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Calcium lon Effect on the Sugar-H*-Cotransport System
in Chlorella vulgaris

Cho, Bong-Heuy
(Department of Biology, University of Suwon, Suwomn)

ABSTRACT

Sugar uptake is accompanied with H’-substrate-symport generally. Both H*/sugar-and H*/K*
stoichiometries during the sugar-uptake have been reported to be exactly 1:1. This paper reports
that the stoichiometries were enhanced dramatically by the addition of CaCly into the medium
and by the high cell density of 200 uL. pe/mL. The concentration of free Ca?* ions in the cells
increased significantly with cell densiy. It is suggested that the free Ca®* jons are responsible
for the change of stoichiometry of sugar transport system by regulation of H* ion level of biomem-

brane.
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A= E22HeHCho and Komor, 1984), o)2h= kb=
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i ofallo] Clabm PR HE44 ok HY 0129 folape)
27hE 9)cHKomor et al., 1989). L&} Cal* o) &e w2
H ol fsdgke] Sk @59 S55dl od o



322 Korean J. Bot.

E

ol

Ao oltsh HY/gRel wlg, HU/K 9 wgel
bl S8 FAA S QAT o & AEYES) Catt
s BASh HO/K 2] vlge) st B2 AT7E

24 Aol H /%) w143 Cat o) WAE wle]

rE

o o
ﬁb$ﬂm

i

ME 2

M| ZEul ek Chlorelle vulgelis= 39.6 mM  potassium
nitrate, 7.4 mM potassium dihydrogen phosphate, 5.4 mM
potassium chloride, 0.74 mM ferric chloride, 0.1% EDTA,
CO, gas¥} 0.1% Hoagland’s trace-element &} }el ] #
22l FzANA ulksioh

SET&Ae 85 59 A AZs 4000g904 15
7 A28 A F AxUEE 25 uL packed cell vo-
lume(pe)mL 7 2 23 5 25 mM sodium phosphate buffer,
pH 6.0¢] 25 mM F=3& AHzpsted 3417 Fab 27°Ce| A
gl SEFEAT TN 3420] Hw ¥54
£AE oHs] fEEHYE Fe SxelA ALAEHA
A dolls TEFE AAAA F ol f2YE £F
517] &4 5mM NaClel] AE& i—b?-u}-ﬁﬂl:]-

o2E s5T89 55 2He 5ETFES AR
‘H-labelled-6-deoxyglucose(6-DG, 35 kBg-mol )& #H7}4)

A Al AF5E 10 7H922 05mld AN &=
0.8 um pore size® A7l F AriE Fspe) PR
o a A ojztx|e} AEE 5mL4 scintillation cock-
tail® 237(Cho and Komor, 1983) 8l4l59) <2 543}
Atk Y BF FESES 24 oleel AR 2
AZslA S

olpElel =3, H* ¢].22] M 3}= pH-microelect-
rode(Ingold, Zirich)E Al&8ly, K' o]28 Hile K*-
selective electrode(Philips, Hamburg, FRG)E Ap&-3i<l.
Reference electrode®= T35 KCIZ 2 3l= Eepi
#E ol g, 24t A|27) 9l= 5 mM NaCl &3}
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Ca?t ol sk =3, Chiorella ¥ Z 4 Na-acctate
buffer, pH 6,022 =3 & pHel pK#} b xwl =48
14 8e] 7]l A [ull speed® 1052k GAE]A7 F 05
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48 7hsle] &g fAlEae) 7)o full speedZ 10%-7F
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Fig. 1. The time courses of H* -influx and K "-efflux afier
addition of 5 mM 6-deoxyglucose to cells of Chlorella vul-
garis. Cell density was adjusted to 100 pL pc-mL- 1 Cells
were suspended in 5mM NaCl and adjusted to pH 5.0
by addition of NaOH. 6-deoxy-glucose was added after
stabilization of both pH and pK.
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Fig. 2. Influence of cell density on the time courses of
Ht-influx (a) and K'-efflux (b) after addition of 5mM
6-deoxyglucose. Cells were suspended in 5 mM NaCl and
adjusted to pH 6.0 by addition of NaOH. 6-deoxyglucose
was added after stabilization of both pH and pK.

FHA o 279 H" o298 fdgdm K-
Zg vy H'/K* 982 1:158 f-A53 e (Table 1).

