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Characteristic of protein error involving bromothymol blue

Yuji Suzuki

Summary Bromothymol blue (BTB) hardly changed color from yellow to blue even by human
serum albumin (HSA), but in the presence of Brij35, it changed from yellow to blue, which is
called protein error. This phenomenon was investigated by an experiment and a calculation based on
the chemical equilibrium of the protein error.

The characteristic of this color change was sufficiently explained by the calculation. The color
change of BTB from acid color to basic color was found to be caused by the increase in the molar

absorptivity of the dye-protein complex produced by the reaction between BTB and HSA in the

presence of Brij35.
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1. 3R

TERIEIAEMBE T E S BA L7238
HWTLUTO L) ICHELL 72,

TR VS L AR VI ZpH 1.04~1.947%0.1
mol/LYEERVHE £ 0.1 mol/L7 ) ¥ Vi (NaCl
%0.1 mol/LOWEETHT) T, pH2.20~7.80%°
0.1 mol/L 7 T ¥ B £ 0.2 mol/L) ¥ ik 32
F MU AEW T, pH 8.53~12.90%%0.1 mol/L
AKERALF b ) 7 A 0.1 mol/L2 ) ¥ v
(NaCl1% 0.1 mol/LOEE TEL) THMHE L,
pHIZHH(L T ¥pH A — % (HG-20) % H\WC
AL 7,

BTBiA¥ : BTB% 670 mgff&E L, =¥/ —)
10mLC & &f#E L. RSk 2 N2 T1000 mL &
L7

100 g/L Brij 357 © Brij 35%10 g& 1), 50-
60C DR300 mLAEE THEM L, SR L7
BACHEKT100mLE L7z,

ZAMERE | BRAEAT20 mL, BTBYAE 5 mLIZ
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4 gUBEFVEET . & MIET7 V7 2~ (HSA)
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SRR L 72

2. WIE e

FRBRVA I ZHSATA 1.0 mLIZZ 0 334.0 mL
AL CEML, 25CTI00M s &8, 3
HEMRB L OREK A IR & LT HU-1500 L
A U= AR L VAR PV E
HEL7ze ZOWILARZ IV 5BTBO G
RETLHEMEH Y L 2O TIOEE (Hf
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(KoKeo[H*]+ KoKeoKin) [PD]* — (Ko Ko Co H'] +
KoKeoKimCo+ KoKenG[H'] + Ko KooK Co+[H'F +
Kun[H*]+ KesCs[H*]*+ KunKps Cs[H*] +
KinKonCu[H*] + Koy Cy[H*]* + KuuKev Cy[H*] +
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Ko[H*]+ KoKun+ KoKpes Cs[H*] + Ko KumKps Cs +
KoKumKemCu+ KoKey Cy[H*] + Ko KunKey Cy +
KswCs[H']*+ KunKso Cs[H'] + KpsKso Cs*[H]* +
KiunKrsKspCs’[H] + KunKeuKso CuCs[H'] +
KryKsoCsCy[H']* + KunKpyKsp CsCy[H*]) [PD] +

KoK CoG[H+ KoKenKinCoG=0 A1
7277,
Cx
Cr = aCx =
1+ Kw KaKw
Ks[H"] Ks[HTJ?

[PD] | R EHEHARE, Ko @ R OMEE
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Co[HT
[HD] = [H]
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[SHD] = Cb—[HD] — [D ]
ABFEAAE T
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AEAEEGET
D1 = KoCpb
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ABEHHFET

(D]

Ko(Co — [PD])
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[HD] = Cv — [D™] — [PD]
WL DR
OBrij 35fF1E T
AGEHEIFGFAET

e pLKpCp
[H"] + Ko+ KsoCs[H']

Ewor. = e up(Co — [D™]—[SHD]))

Eps =

e psKpCp

[H"] + Ko+ KsoCs[H "]

Ewps = e nps(Co — [D™]—[SHD])

Esup. = ¢ sun[SHD]

Esups = € sups[SHD]

Ess = Ep. + EwpL + EsuoL

Evs =Eps + Eups + Esups
AGEHEFET

EpL =

Ewr = eun(Co — [D™] — [PD] — [SHD])

e o.Kn(Cp — [PD])

[H'] + Ko + KspCs[H™]

Ero = n e oL[PD]

Eps =

Eups = e nps(Co — [D™] — [PD] — [SHD])

e psKp(Cp — [PD])

[H'] + Ko + KspCs[H™]

Erps = ¢ pos[PD]
Esup. = ¢ sup[SHD]

Esups = ¢ sups[SHD]

Ese = EpL + EupL + EppL + EsupL

Exye = Eps + Eups + Erps + Esups

OBrij 35IEAFIE T
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e pLKpCp
CHT]+ Ko
Ewr = eun(Co — [D7])
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Eps = m
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Evs =Eps + Enps
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Fig. 1 Absorption spectra of bromothymol blue in the
absence of Brij 35 (experimental result).

