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Fig.1 Comparison of parent strain and mutant strain RT-6 for acid
tolerance. Samples were run in triplicate, and experiments were
repeated three times. Asterisks indicate the level of statistical
significance ( % ,P < 0.05, % %, P < 0.01) in comparison to

the control in Student’s test, and standard bars are indicated.
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Fig. 2 Intracellular cytosolic pH ( pH;, ) levels of parent strain
and mutant strain RT-6 under different external pH conditions.
Samples were run in triplicate, and experiments were repeated
three times. Asterisks indicate the level of statistical significance
(#,P<0.05, * %, P<0.01) in comparison to the control in

Student’ s test, and standard bars are indicated.
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Fig.3 Changes in the intracellular ATP concentration levels and
specific activity of H* -ATPase of parent strain and mutant strain
RT-6 under different pH conditions. Samples were run in triplicate,
and experiments were repeated three times. Asterisks indicate the
level of statistical significance ( * ,P <0.05, * % , P < 0.01) in
comparison to the control in Student’ s test, and standard bars are

indicated.
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Table 1 Changes in membrane fatty acids composition of parent strain and mutant strain
RT-6 under different external pH conditions ( % ,P <0.05, % %, P<0.01) .
HS5.5 HS5.0 H4.5 H4.0
Faty acids (%) =g : RT-6 PS : RT-6 PS : RT-6 PS : RT-6
C14.0 4.73 £0.44 4.68 +£0.56 4.7 £0.51 4.63 £0.52 4.51 £0.16 4.34 £0.74 4.57 £0.62 4.51 £0.57
Cl4.1 1.68 +0.23 1.76 £0.34 1.73 £0. 14 1.81 £0.27 2.12 £0.41 2.24 £0.47 2.31 £0.38 2.37 £0.26
C16:0 28.17£2.04 26.26 £1.81 25.04+1.69 24.72 +1.72 22.25+1.68 21.55+1.71 20.37+1.42 19.14+1.74
Cl16:1 24.82+£1.73 25.10+£1.61 25.6+1.48 26.20 £1.84 27.36 +1.67 28.7 £1.43 28.9 +1.91 30.20 £1.65
C18:0 9.44 +0.54 9.14 £0.36 9.28 +0.44 8.05 +£0.28 8.54 £0.22 7.29 £0.17 7.62 +£0.39 5.89 +£0.14
C18:1 31.16 +3.14 33.06 +3.27 32.75+3.18 34.59+3.42 35.22+3.38 35.88+3.54 36.23+3.19 36.89 +3.21
TUFA 57.66 £5.11 59.92 +4.67 60.08 £+5.04 62.61 +5.27 64.74 +5.17 66.82 +5.32 67.44 +4.88 69.46 +4.69
TSFA 42.34 £3.02 40.08 £2.84 39.02+2.64 37.4+2.87 35.26 +2.53 33.18 +2.14 32.56 +2.37 30.54 +£2.27
U/S ratio 1.36 +0. 14 1.49 +0.09 1.54 +0.17 1.67 £0.11 1.83 +0.16 2.01 £0.16 2.07 £0.23 2.27 +0.19

Parent strain; RT-6: Mutant strain RT-6; TSFA, total saturated fatty acids; TUFA, total unsaturated fatty acids; U/S ratio, unsaturated: saturated fatty
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Fig.4  Changes in the ratio of unsaturated: saturated fatty acids of
parent strain and mutant strain RT-6 under different external pH
conditions. Samples were rtun in triplicate, and experiments were
repeated three times. Asterisks indicate the level of statistical
significance ( * ,P <0.05, % % , P < 0.01) in comparison to the

control in Student’ s test, and standard bars are indicated.
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Fig.5 Intracellular PolyP concentration levels of parent strain and

mutant strain RT-6 under different pH conditions. Samples were
run in triplicate, and experiments were repeated three times.
Asterisks indicate the level of statistical significance ( * ,P <0.
05, * %, P< 0.01) in comparison to the control in Student’ s

test, and standard bars are indicated.
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Physiological characteristics of a low-pH tolerant strain
Torulopsis glabrata RT-6

Jun Wang'?| Yi Qin'?, Liangliang Zhao'?, Jian Chen'*" | Liming Liu'"*"

'State Key Laboratory of Food Science and Technology, Jiangnan University, *Key Laboratory of Industrial Biotechnology,

Ministry of Education, Jiangnan University, Wuxi 214122, China

Abstract ;[ Objective | With the aim of elucidating the physiological characteristics of a low-pH tolerant strain Torulopsis
glabrata RT-6. [ Methods ] The intracellular pH, ATP level, the membrane bound H " -ATPase activity, the membrane fatty
acid composition and the intracellular polyphosphate content of the parent strain CCTCC M202019 and the mutant strain RT-
6 were determined and compared under different pH conditions. [ Results] Compared to that of the parent strain, the cell
growth and pyruvate concentration of the mutant strain RT-6 were increased by 60.6% and 85.4% (56 h), respectively.
Similarly, the strain RT-6 had higher intracellular pH compared to the control strain at external pH5.0, 4.5, and 4.0. The
ATP content, the membrane bound H " -ATPase activity and the intracellular polyphosphate content of the mutant strain RT-
6 were increased by 11.7% , 13.6% , and 3.5% at external pH 5.5, while at external pH 4.0, increased by 61% , 38.6% ,
and 30.8% , respectively. Furthermore, the mutant strain RT-6 exhibited higher content of the unsaturated fatty acids and
higher membrane fluidity. [ Conclusion] Discharging more intracellular H" and inhibiting the intracellular H™ production
contributed to the strain RT-6" s higher intracellular pH, and therefore the acid tolerance.

Keywords: Torulopsis glabrata, acid stress, physiological characteristics

(AL E257)

Supported by the National Science Foundation for Distinguished Young Scholars (20625619) , by the National Natural Science Foundation of China
(20836003) , by the Key Project of China National Programs for Fundamental Research and Development (2007CB714303) and by the Foundation
for the Author of National Excellent Doctoral Dissertation of China (200962 )

" Corresponding authors. Tel: +86-510-85918307; Fax: +86-510-85918309; E-mail: mingll@ jiangnan. edu. cn, jchen@ jiangnan. edu. cn
Received: 24 August 2010/ Revised: 25 November 2010





