The Korean Journal of Microbiology, Vol. 38, No.
Copyright(€2002, The Microbiological Society of Korea

S20|AM SHC1 §8Xle] ol =

3. September 2002, p. 168-172

5K - MEH - Alojys
SlRifel RATaNY, LT EFAl SHES, 200702

ZohERE 79 4 pHE AT A% S04 A Y 5 Yk B AAS

YA g)em SHCI FAAE=

) pH ZANA A X2 4ol DAY 58 Foll S22 FAsheleh. SHCI FHA) A X pH £
713tg Boh FAH 02 dobi] S5t o 4847 2AH SA 0 FE A= Ah 4HE Aol 7} vhe
e Q18 AL 9] pH 9353 Aedol &8 A 02 22313 pH %54 §FEHA CSNARFE AH4-3}
of 3% pHS| W shol w2 A X v ¥-9] pHE S sich e pH B EFE 24 T 09 A4 ok

IO

3 vl 0% £EE
3] ZARE v} K* o] 28] A fll =
tNa* o] 2-9] 7
A 7)1zl 2319 SHCT FrAA =

BT £2 pH 2] Beshs LT AL R NaH} K9] FEE AAFHAE A4
Edul o] ol B ste] ob 8 A Eho] o Wol EAFE A2 Ehste
S5 HTHE Afo| FE Rol x| Ateh ol A K o] £2) 2Ho] Lol A A X pH Z
o K* o] 298] AN 5= 476 BeshT glohe A

A A Ft

Key words [] intracellular pH, ion content, transport, yeast

A7} Al Qs DA AR 2 FoA] SholeBE 5
pHE A& fA1317) $Iste] o] 2asolo} s ofF %
28 AApe] stolch, A W) pHr} §ASA ZAElo} s

ofEE. WA 2 WA Holhd AT} PES 4

=T Aol 2 DNA BAllo} vl vy mm 2o e
Eofl ol WIFE] wiitel o)E HA 7S Aldi=
7¥s3t7] SeiAl QPYAQ] pH o] AHo ]‘:]r(p 17). A
2, Al aae] WhgEies pHell o E9ith s Ehgel ¢
&&= phosphofructokinase™ 3142 rate-limitingS 243}
T FEAd A Al Hee] o A FaEE wislon

t‘ﬂ-/d

A5} sl wEg-ghohd). Aoz ARl W9 Lﬂoﬂ
A pH7E ol AAHQ] AR weba] S 5
3] K channel?] 7% MlZWle] pHZF 2HdStEHA K

conductance”} A3 HojAujar A k13, »H AR
Ca™ channel®} A9} A3E71Fe] 2418 W8l gap junction®]
pH2] Wslol TI7a}A)| HP?)?{“?}H‘))

FoRE st

s ORE

718 5 & Al AEFT)ok AxiEe] - pHt 5

3t A57) E7Ie ek f4)7) AEHe pHye EE el ‘22%
M zEU 2] pHOﬂ 13t wich ol AEW pHE A7) S7HA
71 G() I A7)l Sl MES SAIZIR gk Ao R nlg
o] A 4= Utk PASH 2HE= A pH7E Al el
i 2 A o] A §hek6.20). o]l FAleh W) =

g2 syt 9

2
Al = pH7}F -2 %)
Az RAA ) Farel Ao 2 ARIE AW

FAFoANA lacZ HolF

*To whom correspondence should be addressed.
Tel: 033-240-1465, Fax: (33-252-3420
E-mail: euichoi@hallym.ac.kr

168

o
i)
Ol
o T
oE

HE ARgate] ¢vte] 7oA o] Frtsle
%EM% I HEAE ERISHHTH3R). Fold T F
= SHCIC.Z HWHE N2 f32k= 1539719 4
Ao o AEE Exbake 56.5 kDaolth. o] 41
of #AAg Aoz FAFHUOY 1 7]
2t F HA §HAE SCY1L 24
o7k £ 85kDa= vRRIZIRE 11 7)50] &

frd kol %11 1¢4 7feS AEHR

W R
_2

TS

)

Bl g

17

Oi%“ﬂfﬂ SHCI Tr247<H
S Gopr7] 40}04 null mutants AJ&sto] ofE 7]atolut
= Fate] @ AlEW pH 2do] o] FefAaL Sl VHE

