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Phosphate-responsive promoter region in Heyndrickxia
coagulans

QI Xiaoxiao"?, WANG Limin', YU Bo""

1 Department of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Chinese
Academy of Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Heyndrickxia coagulans characterized by low nutrient requirements, high titers of
fermentation products, and thermal tolerance has become a major microbial species for lactic acid
fermentation. We have demonstrated that phosphate stimulates the gene expression of L-lactate
dehydrogenase in H. coagulans to increase L-lactic acid production, the mechanism of which,
however, remains unknown. [Objective] To primarily investigated the mechanism of phosphate in
stimulating the gene transcription of lactate dehydrogenase in H. coagulans. [Methods] RT-PCR
was employed to analyze the transcriptional level changes of lactate dehydrogenase in H.
coagulans after phosphate addition. The core promotor region responsive to phosphate stimulation
was identified by conventional methods of molecular biology. [Results] The key element
responsive to phosphate was located in the upstream promoter region of the L-lactate
dehydrogenase gene. The core region of the promoter was responsible for phosphate stimulation.
The identified promoter was employed to promote D-lactate production with diammonium
phosphate addition. [Conclusion] This study reported a new phosphate-responsive gene element,
providing a theoretical basis for improving the synthesis efficiency of other biochemicals.
Keywords: Heyndrickxia coagulans; phosphate-responsive; promoter; lactate dehydrogenase

L5 ZE T TR (Heyndrickxia coagul ans) i #]
S B MO R FLh 2 B RS 1Y, JE TR RE T
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45-50 °C, Hidi kK pHE N 6.6-7.01, BELEZE
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X4 2R AT I T oY BB TE LAl &
T2 b, SHCEHLER AR A 5 I IE 4 o
FATHITI & BL(NH,),HPO, BAT S BEAS 2 1t
FFR L-FLRR M SR R SR T Re, IAIfiHR M EL
i R WEACT, T HAD A5G 25 Fh B R 2 1 O AR
HIE RGeS . iz R, R R
MR R EmRREL, Mk 0, Wiz
SCHERK R, R H T, LR LA 7 (Lactobacillus
lactis) RM2-24 HA5 R iE MBS, Singhvi
GBS IN(NH,),HPO, 7] LIFATE AR RM2-24 11
D-FL AR B U FE R Fk 1 FE RS sT R,
Singhvi SFif—L &I, METIRIMEEE L. lactis
NCIM2368, ZE748kk RM2-24 () L-FLIR it & N
FER AT APE(NH,),HPO, 387 , i HoAt TEAL &
TCIE P EAHIRCR, SRTE & HEARIR AT
BLHIM . ERT, SCTFBELS 2EAAT BT B R R i hif
ML ST A0 T2 PR . ANIFSE X s 2590

FFR 36D1 Bikk L-ZLIR G AR L7 351X
SROT I T o3 H, kAT eSS ZF JAT I v AT i
WATRER IS R L- LR SR R e SR Y
R D

P

1.1 ##
1.1.1  EHRFA AL

Escherichia coli Top10 Il A Jb 50 Rl A= WAl
e A BR ARl . B A BB A& Heyndrickxia
coagulans 36D1 #1 H. coagulans DSM1 (GenBank
kS CP009709.1)H ARSI = . L-FLAR
i = g A KL AR BRI Bk H. coagulans
DSMI1AIdhL1AIdhL2 Hy A< SRR i A4 e , 13 0L
SCHR[12]. FEREIAK pNW33N FIFER MR A
pMH77 FASSEE 3 (5T, FLBoR R B L SR 7]
ABFAE AR BRI BR S B IR 1 fisk 2,

F1 AHREMRBER

Table 1 The strains used in this study

TR R4 PR g K
Strain name Usage Source

Escherichia coli S17-1
Heyndrickxia coagulans DSM 1
Heyndrickxia coagulans 36D1
DSM1AldhL1AldhL2

out in DSM1
DSM1AIdhL1AIdhL2APpsui- 1152

The donor strain for conjugation transfer
The wild strain

The wild strain

The experimental chassis strain was further

Keep in our laboratory
Keep in our laboratory

Keep in our laboratory

Two lactate dehydrogenase genes were knocked [12]

