44 5 Vol.44  No.5
2004 10 Acta Microbiologica Sinica October 2004
R1
210095
R1  Rhodotorula sp. pH 1.5~6.0
pH 3.0 Rhodotorula sp. Rl
pH R1 H* K* pH H"-ATPase K" RI
R1 H* -ATPase R1 pH PCR Rl H'-ATPase pma
K* HT -ATPase
Q935 A 0001-6209 2004 05-0631-05
Extreme pH R1 pH Na* K*
Natural Environments pH R1
H* -ATPase R1
Extrempiles H" -ATPase pma R1
Na® K* H* -AT-
Thiobacillus thiooxi- Pase
dans Thiobacillus ferrooxidans
pH 2.5 1
1.1
1 p
pH 1.1.1
pH
. _ pH Spermatosopis 1.1.2 R1  Rhodotorula sp.
aczdop;hLla pH1.0 pH I Candida sp.
7 pH Escherichia coli  DH5a pUCI9
1.1.3 T4 Tag
. TaKaRa
TaKaRa
1.1.4 LB 10g
pH2.> pH2.0 pHl. Sg NaCl 10g A 100mg/L. YPD
2 pH3.8 ~ 6.0 o TR mp2 , e 1
pH 2.5 8.0 & & &
Dunaliella acidophila K* H' -AT- MM 10g  NH, 50,
Pase 5 S¢g 0.5g MgSO, 0.1g FeSO, 0.1g
H* -ATPase 200¢ 20g pH
pH ° pH e HCI
2000030711 2000 21
" Tel/Fax 86-25-84396314 E-mail lsp@njau.edu. cn
1979 - E-mail sheyangzhang @ sohu. com
2004-01-16 2004-05-08

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



632 44
1.2 3
10g - Bradford "
pH 2.0 30°C 180r/min
3d 10% 2
2.1
- pH 2.0
60°C
9
DBB
1.3 Rl DNA PCR 30°C
10 SDS- Rhodotorula sp.
SEVAG Rl DNA Rl
GenBank H* -ATPase pma 2.2 R1
5'-CGCGAGCTCATGACTGAT- 1 R1
ACATCATCCTCT-3"  5'-CGCAAGCTTTTAGGTITCC-  pH 1.5~6.0 pH 3.0
TTTTCGTGTTG-3' Rl DNA PCR pH
50pL 1uL. dNTP 2.5mmol/L 4L YEPD PDA MM
I mmol/L Ipl. 10 x Buffer Spul. Mg pH 6.0
2.0mmol/L. 3ul. Taq S5U/ul. 0.5uL
35.4uL PCR 95°C 2min 94°C 30s 64°C Rl
30s 72°C 2min 30 72°C 10min 10 -
1.4 pH sl -
pH R1 EPDA
5L 7L 5 or B YEPD
100/min  HCI pH pH S 4}
Na® K* L 3
§
0 § =3
3 14 15 2 25 3 4 5 6
1.5 H* -ATPase . - o
Rl 1 pH Fig.1 The acid-tolerance of R1 in different medium
2.5mmol/L. EDTA Immol/L PMSF 50mmol/L Tris 2.3 K R1
pH7.5 195001b/in>  French K
2mol/L Tris  pH 7.25 5000g 10min K* H”
30000 1h ATPase ’ 2 R1 pH K
" pH6.0  50mmol/L MES-Tris pHI.5  6mg/L
15mmol/L. MgSO, 15mmol/L. ATP  50mmol/L. KNO, 8 ~20mg/l. Rl
0.2mmol/L 5mmol/L NaN, 120pL,  20mg/L pH
28°C 15min 13001, K 10mg/L.
19%SDS 100mmol/L. 0. 6mol/L. pHL.5 Rl K~
H,S0, 0.8% 25°C 10min 6mg/L. K
oy pH Rl K

© MERZRMEMMRITATIEREHIEE http://journals, im. ac. cn



5 R1 633
K* J1 pH 3.1
R1 J. Rl
r & 4 2,00 J1  ApH
=IE ApH = pH, - pH, i pHy
_ g E E pH2.32  pH2.50 pH
H F B " EEE Rl 10min A pH 5
2 4 6 8 10 20 30 40 50 60 ApH H
(K*Y(mg/L)
pH
2 K Ri
2.0 pH
Fig.2 Effect of K* on the acid-tolerance of R1
H* pH
2.4 pH R1 -
pHI.5  pH3.0 R1 e
pH3.0  pHI.S 3 H*
pHI.5 pH3.0 pH1.0 RI H
14h pH3.0 pH1.5 pH1.44 H*
gh pH ApH 0.02
R1 e
14
0.08
101 DH 1.5~3 0.05
0.04
0.02
—&— Shock to 2.01
T 0.00
—{}— Shock to 2.32
<
0.02 —&— Shock to 2.50
0.04
0.06
O — 0'080 SIO lOIO ll50 2(;0 2I50
2 6 10 14 18 22 26 30 34 38 44 .
/h {/min
3 pH Rl 4 pH J1 pH
Fig.3 Effect of pH shock on the growth of RI Fig.4 The change of surrounding pH of J1 caused by pH shock
0.03
2.5 pH R1 pH 0.02
’ —&— Shock to 1.02
pH 0.01
—— Shock to 1.44
pH
E . coli pH pH
15 pH
Na-K Booth Padan .
HY 0 50 100 150 200 250
{/min
K pH Mason 5 pH Rl pH
pH6 pH3 Fig.5 The change of surrounding pH of R1 caused by pH shock
! R1 1.02  8h
ATP H'-
ATPase B