AL AT

EL HFeH

HE 3 YUY
2. HE2|o % HiX|

B A¥o) AgE & ohe-3 2 THYCl, MATa cry'/
MATo CRY ura3-52/ura3-52 leu2- J98/leu2- 798 HIS3/his3-
7200  TRPl/trp-Al - SHCI/shel:lacZ ; YC2MATa  cry'/MAT o
CRY ura3-52/ura3-52 leu2- 798/leu2-A98 HIS3/his3-A200 TRP1/
tp-Al SYCl/svel:lacZ ;YC3, MATa ¢ry” CRY wra3-52 leu2-
A98 HIS3 trp-A1 shelzlacz). &5 /37 ajx|e} 718 24-E 9
Tk 71452 Shermansoll &JalA e Far A8 E o-&lvt
(18). gukAel LB HiA|(1% wuyptone, 0.5%
yeast extract, 1% NaClS 2% agars ©]83}o] 1¥shE AL
Ysted ARgslsict AEE A= kanamycin (KM), chloram-

=0
YEL

Escherichia coli-€



Vol. 38, No. 3

phenicol (CM), streptomycin (SM), ampicillin (AP), spectinomycin
(SPEA Z+zb #F 40, 30, 100, 100, 20 ugiml E=2 A&
st

=918 0|(Null mutant) 2| M=

EdRolAl Az FHELAATS PCRE o83 WS
28319}, URA3 7345 A Shuttle vector pRS3158 53
o2 ARt SEF F URAZ FHAF oF Wl sHCT At
2] Open Reading Frame (ORF) H}2 upP2Z2d]| slwshs 40719
W7V7E FAEEE OA] S3E3 § GR FAATA T A
3T SHCI ¢+ &4 EdHO)AE RS 7] 918 Primere] A
g o83 2th 5-AGT ACT CCT TTG TTA AAA TCA
GGC AGT ACC CAT AAG GCG CGT TTC GGT GAT GAC-
33} 5-AAA ATA AAA GGA AGT TTG TAT TTA TCT AAG
GGT GAT GGT TCA CGT AGT-3. 843 & Zdwolxe
uracil ARl A AE3ch ¥ F dzke] M-S wjdst
o] A% DNAE F= F SHCI #2329 Promoter E-E-F-E] <]
ZEo] 7V the 28 PrimerE ©]83F PCRS TR 2
< el oske] MaBIHTHPSCY1 obrl: e 5LTTC TTG
CAA TTG TCT GTT AAC AAA TGC TGA TTC AC-3, 7}2
£ 2t 5AATT GGC TAA TTC CTG TGA ATT GTA TAC
GGA CT3). 3% PCR tH52 SHCI F3HAE 293 3l
d o] AR el oste] URAZ FAAE A Hof
UOBZ Apa I A|gtEA A E]F Ethidium BromideS ©]-&-3F
FAAAHE AX L B HolFE HE st

M= pH =X

50ml YPD BjA]o] G RE Wik & mid log phasecl A 3,000
Xg2 5SET d4Eelsle] a9 AZEE 2 F 25 m0) AH
SHOZ(30mM MOPS, TrisZ HA, pH 6.0) Nol&E S
10mie] AH-EA Buffer2 HEAZATE CSNARF-1-AMS
(Molecular probes, #& % 10 uM) F01E 10miY] A= P&t
Holl FH7} F 40 83+ 22004 orbital shaker= (200 rpm) B %
T AT AEE 20me] AHEAoZ o] FAUTh 10ml A
S AAYAZ] F ol BEpsdoh EHlE AXxe
C.SNARF-1-AM #H7} & 5 AIZF ol AR&-819Tt}. C.SNARF-1-
AME A7t MEE (12X 107 cells/ml, 2 ml E5-3]) excitation
534 nm, emission 580 nmol|A] B A| 719 WEE ZAlsto] 242}
o A% W7 pH H3}s BESATHY).