Constructed in this study

knocked out the promoter

DSMI1AIAhL1AIAhL2APpsy 1152-36D1-Pg+IdhL  DSM1AIANL 1AIARL2AP gy 1152 With

Constructed in this study

pNW33N-TraJ-36D1-Pg+ldhL

DSMI1AIdhL1Al dhL2APDSMH182-36D1-PG+|th DSMIAI dhLlAIdhLzAPDSMl_llgz with

Constructed in this study

pNW33N-TraJ-36D1-Pg+IdhD

DSM1AIdhL1AIJNL2APpsy1152-36D1-P+HldhL  DSM1AIhL1AIJhL2APpsy. 1152 With

Constructed in this study

pNW33N-TralJ-36D1-P; +ldhL

DSM1AIhL1AIINL2AP g 1150-36D1-Py g HdNL  DSM1AIANL 1AIANL2AP gy 1152 With

Constructed in this study

pNW33N-TraJ-36D 1 -P1182+|dhL

coli Top10-36D1-P, 5, +sfGFP E. coli Top10 with pRG-36D1-P,;g,+sfGFP
coli Top10 with pRG-36D1-Pg+sfGFP
coli Top10 with pRG-36D1-P; +sfGFP
coli Top10 with pRG-36D1-P+sfGFP
coli Top10 with pRG-36D1-P+sfGFP

E.

E. coli Top10-36D1-Pg+sfGFP
E. coli Top10-36D1-P, +sfGFP
E. coli Top10-36D1-Py+sfGFP
E.

E.
E.
E.
coli Top10-36D1-P+sfGFP E.

Constructed in this study
Constructed in this study
Constructed in this study
Constructed in this study
Constructed in this study

<l actamicro@im.ac.cn, & 010-64807516
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Table 2 The plasmids used in this study

Dy N i He i
Plasmid name Usage Source
pNW33N Plasmid, Cm® [7]

pNW33N-TralJ
pNW33N-TraJ-36D1-Pg+ldhL
pNW33N-TraJ-36D1-Pg+ldhD
pNW33N-TraJ-36D1-P; +IdhL
pNW33N-TraJ-36D1-P;g,+ldhL
pRG-36D1-P,5,+sfGFP

Amp®
pRG-36D1-P+sfGFP
pRG-36D1-P, +sfGFP
pRG-36D1-Pg+sfGFP
pRG-36D1-Pg+sfGFP
pRG-36D1-P;+sfGFP
pRG-36D1-P;+sfGFP
pMH77

PMH77-Ppsmi-1182

Plasmid for conjugation transfer, Cm"®
IdhL was expressed with Pg as promoter, Cm®
IdhD was expressed with P as promoter, Cm"®

IdhL was expressed with P, as promoter, Cm®

The vector to knockout Ppgyi.i152, Cmt

Constructed in this study
Constructed in this study
Constructed in this study
Constructed in this study

IdhL was expressed with P;g, as promoter, Cm®  Constructed in this study

sfGFP was expressed with Pjjg, as promoter, Constructed in this study

sfGFP was expressed with Pg as promoter, Amp® Constructed in this study
sfGFP was expressed with Py as promoter, Amp® Constructed in this study
sfGFP was expressed with Py as promoter, Amp® Constructed in this study
sfGFP was expressed with Pg, as promoter, Amp® Constructed in this study
sfGFP was expressed with Py as promoter, Amp® Constructed in this study
sfGFP was expressed with P; as promoter, Amp®  Constructed in this study
Knockout vector, Cm® [7]

Constructed in this study

1.1.2 EHE

IR R 513 WEFRE(g/L): HEikE 50.0,
BEEERY 10.0, CaCOs530.0, 115 °CKH 20 min,

TobLEE AR 3E H (g/L): #i%HE 60.0,
T ERRY 0.9, (NH,),HPO, 3.0, F32H% 0.2, CaCO;
72.0, 115 °CK B 20 min,

X HRTCHILER K Wesi Fe Bt Cl (g/L): #iZh
60.0, BEEEHY 0.9, NH,CI 2.43, #3208 0.2, CaCOs5
72.0, 115 °CZKF 20 min,

