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EMRRID Y v I BOERIESISHINT VS ¥ v BEDLZEFHIZOVWTHRE L., § v
IS BEDALEEEICETAHERENAS Y VNV ESTFOERBUNLT I/ EEMREEL ItBRREA A
VEIOHMEERICEVE IS EFEL, To1. X, v 30HEBROMAEERICE, 1 7FD5 v
NRIBIEHFOBRELERETHOTEL DFEHFFEETHESONTVEDY, F—RICOLHEHER I
MO TPHEHEBIC AR TIEBICKRE L, B—RIGLHND T VR BEIIH T 2HSIBATE L EREL
7. ChODIREDS & THEINIERIBL DERD LB - NIEREEENIT—FL, N7
BEATFOFHBULT I/ BEBERA A+ VEOREERNS vV REORRICERE 2 RE2H-T
WBZERTBLT V. Bio, BFF VIV BEAKROFEEER S 10°~10 TH 255, BFRO
BEERDS 1077 K0V HIE, FURIBREIFEAERIOBEVEEZEZLNI. ZhYX, K
x N BEEEAETAERORREBRIEMEABO Y VSV BOERBKHET AEREEGAHLEZD

ni:.

1 &

gy EEE pH ETREAHOVT pH 2RET %
BICRONBRETHS. Thidy v/ EDFEDH
&Y pH BRENEETHHETH Y, Sérensen I
k0B THREINLY. FUNRIBITEVELSER
By v s HBEICHEI T 5720, ZORRELY ¥
NRIBOEBIELAVWOND &I I -127D. 5
VNI BOEERAO pH #EREE LT, AFVEF LY

ol

YV, TULT )= NTN=P, Tars LS -V

Y= Funrs LY== FNO, awI—-7Y
DTV R T— G250 BENONTNEY, ZDOKR
OB LTI h TR, ED®, F VR
HOEBICHWAEBROBRKOERIERNIC S s
TWVWBIZT EZW,

Ry VNV BOMEERICE, OFRHBER
EZVRIBEEORS, QFMBENERRUOBRERE
HREAAVES YNNI HEEORR, @RHBEIERERA

v &S VT BEDOERRERME ORI ENEFT O

TWBY, BECIEBEDOEESHSHELTH, TAHD
TRTHY VR TERZIBEBRLTVSEEEZLATL
%%, Chapman »E€7F v LEROKEEICODVTHR

* BERNEEERY: HERBAH LRAL 519

WU, ZOBEMVLEERICHRED, FEaRES I /N
IESFHROV Y Y, TVXov, e AFI v OHEMET
IJEOEBICHBETAZEERELTVAEYD. X, ¥
VI BICEBEFHOEIRISHER pH KV EL
WEHEBRZIHIEN SO, ZORBITIE pH OF
bEEBITENT B Y vV EBORBIRELEFSULT
WATREEDSHEE I NS, 22T, EEIWL Y VISV BE
DIREERIE TR A 4 v & ¥ v/ B OIERBIRALE O
BICEVRIBEREL, FOMTERSIZ. ZORR
WKOWTHRET 5.

2 KRG %

2¢1 B ¥ .

2¢1-1 BEBEA BEARIpH22~78DHD
& 0.1 mol/l 7 T VEBIAWE 0.2mol/l V) Y EEZF MY
Y ABKERAL, AU, X, pH20 ITOBK
WHHBEAR CHEB U . pH ORIE IS M-8 B pH
A= =TTtz

212 IYMETIVI I BEH T VIMET VT
IV (MXHZET ) 100mg ZREEKIZE» L, 100
ml & U7z,

213 BXEBH awY—-7)VYTF7 v T N—
G250 (CBBG-250), 7 0 A 7 = /J— ) 7 J—
(BPB), 7uszLV—n7Y—v (BCG) RU7 1
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L7 VY= =T ) (BCP) #%FNZhN 1 mmol &
D, BWEKICE»L, 11&UT7.