MZ LR o2 53

AWE YPD HIAE AFEE} 660 nm THFolA] EFT 0.6
0.7k mi&F 5 1,900< goll A 5 87+ AaEelsiedct. gz}
A2 H YPD iAo A 28 EEE 30°CAA ik I 10m A
ZYZte] AIZIAME Fof BFEte] 1900X goll A 587 YAER)E)
Sk T 27k A LA 020mM MgCl,, isoosmotic
sorbitoly S o]-83le] AHEF F U4 B S 29 wkEslgd).
AE FARES 1mie] AHEdoz 83 & A4 Belsln

¢

o,

o] Mxd pH 23 169

0.5 mi] 20mM MgCLol| B]A33iet. o] 0] FE2 95°CelA]
1583 g = A4 Rt £35S atomic absorption
spectrometers: ©]-8-3fe] 2H2te] o] 9] T E A3 TH(14).

=M G EH

1x10° E55 vthAMY E7]9] NaOHE o]&3te] pH 9.02
2 A F 5000% g4 5 X A4 BEE JEAE o8-
sted AlzARe] Wbl mel ZAHEHIES SA A THBO-
EHRINGER MANNHEIM, Germany). Acetyl-CoA
citrate synthase, malate dehydrogenase 52 &EAE o] &35}
340 nmel A2} FREE g5t vhe 2 Tl o3ty %
2FFS &7 SIHTHC=[V X MW/eXd X v X 1000] X AA[g/)).

synthase,

a3 A g

SHC1 2% 24l #o|Fo| ratd| S0 ME XY

W= T8 pHOl Aret WM J88 4= e a9
ol AAE AU o SHCIS &2e] pHolA e AFL 9
gte] g 32F T 3RS LacZ Y S90S AME
& AFeA FEIATHR). ©] 2HE BEUE B ApdMs
SHC1 ¢4 A4 EHolE PCR 7o & A%t SHC!
FrAe] Aol &Rl viEA R PCR 7IHE AHESE T
(data not shown). Z=gh 9] &Ze] pHE H3}A7]7] 98t
pH 8.5 50 mM HEPES, pH 9.5 50 mM CAPS, Z22]1 pH 10.5
50mM CAPSO 9| T}t 5898 Agste] Horom,
NaOHE AHE& AEH FAkst A9E Bo Fu)h o]& pH
Aol AHEH BHES] ZARTE $°4 o] Fho] HFow
EH R FAMo|T] Ao AsEtie AL R FUu}
LacZ %) 9809} np7ExE SHC1 2h3 A4 E¢iwo)A)
oA 9 pHell ofst A9 JFES vlwste] HthFig. 1).
zizte] MEF 2 pH 9.5 (HF 5% 50mM CAPSO)E X3
& YPD A wfjAlol] HER & 2 A7k 1H4S Far wfoksln

175 4
150

125

100 1

Cell number (x10*ml)

~
o
]

50 4

25

0 T T T

Time (hr)
Fig. 1. Growth rate of SHC1 deletion mutant at alkaline pH. Wild Type
(@) Ashcl null mutant (I ).
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Fig. 2. Acidification of extracellular pH by production and secretion of
acetic acid after alkali treatment. Wild Type (@) Ashcl null mutant
().
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Fig. 4. Change in intracellular concentration of Na* and K* after alkali
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Yol pH ¥z}l @ 3} ¥h-S AR ) 93 A A pHI}
FohEFE A XU pHY W) 7 Ae-S &4 Sl
(Fig. 3).

Mz R o2 &3
Az pHel 24 g o] H=E 9 £=EA)7) Bojsle

Aed A7 Ayt dxse] g &

(KHA)®} Na*/H* exchanger (NHE) pHE %

3] K*/H* antiporter
A3 oz AR

0114—(1 ,2,21). o] Xi-h).—o] OLﬁ'Tﬂ 2/—]0]} 1 zx‘,_-_]g} 740
= 59, o FolM KHATL B %3 «g ROz Y2}
=4, o] AW K9] ¥E7t Nat 01£4 o sl s-

108 A= #7] wjFolc) wlepd Ize] oM ERE K
ol&9] R 2o WEI H 0|29 FUL B3l AT pHE
@2 Zl0R dEH). o] /M-S T fsle] oplE &n
ot SHCI 24 EARolE Yol Aglsh & AIZhEE A
K* o] 23} Na*ol2¢] 558 =4 st Nato] F 5% NaOH
H7F Foll AEAA S7HE Bolw) SHCI 24 B¢ o]9) opyY
& Atele] zpo]H g RHolx] dgkor} Kre] 7Z-$-oE NaOH &
7kl ofgt vix|9] WlelElel] A BE Frashe WS o
lom, ZHAag e SHCI A4 Sddole] Ao 2098 %