BC B3 5k(g/L): FEME 50.0, BEEERY 10.0,
(NH,),HPO, 2.0, (NH,),SO, 3.5, Bis-Tris 10.0,
pH 6.6-6.7, 115 °CKH 20 min, H5FEIEAEM
Z R A% A 2 U R T R e R R IR S
W, SR ITER AR A (g/L): CaCl
0.003, MgCl, 0.005, CoCl-6H,0 0.2x107°,
CuCL-2H,0 0.1x107* , H;BO; 0.3x107° ,
Na,MoO,-2H,0 0.3x107*, NiSO,-6H,0 0.2x107*,
MnCl,-4H,0 0.3x107*, ZnCl 0.5x107*, [E{&R;37
FEKBJE N 1 g/L MgCly,

RG 55 dk: BC BigrAErP A 17.11 g/L Ji#
B, 1.1 g/L #%HE, pH 6.6-6.7, 115 °CKH
20 min, HHAZETMAZIREEDAHR 041 gL 1
MgCl, i1 0.01 g/L #9 CaCl,.
1.2 REFHRAEEERRKR

K FH ) U5 B 41 7 1% R B R 4 2 10T
DSMI &tk L-FLER i SUBFSE A B 3iF 1 182 bp &
R o 1 560 AR e o3 ik DA (] Y05 RE 1l o 20 4%
PMH77-Ppsmi-11s: FRFEAEL A DSM1AldhL1AldhL2
R, PR EEA Y 7 ng/mL EHER
BC Wik gadtrf, 45°C, 120 v/min 8555 12 h, &
J&, KRR IR 10% MR SR A KT 7 ng/mL
FEEN BC AR FRIEH, 45 °C., 120 r/min &
2l 3G K s 3 AUATEARTE 45 °C. 120 r/min
B398 12 h JE FCA 60 °C. 120 r/min 5535 12 h;
BRI T oA EERZ N, 55 °CHigR
20 h, Gk KA — K FIEE A A Rk s PRI R
Az — R A 2 I R MR A TCY BC 1SR
W, ESERIE IR T ARG HUAERR BC PR

http://journals.im.ac.cn/actamicrocn
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o, UL A BR AR . -l PCR 56 UE R
JPIEWR I, RATEELS ZEMIFF IS 1 182 MR Ak
1.3 ERFEZRNE

Bf /5 Hikk H. coagulans 36D1 7 513 $5 55 5L
(100 mL F&3H H A 50 mL B 353 50 °C,
120 r/min $55% 12 h I LG40 3 18, 4300 4fh
TICHLE BB FR0E H, RIRICHLER & Bk 55
B CLEHAI 4 ODgoo i5F 0.35, RJSTE 50 °C.
120 r/min £/ T H53% 5-6 ho & A Rk TR T
FEWAESA 7 ng/mL SHE R 513 H53755(100 mL
FEHLHOMA 50 mL 55235 50 °C. 120 r/min
WA 3R, AR TEA 7 ng/mL EAERNK
PR SR 5L H RO BUR R 97 2% CL, W1 ODeoo
54 0.2, 50 °C. 120 r/min 5/ F 53 7-9 h,
WAL EE R RNA, ffi ] E.Z.N.A4F RNA
A £ (Omega 24 m))FEHUE RNA, B RNA ¥
Wik 260 nm ARSI E . 2% FastQuant
RT Kit (With gDNase) [ KAR A LR (AL R
NEIE T4 R cDNA #01, fii ] SYBR
Cycler 96 RT-PCR #ill 243 (SYBR Premix EX
Tag, TaKaRa A 5P 1. # 2 pL cDNA /E %
M, fnA 20 pL 828} PCRIESY), fiA 10 pmol
FISEFFE S [P, M AR cDNA ¥R %
4~ PCR WIER{ESEII(C), J5MZ DNA (16S
rRINA JE R i) B (B 5 M T AR . SR FH 27224
X A E mRNA K- BABHRER 41K,
ZEILNRTR] cDNA FE i B AN A
14 FERESERINE

il HPLC W& kK EalhaL ey &k,
TEA: J A HLERFE(Aminex HPX-87H; Bio-Rad 7%
Fl). WA A 6 mmol/L H,SO,, ¥i# N
0.5 mL/min, #1:¥ 55°C, PEAEAFN 10 uL.,
1.5 EEHBRAMEREK