Zev wiAY] Ca? o] wEe Frbe wabd H*

o]2e) #4] =X MR ZrpExm, K o]Ls] uhi
Erx Z71sqdoh 27 H' o8 /4 S=& 171
pumol-h™'-mL petelr}, 10 mM CaCl, 8] &z s}ol A4z
H* ol o £+ F%3] F715hed 382 umol-h™'mL
pcl®m EAE e} 7 Hal dlzoee] HY /KT e ulge] 1:
1ol 4, 10 mM CaCl, &3}ell 2 H*/K* 8] &2 H" o]
271 =2 K* 19 wlER Zrheqch v Ca't ol
6-DG FFFEL of7 W gt Table 2).

CaCl, ¥=7} 10mM¥ = H*/6-DGE u]&2 3.90¢]
B2 6DG & £ o HY o]&e] Hojm 477} Fube
FE= AAY FA=%m, b 22 22%e4 K/6-
DG2] w&2 2312 6DG gEa g K° o2 2EA7}
Azzre WEEe Ay 249 o] A e
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Table 1. Influence of Ca’* on H7-influx and K*-efflux
afier addition of 5 mM 6-deoxyglucose to cells of Chlore-
la vulgaris

pmol-h~l-mL pe™!

Content -
H*- K'- H7*/K'
influx efflux stoichiometry
Control 171+ 045 169+ 052 1.0
+1 mM CaCl, 268+ 052 202+ 0.74 1.3
+5 mM CaCl, 298*+0.73 214% 0.69 14
+10 mM CaCl, 382+067 226+ 0.65 17

Cell density was 100 uL pcemL~% Cell were suspended in
5mM NaCl and adjusted to pH6.0 by addition of NaQH.
After stabilization of both pH and pK in presence of relative
concentration of CaCly, 6-deoxyglucose was added.

Table 2. Influence of Ca’* on the 6-DG uptake, H" -influx
and K- -efflux after addition of 5mM 6-DG

ymol-h~tmL pe !

Content —
6-DG H*/6-DG K*/6-DG
uptake stoichiometry stochiometry
Control 244+ 045 0.70 0.69
+1 mM CaCl; 198+ 0.62 1.35 1.02
+5 mM CaCl; 152+ 124 1.96 141
+10 mM CaCly 98+ 1.81 3.90 2.31

Cell density was 100 pL pe-mL~’. Cells were suspended
in 5mM NaCl and adjusted to pH 6.0 by addition of NaOH.
CaCl, was added 15 min prior to the addition of 6-deoxyglu-
cose,

Az QAR Fao] A, Ca* o] 29] FHOE 4

ZH9 =Z#$)7) o]z efu]A(electrochemical gra-
dient) ¥5F8] F#z doid 4% dw = Axts

A Egafelel X Cat™ o]zt
Ao oleld + glch
Sf SET5AH olXEs dEizel st

Saolee] FET BB

pHSO

off4] H™ o2 53e] Hshs Azdxel "AfsH o

Haich J=Exr}t 200 pL peemL~te o, HY 01-9——4 5
P AT B F4E 3 LJr AZL=7} G ot
AFF HY ol&e #4 £EE =k % 60ul per

1 10 zgsaoﬂv& Ht o]29
fale] izl 2 o) FERE = HY o]2e] A& AE 9=
uhzgoloh(Fig. 2a). 200 ul pcrmL-1¢] AZyeel 2

£ pHelld H™ ol&e] #9l3} K™ oled] w2 &
At nial TAL fAsh, o) EL HT o) el
SERLE & 4 rhFig 3a b). CaClLe] ZAsielr
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Fig. 3. Influence of pH on the time courses of H*-influx
(32) and K" -efflux (b) after addition of 5 mM 6-deoxyglu-
cose. Cell density was 200 uL pc-mL~!. 6-deoxyglucose
was added after stabilization of both pH and pK.

T ¥l H/K* ¥]ge) F7l=% A= (Table 1) 4
FRso weld HY/K' vl&e] Z7E gk (Table 3).

A ELE 100 pL pe-mL-ted o HY/K* Blgo] 1: 10 4]
AEDT 200 pL pe-mL~'Y wf H'/KT w]8-o] 1924,
Hf o] % E& g K' o] 3t £&7 #&5E A=
24 ) Cat o] 27 AZgxe] oW FaAAe] sl=
Z1& 7] #e]A4 100 uL permL~'2} 200 uL perml 9]
AEUEE 7].21 Lol wlokdl AEEF FIA G BHes
24 wralgl e zAstA AzTuet AE 99 Catt
o)L FEEF é“&‘ st H(Table 4).