ERsk) Aﬂ;aﬁ% pH &4 171

puj

=)
rlo
O,

o
e

o] Zraghe EIsIATHFg 4). st AfstE]e} of
Xl K] ol st Btazl nlol] mEZd o)%- ujjx]
Ho}(’# Ko WEo] dojuir| = o] e HY
T} F7tell mE olakARl &) 711 A
13 AT} 2Ey olEg AEEC] 25 pHYl ¢t
8ol Al ool Flo] ohd M FFAA] o]Fofzl Ho]
TollA ezl Aol Aol isle] EAIHE A718H)
o dete niEe €718 S0lAMe oF29] HF 9
o] o] Has} HEjeiar dlata glom wief o] 7pAdo]
792 H ]9 f&0] AR WARE K9 §F
Atk G4 5 ok 3 o] JPES k] = 2}
PHH K' 57} 555 IETe] AH8-go] HolA]
P g 9} Z4ke] A abeFo] “‘O}Zh:h H I ATHI6).
FUo E]—:y_Q_ WHE 29t ol Eale] BakEZA] Alaks]o)R]
Fool Mo Wb FoF 24 2 2lE 7 12 A%
Aol Aok @] B0 A MR Jehte dke-e
O EAke] EnHloln] Shel A o] HHol B Hog
of et F Wrls g%9 M¥E" H-ATPase (PMA1C] AE
o] pHoll Aol F2Ql H3hs sl Aoz IR ok
FErdo] Sl AFFollA H-ATPase’t /48551 93 wjx|e]
BT s dojdtt, Xl 93 %9l ave) vl
31A) Shel T 7—,5_]3 AHE 52 7PHAHeE gt ATPaseg Zz3
sl 25 pHE W& Zlojth A MAZ BhgE]of, 27/, a5.9)
P UAESS of" 588 Al 1] 10~20%% E9
7o ke polyphosphat&— Z&slar TH10.15). Polyphosphate
o] Jg& FA=o] A= 3 /A= AE UF pHe 95 FHE
o]t} Phosphate®] 3l 28] I} 2~Ed 20| i3 B35 7]
ko Za 283 RO Z oA T,

Fll‘

5
©

o
rfo

{0 o> g
2
oX,

= %

r°(' il

o

L%
b
Il

fo il rle
L5y
e
é

2
f

44

il
o, il
rlr - T2

a‘l

ZAtel 2

o] =Fe 19999 % S Etez A Te] =)
=] 98- (KRF-99-041-D00361 D4001)

o Slsfe] AT

{8

o

1. Alper, S.L. 1991. The band 3-related anion exchanger (AE) gene
family. Ann. Rev. Physiol. 53, 549-564.

2. Bock, J. and Marsh, J. 1988. Proton Passage across cell mem-
brane. Willey, Chichester, UK.

3. Burns N., B. Grimwade, P. B. Ross-Macdonal, E.Y. Choi, K. Fin-
berg, G.S. Roeder, and M. Snyder. 1994. Large-scale analysis of
gene expression, protein localization and gene distruption in Sac-
charomyces cerevisiae. Genes & Develop. 8, 1087-1105.

4. Fidelman, M.L., S.H. Seeholzer, K.B. Walsh, and R.D. Moore.
1982. Intracellular pH meadiates action of insulin on glycolysis in
frog skeletal muscle. 4. J. Physiol. 242, 87.

5. Fliegel, L. and O. Frohlich. 1993. The Na/H" exchanger: An
update on structure, regulation, and cardiac physiology. Biochem.
J. 296, 273.

6. Gerson, D. F. and A. C. Burton. 1977. The relations of cycling of



172 Sung Gil Ha er al.

10.

L1

intracellular pH to mitosis in the acellular slime mold Phasarum
polycephalum. J. Cell Physiol. 91, 297-304.

- Haworth, R.S. and L. Fligel. 1993. Intracellular pH in Schizosac-

charomyces pombe-comparison with Saccharomyvees cerevisiae.
Mol. Cell. Biochem. 124. 131-140.

