe 1% B 2 50 mL #EE I, 37°CH K
FF 12 h, BT E AT R E, bR 10°
cfumL’ [UZIREEK M E 5 L REREH, T
37°C, 150 rmin” KEE. 7EFH] pH KR FEH, F
F R G pH % pH B ZEAT W, FF1 B R T G
% B A% 10 mol-L™' NaOH ¥ MRS & Bl 445
7E pH 6.0,
1.3.2 L. plantarum 4 3 H#AEKFHEF LN KEE
RERE A AIRR 3 h HURE, A P R A B R K HZ 10
AR EERRE, 23 BB 100 pL R V8 [ 44 MRS
AR, BEAFEAE 3 NMEYER, BT 37 CHHIR
B 9% 48 h 5L

*® 1 WALFIEE PCR FTER SR ERE

Table 1 The used primers and amplification efficiency in qPCR
I H bR K 5149 ElEZ ] IR %
Target gene Primer Primer sequence Amplification efficiency
folE F 5'-GGGATTAGTAGAAACACCAGC-3’ 110
(0]
R 5'-CAACTTGAACCGTGCCAAAAAAC-3’
lQ F 5'-GTGTTTGGCTTATTATGGCTTG-3’ 107
(0]
R 5’-CCGCTCGTTGTCAGGGAT-3’
folB F 5'-AAGAACGGCGTAATGGTCAACAACT-3’ 932
(0] .
R 5'-TCCACATCATCAAAGATTCCAGGCA-3’
folk F 5'-CAAGCCCTTAGCCGATTACG-3’ 104
R 5'-GCTTTCCCCACGGTTGAGTC-3’
folP F 5'-TTAGATGGGGTCGTGCTGG-3' 109
(0]
R 5'-ACCCGCTTGCCAAAAAACA-3’
F 5'-AACCCAACATCTCACGACAC-3’
16S rRNA 98.2
R 5'-GCAAGGCTGAAACTCAAAGG-3’
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133 rtEAemaXARELZ M BN L.
plantarum 4 3 #HRAE 12, 24, 36 148 h iH{A] 251K
RIFRIEAT RNA 25, 8/ UNIQ-10 #:=X Trizol
K RNA AN &R E TAY TREARA D,
S A FH I 5% 71 & HiScript 1T Q RT SuperMix for
qPCR (R 5L v ME R AR MR A BRA WD 347 S 3%
B J5 134T 5% Y6 5L % & PCR (Quantitative PCR,
qPCR) M EFEIFATH YM 4-3 MR A RAH S [
KL TH L - qPCR BT E F 1951 49 F1] A Primer Premier 5
B, BAEFAIEREIE 1. H ChamQTM
SYBR Qpcr Master Mix (Fg 50 i MERE A PR A IR
ANFED RS E RT3, Ll 16S rRNA
RN S, MR 3 ANEZRE, fdihE
PCR ik, ESREXT 5 Tm EAEE—F, HZ
£ 60°C IR KR E 25 A T 38 e I8 BV 9 15 &%
K, FLy RTS8 95 CTAEM: 30, 95°C 10
s, 60°C 30s, 72°C 30s, 14 40 MERGE T 4C
R4, qPCR &M 22 BT RIERE, D
MRS #5725 41 12 h FE il 53k R SR8 = Ao L

134 wtE&Z0 2 BUHEWAMNE YM 4.3 1
12. 24, 36. 48, 60. 72. 84 196 h i8] £k
P VB0RE A5 R 10 min, 12 000 r-min” B0 5 min,

Y Kb R L R P v OB A - T 1 B ASGHEAT
MRS EIE . P& AAS(CUR)2S, fllfi
S(CAD)HFZE, BT 1 (GS1) 45, BTS2
(GS2) 50, HLWFZE L 5500 V, INHESIR AT 350°C,

