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Effect of NaCl stimulation on the survival rate of freeze-dried
cells and intracellular phosphofructokinase in Lactobacillus
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Abstract: NaCl stimulation affects the activity of phosphofructokinase (PFK) and survival rate of
freeze-dried Lactobacillus bulgaricus. In the late logarithmic phase, adding 2% (W/V) NaCl to the
growth medium markedly increased the survival rate of freeze-dried L. bulgaricus. Meanwhile, the ac-
tivity of PFK in L. bulgaricus after NaCl stimulation was determined by reversed phase high perform-
ance liquid chromatography (RP-HPLC). The results showed that PFK activity was increased signifi-
cantly by NaCl stimulation. In addition, a semi-quantitative RT-PCR method was applied to detect the
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PFK gene expression in different condition. The results indicated that the PFK gene expression was in-

creased before freeze-drying and almost unchanged after freeze-drying. NaCl stimulation could enhance
the survival rate of freeze-dried cells, and PFK might affect the survival of Lactobacillus bulgaricus.

Keywords: Lactobacillus bulgaricus, Freeze-drying, NaCl stimulation, Phosphofructokinase, Semi-quanti-

tative RT-PCR
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Fig. 1 The growth curve of Lactobacillus bulgaricus
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Fig. 2 The survival rate of freeze-dried cells after NaCl
stimulation

T SCIRIEAE P<0.01 KOF LY E M.

Note: **: The results are significantly different (P<0.01).
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Fig. 3 RP-HPLC chromatograms
A ATP Fl ADP #f il &l B: R AT HR4L; C: T RIALEEYL; D: %T )5 X R4l E: ZRT /5B,

Note: A: RP-HPLC chromatograms of ATP and ADP mixture; B: Control group before freeze-drying; C: Treatment group before
freeze-drying; D: Control group after freeze-drying; E: Treatment group after freeze-drying.

R 1 BB RIEYEGE M 3 w5t
Table 1 Phosphofructokinase activity
PFK iy FLR W 28 40 W B0 58 b B AT DLAR 5 LR T A2 T
PFK activity (U/mg)

AR, TEAE AR PRSP R I 2R 1B A AR 58

% T
. S 2 PEROESTL 7 . ASBIFSE 76 04 BT {5 6 L

Before freeze-drying

HTJE
After freeze-drying

. B 2 s ) N Qﬂ: oo S N
s L1095500155  oomsssonns | TTRMEATALE NaCl I, 5 K B e A HOA
onirel group 13.5 h BN NaCl B3, 7 TAE 1% R84, (A%

Kb P ZH o

1.936 3+0.040 6™ 1.272 6+0.025 9

Treatment group

TR U RR A P<0.01 KF 1 BT R
Note: **: The results are significantly different (P<0.01).
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Fig. 4 PFK-1 kinase express in Lactobacillus bulgaricus (n=3)
: M: DNA marker; 1. 3. 5, 7: GAPDH; 2. 4. 6. 8: PFK-1; 1, 2: T HiXTIRZL; 3. 4: URTHiABEAL; 5. 6: VRTJEXT 4, 7. 8:

TIEAb .

Note: M: DNA marker; 1,3,5,7: GAPDH; 2,4,6,8: PFK-1; 1,2: Control group before freeze-drying; 3,4: Treatment group before freeze-drying;
5,6: Control group after freeze-drying; 7,8: Treatment group after freeze-drying.

FLRREAEAN RIAEE T 9 A RO, g =4 5
oA AR AL H W AE R T A2 N FL R FLBR B
MG1363 114 TR i R U5 T . e 72 o 2 It 0 2L e i
SRS HEAC AT SC B2 £ & A AR AR IO e A
Hr, PRK s S gt R I e 10 6 L TR
T2 T ORI S LA R L R AR B G
fifi PFK A936 PR, 7T RESE f TR T2 A8 o 2 i A Az 21
WK, PN R 40T Tk i 28] 40 B &Mt 20 4 1Y) PRK 3%
YRR, 4 NaCl JIBOA T)5 PRK B & Xt iR 4]
) 1.31 4%, Uh ] NaCl B RE %A 2 0/ R ik 72
X PRK TS 52, R A efER . PRK
TEPERG N, PTREE BT I NaCl 728 1 20 ffd P 4 1A
Tk,

ARG XS NaCl 3B O A ZLAT 1 pfkl 2=
B s, Ut a pfkl KB EWIN, X567k
NaCl Jl3 e, 6B i A W2 2L AF B T DL i o
5 3 A B SRR HRPUAS R 3R BE . NaCl s,
pfkl A FRIR B AEAR TR, (AR T )5 KA %t
ARBA A TTLAHEN, FE O A1 ZLFF R PFK
fiff 5 HAFIE A — 2 LB, X5 Marceau BI4518
_ﬁ[[ﬂo

ZE iR, NaCl J34RE w2 36 = O i A1 2L FF
WIR TR, WA PFK By tERg R, PFK

nRE S MM AT A . (ERHCE 2 W L [R] Y
B, AU 5T — b B A T i, 74 SR Y S T 4
AT e S B R L R AR AL, S FL
PR VR V4 VR T A8 I A 15 80 AT A TR 4 A B
s o

2 % X Wk

[1] Carvalho AS, Silva J, Ho P, et al. Effects of addition of
sucrose and salt, and of starvation upon thermotolerance
and survival during storage of freeze-dried Lactobacillus
delbrueckii ssp. bulgaricus[J]. J Food Sci, 2003, 68(8):
2538-2541.