The absorption spectra were measured against
purified water in the presence and absence of
human serum albumin.

1-B: reagent blank at pH 6.0.

1-P: 2 g/L human serum albumin at pH 6.0.
2-B: reagent blank at pH 8.5.

2-P: 2 g/L human serum albumin at pH 8.5.
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Cs=0-0.03 mol/L, Kw=10", K.\=10*, Ks=107,
ep=3.078 X10* Lmol'cm™, &ps=7.58X10°

0.6
3 « 2_p\
<02 | \
}BX
1-B =\ - 1_p

300 400 500 600 700
Wavelength/nm

Fig. 2 Absorption spectra of bromothymol blue in the
presence of Brij 35 (experimental result).

The absorption spectra were measured against
purified water in the presence and absence of
human serum albumin.

1-B: reagent blank at pH 6.0.

1-P: 2 g/L human serum albumin at pH 6.0.
2-B: reagent blank at pH 8.5.

2-P: 2 g/L human serum albumin at pH 8.5.
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Lmol'cm™, euws=1.274X10* Lmol'cm™", & 1mpi=90
Lmol'ecm™, s . 7.58 X10° Lmol'cm’, & sup. =90
Lmol'cm™, & sups=1.274 X 10" Lmol'cm™, n=0.02-
1.4.

Hik$ %25, nfEIZC=00 & &n=0.02, G:+0
D& Exp=02-14% L7,
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Fig. 113, Brij 3594776 T DpH 6.03 & UpH
8SDBTBR MM L HSA L # L SH 72 & D
FRBRTATE & SRIRE M OMINA XY MV (kHHE -
FEBIK) 2R LT, pH 6.0TIET MO
R EEA F v B L OBEEAEES RN
KPR A 2 612 nm D T G (338
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29%{LT L, HSAIZX » TH MmO EE D) S
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Fig. 3 Relationship between the absorbance and the pH
in the absence of Brij 35 (experimental result).
1, 3: absorbance of yellow measured at 404 nm
against purified water.
2, 4: absorbance of blue measured at 612 nm
against purified water.
The dotted lines indicate the absorbance in the
absence of protein. The solid lines indicate the
absorbance in the presence of protein.
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Fig. 4 Relationship between the absorbance and the pH

in the presence of Brij 35 (experimental result).
1, 3: absorbance of yellow measured at 404 nm
against purified water.

2, 4: absorbance of blue measured at 612 nm
against purified water.

The dotted lines indicate the absorbance in the
absence of protein. The solid lines indicate the
absorbance in the presence of protein.
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Relationship between the absorbance and the
pH in the presence of Brij 35 (experimental
result).

The absorbance was measured at 612 nm against
a reagent blank.

The Brij 35 concentration in the color reagent was
as follows.

O:noadded, A: 1.5 g/L, [1: 40 g/L, $: 8.0 g/L.

2
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Relationship between the Brij 35 concentration
and the maximum absorbance (experimental
result).

The maximum absorbance(En.) in the pHuax
was measured at 612 nm against a reagent blank.
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Relationship between the Brij 35 concentration
and the pH... (experimental result).
The pH... means the pH at which the absorbance

reaches a maximum.

6 8 10 12 14
pH

Relationship between the absorbance and the pH
when the n-value varies (calculated result).

The absorbance is measured at 612 nm against a
reagent blank.

Calculation condition: Kp=10", Kep=10’, Ksp=10",
Kes=10°, Kin=10", Ken=10", Kev=10%, Kx=10",
Ki=102, £ »n=3.078 X10* Lmol'cm”, & =90
Lmol'ecm”, & supr=90 Lmol'cm”, C;=8 X 10~
mol/L, Cx=1.16 X 10" mol/L, Cs=0.01 mol/L,
Cu=0.02 mol/L, Cv=0.02 mol/L, O: n=0.02, A:
=02, []: i=0.4, $: n=0.6, X: n=0.8, @: n=1.0,
A:n=12, 0 n=15.
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NOBOHPHEZ S D o7 &b nrb, —h,
Fig. 413, Brij 35/F1E F DpH6.0-8.012B1) 5 Hifh
WOLEE B & OE IO L pHE OBREZ R L T
Wb, BB T CEBIOLEIIUT L7225,
HOWOGE LML 72 3745, Brij 35
GAETICBIT 2 EHOH O HEOANOELITEHF O
TCEEDENN L EAPSCE O TIC L 5l Eke s
ENT2Z DA B,