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



44

634
H* K* H'-ATPase
2 4- 2 4-Din- 3
nitrophenol 6 pH Na*
pH Na*
H +
H* H*
pH 2.7 pma pH Rl H"-
+
H ATPase
pH 150min PCR PCR
+
H Hind[ll  EcoR 1
16
pUC19 DHS5«a
+ +
K H™ -ATPase 2 8kb
0.14 - —4—Shock to 1.04 . TaKaRa
0.12 | —3—Shock to 1.02+2,4-Dinnitrophenol
0.10 BLAST GenBank pma
0.08 R1
ma ma
m& 0.06 P P
< 0.04 85%
0.02
' H R1
0.00C p
-0.02 H* -ATPase
-0.04 . . )
0 50 100 150 pH pH1.5
t/min
pH6.0 pH 6.5
624 pil HI.5 H' -ATP
. - ase
Fig.6 Effect of 2 4-Dinnitrophenol on the pH shock of R1 p
pH pH R1 pH
+ +
2.6 pH RI Na* K H* - ATPase
7 K”*
pma mRNA
Na*
K* K*
K*
H* -ATPase |
5 +
RI H" -ATPase 200222 1 125-133.
K* 2 1999 35 - 36.
H* -ATPase K* 3 Albertano P Pinto G Santisi S et al. Spermatosopis acidophila
K* Kalina a little known alga from highly acidic environment. G Bot
lial 1982 115 65 -76.
17 I<+ H+
4 Paul D C Colin H. Surving the acid test responses of gram-positive
+ +
#-—Shock 10 1.02 Na* —[}= Shock to 1.44 Na bacterial to low pH. MMBR 2003 674 29— 453.
—&— Shock to 1.02 K*  —(0O— Shock to 1.44 K*+
2 380 5 Israel S Uri P. Purification and properties of a plasma membrane
H* -ATPase from the extremily acidophilic alga Dunaliella acidophi-
O 15 360 3
Eﬁ éu la. Plant Physiol 1993 101 1055 - 1061.
;,\;{ 10 340 ;\,\-:/ 6 Ramon S Morten C Kielland B et al. Yeast plasma membrane
~
%J 5 320 S ATPase is essential for growth and has homology with Na* + K*
N T S T T 300 K* - and Ca®* -ATPase. Nature 1986 319 689 — 693.
0 5 10 20 40 62 90 120 180 240 300 360 7 Mason A B Thomas B K Brian C M et al. Regulation and pH-
‘min
7 pH Rl Na*  K* dependent expression of a bilattery truncated yeast plasma membrane
_ _ S H*-ATPase. BBA 1998 1372 261 - 271.
Fig.7 The change of concentration of Na* and K* in medium under pH
hock 8 Foster ] W Hall H K. Adaptive acidification tolerance response of
shoc

Salmonella__ I Racteriol 1990 172 771 — 778
© PERFRME MM R AT S®RIESS http://journals. im. ac.cn



5 Rl 635

9 Barnett ] A Payne R W Yarrow D. 14 . Al Ar-
1991 6. throbacter sp. . 2002 22
10 Adams A Gottschling D E  Kaiser C A et al. 301 - 305.
2000 87 —88. 15  Hiroshi K Hiromi S Tomohito K. Bacterial strategies to inhabit
11 Brian CM Myra BK Jean AM et al. Cloning and characteriza- acidic environments. J Gen Appl Microbiol 2000 46 235 - 243.
tion of the plasma membrane H* -ATPase from candida albicans. J 16 DanZ Vered A Shimon S et al. Escherichia coli intracellular
Bacteriol 1991 173 6826 — 6836. pH membrane potential and cell growth. J Bacteriol 1984 158
12 Bradford M M. A rapid and sensitive method for the quantitation of 246 - 252.
microgram quantities of protein utilizing the principle of protein-dying 17 Ramon S. Structure and function of plasma membrane ATPase. An-
binding. Anal Biochem 1976 72 248 —254. nu Rev PlantPhysiol Plant Mol 1989 40 61 - 94.

13 Booth T R. Regulation of cytoplasmic pH in bacteria. Microbiol
Rew 1985 49 359 - 378.

Isolation and Preliminary Mechanism of Acid Tolerance of A Acidphilic Yeast Strain R1

ZHANG Guo-Shun HONG Qing LIU Zhi ZHANG Xiao-Zhou LI Shun-Peng”

Key Lab of Microbiological Engineering Agricultural Environment Ministry of Agriculture College of Life Science
Nanjing Agricultural University ~ Nanjing 210095  China

Abstract A yeast strain R1 was isolated from sludge samples collected from a copper mine. This strain was able to grow
under pH value of 1.5 ~ 6.0 wiih optimal growth pH being 3.0 which was the typical characters of acidophilies. R1 was
preliminary identified as  Rhodotorula sp. . The ability of acid tolerance of R1 in different mediums was almost same.
The result of pH shock experiment showed that R1 could maintain a neutral cytoplasmic pH by pumping H™ and absorbing
K*  which proved the function of H* -ATPase and K" in its acidic tolerance. Its H" -ATPase activity showed a negative
correlation with the growth pH of R1.The gene encoding H" -ATPase pma was cloned by PCR and sequenced which
had high homology with that of other yeast strain.
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