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.

cooled. The'amount of Pi Liberated from ATP was estimated by
'' ?,

measuring the nadloactivity of the l"tplPi extracted in the organic' ': 
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rractt.on.

The standard reaction mixture for the activity assay of ATP-Pi

exchange was the sErme as for the activity assay of ATP formation,
t.l

except that the radioactivity of lt"plPi was approximately
.r' ..I x 107 cpm and 50 mU ATP was added instead of 0.1 U ADP. In some.=

ri
caEeE, lJzplPi concentrations were varied at a fixed concentration

of, ATF aRd,gsp,concentrations rilere varied'at a fixed concentration
.i.1

of [5zp]pi. The other experimental conditions were the same as

those for the abtivity assalt of ATP formationr except that the

reaction was carried out in lthe dark.
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se€n th€it atl, ttie pH indicators stimulated the activity, regardless
',.'

of their pKa values, low or high. However, the extents of
-..istimulation appears to have an intimate correlation with the pK.

valuea of pH indicators. The pH indicators tested have different
chemical structures from one anotheri but they are common in having

one group for dissociation-association of one proton. It is
:

conceivable, therefore, that their pK. val.ues pLay an important

rol,e 'for the stimulation of the activity for ATP hydrol.ysis.
'

JackEon and Crofts (14) measured the rati.os of the dissociated

form to the total ("dissociated" plus "associatedr') of bromthymol
.i... : - .:r ,.

blue in the presenc€ lrDd absence of chromatophores at various pH '

vaIue6randfoundthat'.the"apparent0'Ka.va1ueofthed1ze
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t '' ,Lron atomsr besides, electron transfer, incoporates and liberates
t,,,' ltwo protons from and to watqri so that heavy water inhibits the

't, ''':'-'. : .. :

';',,' , reactions, involving the oxidation-reduction of ubiquinone-lO. I

:.: It was:;found that not only pH indicators having low pK" values but

also those having high pKa values stimulated the activities for
.'.Euccinate-cytochrome c,, reduction and NADH-cytochrome co reduction

-1 -Z
with chromatophores (Figs. 13 and 14). Of the eleven kinds of
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TABLE I. Effect of pH indicators on activi.ties for ATP formation in light and ATP-Pi

exchange in dark. The experimental conditions were desctibed i:r the text, excePt that

the indicated anounts of varioug kinds of pH i.ndicator were added. The pK" values of

pH indicators referred from the catalogue of BDH laboratory ehemicals (15) were used,

except for those listed in Table II. The activities f,or ATP fornation in the 1i.9ht

and ATp-pi exchange in the dark in the absence of pu indicator urere 4.8 moles of ATP

轟二五′ ald 6:二 5 mO■さ of I'2111三 さxιhanged/mO■ e Bch■ Omin′  respective■ y.formed/mo■ e ,Ch■・

Abbrev■ ation usedF BCh■′ bacter■ OCh■orophy■■。

´            ‐      r     _  =三 二____ニニ__■ |  ‐ _‐,_._二 =_.■ .■■_._=■ _=.、 ‐ _=■■■■■
一 ―=・ ― ―=_一 _t,____T~~~=~~ニ ニ

=~=・ 一
――
・

ヽ

―
―

‐ ‐二 |一 ニ ーニ ‐.    :     

一

:ATP formation (8) ATP―Pi ёxchangё  (■ )

pH Indicator pKa 0。 ■ 噸 ■ 噸 0。 ■ mM ■‐哩

Metanil yellow

Tropaeolin 00

Quinaldine red

Methyl orange

Bromophenol blue

2 ,4-Dinitrophenol

Congo red

Ethyl orange

Gallein

lilethyl red

Ethy1 red

Resazurin

Bromophenol red

Bromocresol purple

4-Nitrophenol

Neutral red

Bromthymol blue

3-Nitrophenol

Phenol red

o-NaphtholphthaLein

o-Cresolphthalein

Phenolphthalein

ThymolPhthalein

Alizarin yellow G

Alizarin yellow GG

Tropaeolin 0

Tropaeolin 000

Alizarin

4■ 6118( 5。 ■)

41.217.61:3〈 ‐5:3).