2+1+4 Brij 35 %M  Brij 35 (RIEMEKTE) 1.0
g 2% 80 ml DFKITIEN L, WHBRICEEKEZ N T
100ml & U7z,

2¢1+5 2mol/13&{LF PYILEHE HILF Y
Vo (ROEHMZETEBRHR) 11.7 g 2REEUKICEAR L,
100ml & U7z,

22 BIFERE .
BBy VIET VT I VB 0.5 ml ICEFIARK
5.0ml, Brij35 ¥ 1.0ml X FEBRIBW 0.1ml % 1N
Z, F<EBMUARLL. »oHBRKISBERK 0.5ml
IZHEE AR 5.0 ml, Brij 35 AWK 1.0 ml RO GBEEK 0.1
ml 2%, E<EMUABMUL. X, U3 78EIC
NI B4 A Y OEBEIFHBRKE » 5 HBKIC 0~2.0
mol/1 IBfbF MUY ABHK 05ml $22I0%, BEL
1z,

BRI OB 3 h 5 HBRK 2 B E LT B®RS T v
Y— 4 UV200 5K ERCBIE L 2. BIEwE R
CBBG-250, 600 nm, BPB, 590 nm, BCG, 620 nm, BCP,
590 nm & U7z,

3 ERRUER

31 ZUNJVRERARICHTH{LFETEH

F YN EEMDYE E DA ICEI L TIE Scatchard
EFN, SEEEHEETLY, Klotz HDEF N Dz &
HbB. CNHDETFTNTIE, ¥y N7 BIEROYE S
BATHIEDPEEXINTHBY, BHIIABTIEL.
—REVIZIE, BEREEETVIEBROREFITANEEX
HNTNBY, ZOETFTNVTE, V0B 1 HFIT
HOMANKREE ST 5HE, EEd n BRETETL, £
NENOREE ZLITFEEY (K Ky, -+, K,) DFET
5. ZIT, FUNIEEBIINTIHESIZIY VNI EBE
BROF—BBEOBENRbAE L, HOBRBOKED
FHINSL, BRTEHERETNIE, BT 8
HEHIIEHEEZILNSE. ZOEIEBOBVIZE-
TH I VNN REOERN L HRIIHE TS TH S .
EIT, FUNRITEEPROZBOTTEL S LFE
U, @IrL.
QI v N7 BREREEETHIERORIGE (BEY
A0) 2850, EEEYI E 1 HToRREDA
HEaL, ThZhoBEIBRENICECS. 1L, 4
VST REIRT A HFGUE —BREOBATRLKRE
<, ZRLBORIGEBEOREETIE, N ERTES

ETBH.

BEYA PIEREBELRLT I V& (-NH,Y) ¢°d
D, RIGTHBRIBEREREA 4 Y (A7) &7
5.

@pH OEALIZEES & ¥ R BEOTHFEOELERE 7 2
JBROHEBEBOELHMBIFELL TV BHDOTY, & v
HOWEIRT I/ BOBHR» 5 ICHETE S
&9 5.

O RICBRFICHTFTERAA Y (M7) b5V E
DIEHEIM EERT 5.
@ORICBEBRFPOEBR (HA), ¥ 308 (PY), #fF
ALY (M7) KIEROFENRLT 5.