AEYE7} F& 73 &z fg Ca®t o] &
FEe Fe]7t v AL Btk Az felh Catt
ol & TEE AZYTs) FU1EFE FrlEda & Calt el
FEE AEYEl 22,2 ZrlEer) aElER AE
157t & wie 9Feld Ca** ol g HrAA F7|
gole Ca?t ol FAAAE Anel ¥]&ddg BT
9itTable 13} Table 3 H)4).
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Tahle 3. Influence of cell density on the H*/K™ stoicho-
metry after addition of 5 mM 6-deoxyglucose to cells of
Chlorella

Cell density (uL pc-mL™Y)  H*/K* stoichiometry

200 19 0.72
140 1.3+ 046
120 12+ 1.14
100 1.0+ 0.57

Cells were suspended in 5mM NaCl and adjusted to
pH6.0 by addition of NaOH. After stahilization of both
pH and pK, 6-DG was added. The other experimental
conditions were the same as in Fig. 2.

Table 4. Calcium ion concentration in the cells and in
the medium at different cell density

Content 100 L. pcrmL™! 200 pL pcrmbl_;
Medium 128 M 155 M
in the cells
bound 0.98 mM 1.11 mM
free 0.67 mM 0.95 mM
total 1.65 mM 2.09 mM

Cells were suspended in sodium-acetate bulfer, pH 6.0.

957t 5ErsE o H o2 9/ @ 24 3

Mol vige AEWE F5x2, FF & &2 K OTi
T A7t AzERe dEHoFig 1). o] ddEs HE 9
ddjelch 6-DGE 1S o 10 olWiellA FAFT 4
Z2 Fel" HY o] 2 o] oYL Es 4 F
TR Ax Yo E whEsEs KT ool *ﬂEF—i %
AbEle] Solvha) A = g7t AR efua] Az Ao
9= ATPY) ¥=% 29 A$ 6DGE 71 €4 10&

oMol 15% AHE 4R, 7 o]FYEE= A Wss
Ho)A] kol (Komor ef al., 1989) Fie]@wme] #lg.0o
A 6DGE 71 10 o7l FadE o ¢ ok &
ZelgHEE Hxde] A4yt B o ZAEHI) Hed
(Bates and Goldsmith, 1983), | Z1H] fusicoccinS A Eo)
7V W AzAde) AAEIl Hx, o) AAFE Aol
H= o =E-5 HEAAA HY o2& 4Z stez
Z A9 71e)®], fusicoccine] A FiolelynE A
A7) = 7o) ol jr}(Bertl and Felle, 1985). Chlorellaaﬂ A
6-DGO FE5r4A 4 Az A4 S3E9x,
o} 4% #Ake 6-DGE) FErEe] A&5E s R AL
f7 H W eHKomor ef al., 1989). L ERE Fiol &Pz e
7M7) @5 FESES R Ance AxAds
ASH A AAdHE sy el TETEE Aels 4
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22 AZHATE pho]2FE o FrL AEHL] HY oL
Fxo &= A} v}zl Z(Snedden of al, 1992)
AxAe) fejF Ca¥t o) e £Z=giKSerrano,
1989). Ca** o]&-2 Ca’'-channel® ZE#4 AEH= §
o1y F(Kamiya, 1991) MZel] 2] Cat o] =xd
fﬁ_i}i 1, FErEr gk Fork
o) FEFEE o U3 FIE5 SH

