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Figure 1. Intracellular pH homeostasis based on amino acid
metabolism. Glu: glutamate; y-GABA: y-aminobutyric acid; Arg:

arginine; Orn: ornithine; Cit: citrulline; Car: carbamoyl-
phosphate; His: histidine; Hisa: histamine; Asp: aspartate; Ala:

alanine.
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Table 1. Improving acid stress resistance of lactic acid bacteria by metabolic engineering
strain strategie performance reference

introduction of exogenous biosynthetic capacity

B. breve UCC2003
monocytogenes

L. lacti
actis gshB from E. coli

L. -asei NFBC338
paracaset gene) from P. parvulus

L. lacti
acts P. freudenreichii

overexpression of general stress response proteins

L. lactis
thermophilus
L. lactis Heterologous expression of E. coli dnaK
L. lactis Heterologous expression of RecO gene from L. casei

Introduction of betaine-uptake system from L.

Expressed glutathione synthetase genes gshAd and

Introduction of trehalose biosynthetic pathway from

Heterologous expression of shsp gene from S.

Increased tolerance to gastric juice and osmolarity 5

was achieved

The survival increased 15-fold when challenged at 5,

pH 2.5 for 30 min

Expressed glycosyltransferase  ( encoded by gif  The tolerance to acid, heat, bile salt increased 20 4y

-, 60 -, and 5.5 - fold, respectively

Higher survival to acid, cold, and heat stresses was 5

obtained

The host cells displayed significantly higher survival
under acid, heat, ethanol, bile salt and H,0, 034
stresses

The maximum biomass increased 1.44-old in the 55
presence of 0. 5% lactic acid

Significantly higher survival during acid, salt,

[36]
H, 0, stresses was achieved

4 o ERIE N F R T LR
2 Wy 18

A FEER B 30 v 5 30 B AR N RN
FE T A 77 DL R 8 Ik R P 1 TR B 3 808 T e
FV Jolh 16 55, 75 5 A [R) o 288 R B i 1 2 B TR
KA R R G EW =0 7k GER 424 &
TR 2 AR 212 55) 1T DL 4 o 3R 1 A B4 855 iy
B E AN R A A SN, G T
A LT BT IS 035 B I 1 1) 43 1 AL Tk 3 7 AN
o0 R LR B R B . IRIM A SRR T
IR AE R VR e B T DL S DNA B A oG
A (D). WAKTEE [ (HSPs) i R
MM —RKNEEA, BT EEn, AaBE2
PR (LT AW 2 T g, ZEAL S HSP70 (DnaK) <
HSP60 (GroEL) - HSP85 F1 HSP100 25, X 1, DnaK
1 GroEL &0 57 % 2 10 5 FL IR W R Wy 38 Y 3% e v
A% [ 85 (4. Abdullah-Al-Mahin %55 28 L. lactis
WK J& DnaK & (1, T 72 & % R (0.5% FL&, pH
5.47) <k (3% NaCl) 1 21 (5% ) 1 52 1 # 8 =%
BEEr . [ARE M, Tian 25 B9 % Sk 6 T S. thermophilus
)N W 1 3 R shsp 7B L. lactis WP 215, W5 K I,
TR R AR KR A £ W JH 5 R0 i 4 1 AR i Az vk
WM. DNA & 5 & A1) 3 22 D) he 2 R 52 4
f¥) DNA Jf %} 52 #5185 fr AT 15 52 Wu 257 ) JH 45
FIA 2 1) T VLR L. casei Zhang Jz FCPR iR 52 (1) 58

R L. casei 1b2 {E/& Wit 4 fF R 10 B B R I8 HEAT
Tt WEUR L, TR W38 45 AT R R A #E b 5 DNA
&2 A I8 Muts, RecO KA W 3% Fii, 4 7 ik

L B E DNA & & 8 (W A BTy g, 1E & 75 L.
lactis W R IL T RecO H [, I 0 1E 5 1# H 555 JH)
WHEREAT TWEIC, 45 3R, TR B 7R Wra (pH
5.0) i i (3% NaCl) Al 4 i 38 (0.1 mmol/L
H,0,) F B4 & 7 %) & % 22.03% + 37.04 Fi
19.37% o H—30 W 5008 K > RecO 5 [ 1) 3R 1A fg
% 5 I 1) LR A 7L T I I 1 9% S 0 T 4 e L R

5 DRI 3k 3 R 1 T R R LR
iﬂz?jJ BHCPERA BT L —

5 P HUE NS A B AR R TR
2 Wy 18

P d I B B CATR) it LR B 5 ML 1K) — IR
IR S Al W i OO 1 SR e A R & 1B
I s 12T 5 A 1R DR A AR T AT BAOR 37 40 g IR A 5E
% (A5G 3l 1X 08 S N R] DL T v SL IR
Pl 7 E IR S Sl T I e 1 s i o (N SO Rl
Hartke % "7 3030, L. lactis 78 pH 5.5 [0 36 1R i 30
ZAF T AL 3 30 min J5, FE4 pH 3.9 ¥ SR Dy
AL BE, T A7 % bR 20 U YA 40 Y 8 2 e
2 HU2E TR PRI N B B v LR B 38 A H‘J
Bl 7o AT HARYE o — Fh N BOS N , AE 3 s FL IR
B8 45 R IR A7 55 R R O 2 )y T A



SR AR Y45 LR VA R W 8 R BT FOHE R /B R A 2 3 (2014) 54.(7) 725
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Table 2. Effects of pre-adaptation on stress resistance of lactic acid bacteria

strain pre-adaptation condition stress condition tolerance factor” reference
L. sanfranciscensis CB1 pH 5.0,60 min pH3.4,10 h 4000 Gl
L. casei ATCC 334 pH 4. 5,20 min pH 2.0,140 min 4 b2
L. acidophilus LA14 53°C,30 min 60°C, 30 min 166 Laal
L. casei ATCC 393 42°C ,90 min 70°C ,90 min 6 bl
L. casei LC301 42°C ,20 min 54°C ,20 min 5 ten]

" The ratio of survival rate between pre-adapted cells and control cells (without pre-adaptation) .
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Regulating acid stress resistance of lactic acid bacteria —
A review

Chongde Wu, Jun Huang, Rongqing Zhou
College of Light Industry, Textile & Food Engineering; Key Laboratory of Leather Chemistry and Engineering, Ministry of
Education, Sichuan University, Chengdu 610065, Sichuan Province, China

Abstract: As cell factories, lactic acid bacteria are widely used in food, agriculture, pharmaceutical and other industries.
Acid stress is one the important survival challenges encountered by lactic acid bacteria both in fermentation process and in
the gastrointestinal tract. Recently, the development of systems biology and metabolic engineering brings unprecedented
opportunity for further elucidating the acid tolerance mechanisms and improving the acid stress resistance of lactic acid
bacteria. This review addresses physiological mechanisms of lactic acid bacteria during acid stress. Moreover, strategies to
improve the acid stress resistance of lactic acid were proposed.

Keywords: lactic acid bacteria, acid stress, amino acid metabolism, cell membrane, cross—protection
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