[2] Koch S, Oberson G, Eugster-Meier E, et al. Osmotic stress
induced by salt increases cell yield, autolytic activity, and
survival of lyophilization of Lactobacillus delbrueckii
subsp. lactis[J]. Int J Food Microbiol, 2007, 117(1): 36—42.

[3] Marceau A, Zagorec M, Chaillou S, et al. Evidence for
involvement of at least six proteins in adaptation of Lac-
tobacillus sakei to cold temperatures and addition of
NaCI[J]. Appl Environ Microbiol, 2004, 70(12):
7260-7268.

[4] Fraenkel DG. Genetics and intermediary metabolism[J].
Annu Rev Genet, 1992, 26: 159-177.

[5] Kandler O. Carbohydrate metabolism in lactic acid bacte-
ria[J]. Antonie van Leeuwenhoek, 1983, 49(3): 209-224.

[6] Deutscher J, Saier MH Jr. ATP-dependent protein
kinase-catalyzed phosphorylation of a seryl residue in
HPr, a phosphate carrier protein of the phosphotransferase

http://journals.im.ac.cn/wswxtbcn



1560 wIHg AR 2011, Vol.38, No.10

system in Streptococcus pyogenes[J]. Proc Natl Acad Sci [10] Budin-Verneuil A, Pichereau V, Auffray Y, et al. Proteo-
USA, 1983, 80(22): 6790—-6794. mic characterization of the acid tolerance response in
[7] S F&E, WL F, WFI. SO B 0RO % 5 0 2 Lactococcus lactis MG1363[J]. Proteomics, 2005, 5(18):
o H N v 4794-4807.
P S B VAL F 35 1 (D], 3 BT #2222, 2009, 25(2): [11] Viana R, Pérez-Martinez G, Deutscher J, et al. The glyco-
211-213. Iytic genes pfk and pyk from Lactobacillus casei are in-
[8] Ruijter GJG, Panneman H, Visser J. Overexpression of duced by sugars transported by the phosphoenolpyruvate:
phosphofructokinase and pyruvate kinase in citric sugar phosphotransferase system and repressed by
acid-producing  Aspergillus  niger[J]. BBA, 1997, CcpA[J]. Arch Microbiol, 2005, 183(6): 385-393.
1334(2/3): 317-326. [12] XRR, B%REE. FLRRB R ARBUABERI]. £ W5 ki

[9] Kullen MJ, Klaenhammer TR. Identification of the

. . . Tk, 2002, 28(10): 18-21.
pH-inducible, proton-translocating F1F0-ATPase (atpBE- o e e i ke i X
FHAGDC) operon of Lactobacillus acidophilus by dif- (18] XUSZUL, Xy, 225, 5. HIRMIREER XL BRI

ferential display: gene structure, cloning and characteriza- i £ 2 2 AU S B A R e [, I FH AN BR AR 2 e
tion[J]. Mol Microbiol, 1999, 33(6): 1152-1161. 2006, 12(5): 688-692

AR oY oY SR Y Y S R SR SR R R SR R RY R R RY R R Y R R RY R R Y RY R Y R R Y Y R Y Y R Y R SR Y R SR R R R R Y R R R R R Y RY RY RY
IREERR N
o B SRR TR A 4y B AT HATY S & BB I

Hh [ REAE B S A B S BT R AR T 2007 4F 3 H IEFURSE, B BUSAL AT TR A R IE AL ER )
HAEVFANIECE W LR 74 8164 7). T AR (A TR ) (RUZEY A4 ). CRUEYFdE i ).
(HEYEa ) AR S 285, PR Ry b QAR A0, ENANATE kAT, T2k
ERE Y A ) EOR SUR ) OB OF SR FIDT e s 2, E R EAL - SCM(CA) L LY 3 (BA) L R R
51 (MEDLINE) . % {7 30 25 (Ad) S (b B = AR RISCH ). CAEM2A3CH ) 25 B 9 A0 35 40 BOdE e A 3%
HITIR, 2eE FE P A2 AR S i R T

U TR A AR R A A SR (B . B0 I RS R B NEDR ERE) |
BEAAEM (U1 PCRAX . A LEI BN A . WU REWAR . B0 | A S0 S A AL R (a5 Fhts . A, 1aXm)
R)FN T EREE, Wl DA EY AR AARIER . SBOHE . ISR A i % 2 iiss (5
oo T ER LA L AE O N, B AR A I EOR ) A S B YA 28RN R A 1, SRR
WA T R, U S AT B E-mail R R RS TR AL B AR A7 R ! ] DUl A% R Rk, T
FEALEIE

B S0 a 500N P ST 53 EICA LR IKS .
Wk By R 2 B S A W i 5 B

FFPARA T P E T RIERA TR AT e U X S AT

IS - 0200004509089117425

o [ B B i AR it g T D)
It 25 L 16 010-64807336; 010-64806142
RN K30 EH

ML 7544 gg@im.ac.cn

W dik: http://journals.im.ac.cn

http://journals.im.ac.cn/wswxtbcn