i FHR IR T 28 Bk pKV12 (GenBank 5%
5. JQ679011.1)Y Tral LN A S

<l actamicro@im.ac.cn, & 010-64807516

okl SR Gibson Assembly #f TraJ 2 [ 5&
DR 4 A KT T - 2F AT T 2R IR K pNW33N /Y
KGR TS ori F repB Z 0], S
B R B4 Bk pNW33N-Tral o K 44 & 4 1
pNW33N-Tral [ihifs A KA S17-1 1, LB
K36 37 °C, 200 r/min {51545 pNW33N-Tral
JRLE S17-1 Btk (HEH1EA 10 /L #ZHE Y BC
REFEH 50 °C . 120 r/min 35 Ak RSS2 AT
DSM1; BUE AL 4 B 1R bR AE 37 °Co% R
12 h; HIBCEREEA, HET BC ikt
o, REEET 1071, 10721 107 B EERR R REA RE
BRI AT T 54 7 ng/mL A% R i BC 4R,
50 °CEEH:FE 15 he

2 ZERE54

2.1 (NHy),HPO, RS S &EF A HE 36D1
b L-FLERER SIS E F 1dhL 3 R K F 38 iE

B9 R IR, 76855 55 5L Th S I (NH,),HPO,
AL R BESS 2 FOAT TR 2-6 TRIAR Y L-FLER
SR G oK, iR e LUl
WG HE— LI UE T BESS 2F AT 1 36D1 H bk 2
MAEEAHFIR IS . BIREELS ZF AT I 36D1 JE
PRI 2H - [F] 5 A - SRR i = LdhL F1 D-ZLIRR B
A LdhD, {H A3 R IR 07 B 4 FLS sh 7
AN, HH 36D1 FRER) D-ZLER ™ AR A, UL,
ASCHERR T X5 D-FLER M = LdhD AT, R4
L-FLER A EEIEIN 1dnL A9iF5T. A NH,CI
P TCHLER R B RE SR 5E CLOXTRR, I AR A 7%
A (NH,),HPO, Fy JCHLER K lEE: #756 H TP Y |dhL
% 5K RT-PCR M EE AR 3 R, 5
NH,Cl B4 0L, 76 %4 (NH,),HPO, Y55
Fi L BELE ZEHIATF R 36D1 TRy IdhL %% sk
RS T 13.78 £ o i — 2B Bk 2 NSRS
T, L-FLRRE . WK 1 PR, (NHy),HPO,
BTN, L3RRI
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*3 REFHTRIARRIEER WL EFEEFRZFHTH CHE
Table 3 C, values of IdhL in Heyndrickxia coagulans determined by RT-PCR under different cultivation conditions

Sample Housekeeping gene (16S rRNA gene)

Gene of interest (IdhL) 288G

NH,Cl
(NH4);HPO,

8.64+0.10
9.06+0.06

26.55+0.11
23.18+0.08

13.78+0.78

80 -

& sk okok

(=2}
o
T

oy
o
T

L-lactic acid (g/L)

b2
o
T

Cl H

El1 BREESFITE 36D1 EAREFERLEE 24 h
B L-FLBR K

Figure 1 The concentration of L-lactic acid during
24 h fermentation of Heyndrickxia coagulans 36D1
in different media. Cl: The inorganic salt medium
with NH4Cl; H: The inorganic salt medium with
(NH4),HPO,4. ****: P<0.000 1. Data were shown as
the mean of three replicates, with the error bars
representing + standard error.

iKF)(56.75+£0.52) g/L, b NH,Cl B354 T Ry
(9.12+0.19) g/L $27+ T 6 5. Nk, ARWFFTHIR
IA(NH,),HPO, 7T D)4 i e 45 27 AT 7 B ik 1)
L-FL R M 2 g 326 R 2 SRk
22 EEFMATE DSMIAlMhL1AIDhL2
APDSM1-1182 *ﬂi*i‘]@
RS R BN (NH,),HPO, 7T LR (5 B
ZEEAIAFEE 36D1 1Y IdhL #5530k, ik, 7
BEA 2T I 1dhL 193 37 X8 RT BE A7 720 1
(NH,),HPO, (1845 X 358 . 13 Kovacs SERIBIEST,
BELS 2R AT L-FLIR =R B 1 182 bp IYIX.
55 A 7R I S S 3 (GenBank 55