2) WG & pH & DR

Fig. 513, BTBFE i 4 DBrij 3514 & pH%
FNEN0-8 gLB X UpH 1.04-12.90 D &P TZE
L3728 2OMBBERIIB 2 HFOOLE
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7es. 0 X ICHBPOGEAYANE I 2 S pHAH
WAAFAET B 2 & A HHSA & BTBIZAHAA/EH L
TWBZEeWbhb, —h. Brij 35 FTIE
Brij 35JEA7AE T I BV CTHSAIZ & V) F OB
AR 72 o 7pHAEI T & F WL A B L
720 pHDSE {72 % & Brij 353FFAET D& & &
FIRR IS EIOGEEDSEUE & 72 % pHAEISAS I L
7o, ZOpHHIFIISE % 0. Lo HEh
EDOF/ME (Ew) ($3F L i/ L 725 Brij 350
N & 0t 2 2 FEOGE QBN 3R A ME
PHEAEL, SIS 5pH (pHaw) 1EFig. 6
D & 9 \ZBrij 35RO E & B ITEpHMNIZE
B L7z T72. pHuull B B HFEWGE DA
i (Euw) $Fig. 70 & 9 1ZBrij 35 DK FHI
THMLERKREZRD ., ZOBRBAIH L7,

2 AL TN FED SR S 15 5 N7k
pHIFREE DB FRITFRME B TR A & SRRkt
R & DIIARAET 5%, Brij 35IAFTE T
TIHSAIZ Lo THhHBN L HFBENDODLE LT
& A EIRE R WBTBABrij 3574 F TAMT %
BN D W TEEAZE DL P 123D ST
L7z,

D) WOBEER nASE & % 41

Fig. 813, WBRIATE AP ICAAAE T 5 el 351
A+ OENPSARE (en) &RIETERT
LEFEAEEEEDENVEIAREL (em) &

DIt (n=cw/ o) PERBDFENHTICBITLE
BIOGEE GG ER) LpHE DBRERL
TWh, HEIEEEOBEM (E>0) 13 cmyen
WAV E WIS (n=0.02) 12138 TL 7%

e/ e LI HICL72A> TREL T
5o HEEOCES M (E<0) 2% 25,
e/ en<IDHPEIZDAFLIY | e/ entl
DR E VT ERMEIIRE b, FEBRITK
B 5TV 5 Brij 35IEAFE T IZB T 2BTBD
e/ e ntLIEHI0.03TH N O, FHHEAERIVRT &
9 IZBTB & HSA & D UG BT 5 FOHLE D
HIMEE L Mg,
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EEICIIEARIFFAT LY B2 D, —75,
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BHEIFMFAT LD OE %25, Brij 3516 T
TIIEAEIC L ) EOOLE EnfEIC X 5 38&H
BHRAET LIV OKLS 22, HOWKE L
n=0.02D & T IIEEHEIFET LD b
1L 2 525, n=08TdH 5L, ZEHEFLET
DO F WS L& FVE IEAEAE T 12 e~ Brij 359k
FIETOREL) b —BE kb, EBRTII,
Brij 35fF7E FIZB W THEIOLE ML, #f
MOEOANOBOHHN, S5 ICHFRREOH
EDSFEINLT2e 2O EDD, em/entbidBrij
ISHAE T THEIL., e/ en<IDD cm/en<l]
127 o72b D LW SN D, EBEHLEL N
fREERIEFE DA DS % HpH 1201281 5 3 H
O H BRI Brij 3508 AT 0 /L, 2¢/L, 4
gL, 8gLDk &, ZNENE=1237, E=1.158,
E=1.133, E=1.130T& 1), Brij 35%INC & 57
BIEERE DL T 8 g/L Brij 3512 BV T H#9 %
EDLFhNTHo720 2D EDS, Brij 3511
TIZBIT D e/ entbtD BRI, BFEERHEHE
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Brij3siiii £ 0 e e/ € okb£50.022 508121
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Fig. 9