’HA::H++A“ iH%¥§:L=KA (1)
L [PM]

P"+M ==PM Tgﬁfﬁ;f_Kmd(Z)
- [PA]

P"+A"==PA TE;HK;T—KM (3)

CIT, Ky BEROBMER, PM KU PA 134 +
VI UNIBEEERRUEBRY v HEAE, Kem
B Kpp SEEAF v 5 v 0 BEESERVERSY VI8
JEEEROEEFEEREZERT. X, PT BIEWEL
128 VST HERY. »
® HMUIERS v 7 BREAEROBNYE — 7 kE IR
IR EROBNYE — 7 BRI HBENTHEY, FiED
BN Y — 7 FRAEICHEEORNEEVHDET 5.
X, BAX Y v BEEEREATRBIRINZ RS 72
WHDET 5,
RIGBHHOEE (HA), 72308 (PY), A4
Y (MT) REEZFNEFN Ca, Cp, Oy ET 5 &,

Ca=[HA] +[A7]+ [PA]
Cp=[P*]+ [PA] + [PM]
Cn=[M"]+[PM]

BRI VNV BEBEEEREE (PA) BRDESIZL 5.
x(2)» 5H, [PM] =Kpm [P+] IM~7], X, M ]=
Cu—[PM] TH B0, [PM]I=[PT](Cy— [PM]) X

KPM-
-T, BAL Y7 v BEASERBE
_ [PT]CuKem
[Pl = 1+ [PT]Kem (4)

RNROKR(3)2ERULLA(5) &K (6 ) 2HAE
bas e, K(7)0Eo5N5.
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[HA]=Cs—[A7]—[PA] (5)
. [rA]

(A ]_—[P+]1<.,A (6)

[HA] =C\— % — [PA] (7)

A(1)ER(3)oEE2EY, ZOoRD [HA] oK
(7)DOREREZRAT S &,

[HT][PA] _

_ [H"][PA]
[HA][P*] CA——EE¥%;:—{PA][P+]
=KaKpa (8)

A(8)EEL, BHIBL,

[PA]
[P*]Kpa
= KaKpaCa[P"] —K,[PA] —KnKps [PA][P"]

= [P+] (KAKPACA"'KAKPA [PA]) —Kj\ [PA]

[H*][PA] = KpKpa| Ca— —[pA] | [P™]

s, RRIGDY v BEE [PY] 1

1 [H*][PA]+K4[PA]
) = K KonCa— KaKon [PA] (9)

A(4)E [PT]=Co— [PA]l — [PM] 2 AHEDE D

ty
[P"]= Cp— [PA] —[PM]
. _ _ [P+]KPMCM
= G Al ek,

CORZRBEIDE, RANKELNS.

Kon [P1124+ [PY]1 (1 — KppCp+ [PA] Kpps+ KpngCog)
—Cp+[PA]=0 (10)

ZORIIBIBRRIGOY v v BEE [PT] IR
(9)DIEREZRAT S &,

[H*][PA] +KA[PA] \2
KPM( KaKpaCa—KaKpa[PA] )
(1—KpmCp+ [PA] Kppg+ KpprCo) X
( [HT][PA] +KA[PA]
KaKpaCa—KaKpa[PA]
=0

) —Cp+ [PA]

ﬁlﬁ‘: (KAKPACA_KAKPA[PA] )2 7@:’% L, Eﬁﬁ b,
[PA] HTE &5 &, [PA] KBIT 2 =kAB s
5.

5K . ¥ U RTBERSIIB TS Y VT BE-BEESO(LEEE OB 499

[PAT*(Ka’Kpa®— KaKpaKpn [H] = Ko?KpaKpn)
+ [PAI?(KaKpaKpnCa [HY] + Ky KpaKppCa
—KaKpa [H+] —KaKpaKpmCm [H+] _KAQKPA
+KA2KPAKPMCP_KA2KPAKPM Cymt Kem [H+] ?
+ 2K\ Kpm [H] 4+ Ks2Kppg — 2K a2KppCa
—KaKpa®Cp) + [PA] (KoKpaCa[H™]
—KaKpaKpmCaCp [H+] 1 KaKpaKpmCaCn [H+]
+ KAQKPACA““ KA2KPAKPMCACP
+ Ka’KpaKppCaCrt+ KaKpaKpmCp[H]
+Ka’KpaCa® 2K Kpa’CaCp) — Ka’Kpa”Ca*Cp
=( (11)