4`5‐ 6:5(5。 5)

.    5。
6

5。 2‐ 6。 8(6。 0)

5.2二 6.8(6。 o)

5:7■ 17。 0(6,0)

1  1‐  617

,  7:3

6。 8=8。 4('7.6)

618-804(7.6)

810

1  11  1916

19。 7

9。 3 -■ 0。 5( 9。 9)

■0。 9

10.0 ‐■2。 0(■■。0)

11。 ■ 二■2。 7(■■.9)

11。 0 -■ 3。 0(12.0)

■■。Ot,■ 3。 0(12。 0)

1         48

24

.  ■■

‐  ■2

:        57

:,   o

■6

3

・ TT,T■―二=) 9
110

1:0

1。 4

2。 8

3。 0

3。 0-

■.3

2。 8(I_■ F9)

302( 2:3)

416( 3。 7)

4。 6(｀ 3:"

3。 9

15.0( 4.0)

411

436

68

68

53

■08

95

87

55

0

‐3

90

57

36

4

7

60

66

25

‐47

0

■9

20

●0

0

88

6

9

■06

■4

64

6■

92

98

167

7■

‐31

４

　

０

Bromocresol green

2′ 5二Dinitrophёno■ :OI二 1,ち |(413)
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７

　

２

０

　
　
９

８

　

５

０

　

８

■

　

０

■

　

■

97

90

70

■0■

93

73

77

7■

1

88

02

‐1 0‐

29

57

■03

471

1 47

■02

70

■02

89

3

■

54

・ 37

■■0

1:98

13

99

105

184

■5■

15

99

■06

58
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70

■06

90

6■

97

93

■■■
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1,.'3 468

pKa

3;:19

4.:■

416

5:`6

617

1713

18:0

9616

.191‐7

■019

T言筆事 pH

323

5■ 2

510.

538

4751

〔161:6)

(2■ 16)

(■ 7=2)

(112.13)

(1416)

(2010) 41315

52‐5

13160

474

16■ 7

600

4521

525

6■ 5

‐653

5616

1552

372

478

(2317)

(59:3〕

(■6:■ )

(37:4)

(4714)

(1351:8:)

(1715)

(37:7)

(4215)

(2210)

1717

101:

7.7
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16.18

1310

■216

216

■31

1■ |

3715

■84

359

6,98
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2‐818

498 (16=0)

4■ 0 (■ 0。 3‐ )
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4■ 9

346

3■ 8

287(15.■ )
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tratiohs, of glycylglycine-NaoH buffer (pH 8.0), and water to make

the totaL volume,3.0 ml. Absorbance. at 615 run was measured at room

temperature (24o Cl with a Cary model 17 spectrophotometer with
devices which enabLed us to illuminate the sample cuvette crosswise

with the measuring and the actinic light beams; the actinic light
ill,uminated the whole sample solution uniformly. The actinic 880 nm

.i

light was obtained by means of an interference filter (the half
bandwi.dth * 10 nm) . CuvetteE used for cross i.Uumination were nade

of quartz, being transparent at four sides (1 x I x 4 cm). The

reaction was started by illurninating the actinic 880 nm light of
t 

"c1cm2. +, with 50 ug bromthymol blue; -fJ-,I x I0" etg/s'
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FLgt 5. Ef,f,ect of concentrations of pH indicators on their amounts

bound wlttr chromatophores. The experimental condLtions were descibed

rn the text. A, PH indicators having low pK" values; B, pH indicators
having high pK" values; c, pH indicators slightry water-sorubleo
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,lol 16. Ёffe91 1f Pi COnl● ltrat101S‐ On aёtiVit, for ATP formation

l1 11しit in‐ |」とこelこと:よ五五
‐よ

`Lence 

。|||よrloiS PH indicat6rso The  . 1

eXpeFimenta■ c9nditiOn, ■こre・ desciibed in the teXt′  except thet

lll ι6h09itiati。1 6f [321,Pi ttag variё o in thё preSence Of 6。 7 理
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Pi CP,Cellrati9n' On acti,ity for ATP―Pi exchange‐

11 da=k in ,leふ ёnこ9‐ and ttbsend● o士 various pH indioatOrs. The

eXperimonta■ .。OnditiOns wё re described in the text′  except that

thё
「
16icとntration二  61 1'2P]Pilwere varied in the presence of 3。 3

m嘔
1響TP ald that▼ .r■9u, pH indiCI10rS ■ere added. ■′ no addition:

|́'||1畔 |,1■。1■11,:9.3畔 ■s,71Fil'410.l Ⅲ lthyi轟 ,nge,

t,■三‐理 ,:4.dili轟63Aと16i:16′ 0:■ 屯 血。tan■■yel■ 0■F,150… v基  :
bromocre,。l green, 8′  ■O lltt bromthymol blue, 9′  0.■ mM a■izarin

yei■o, G` Th` Km value foI Pi in the absence of pH indicator was

ヨlpllXiⅢIII・● 9・ 9 
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勇: 1111,ICally the same as that in ATP formation
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Fig. 8. Effect of ATP cohcentrations on activity for ATP-Pi exchange