pH
Relationship between the absorbance and the pH
in the absence of Brij 35 when the n-values are
0.02 and 0.8 (calculated result).
1: absorbance of yellow measured at 404 nm
against purified water.
2: absorbance of blue measured at 612 nm against
purified water.
3: absorbance of yellow when the n-value is 0.02.
4: absorbance of blue when the n-value is 0.02.
5: absorbance of yellow when the n-value is 0.8.
6: absorbance of blue when the n-value is 0.8.
The dotted lines indicate the absorbance in the
absence of protein.
The solid lines indicate the absorbance in the
presence of protein.
Calculation condition: Kp=10", Kp=10", Ksp=10",
Krs=10°, Kin=10", Ken=10", Kpy=10", Kx=10",
Ki=10?, € 5=3.078 X10* Lmol'cm”, & »s=7.58 X
10’ Lmol'em”, & mps=1.274 X 10" Lmol'cm™,
=90 Lmol'cm’, & pps=7.58 X 10° Lmol'cm,
e sun=90 L mol'cm™, & sups=1.274 X 10" L
mol'cm”, C,=8 X 10° mol/L, Cx=1.16 X10?
mol/L, Cs=0 mol/L, Cv=0.02 mol/L, C+=0.02
mol/L.

\$Fig. 130 X 9 |ZBrij 350N & b 12k
FUIRKRIET 205, ZNL EOEEHER T
T35,

Fig. 9~Fig. 131275 L 724 i 12 30 B
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Fig. 3~Fig. 71278 L 72 FEERG R % 153

o

Relationship between the absorbance and the pH
in the presence of Brij 35 when the n-values are
0.02 and 0.8 (calculated result).
1: absorbance of yellow measured at 404 nm
against purified water.
2: absorbance of blue measured at 612 nm against
purified water.
3: absorbance of yellow when the n-value is 0.02.
4: absorbance of blue when the n-value is 0.02.
5: absorbance of yellow when the n-value is 0.8.
6: absorbance of blue when the n-value is 0.8.
The dotted lines indicate the absorbance in the
absence of protein.
The solid lines indicate the absorbance in the
presence of protein.
Calculation condition: Kp=10", Ken=10", Ksp=10°,
Kes=10°, Kin=10", Ken=10%, Kpy=10", Kx=10",
Ks=10?, € »n=3.078 X 10" Lmol'cm’, € pns=7.58 X
10° Lmol'cm™, & mps=1.274X 10" Lmol'cm™,
e =90 Lmol'cm”, & pps=7.58 X 10° Lmol'cm’'
e suir=90 L mol'ecm™, & sups=1.274 X10* L
mol'cm”, Co=8 X 10”° mol/L, Cx=1.16X10?
mol/L, G=0.01 mol/L, Cv=0.02 mol/L, C+=0.02
mol/L.
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Fig. 11 Relationship between the absorbance and the pH
when the detergent concentration varies (calcu
lated result).

The absorbance is measured at 612 nm against a
reagent blank.

Calculation condition: Kp=107, Kex=10", Ksp=10",
Kes=10°, Kin=10", Ken=10%, Key=10", Kx=10",
Ki=102, e »=3.078 X 10* Lmol'cm"”, & =90
Lmol'em”, € sur=90 Lmol'cm™, G;=8 X 10~
mol/L, Cx=1.16 X 10° mol/L, C4=0.02 mol/L,
(v=0.02 mol/L, n=0.8 (in the presence of
detergent), n=0.02 (in the absence of detergent),
O: G=0, &: C=2 mmol/ L, []: Cs=6 mmol/L,
1 Cs=15 mmol/L, X: Cs=30 mmol/L.
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Fig. 12 Relationship between the detergent concentra-
tion and the pHu.x (calculated result).

The pH..c shows the pH at which the absorbance
at 612 nm becomes maximum.

Calculation condition: Kp=10", Kep=10", Ksp=10°,
Kis=10°, Kin=10", Kin=10°, Kev=10%, Kx=10",
K:=10,, £n=3.078 X10* Lmol'cm”, & mi=90
Lmol'em”, € sun=90 Lmol'cm”, G,=8 X 10?
mol/L, Cx=1.16 X 10" mol/L, Cy=0.02 mol/L,
(v=0.02 mol/L, n=0.8 (in the presence of
detergent), n=0.02 (in the absence of detergent).
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Fig. 13 Relationship between the maximum absorbance
and the detergent concentration (calculated
result).

The E... shows the absorbance at 612nm in the
PHuas.

Calculation condition: Ks=10", Ke=10", Ksp=10°,
rs=10°, Kin=10", Kev=10%, Kry=10?, Kx=10",
Ks=10?, & »=3.078 X 10* Lmol'cm”, & un=90

Lmol'em™”, € suo=90 Lmol'cm™, Ch=8 X 10~
mol/L, Cx=1.16 X10” mol/L, Cu=0.02 mol/L,
(v=0.02 mol/L, n=0.8 (in the presence of
detergent), n=0.02 (in the absence of detergent).
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