BDRD & <, MREAGEREA 4 v AT H5DIRIE
HEUIT I /ECNHY)THBERELIZOT, &
(1D Cp SERBULT I/ REZETH 5 VBB
BaRedllitnsds BEXDTTHB5 V0 EHFA
WIEEZHOANKEFINEET I VESTEEST S,
4 OEOEMICEL COMT IR THEEEZ X H
ha., LU, IRETRRTZEHICY V0 BORER
SFHRNCIET IV BOHBRLEEULTVWEEEX S
e, 22T, 0 BOREIZT I/ BOELSEF
HRICEHTEZ2L0EREL. 2D &M, RIGE
BWHhDLs v NI HBER O, § VNV BHTHOT
SVEOFEN s EMEY a bt 5 S, FHELRLT
IVBEETBY VNVERE Cp 3RO LD ITHES
na,

y2i

Cp=aCx (12)

REL, a BRODEHIERINS.
1

o= Kw

KK
1+ - >
Ky, [H™]

MV ATGE

T, Ky, Ky WE v 0B FHROHVEF I
HETI/VROVENSBHMEREZET. X, Kw 3K
DAXVERET. R(11)D Cp 1R (12) DIERZ KA
U, [PA] oW T OEXRABRERTE, ZOREH
TERT BRI VNV EEAKRBESBLNS.

EIAT, BRY vV BEEAERE S KIGEARI R
TREDHERICB Y 5RNME (Ep) BERLEERSY v
NIHEER (PA) ERRIGOMEMRERR A + ~
(A7) OBHKEDH (Epa+Es") THB. X, »HHR
BRIAW A ORBINEREA 4 Y (A7) ORTBLE
Ex L35L, DHAEFTHrORBBREIBELT
HESINBERY v BEAKRE S UCHBRIBKR OB
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B (E;) BIRDEHITE 5.

E;=Eppa+E, —Eg
=¢epa[PA] +e,[A7] _EA[A—’] (13)

T, tpa, Ep BEBERY VI BEELSED T NVRIGR
HEUORERGERA A Y OENVBRCREEEST. —
#, [AT] & [AT] Wk &HicEHI NS,
KX(1)2 5, [HTIAT]=K,[HA], X [HA]=C,r—
A7 ©55DT HY][AT1=K\Ca—KA[A7] & 75
5. -7,

AT]=—— (14)

N, [HT][AT]=K«[HA], [HA]l=C, —[A7]—[PA]
THB5DT, [HY]AT]=K\Co—Ks[A7]1— K, [PA]
ElEB. /T

_ Ka(Ca—[PA])

[A7]= [H]+Kx (15)

Bontz [AT] RO [A7T] ofEzX(13)IcRATH
W E, WREAD. HIZ, K12 E, 228 v X7 EHE
R VNN VEEEERER TS EMWELEZITRT &
EZZONBENE, Er=cpaCx THRI &, RIGBERD
TS DML % O % V7 BORIGICHENS T 5
HRHONB,

E;
R=E—T>< 100%
_cera[PA]+en[AT]—ealAT]

epalx

X100%  (16)

toa R e DEEAHETHADOT, EVHZT
ea=¢tpa EIREL, FHEZEDS. ZOREKLELY, K
(16)I3RD kD 1Tty v BEESERR O RN 6%
A A v OENVBHRFREEEBEFOEVWRERD,
[PA], [A7], [A7] 2B $TH L IC&D R SKE
5.