in dark in presgnce and absence of various pH indicators. The

experimental conditions were the same as those for Fig. 7, - except

that the concentrations of ATP were varied in'the presence of 5.7 mg

t,2,1111 2'4二 Dinitrol五 en9i′  10,3 哩F eth,1 6range′ 50 11M, brOmOoreso■

green, 50 U4; resazurin, 0.3 n$; neutral red, 0.3 mg; bromthlmoL

blue, 1,0 r$; o-naphtholphthaLein' 50 uS; g-cresolphthaLein' 0.J. mg;

phenolphthaleinl 0.3 m$; alizarin yellow Gr 0.1 mU. Except for the

case in the pfesence of g-cresolphthaleinr' the Km values \tere

approximately 0.3 mU, regardless of the presence and absence of
plt J.ndicator. A, pII indicators having low pK. valuesi B, pH indicators

having high pK" values.
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● Fig. g. Effect of concentrations of pH indicators on activity for

ATp hydrolysis in dark. The experimental conditions vtere described

in the text, except that indicated concentrations of various

pH indicators were added. A, pH indicators having low pK. values;

Br'PH indicators having high pK. values.
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Fig`1 loo Re■ atユ 6ュ betweё h aetivlties for ATP hydro■ ysis Stimu■ ated

b, pH indicatoro a■

` theiF pKa V●

■ueS, The activities for ATP    ,

hyd=01ysis inithe dark which"ere stimu■ ated by various pH indicators′

f=Om ith●  data of Fig. 9′  Werё plott●d as a fu,ctiOn of lheir pKa    ‐

●五lted, aこ d●scribed in the tettte ■′ metani■  ye■■ow, 2′  2′ 47dinitro―

pぃ●五o■ , 
‐
3′ ethy■ 6raige, 4′  bromOcFesol green, 5′  resazuri● :

|: 五さttiよ i lrL五 | |:|二±6血thymo■
‐
もlle, 0′  9_haphthO■ phthalёi,1          1

,: 21C■9801'htha■ ein, 10, phen9■ phthalein, ■■′ a■ izarin ve■ ■ow G.

11鮭

:2:08

pκ 0

（
Ｃ
〓
ロ
ニ
〓
０
●
●
”Ｑ
Ｅ
ヽ
「
●
“
ヽ
ス
〓
■
、
こ
」
に
く

一
〇
０
一０
日
●
０
●
〓
一”
〓
０
一

一
●
０
３
一
一
¨



●

FIII1 111‐ Va■ues fOF P'嵐
 ?「 bF°

mthymo■ b■ ue in free and cl=OInat9phore■

blound‐ f6rms. litiatiO■  lf biOmthym。 ■ b■ue "as perfomed in GTA

buffe= Of Vari。 ●l ptt va■ies in the presenee and absence of chromatoご

p10■●0. The amounts of the dye bound with chromatophores were

dstimatさd iこ desc=ibea in the tё xto The ca■cu■ation method ifor     ‐
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Fig. 12. Effect of bro:nth14rol blue on activity for ATP hydrolysis

at various pH values'. The activity for ATP hydrolysis in the dark

was measured as described:Ln the text, except that 0.6 g GTA bufrers

containing 10t sucrose (pII 8.0, 8.5, 9.0 and 9.5) !ilere used instead

of glycylglycine-NaOH buffer, and that bromthlzmol blue was added

as indicated. The method for plotting was described in the text.
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] Fig. L3. Effect of concentrations of pll indicators on activity
for succinate-cytochrome c2 reduction. The experimental conditions
Itere described in the text, except that indicated concentrations

of pH indicators vrere added. The rate for succinate-cytochrome c,
reduction in the absence of pH i4dicator was 0.6l mole of
cytochrom" "2 rieduced/mole Bcht.min. A, pH indicators having low

pK. valuesi B, pH indicators having high pK" val.ues.
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Fige 14. コfFec● Of COncentrations Of pH indicators on activity

「 ,■
 NADH― c半

199●TOme cぅ -9,uё l・
Ono The ёxperimenta■ conditions werё

desCribedlin the text′  e■●ept that indicated ●oncentrations of

pH indicators werё  added` The activlty 
「

or NADH―cytOchFOme c2

Feduet10n i■ the abSettce oF pH indicatOr was ■。5 mo■e of

eVIICI19■ 9 Cぅ reduCedィ
mole B,11,min. A′  pH indicatorO havュ ng ■ow

,下ュ = 1ヽ1el′ IB' PH ild191t9rl hlvinO hig,pKょ  va■
ue。・
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