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Table 1 ~ Survival counts of acid adapted and non-adapted cells of 20 strains probiotic in acid stress for 2 h
Non-adapted cells in acid stress Adapted cells in acid stress
Strains
0h 2h 0h 2h
B. longum KLDS2.0608 3.20x10’ 3.55x10° 6.00x10° 1.78x10°
B. bifidum KLDS2.0611 1.351x10* 1.59x10° 9.85x10" 1.70x10°
B. bifidum KLDS2.0613 8.35x10* 1.62x10° 6.85x10* 4.15x10°
B. bifidum KLDS2.0606 5.45%x10° 9.20%10° 6.05x10® 9.40x10°
B. bifidum KLDS2.0602 1.14x10° 1.28x10° 1.38x10° 3.15x10*
B. bifidum KLDS2.0603 2.09x10° 4.80x10’ 4.45x10" 4.80x10’
B. longum KLDS2.0601 1.21x10° 5.00x10* 1.37x10° 9.40x10*
B. adolescent KLDS2.0612 1.09x10® 3.00x10° 2.82x10% 2.76x10°
L. plantrum KLDS1.0314 5.11x10* 1.80x107 8.24x10* 2.40x10’
L. plantrum KLDS1.0317 3.00x10° 5.20x10° 9.78x10* 4.50x10°
L. lactis KLDS4.0308 4.70x10® 2.03x10* 3.45x10® 5.60x10°
L. lactis KLDS4.0313 5.80x107 0 3.65x107 2.50x10"
L. lactis KLDS4.0305 5.90x10* 0 3.30x10® 2.60x10*
L. lactis KLDS4.0316 1.55x10° 7.65%x10° 1.61x10° 1.67x10’
L. lactis KLDS4.0311 1.49x107 4.50x10" 1.20x10® 1.40x10?
L. lactis KLDS4.0312 1.69x10° 3.70x10° 1.60x10° 2.62x10’
L. lactis KLDS4.0304 6.70x10* 7.85x10° 8.05x10° 2.28x10°
L. lactis KLDS4.0306 1.87x10® 0 1.62x10° 6.05x10°
L. lactis KLDS4.0309 1.14x10° 8.60x10* 1.23x10° 2.16x10’
L. lactis KLDS4.0314 4.45x10" 0 3.30x10® 1.40x10*
u/S 0.444 pH 4.5 45 min
Lactobacillus bulgaricus
VI-1010 pH4.75 30 min 42.93% 57.07%
250 (M u/S 0.752
2
—— Cy9.1-n6 11.18%
2.2 BRERIMILBRTLIRE KLDS4.0312 SRS RHERLE K 2 Ciao Cioo
E=A Cis.1-n9
GC-MS KLDS4.0312 Cis.1-n7 7.25%
1 391% Cis.0 22.93% 11.54%
30.77%
69.23% pH
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Fig. 1 Total ion current chromatogram of membrane fatty acids in L. lactis KLDS4.0312 non-adapted and adapted cells. A:
non-adapted cells; B: adapted cells.
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Table 2 The content of fatty acids in membrane lipids of non-adaptated and adaptated cells of L. lactis KLDS4.0312

Composition CIA:() C16:0 CI8:1'119 C]8;|'1'17 Cm;o C19;|-1'16 U/S
Non-adapted cells 2.47% 43.83% 23.52% 7.25% 22.93% — 0.444
Adapted cells 2.77% 42.73% 27.85% 3.91% 11.54% 11.18% 0.752
23 BUEMNMIBIKE KLDS4.0312 HEEHRIEH 288
2
R 465
Bradford KLDS4.0312 189
2.78 ug/uL  3.69 ng/uL
HEH HEH 50.20%
18 cm
pl pH
4 6 MW

Imagemaster 2D platinum
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Fig. 2 Mass spectra of fatty acid Cy9.1-n6 in L. lactis KLDS 4.0312 adapted cells.
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Fig. 4 Survival counts of non-adapted, adapted cells and
adapted cells with chloramphenicol of L. lactis KLDS4.0312 in
acid stress for 2 h.

3 ik

KLDS4.0312
pH 5.0—-pH 4.5—pH
4.0 46
KLDS4.0312
2h <0.1% 25.74%
F,F,-ATPase (2]
P>0.05
KLDS4.0312
pH pH

[13]

Streptococcus mutans UA159  pH

20 min
10 (131 Jan
(4 ATR

[13]

KLDS4.0312

[15]

NCC2705

44 8 DnaK
GroEL  GroES

F,F,-ATPase
4 #ip
KLDS4.0312
Cio.1-n6

Z % X #

[1] Liong MT, Shah NP. Acid and bile tolerance and cholesterol re-
moval ability of lactobacilli strains. Journal of Dairy Science,
2005, 88: 55-66.