_ [PAJ+[AT]—[AT"]
Cx

R X100% (17)
32 AUNVRERROMH

BRD EHICRELEY VNI BHEORIBTERT 50
x5 v sgESEKOEBRB IR (1) TEEI NS L
otz RO 6, BFKY vV EBEAROERK
BUHEBROBERVEBHER, 7\ VEHEORERCT
IJBEEINVEFYNVEOBEHER, RERAAVOR

Vol. 42 (1993)

B, BRI VN VEREERROKFRA A VI V0 H
BAKROLEER, BK pH KIKFLTWVWS. 22
T, RS VNV EEEEROERERLE N HSDD LM
SOhORFEDERIZIO>VTYIalL—Y 3L, Bl
BREHBUTH., YIab—YavitizoT, &
R VRV BEERBRORERA 4+ v 5 v BEAK
DEFHEHEIXMMEY 22 EZL L TEREFN
Kpa=10°~10" mol ', Kpp=10mol "'l & Uz, X,
FUINTBEDHANEF Y NVEROT I ) EOFEEGEREE
HixZEnFh K,=10"*mol/], K,=10 ®mol/t & L
fz. BRBE, 5 VNV ERBEROEFRERA 4 VEEE
FNEFNERTHOVLZEE Ci=1.52X10"°mol/l,
Cx=1.10X10"%mol/1, C,y=0.1 mol/1 & L 7z.

3.241 BELCNIHHAAGOERRE REEH
pH HBARRC» s RBARP O G REA
A BETHS [AT] & [AT] BEB pH KLV ED
EDWENTBPIZOVTEHELL. F0&E, [A7]
E[AT] 13 pH Oz b 5T [ATIK[AT] TH
2. fE-T, »HRBREEXNEE U THIE SN BHE
WOBNEIERICIEES v/ EESEROERIZ &
HRHEOHEMEZRT HDOTIERV. b5, RERA
BoRxEoEmMER(16) Tk 5N 3 R IGRHEI O

—
(=
T

3k

- Amount of dye-protein complex/10~7mol 1-1

Fig. 1 Relation between the pH of a solution and
the formation amount of a dye-protein complex for
various pK, values of dyes when the Kps value of
the dye-protein complex and concentrations of the
dye (C,) and protein (Cx) are 10" mol 'l
1.52X 1072 mol/l and 1.10X 107 ° mol/1, respectively
(calculated result) ‘

pKa values of dyes in each curve are as follows: 1,
pKa=1.5; 2, pKo=3.98; 3, pKo=4.67; 4, pKo=
6.3; 5, pKAo=7.0.
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Maximum amount of dye-protein

complex /10-7 mol 11

pKa

Fig. 2 Relation between the pK, values of dyes
and the maximum formation amount of a dye-pro-
tein complex with various Kpa values when the con-
centrations of the dye and protein are 1.52X107°
mol/l and 1.10X 10~ ° mol/l, respectively (calculated
result)

The association constants of dye-protein complex in
each curve are as follows: 1, Kpya=10"; 2,
Kpa=10%%; 3, Kpa=10° mol ' L.

100F

> (=2 [o
<2 <o (=]
T T T

(3]
<
T

Apparent relative amount of
dye-protein complex, %

pH

Fig. 3 Apparent relative formation amount of a
dye-protein complex with various Kp, values when
the pKa values and the concentrations of the dye
and protein are 3.98, 1.52X10 °mol/l and
1.10X10™® mol/1, respectively (calculated result)
The association constants of dye-protein complex in
each curve are as follows: I, Kpa=10%; 2,
Kpa=107; 3, Kpa=10°mol "' 1.

LDTHDBEWHDB.
Fig. 1 1[3883 D pKa % 1.5, 3.98, 4.67, 6.3, 7.0 & L 72

B . SV RTBRERBIIB T B Y V30 B-BHEBE DL TE O BT 501

BEOBRS VNV EEAKROEREEBK pH £ O
BfReRLT0a. KO &S ICEBEIZAR pH I
fFL, ChWBRKERS pH LT S. X, £RKE
WBEBFED pKy ICEVELL, BROBHERIS/NESL
BHFEFLTSH. X, R(16)» H5E L RBTOE
R VN HEAKRO LR IIKIGER pH KX L,
BKREA2BET 5200 RROE(LERL, BED pK,
WRELBBEEETTHETFRINT.

