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Influence of key acid-resistant genes in arginine metabolism on
stress tolerance in Lactococcus lactis NZ.9000

ZHANG Ming-Yang'? ZHANG Juan'? LIU Long'** DU Guo-Cheng'® CHEN Jian'

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi,
Jiangsu 214122, China)
(2. School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(3. Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan
University, Wuxi, Jiangsu 214122, China)
(4. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi,
Jiangsu 214122, China)

Abstract: [Objective] The aim of the present study was to find key factors of arginine metabolism
on the stress tolerance. [Methods] Arginine metabolism was switched by argininosuccinate synthase
(ASS) or argininosuccinate lyase (ASL) overexpression in L. lactis NZ9000 to enhance the stress
tolerance. [Results] The recombinant strains exhibited higher growth performance, viability and
fermentation performance compared with the control strain under environmental stresses. Analysis of
the physiological data showed that the recombinant cells exhibited higher intracellular pH,
intracellular NH," and ATP content, and H' -ATPase activity under acid stress, and the content of
amino acid in arginine deiminase (ADI) pathway was significantly higher than the control strain.
Further transcriptional analysis showed that the expression of the genes related to aspartate synthesis
and arginine catabolism were up-regulated. [Conclusion] These results suggest that ASS or ASL
overexpression in L. lactis NZ9000 can enhance arginine metabolism flux and up-regulated arginine
metabolism flux improve the multiple-stress tolerance of cells. As arginine synthesis pathway widely
exists in various kinds of microorganisms, results presented in this study provide new idea to
enhance stress tolerance of tons of microorganisms especially industrial strains.

Keywords: Lactococcus lactis, Environmental stress, Argininosuccinate synthase, Argininosuccinate
lyase, Arginine metabolism
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Zhang [28]
L. casei Zhang
(ASS EC: 6.34.5)
(ASL EC: 43.2.1)

argG argH
2821 ASS  argG
ATP
ASL
argH
ArgR [30-32]
(23]
[33-34]
L. lactis NZ9000
ASS ASL
1 RS 3%

L1 E#k. B RERIME
Lactobacillus casei Zhang
Lactococcus lactis NZ9000 [LN
NIZO Food Research (Kernhemseweg
L. casei Zhang (
) 37 °C
L. lactis NZ9000  pNZ8148
ASS ASL L. lactis
GM17 5g/L

(CGMCC1697)
CP002094
Netherlands)]

MRS

NZ9000
) 30 °C
10 mg/L
1.2 EZiRAFFNEE
M17 MRS
GeneJET PCR
Thermo Scientific DNA
STAR DNA PrimeScript'™ Reagent Kit
SYBR® Premix Ex7ag™

M17
5 mg/L
Oxoid

Sph 1

Prime

Spe 1

Nisin
BCECF AM BCA
RNAprep Pure Cell/Bacteria Kit
NuPAGE 10% Bis-Tris Gel Life
ATP Assay Kit
Ammonia Assay Kit
H'-ATPase Assay Kit

Sigma

ScienCell
SBA-40E

LightCycler®480 system Agilent 1260

«C )

Multiskan FC Thermo Scientific

1.3 FRIAHRTE RN

L. casei Zhang DNA

argGF argGR argHF argHR ( 1)
PCR argG  argH 2xPrime
STAR HS (Premix) 25.0 uL (10 pmol/L)

2.0uL DNA 2.0 uL 19.0 uL
PCR 95°C5min 95°C5s 56°CS5s
72°C90s 35 Spe 1
Sph 1 ( ) PCR

pNZ8148 Spel  Sphl

GeneJET PCR DNA

L. lactis NZ9000P!

L. lactis NZ9000(pNZ8148-ASS) L.
lactis NZ9000(pNZ8148-ASL)
NZ9000(pNZ8148)

x1 FHRMERS

L. lactis

Table 1 Primers used for plasmid construction

Sequence (5'—3")
ACATGCATGCATATGACAGAAAAAATCGTACT
GGC
GGACTAGTTCAGTCATGTTGTTTTTCCTCGG

Primers
argGF

argGR
argHF ACATGCATGCATATGACTGATAAGTTATGGG
GC

argHR  GGACTAGTCTAGTGAGAAGCAATCATTTCCTC
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1.4 ASS 1 ASL ByFRix K SDS-PAGE 5731
3 2% 10 mg/L
GM17 600 nm
0.4-0.5 10 pg/L
8h 4°C 10000 r/min 5 min
50 mmol/L Tris-HCI (pH 7.4)