[2] ; 3

(China Dairy Industry), 2005, 33(5): 15-17.

[3] Ross RP, Desmond C, Fitzgerald GF, et al. Overcoming the
technological hurdles in the development of probiotic foods.
Journal of Applied Microbiology, 2005, 98: 1410-1417.

[4] Jan Gwénaél, Leverrier Pauline, Pichereau Vianney, et al.
Changes in Protein Synthesis and Morphology during Acid Ad-
aptation of Propionibacterium freudenreichii. Applied and Envi-
ronmental Microbiology, 2001, 67(5): 2029-2036.

[5] Andrea M, Eric A, Rebecca H, et al. Identification and inactiva-
tion of genetic loci involved with Lactobacillus acidophilus acid
tolerance. Applied and Environmental Microbiology, 2004, 70(9):
5315-5322.

[6] Maus, Ingham. Employment of stressful conditions during cul-

ture production to enhance subsequent cold- and acid-tolerance

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



J (2008) 48(11) 1465

of bifidobacteria. Journal of Applied Microbiology, 2003, 95: stress proteins in Lactobacillus delbrueckii bulgaricus by
146—154. two-dimensional electrophoresis. Lait, 2001, 81: 317-325.

[7] Cotter Paul, Hill Colin. Surviving the acid test: responses of [12] , . F,Fo-ATPase
gram-positive bacteria to low pH. Microbiology and Molecular . (Food and Fermentation Industries),
Biology Reviews, 2003, 67(3): 429-453. 2008, 34(5): 65-67.

[8] R . . : [13] Fozo Elizabeth M, Robert G Quivey. Shifts in the membrane

, 1999. fatty acid profile of Streptococcus mutans enhance survival in

[91 Murga ML, Cabrera GM, Font G, et al. Influence of growth acidic environments. Applied and Environmental Microbiology,
temperature on cryotolerance and lipid composition of Lactoba- 2004, 70(2): 929-936.
cillus acidophilus. Journal of Applied Microbiology, 2000, 88: [14] Jan Gwénaél, Annette Rouault, Jean-Louis Maubois. Acid stress
342-348. and acid adaptation of Propionibacterium freudenreichii subsp.

[10] Gorg A, Obermaier C, Boguth G, et al. The current state of shermanii. Lait, 2000, 80: 325-336.
two-dimensional electrophoresis with immobilized pH gradients. [15] s s , . NCC2705
Electrophoresis, 2000, 21(6): 1037-1053. . (Acta Microbiologica Sinica), 2006,
[11] Lim Eng Mong, Anne Lafon, Larbi Dridi, et al. Identification of 46(3): 390-396.

Influence of Acid Adaptation on Membrane Fatty Acid Profile and Expression
of Membrane proteins in Lactococcus lactis

Huailong Liu, Xiangchen Meng"

(Key Laboratory of Dairy Science, Ministry of Education, and Food Science & Technology College,
Northeast Agricultural University, Harbin 150030, China)

Abstract: [Objective] Lactococcus lactis with high acid adaptive capacity was screened, and the influence of acid adap-
tation on membrane fatty acid profile and expression of membrane proteins were studied. [Methods] Lactococcus lactis
KLDS4.0312 with high acid adaptive capacity was screened from 12 lactic acid bacteria and 8 Bifidobacterium. The
change of the fatty acid profile in cell membrane of this strain was analyzed by gas chromatography-mass spectrometry,
and two dimensional polyacrylamide gel electrophoresis method was used to analyze the differential expression of mem-
brane proteins during the acid adaptation. [Results] After acid adaptation, Lactococcus lactis KLDS4.0312 increased the
proportion of unsaturated fatty acids from 30.77% to 42.93% in its membrane lipids with a concomitant decrease in satu-
rated fatty acids from 69.23% to 57.07%, and a new long-chained, mono-unsaturated fatty acid Cjo.;-n6 was induced.
Compared with the non-adapted sample, there were at least 65 distinct protein points in the adapted sample, where 43
proteins were up-regulated and 22 proteins were down-regulated. But the acid adaptive capacity of Lactococcus lactis
KLDS4.0312 was eliminated by adding chloramphenicol which can restrain the synthesis of new proteins. [Conclusion]
These results showed that change in the membrane fatty acid profile by acid adaptation in Lactococcus lactis
KLDS4.0312.
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