3:2:2 BRICNVHEAFOFEHERRVEBED
BREEHLEAGERR TFig 2 BEES VNV EE
EEROPEERE 10°~107mol "1 & L& %, Fig. 1
DOEHMDOE — 7 1Y T 2 RAEBEIBRD pKa
EEDEIBBRICH DD EFEUNLEREZRLTY
5. I oWonrnkrir, BRKERE L pK, EH
0~3 TIRFEF—EEZRTH, Thll Lo pK, T
BERA KT U, pKa 28 7~8 ODEBHE TSRO THEIC
BHEHFEINS. X, Fig. 3 ERBIDEESY v /8y
HESKOERRE pH RUOGBHRY v/ 7 HEAKD
FEEREOBFRAEEL TND. RETOERRIZZD
FHEHDOKEXZrPDLT pH IR L, BAHE%E
Y5208 ROE(NERLUIZ. LU, REBIOR
REREZRT pH BEHFS v\ BEEEOLEE
KNS 8B3E, TVAVRIZY 7 b4 BEEZD
nir.

Fig. 1~3 TRULHERMIEST 100, a<V—7
JOUT ¥ b7~ G250 (pKy=1.5), 7O Ar7x/)—

Absorbance

Fig. 4 Relation between the solution pH and the -
apparent amount of a dye-protein complex formed
in four kinds of pH indicators when the concentra-
tions of the dye and protein are 1.52X 107> mol/I
and 1.10X10"®mol/l, respectively (experimental
result)

The pH indicators in each curve are as follows: 1,

CBBG-250; 2, BPB; 3, BCG; 4, BCP.
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VT V= (pKa=398), 7ULZ LY —=NT )=V
(pKa=4.67), 70 L7 L= N/8—T ) (pKy=6.3)
EZHOWVTREBIOGEY vV EEAGKROEREZ &
pH THIE L7z, Fig. 4 D &5 I 3 BEOERD 5K

Ulztaky v 3 BEAKRO REN OERRICIIRAE

DEEL, pH KR U T2 0 P RROEISBH S
tz. LU, pKa DREVWT T LZ LY —3=T )
TRRBYOBES v 3V BEAROER LT EA LR
Bohizhpotz, LEDXSIZ, 4 BEO pKy DRI
BEHFEFOTT- EERERE Fig. 1~3 1R U
EAEREEWMITIEI—HKLTBY, ¥ 7EEIIRL
THRIZEA T, D~ DIREMSKD MDD EEZ HNT.
323 BRICNIVHEAABOERRERTFRAA
CRE &R VNV HEBEAROERESIERA A
VIZEDEDEHIZE(LT B0 %R C\y=0~0.25 mol/l D
P CRET U7, Fig. 5 3R A VBED Cy=0
DEEXDEKES 100 &L, BEA X VBREIIBTS
HMERBZHELLERTHSH. ZNFhOthiRidE
#5 v BEAKOTEERD Kea=10° 10°°, 107
mol 'l DEEDE(ERLTVABD, WITIDFHIC
LR A A+ Y BESENT 5138, ERBREBDT S
EEZONT. X, 2OETOEEGIEHRSY VNV EE

100
80
60

40

20

Relative amount of dye-protein

. complex, %

0.05 0.10 015 - 0.20 0.25

Anion concentration/mol 171

Fig. 5 Relation between the anion concentration of
salt and the relative amount of the dye-protein com-
plex formed (calculated result)

Each curve indicates the relative formation amount
of a dye-protein complex with various Kpa values
when the pKa value and the concentrations of the
dye and protein are 3.98, 1.52X107°mol/l and
1.10X10~® mol/I, values of
dye-protein complex in each curve are as follows: 1,
Kpa=107; 2, Kpa=10%%; 3, Kpa=10°mol ' L.

respectively.  Kpa

Vol. 42 (1993)

100 1
8o} 2

60 3

Apparent relative amount of
dye-protein complex, %

0 1 1 "
0 0.05 0.10 0.15

Cocentration of sodium chloride/mol 171

Fig. 6 Relation between the salt concentration and
the apparent relative amount of the dye-protein
complex formed in three kinds of pH indicators (ex-
perimental result)

The concentrations of the dye and protein are
1.41 X107~ ° mol/1 and 1.01 X 10~ 6 mol/l, respectively.
The pH indicators in each curve are as follows: 1,
CBBG-250; 2, BPB; 3, BCG.