(OD 600)

Nisin

4 °C 10000 r/min 10 min

NuPAGE 10% Bis-Tris Gel SDS-PAGE

1.5 ZERETHhEBRIES T

Nisin 2%
GM17 (10 mg/L
10 pg/L Nisin) (pH 5.0
) (3% NaCl) (5% )
(30 °C)
600 nm

4 °C 8 000 r/min 3 min
0.85%
(pH 4.0

0 2 4 5h

) GML7

1.6 BHBSEHTRZEMRED T
Nisin
GM17 (

pH 5.5

10 mg/L 10 pg/L Nisin)

SBA-40E
1.7 B8R pH (pH)RIME
pH7.0 GMI17
GM17 (pH 5.0)
30 °C 5h  wu #¥

O pH,

1.8 BASEERENHTE

pH 5.0 5h
50 mmol/L
(PBS pH7.0) 12 000 r/min
5 min 5%
10 min 12 000 r/min
10 min HPLC
[37]
1.9 WAXZEE PCR
PCR L. lactis NZ9000
2 RNA 3
pH 5.0

5h

RNAprep Pure Cell/Bacteria Kit

%2 RT-PCREARIZIH
Table 2 Primers used in RT-PCR

Primers Sequence (5'—3")
arcAF CATTCAATCAAGTCAAGTTCTG
arcAR ATTCTTCGTCCTGGTCAA
arcBF AGTGAATCTGGAGCAACA
arcBR TGGTGATGGTCGTAACAA
asnHF ACCGTATTCTTCGTAACC
asnHR TCGCCTGAGTATTATTGAC
argRF GACTTCTGGCAACTCTAA
argRR GTTCGTCATCTAAAGCATTT
gInAF AAGCCTTAACCGCATTGT
glnAR CTATGTGATGACTGAAGAAGAAC
argJF TTGGCTAAGGACTGACAA
arg]R GTGGATGGAGATACTTCAAC
aspBF TCAATCATTCATCCAATCCT
aspBR TTACGACAGCCATTCTTG
gltBF TCGTGACAGGAAGAGATG
gltBR GATACAACCAATCGCAACT
purAF TCAGCAAGATAAGCGATT
purAR CTTCACCTCATTCCATCA
thrAF GCAGACAATATCCACAACTT
thrAR GACTCGGTAAGCCAGAAT
16S rRNAF GCTAATACCGCATAATAACTT
16S rRNAR TATGTATCATCGCCTTGG
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RNA PrimeScript™ Reagent
Kit cDNA cDNA
16S rRNA PCR
2xSYBR" Premix Ex7ug™ 10.0 pL
(10 pmol/L) 0.8 uL DNA 2.0 uL
6.4 uL PCR 95 °C 5 min

95°C5s 55°C20s 50

1.10 BB ATP. SRE NESED S
8 h

4 °C 10 000 r/min 10 min
ASS  ASL ASS
Cruz "% Brasse-Lagnel %
1 pmol
ASL Hwang ™ Alberty
[41] 1 pmol
ATP
ATP Assay Kit Ammonia
Assay Kit NADPH
H'-ATPase H'-ATPase Assay Kit

1 nmol NADH 1U0

2 ZR5itie

2.1 7E L. lactis P RiFEFR1E ASS F1 ASL
L. casei Zhang

ASS  ASL [28-29]

ASS  ASL

NZ9000

ASL SDS-PAGE

L. lactis NZ9000(pNZ8148-ASS)

NZ9000(pNZ8148-ASL) ~ 45kD  52kD

L. lactis NZ900O(pNZ8148) (1)

L. lactis
L. casei Zhang  ASS
Nisin

L. lactis

ASS  ASL
ASS ASL

kD M ASS ASL Vec
188

98

62

ASL
49

ASS
38

28

1 L. lactis &i% ASS F1 ASL #J SDS-PAGE 434
Figure 1 SDS-PAGE analysis of the expression of ASS and
ASL in L. lactis

M Marker ASS NZ9000(pNZ8148-ASS) ASL

NZ9000(pNZ8148-ASL) Vec NZ9000(pNZ8148). Marker

Note: M: Protein standard marker; ASS: NZ9000(pNZ8148-ASS);
ASL: NZ9000(pNZ8148-ASL); Vec: NZ9000(pNZ8148). The
positions of the molecular mass markers are shown on the left side
of the panel. Arrows indicate the corresponding proteins.