GU323916.1)7, [HIL, AT RAETE IdnL |7
Ja S X3 (LL TR fRIFR K Prgy)e BT HETIA TG
SHEELE ZE AT 36D1 FRAT i A% e Ak 25 L [N 4
Y ABIFGE S AT A TRt AL A ) R 4G 2 FUAT TR
DSM1 Wtk ATE F, RIS, IHEBR
DSM1 Witk A & IdhL Fiifia s+ X8 T4k,
FATE SR SCik s 1Y 2 TR BUSOR. pMHT77
AL R R 2 450, BB DSMI BERRAY L-FLAR B
SUBEFEDR 3 1182 bp WY BX(IE M Posmi-11s2)o
PR BRSS 2F AT 1oL 37 1 182 bp Rk FokL
pMH77-Ppsmi-1152 Al L-ZLER I B U PR
Fri##k DSMIAIDhL1AIdhL2, PCR 6 iiE K HE K]
Dk SE R bR IZ I R Be o WKL 2 B, Wk
RUESE Poswminge FBEMIREBR D), iE—20 3L
D UESE I8 T A& A H S IdhL S 3h
+ X W W %k, M 4 N H. coagulans
DSMI1AIANL1AIAhL2APpgypi.11s B KR, FEHT)E
SR L

3736 bp
2 554 bp

B2 BEEFIATE DSM1AIAhL1AIGhL2APpsyy-11s2
ek g

Figure 2 The verification of strain Heyndrickxia
coagulans DSM1AIdhL1AIdNL2APpsym;.1182-

Lane A: The PCR amplification product of strain
with  Ppsmi-1is2  deletion; Lane B: The PCR
amplification product of strain H. coagulans
DSMI1AldhL1AIdhL2.
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23 BEFANESESEBRANGE

BAREESS F A E DSMI 2 1l DL gEA T 3t 4%
PRI B RE, (RILHR AR RCREAL, TR R
T 7 kb ORI AR ACBORIRAR, BUR IR L
BRI BRI 2R . BB F 80k 0 B T AR 2
FUFFB . WH 2R AT D 5 TR 9 1 5 R e AL
AW S T B AT TR R S R kL,
Tl R JE L T HEAET R . LARIBHTFIE S17-1
Vi BEATE , e pNW33N-Tral TR NAIFFE X142,
AR 5 32 (R 1 SR RS R A SE I Z5 5L, 4o
B 3 Eon, SEMEHE 12 h AT, SRS R
AR, B W T MR AR A R FNBS )4 12 he
TR A/INA 7 000 bp B, A SRR LECR
A5 4.6x107* transconjugants/recipient, AHIFST
2 B AR FEBE LS AT IR R 4 G e R
Pipise s Witk kgt
2.4 BEFWAFE 36D1 & (NH,),HPO,
MR FREBEE
2.4.1 BREFHEAFE36D18YIdhL L1182 bp
EF NG E

IR S 36 $5 4 41E 52 (N HL,),HPO,, 7] LA$E 55 ¢
SETEHFT B 1dnL (3L SEKOF, B Seilia T e
WL AR A IR A AR B T IdhL BiiR)E 3
TIX M. g vilE 36D1 BHERSE M L-FLER I A
BEERFN B3iF Pus, SRS F950, #add T S ooks
pNW33N-Tral-36D1-1182+dhL, Ff-441% 5 41 ik
$ A H. coagulans DSM1AIdhL1AIdhL2APpsyi-1152
PR, 5oL IR 5 S PR £ gm0 o

x4 I#EEHT IdhL ERF RT-PCR ME C, #{&

KRS A AR 513 B h b6k,
B 23 DR AL LL NHLCL S TCHLE IR &
RS 323 CLAY LA(NH,),HPO, i TCHLE K TR 1Y
RIS H v, R EIRE0N, R AR
SLURNA, e L-FLER I Sl 251G I . RT-PCR
ZEREIRGER 4), 5 NHCIEFRHIAM L, 7EEH
R, (NHa),HPO, BIFATESE IdhL #Y%% sk /K-
e T 531 %, RIWIEEL ZFRFF I 36D1 RIEM
IdhL E350 1 182 bp XS24 76 AT LA
(NH,),HPO, 437 5.