HEOFEERPNSVIFERELL BB LEESI N

Fig. 6 WHHEAD 3 BEOBRE Y v XV HEORIG
m%?é@%ﬁyw%ﬁéﬁxétb,&mﬁﬁuﬁm
F R Y L%E 0~0.14 mol/l DEIETHIL 2 & & 1218
sz R OERSY v/ BEAKROHENERE 2R
LTWa, MOLHiZ, WThOBRETHLEAL V24
Y AT P AOHFIC LV EREIMET IS
Enpot. X, ZOETOHEGIERICLIVEL -
TOH, ThREIHEELIZ L) IKEBR» HERL
s N BREROVEERG R B L EIRY
bOEEZOLNSD.

3:2¢4 BEXCNIVEHABOERREGTERE
wHE sy v BEEEROTEER R Kea=10°% 10°°, 107
mol '], BBFRMWE % C,=0~5X10""mol/l &L, #HE
ROEREE pKa=3.98 ODEROBE & OBERZEHE
Utz. ZO8R, 7V 0 BBENF—EDE XITIZEE
KOEBEIEZOTEEERPRENEERE LB LH
EXhT.

Fig. 7 & CBBG-250, BPB X U' BCG ¥ ¥ %
4X1075~3X10 °mol/l DEFTEATRIEL I RH -
Fo@mEY VNV BESEKOEREBERLTBY, R
D oBLNIHEERRIBELL TV

X, BREEY—FICL, YNV EREZENSE
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Absorbance

Chemi stry

#H X
0.6
1
o 04F
«Q
g
= 2
o
@
<2
<
0.2
3
0 1 L f
0 1 2 3

Dye concentration/107°mol 171

Fig. 7 Relation between the dye concentration and
the apparent amount of the dye-protein complex
formed in three kinds of pH indicators (experimental
result)

The pH indicators in each curve are as follows: I,
CBBG-250; 2, BPB; 3, BCG.

8K 5 YNNI EERRIIB T B VT B-aREA OILF T DT

0.8F
1
0.6
2
0.4+
3
0.2F
1 1 B I
0O 1 2 3

Protein concentration /1076 mol 17}

Fig. 8 Relation between the protein concentration
and the amount of formation of the dye-protein
complex (experimental result)

The dye (BPB) concentrations in each curve are as
follows: 1, CAa=4.5X10""mol/l; 2, CA=1.5X 107°
mol/1; 3, C,x=7.5X107° mol/1.

BreaHs vV EEARKOERBBEHE CIERRE
BENFELL, ¥y EEREOERWERTIES X
JEREICERGIL, EHAT 25 RERREN SV
EEEMBEEZ BN,

EETLPEINIZLSIZ, Fig. 8 D&HICREFD
BHEF v VEEAROERBIERRBRES B VIEEHE

503

mu, X, ZOEBEBMNS VS HEE S ERAT 558
BliaRBREFE R I ELALT.