ASS  ASL L. lactis NZ9000

ASS ASL

2 NZ9000
(pNZ8148-ASS)  ASS 30.65%
NZ9000(pNZ8148-ASL) ASL 57.06%

ASS  ASL L. lactis NZ9000

FZINZ9000(pNZ8148-ASS)
300 1 E5NZ9000(pNZ8148-ASL)

1 Control F
250 T

200 | /
150 _ %
100

50 +

HH

——

Enzyme activity (U/g protein)

0 1 1
ASS ASL

Enzyme

2 ASS #1 ASL BgiE
Figure 2 Enzyme activities of ASS and ASL
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22 EHFEHRBIEIYE 5h NZ9000(pNZ8148-ASS)
NZ9000(pNZ8148-ASL)
3.54 7.50
(pH 5.0) (3% NaCl) (5%)
(3 23 FERAEEIMERED I
NZ9000(pNZ8148-ASS) (pH 5.0)
(3% NaCl) (5%) (pH 5.5)
529% 28.22% 25.79%  NZ9000
(pNZ8148-ASL) 24.03% 19.91% pH 5.5
21.16% DCW

NZ9000(pNZ8148-ASS)
NZ9000(pNZ8148-ASL)

(pH 4.0) 4 31.58%  44.74%
048} b
0.42
0.36
- 0.30 :
S 024 S
0.18
0.12
0.06F
0 s 10 15 20 25 30
t (h)
ST D35
3.0
25+
9 _20¢
S S st
1.0}
0.5} . L. lactis NZ9000(pNZ8148-ASS)
~o- L. lactis NZ9000(pNZ8148-ASL)
, 0.0 —&— Control
"0 s 10 15 20 25 30 0 2 4 6 8 10 12 14
t(h) t(h)

B3 EHEEREIMEME TEKCERE
Figure 3 Growth performance of recombinant strains during various environmental stresses
A pHS50 B 3%NaCl C 5% D 30°C. 3
Note: A: pH 5.0; B: 3% NaCl; C: 5% Ethanol; D: 30 °C. Error bars indicate standard deviations (n 3).
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2.5 PCR
20t % 4
S / ASS  ASL
2 15F
5]
g 1.0 3 arcA arcB  argR
@ 05k ArcA  ArcB ADI
’ 7 ATP (2]
0.0 ] [43]
N ArgR
N s 3 S o ¢
W o@“ﬁ’\ aspB
\4’1900 g(L"QQ purd asnH
thrA
B4 FHEKERPBTHEER
Figure 4 Survival rate of recombinant strains during acid glnd  gliB
stress
argJ
3 NZ9000 PCR
(PNZ8148-ASS) (DCW) 5 ASS ASL
1.33 1.32  1.30 5h
NZ9000(pNZ8148-ASL) 1.30
1.45 1.40
2.4 ASS F1 ASL * & EEL 5 89220 glnd gliB  argJ ASS
argG  argH ASS  ASL ASL
ASS  ASL

*3 FBRABRMRESHR

Table 3 Parameters for lactic acid fermentation

pH 7.0 pH 5.5
Parameters NZ9000(pNZ  NZ9000(pNZ NZ9000(pNZ  NZ9000(pNZ
8148-ASS) glag.asL)  comrol 8148-ASS) glag.asy) ool
Fermentation time (h) 9 9 9 20 20 20
DCW (g/L) 0.88+0.02 0.89+0.01 0.86+0.01 0.36+0.01 0.35+0.01 0.27+0.01
4.56+0.06 4.45+0.06 4.554+0.06 3.00+0.28 3.20+0.28 2.30+0.71
Glucose consumption (g/L)
Lactic acid production (g/L) 4.43+0.10 4.33+0.10 4.53+0.15 2.50+0.28 2.75+0.07 1.90+0.14
0.20+0.01 0.20+0.01 0.19+0.01 0.12+0.01 0.11+0.01 0.12+0.03
Biomass yield (g/g glucose )
0.97+0.01 0.97+0.01 0.99+0.02 0.83+0.02 0.86+0.05 0.86+0.20
Lactic acid yield (g/g glucose)
0.49+0.01 0.48+0.01 0.50-+0.02 0.13+0.01 0.14+0.01 0.10+0.03