1x107
8x107 -
6x107 -

T

4x107°

2x107?

T

4x10°F
3x107 |

2x107° |

Transfer efficiencies (transconjugants/recipient)
|
I

1x10°5 |-

4 8 12 16 20
t/h

Bl 3 A [EFEANAT E) 5 1 RO B A% (L s 3R

Figure 3 The transfer efficiencies under different
affinity time. Data were shown as the mean of three
replicates, with the error bars representing + standard
error.

Table 4 C,values of IdhL in engineered strain were determined by RT-PCR

Sample Housekeeping gene (16S rRNA gene) Gene of interest (IdhL) pmAAct
NH,CI 9.03+0.09 25.714+0.05

5.31+£0.20
(NH,),HPO,  8.79+0.10 23.07+0.05

<l actamicro@im.ac.cn, & 010-64807516
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2.4.2 REEFRATE 36D1 B |dhL L% nE S 8%
BR 28 B 3 Fiz00 X R B 2

Pigy XK NAETES 5 (NH,),HPO, 15 i 3
T, (H2 ELAR A XA 75 2 — 2P 5. B %8
TER AT TR 2 50 o F R AZ O D BB DX S 5255 . 8
135 7 k) 2k (www.denovodna.com) X} IdhL
UERY Prgo FBGIEATTIN, BB P RSN
A2 BSTIEH, WE 4A PR, % ldhl b
WEE) Py, H B4 A Pe. Pe. Pu. Py, PgAll PriX
6 AT A AT BE S BhF X 3 X 2L B 7 X Y
HARER-35 X . —10 K RJES T8, LIgk
IO SfGFP ARIMEES, 4> B
ki pRG-36D1-P,+sfGFP, pRG-36D1-Pg+sfGFP
pRG-36D1-P+sfGFP . pRG-36D1-Py+sfGFP |
pRG-36D1-Pg+sfGFP FI pRG-36D1-P+sfGFP,
PI4K F Bt pRG-36D1-P 5, +sfGFP Ji kA ky BH
PEXTRE K b3 BT 0 BTORE B Ak K AT TR
TOP10 FbE, 55572 Fa8rh)a BT BORE Rl
WG SmAE . K 4B 25 8K PL. Pg. Pg. Pg
HAWBREs 730, Pl 5k P 5 Py R
5y, POEHBER ST, Pevl 4k Py Pg

PIERr, Py T AR 37200, I HERT P
MEELE AU 36D1 (1) IdnL %GR BT
243 BEFWMITE 36D1 L (NH,),HPO,
B4 0 Bl Pe MIE

TERHFE T LA 7O 0 sfGFP RIEK
RS FIXEUE, dF— AL 2R AT
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Figure 4 Identification of the core region of |dhL promoter of Heyndrickxia coagulans36D1. A: The positions

of different promoters in Pyjg. B: The signal strength of different promoters represented by sfGFP. Data were
shown as the mean of three replicates, with the error bars representing + standard error.
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Figure 5 L-lactic acid production and IdhL gene transcription levels driven by different promoter. A: L-lactic
acid synthesis level per unit bacterial volume. B: The transcription level of IdhL was increased in fermentation
medium containing (NH,),HPO,4 compared with NH4CI fermentation medium. Data were shown as the mean of
three replicates, with the error bars representing + standard error.
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Figure 6 The variation of IdhD transcription and D-lactate production under different concentrations of
diammonium phosphate. A: The multiplier of increased transcription levels of |dhD in each expression plasmid
regulated by (NH4),HPO,4 compared with NH4Cl. Py;5,: The plasmid named pNW33N-TraJ-36D1-P5,+IdhD;
Pg: The plasmid named pNW33N-TraJ-36D1-Pg+ldhD. B: D-lactic acid production under different
concentration (NHy),HPO, culture conditions. Data were shown as the mean of three replicates, with the error

bars representing + standard error.
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