PED &SIz O~® DIREICE DL ¥ v /N7 EERL
B4 B L LD HHEE I N2V O DRI
EMRTIEH 505, pKy RS pH HEREZH VL
EEBRICLVBERIN. 02 EMS, ¥ VNI HBRE
DORBUZ IR BIERE, A v &5 VXV BEHTFDIER
BULT I /5 (-NH, ") EOMEFRAPEREZRE%Z
BoTWBIENHNPSH. Thbb, pHEREDS v
N EERREHEOHBEEHOERER ST I ENT
x5,

D~® DIRENFRY EThIE, FEHEEVFR UCEE
DEFEY VNV EBESEREZERT 5 pH FERFETE,
BETHOKRE VY pH BRED IS WESEKOERE
WL BHEEZXOND. ERTHEEY VSV HES
KO EEEKD Kea=10°~10°mol"'1 T, L, B
BEERH pKa>T7~8 £ 755 pH fBREDOHEICIE, #
ESEROERIBHTNEL, BRIchd 3RV ESE
26Nh5b, ZDZELY, VYRV EOERBICHVWSE
FOBRBR OB pH $ERHEH 5 iE pH KLV
ANELT S pH BEREORUEEZETHERT, Ko ¥
KEVPETH D EEEZBFO—DELTITZE LV E
HRxNS.

1%1@11H,Bﬁﬁﬁm$%%4oﬁ)
KT PBVT—EPHESE

X [

1) S. P. L. Sérensen: Ergeb., Physiol., 19, 393 (1912).

2) J. S. Bracken, I. M. Klotz: Am. J. Clin. Path., 23,
1055 (1953).

3) L. V. Crowley: Clin. Chem., 10, 1131 (1964).

4) P. G. Scheurlen: Clin. Chim. Acta, 4, 760 (1959).

5) B. T. Doumas, W. A. Watson, H. G. Biggs: Clin.

Chim. Acta, 31, 87 (1971).

6) RIRHIARD: ERARME, 18, 646 (1974).

7) M. M. Bradford: Anal. Biochem., 72, 248 (1976).

8) HAFE—H, MAEK, FH 5h: “MET VT3
v, p. 81 (1984), (Fakdt).

9) L. M. Chapman, D. M. Greenberg, C. L. A.
Schmidt: J. Biol. Chem., 72, 707 (1927).

m)ﬁ*éﬁjé?%mmmﬁﬁ:ﬁimﬁﬁﬁms
1977).

11) SAREME, EHME: BRRMRE, 33, 1803 (1989).

12) I. M. Klotz, W. C. L. Ming: J. Am. Chem. Soc.,
76, 805 (1954).

13) BEME: M & HiT, 7, 208 (1979).

14) BARSE . “EBEESH{LE”, p. 198 (1972), (BT
).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

504 ‘ BUNSEKI KAGAKU Vol. 42 (1993)

A

Studies concerning the chemical equilibrium of protein-dye binding regarding
the phenomenon of protein error. Yuji Suzuki (Saitama College of Health, 519,
Kamiokubo, Urawa-shi, Saitama 338)

The chemical equilibrium regarding the phenomenon of protein error of the pH indica-
tor, which has been extensively applied to the determination of protein in biological mate-
rials, has been studied. A calculation was performed based on the assumption that the
phenomenon of protein error of the pH indicator occurs due to an interaction between a
positively charged amino group (-NH;") in the protein molecule and the dye anion.
Although it has been reported that many equilibria exist in the interaction between a pro-
tein and a dye, since one molecule of protein reacts with several molecules of dye, it is
assumed that the equilibrium constant in the first reaction is very large compared with
the other equilibrium constants, and that the contribution of the reactions other than the
first reaction to the protein error can be negligible. The results calculated under these
assumptions accorded almost qualitatively with those obtained from. various experi-
ments, suggesting that the interaction of a positively charged amino group in a protein
molecule with a dye anion play an important role in the protein error. In addition, it
appeared that the phenomenon of a protein error of the pH indicator is almost not
observed when the electrolytic dissociation constant (K,) of the dye is less than about
1077 and the association constant (Kpa) of dye-protein complex is about 10°~10’.
Therefore, the use of a dye with a large electrolytic dissociation constant should provide a
suitable method for the determination of protein.
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