7.0

A in MRS

—o— 4_3
6.5F —O— 4_3 in MRS with pH 6.0
6.0
o 5.5
a
5.0
4.5

4.0r

3.5 : . : : !
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B [4]/h Time
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BT R efu L

1 P AR B BT A, TN EST HLES YA
2 FR57H

2.1 L. plantarum 4_3 % B3 2 Fh 4 4R A
VENFLER T, L. plantarum 78 & B 2 x4
KEMEER, (FRFRHEA TR T, 155
FRHIET 20 h N, pH IR FEF] 4.5 LUK I ORFrAe E (B
1A). fEIZZIETF, L. plantarum 4 3 B ER IR A
AR O, FERT 20 h IS E AL B B S T IR S
JHI R B, 7E 40 h LU, KEURFFE 10°~10° cfumL”!
FIVEE (B 1BY. AE4nixt pH e A8 355 8
&, R REFLIRE, fERUK pH &40 i)
AAiES). KZH L. plantarum HIHI4AEGE pH N
6.0 /iti, fE—MELWERFZMAT, BHT L
plantarum 7ERFS = A A HLER M pH R F&, MELLf#ETS
pH 7E A R B A2 rh R R RS T , BT AR Z2 5t 98
AN RERS AR B FE T 1 #E pH 2 6.0, ZEAHT 5T
H, A T AT LA E SRR pH R R IR Sk
75, R AT DU 7E A 357 A O/ 4 pHL AR08
£ 6.0 (& 1A). pH HJTT A LU L. plantarum 4_3
IARTE 24 h iE B AR K HUH, 2 J5 11 20 h BAEHE O}
Frfae R R K RS, BB 40 h DU A 2218 R B,
B %) 96 hibAEEH] 107 cfumL” (B 1B). &X—
SR ULHIATY pH fREFFE 6.0 AT LME L. plantarum
4 3 WIPRGHMAE T L PEAI, [l IR 58 N IR0 4
AR TR ERFEE R K

letll

le+10r —*—4 3in MRS

-o- 43 in MRS with pH 6.0

Colong-forming unit
232 % %2229
w A U N N ®©® O
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Figure 1

2.2 L.plantarum 4_3 Itfg/f =

K H OB - BE EH AOR 5597 96 h i
T IR B R S AT I E o O T B A b
LR A B s 9%, ARSI A T i B LR TR
AKH MRS ¥i772%, T MRS 357553 A 2 TR R
FrgRgE, DRLAERR IR R IR I AT SR A I B — 5 B
M2o FEARTY pH HRFFREET, HIREFAE 36 h |l

Comparison of pH values between MRS and pH 6.0 MRS medium during fermentation

JEBE RIS, BEIEZENE BT IMAE pH 6.0 kF IRtk
W, MR E RN BT EZE R (B 2A). L
plantarum 4= K I A% o 75 ZLHAEHR, DR AE RS 57
AR, L. plantarum 23 1 57 FERE 77 2k o I TR 4k
T AT 4 A AR A i ™,