xg %%—’F—’é”- Fob Euby] HY ol 23t =d

= +2 SlEA i Fasith CaCl o]28] &

of Al K o] 28] Hf&-2] Z7h= o]p] B H v} g) H(He—
ndrich and Schroeder, 1989), XK' o¢}$-2) vl&o 4250
2H =y 75a ddse] 9okl Wt Wu and Be-
rkowitz, 1992). Chlorella®) X CaCl,e] Z=ste 4] 6-DG
2 7lshdd djz7el vlwsja] HY o]2¢ f43t K'-o
2o] whze] Fawlgici(Tables 1, 2). A2 ZAyb=le
e Ca¥ o] F=e Feld Catt o9 EAstelA
H* o]2e] f¢l £x2] F7jet vlalsixlz K* o]29)
HEHE 27 215 A K Table 1), D&l HY/
K'e] ul&g 1:1e4, CaCly o)) wj=)of) 918 wf(Tab-
les 1, 2), Al 2 %7} =2 w(Table 3) =7}xe] H/K* 2]
H-ge] HH2 H' o]& F #£A9 §¢ 2 K ol &
474 wEgo) K o]2e] 55T UyshA 2=
Adetd, HY /K 9] w82 CaCl7h gle oo} Axed=r}
=& Wi {egle] 1018 FAFH ek gl =larixz
H"/6-DG2 ¥]& % K*/6-DGe] wjgx =HEH7 glojof
Hu} Call9) EA) 5}l H 238 Z7kE|gdvi(Table 2). 2
2l AEae] el Ca' ol Axu RAE =HET
Al A (e 2 A3}, 6-DGE) Hortg uhel st cHTa-
ble 2). A& 6DG2 FF4e) He= F HY
o] 22 frgizk K+ o]&4] i) 7:}5:5101"} g oA
e vkl of% o] 2E 2ES Z7]
Aie AFrhr] Hose] ahezl %’-%“r‘"—’a‘—-‘?f] 7] =hh=
o2 ZoR A4S 53 o2 ¢j2g 4xss 3
FE Havt dny AZE) o)d) i hsE dge
fre] Ca¥*™ ol2e] nE we Azxd gk : &
FrE AT = AxdErE 7HEE &uF] 2Fe) 8]
Qlo] Hoja AEAe fa] Cat o]29] Frt walee,
AET ooz oFHE 28 MEur P2 o
FHE Sxrh HARGA Azt Axe e ol EH
Cal* o] S-2 ‘-——57] 2o e ol:o]Q. mEe g Cat o]
29 FE7F B o= F4o T qxga AxE Ale]lZ

A elthHarker ef ¢l., 1979). AEXYWEI} =24= A
Well Zo} sle 8] Catt o] 2F=7) Z71E ¢l Edl(Table
4), °) Z718 fre] Cat' o]&2 Axg &3 nlpZd
% HY o) Fee) Caf' o] FEd WEE Z 7oz
Azvgie]. Harker $(1979) o3t f=] Ca¥* oj2e
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ol 2 Aol eddFL Folx Ca*r § EA & HY o]& F
Ak} ofol-2 WS dlA iz Easigch o] A
gl AEAL] el FrE Fr1E Zlolw, weEkA
WAl H' o] ¥xt Zhase] U8R 2E #Helth
aee 2 CaCl, ¢]-&2] =27l FoladsE(Tables 1, 2),
ANzUe7} Z71= u)(Table 3, Fig. 2a, bh), g3 pH7}
LAl uf(Fig. 3a, b), H/K*, H'/6-DG& K*/6-DG<)
ulge F7LE HojFeld, dAe FHFEe) Bubr
H= HY o] &2 o= Asle] F5E whEEE K' 029
kg e o = ¢le AXHe|th 222 Chiorella vul-
garisE AER ALY o, AXdzrst B& 9 £ CaCl
ZaAfalella] A EzHe] A5 A H/KT, HY/6-
DGe} K'/6-DGH vl && dethe A i o=
of 4= glz}, o] FAY AL AFE L A A A7) F epat
4944e 2eslA Cat' 9 584, CaCl. & 5}ell A
H*/K", H*/6-DGs} K+/6-DGe] vl& 5-& 3sid, A
ek A9g Jg ¢ 9l E i EWEY sle o
o] A&l WY HEE & 5 SUch 2 Chlorella
ol ok 948A 2oy g AF 253 Chivrella
vulgarisi= u]dY Azl 2F7HA] g8 e A2
AA Eiol e W W] Y o) FAR gol
stk

6-DGe} H'/K-2] vl #H&s] 1:1lolch =zl Ca*t
o] 0] ujRo FAsAL}, AELE7} 200 uL perml!
A% £ o H/6-DGe H/K+4 v &L F£ue &
7igEieh AZvle) R Ca ol2d TR AFRxst

e ATAA Z7HEATE fo CaE QAT Aol
i Fiole FEE 2As FF FEREAY o)L
Seg Wshlsle ez 2yud
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