. Hong, SK., S.B. Han, and E.Y. Choi. 1999. SHCI, a high pH

inducible gene required for growth at alkaline pH in Saccharomy-
ces cerevisiae. Biochem. Biophys. Res. Comm. 255, 116-122.

. Kopito, R.R. 1990. Molecular biology of the anion exchanger gene

family. Int. Rev: Cytol. 123, 177-199.

Kulaev, LS., O, Szymona, and M.A. Bobyk. 1968. On the synthe-
sis of inorganic polyphosphates in Neurospora crassa. Biochimie
33, 419-433.

Ludwig, JR., H.S.G. Oliver, and C.S. McLaughlin. 1977. The
effect of amino acids on growth and phosphate metabolism in a
prototrophic yeast strain. Biochm. Biophvs. Res. Commun. 79, 16-
23.

- Madshus, 1.H. 1988. Regulation of internal pH in eukaryotic cells.

Biochem. J. 250, 1-8.

- Moody, W.J. Jr. 1982. Intracellular pH: Its Measurement, Regula-

tion, & Ultilization in Cellular Functions (Nicciteli, R. & D.W.
Deamer, eds.) pp. 427-433, Alan R. Liss, new York.

Mulet, J.M., M.P. Leube, S.J. Kron, G. Rios, G.R. Fink, and R.
Serano. 1999. A novel mechanism of iron homeostasis and salt tol-

16.

<

-]
[

Kor. J. Microbiol

erance in yeast: the Hal4 and Hal5 protein kinases modulate the
Trk1-Trk2 potassium transport. Mol. Cell. Biol. 19, 3328-3337.

- Pick, U., M. bental, E. Chitlaru, and M. Weiss, 1990. Polyphos-

phate hydrolysis-a protective mechanism against alkaline stress?
FEBS Lett. 274, 15-18.

Ramirez, J., O. Ramirez, C. Saches, R. Coria, and A. Pena. 1998,
A Saccharomyces cerevisiae mutant lacking a K”/H' exchanger. J.
Bac. 180, 5860-5865.

- Roos. A. and Boron, W.F. 1981 Intracellular pH. Physiol. Rev. 61,

296-434.

. Sherman, F., G.R. Fink, and J.B. Hicks. 1986. Methods in yeast

genetics: A laboratory manual. Cold Spring harbor Laboratory,
Cold Spring Harbor, New York.

. Spray, D.C., J.H. Sternet, A.L. Harris, and M.V.L. Bennet. 1982.

Gap junctional conductance: comparison of sensitivities to pH and
Ca'" ions. Proc. Natl. Acad. Sci. 79, 441-445.

. Steinhardt, R.A. and M. Morisawa. 1982. Intracellular pH: Its

Measurement, Regulation, & Utilization in Cellular Functions
(Nicciteli, R. & D.W. Deamer, eds.) pp. 361-374, Alan R. Liss,
new York.

. Thomas, R.C. 1989. Bicarbonate and pHi response. Namure 337,

601.

(Received July 29, 2002/Accepted September 9, 2002)

ABSTRACT: Regulation of Intracellular pH by SHC1 in Saccharomyces cerevisiae
Sung Gil Ha, Joon Cheol Jeon, and Eui Yul Choi* (Department of Genetic Engineering, Hal-
lym University, Chunchon 200-702, Korea)

Budding yeasts maintain an effective system to regulate intracellular pH in response to environmental pH fluc-

tuation. In a previous study we reported that SHC1 plays a role in cell growth at alkaline condition, not at acid

pH. We constructed a null mutant deleted an entire open reading frame for SHC1. To test whether the retardation

in cell growth was caused by the absence of intracellular pH buffering capacity, we measured intracellular pH

with a pH-sensitive fluorescent dye, C.SNARE. The intracellular pH of the mutant cell was much higher than

that of wild-type cells, indicating that the mutant cells lack some types of buffering capacity. We also inves-

tigated the level of Na" and K content with atomic mass spectroscopy after alkali shock. Wild-type cell showed
a higher level of intracellular K ' content, whereas there was no difference in Na * level. The result suggested that
K" is more important in the regulation of intracellular pH in yeasts.