Lactic acid productivity (g/(L-h))
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%4 ASS T ASL MREMBIME T RERR G ER L ROZMELEEL, log,")

Table 4 Effect of ASS or ASL overexpression on transcription of amino acid metabolic genes during acid stress
(Fold of change, long)

NZ9000 NZ9000 NZ9000 NZ9000
Genes (PNZ8148-ASS) (PNZ8148-ASL) Genes (PNZ8148-ASS) (PNZ8148-ASL)
glnAd 1.43 1.99 5 asnH ~7.90 -3.80
gliB 121 1.64 aspB 139 1.66
argJ 0.95 ~0.08 i ared 3.17 3.15
thrA 0.61 1.38 arcB 1.70 2.40
purd -9.24 —10.07 i argR 0.67 1.54
R L. lactis

Note: R: Ratio of transcription level of genes in L. lactis before or after acid treatment.

R 5 ASS 3 ASL IR A EEIHIE T REBKERIZMETEEL log,)

Table S Effect of ASS or ASL overexpression on amino acid level under acid stress (Fold of change, long)

NZ9000 NZ9000 NZ9000 NZ9000
i (PNZ8148-ASS)  (pNZ8148-ASL) ! ANt el (pNZ8148-ASS)  (pNZ8148-ASL)
Glutamate 0.75+0.04 0.87+0.02 Alanine 0.82+0.05 0.86+0.06
Arginine 1.54+0.12 1.32+0.02 Isoleucine 0.84+0.13 0.83+0.03
Citrulline 8.60+0.48 2.57+0.42 Leucine 0.74+0.20 0.92+0.09
Ornithine 1.96+0.48 1.41+0.28 Valine 0.77+£0.01 0.75+0.07
Proline 1.05+0.28 1.97+0.21 Methionine 1.39+0.35 3.68+0.12
Aspartate 0.73+0.09 0.89+0.02 Cysteine 1.23+0.23 1.16+0.02
Threonine 0.80+0.09 0.82+0.02 Glycine 0.74+0.03 0.83+0.12
pH
2.5 ERAMB M TRA ATP F1 NH, B2 47
ADI 6 ATP
NH," ATP
5 ASS ATP
ASL aspB arcA  arcB ATP
NH," pH 5.0 5h NH,"
ADI purd  asnH NH,"
ADI pH
ADI
[28] ATP NH; NH; ATP
ADI pH
ATP NH; NH;
ATP  H'-ATPase s laamel ATP  NH, pH;
ASS  ASL
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’—> 3P-Hydroxypyruvate @) Serine Glycine
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2A 5hvd ©) > O > O > Leucine
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. Glutamate 1-Pyrroline- > Proline
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5 L. lactis P REBRKHHLH E
Figure 5 Schematic representation of the amino acid pathway in L. lactis
2.6 BEERMBINERRA pHF0 H-ATPase 8944 H'-ATPase pH 5.0 H'-ATPase
ATP  NH, 5h H'-ATPase
pH; ATP H'-ATPase 1.00
pH H'-ATPase NZ9000(pNZ8148-ASS) NZ9000(pNZ8148-ASL)
7 (pH 5.0) pH 1.76 1.42
20
al NZ9000(pNZ8148-ASS) 801 NZ9000(pNZ8I48-ASS) 139
p 317 o NZ9000(pNZ8148-ASL) ol o NZ9000(pNZ8148-ASL)
e BXJ Control 7 @ Control 1100 ~
S5 1) 6o} o~ £
&g 12t g 180 £
E; % 1) ?17‘15 & s50r N &
S w Yl = S
§§ gl 3 401 60 E;’/
A e | <
[:: % 6+ 2 3.0 140 E
4r 20F £
N N < 10| |?
O L ]
(A)pH7.0 (A)pHS5.0 (B)pH7.0 (B)pHS5.0

6 E:HFERAEMN ATP 1 NH4TRE
Figure 6 Intracellular ATP pool and NH4" concentration
in recombinant strains

A ATP B NH4
Note: A: Intracellular ATP concentration; B: Intracellular NH,"
concentration.

+
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recombinant strains
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