T 24 h J5 L. plantarum 4 3 iA 54 K #50H
T, FEFREE IR A BTG R %, AR
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IR BE KA L. plantarum 43 FPIHERBE 1A
B0, Rtk FHARR ofu 7= IRV FE R HEMN7E K IA 96 h
W) 3 7R I R T R I R R D ARG TE A A (B
2B). HTHRAKERIAMIKRE, BMkEEK,
BT AR AA I PRI B e iy, K5 9% 12~24h 5, — 7T
BRI A A B TE RE, 3 — 7 T A B PO AR
JIT A BRI B2 P 2 e (K o BEJS, 7EPIRR pH 144 F,
RV FE 4R 20 H BB BT, AR pH
ff] MRS 53#5Ed, BT359% 5 AN 5 R =
IRACHIZK T, HERIREE EFHEWIE, 7297 pH 10
BRFr bk, TSR fa B0 A B BT A R 2
BRI E AR AN, (R RIS LA
o BARMRIEUERE, pH 6.0 ] MRS K773
HHIH R & R TN pH 19, {E2&H T4 pH 6.0
AN, w4 TN, TR TEZH
MR, FTAASRERt L HEWT R pH AR HBR =4,
1T L3 A DG IR ) Rk R AT HEM, X — it
A DUACERA A M g P s 5 R A (B 2B,
SRR, LRI PR B AR SR 3]
WNZA A 400 pg-d™), L. plantarum 4 3 = A i
FRr=EAE N E, [HA2 Pk At L. plantarum 11
B A Y B A S Ty ) o R A S R s
PR DA N B I LT, 0 R B Ak A3t
AT R AR AL SRIRAT B 2 A O R T R
LIZ‘?&[”’ 19]o
2.3 L.plantarum 4_3 & MERREEFRILAE
FHAEFTA I L. plantarum B AR S B AT HH 82 A Ak
e, WL FK A, L. plantarum WCFS1 1k
M L7227 WA X —fE 1>, (B2 IDMI Hitk
IR = FH OGO FE R 21, L. plantarum 4 3 BREN B A
R Sk AE DA BRI A R R . O T a0 T R AE

40 1 4_3 in MRS
= 473 in MRS with pH 6.0

MR & /ng-mL-!

Folate production
[\~ (%)
[=} (=]

—_
(=}

0 20 40 60 80 100
Ff []/h Time

IR AR pH X R G A KR R ) s, A
qPCR X} Mt g 4= W) & il #2 o & % DHPPP
(6-hydroxymethyl-7,8-dihydropterin  pyrophosphate)
AN SRR (1 S LRI AT T A (B 3D, 1E
PEHUE RNA B, RILAIEERE 0 h A1 48 h LS )
FE it LAAS 21 2 16 43 T - BR & B G R ] RNA,
At gPCR 45 R A 12 h 3] 48 h Z (A 958, X
S LRI Ct K% Ot 30, HYE 36 h F 48 h 2
35 2RI R A T FEES, IR T 48 h LU
B B R FE R R TE = 1 N B .

Wl 3 frox, KRZEEERLE pH 6.0 1) MRS 5
FREP R EME S TR pH 1, JLHETE
12 h i), pH 6.0 fU¥EFRIEF, WERAEDA EIFH R
SR = T A pH R R g . e
I pH B MRS ik, K HERKRILELL
12 h i8Bfe s, BEJGED R 36 h f&fik, #]48h
YIH BT EFEs MAEATAT pH ] MRS i3, %
NEFE A ARAFE, folE B MRIAERE
WAAK, folQ FFHFIARIZESD LT, folB HE[H
FIEKF 24 h MEL 12 h TF%, BEJE LTF, folK 2
5T pH WG i@s iR, folP JEA &
W B (E 3). folE % [A /& DHPPP & k(192 [Fl %
HHEE — AR, I R Rk R 0T LAE 7 i
BT 1G I 2~4 15022, R, %5 R () v 2 ki
7~ 7 1E pH 6.0 1] MRS 3775341 12 h I8 e 2
GRS, folP JE R I 4mtD = & BT A & i R 1)
Ltk A I E AP, 2 DHPPP 5 pABA
A B BRI D IR, (HARTE T pH [ MRS k3%
FEHH L. plantarum 4 3 X —FEFMREEHAK
B, TE 36 h FLZEIEAK, X AR pH Ja g™
BIFRA RE S EEER.

le-1 ) B
z in MRS

le-2 in MRS with pH 6.0
le-3 | 7
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= 43
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BRI ¥ /ng- (mL-cfu)!
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Figure 2 Comparison of folate production and concentration between MRS and pH-modified MRS medium during 96 h
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Figure 3 Expression of major genes in folate biosynthesis analyzed by qPCR (Internal reference gene: 16S rRNA gene)
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