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Notes on reactivity between sulfonephthalein
indicators and protein

Yuji Suzuki

Summary The reactivities of sulfonephthalein indicators {(bromophenol blue (BPB), bromocresol
green (BCG), bromocresol purple (BCP), phenol red (PR), cresol red (CR)} to protein were compared
by an experiment and a calculation based on the Hiickel molecular orbital method (HMO method). The
reactivities of BPB, BCG and BCP were larger than those of PR and CR. Since bromine as a
substituent exists in BPB, BCG and BCP, but not in PR and CR, it was thought to be closely
connected with the reactivities of sulfonephthalein indicators. The total n electron density on the
aromatic rings of BPB, BCG and BCP was larger than those of PR and CR, and the reactivity of the

pH indicator to protein is considered to be related with the total & electron density on the aromatic rings.
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1. 3R3E

FREATE © pH 3.0~ 5.6 DFF 1A 7130.1 mol/L
7 I VBT & 0.2 mol/L Na.HPOLE T % iR & L
AL 72, MO A I13pH3.0%515.89 ¢
4.11, pH3.67513.56 : 6.44, pH 5.47%8.85 : 11.15,
pH 5.6758.40 : 11.60& L7z,

pHIR/RIEFE - BPB, BCG, BCP, PREB L ¥
CR% 1 mmol & V), Bl 4 [ZH; BIKIZ L 1000
mL& L7z,

FEALERSE | R AE A 20 mL & 1 mmol/L pHiE/R
EsmLzr & D, KEMZTIOOmMLE L7z, 58t
#AFEDpHIZBPB pH 3.0, BCG pH 3.6, BCP pH
54, PRpH5.6, CRpH5.6% L7,

2g/Lb MFET VT I v e MILET IV T3
> (HSA) 200 mg#% & V), FEHAKIZEM L 100
mL& L7z,

2. e R

ARERIAWIL 2 g/L e MILIET VT I VL0
mLIZFE R 3E4.0 mLAE Mz & <RFL. 25C,
1075 [ PUS % 12303 B 2 1 IIZBPB 604 nm,
BCG 628 nm, BCP 604 nm. PR 556 nm. CR 572
nm CHOGE 2 llE L 72,

3.F7HE

pHIE/RIEG TN D n B A HMOEIZ L Y
S L2, BT X — 21RO X I IT L7,
7 —u &5 (a+xB) 1 =0; « +28, -OH ;
« +0.68, -CHy; « +3B8, -Br; a +148,
-SO:Na ; « +0B, IMEFHS (yB) :=0; 148,
-OH ; 0.78, -CHs ; 1.0B, -Br; 0.78, -SO:Na ;
0.58, BEHERFFE T 7 —a Ui (a +2zB)
©=0; a« +0.28, -OH; « +0B, -CH;; « —
0.18, -Br; « +0.148, -SO:Na ; « +0.18,

II. %R

1. FEBRRG R

b MIGE7 V7 3 v e ORIETEL, Fig 10 X
9 I1ZBPB, BCG, BCPTCE <, PRB L UCRTIZ
Wi T A > 720 2S5 5 M OpHIE R 1L,

Fig. 21Z7RTPROSEIERA L 72 ) . T 4LICTable 1
IR AF VI (-CH,) R RFEFES (-Br) 25
L L CHFRICHEAL TS, ¥ MIET
V73 EDRIBEAEVBPB, BCG, BCPIZ
ERAE L L CREFETAHGE LT 2- 4 flfFEfE
T5, 2OZEHLE MIEFETLVT IV EDK
IBPEDORE S1E, BFEFEFOLFE & i IZFE
TLHLDEEZLND, 72, BCPIZBPBIZ 4
a2 BEFEFDIHD 2 JEF-DAF VIR
ZHN5FTH Y, BCGIEIBPBIZ 2l D £ F
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Fig. 1 Reactivity of sulfonephthalein dyes to serum
albumin.

The measurement was performed as follows.
4.0 mL of the color reagent (BPB: pH 3.0, BCG:
pH 3.6, BCP: pH 5.4, PR: pH 5.6, CR: pH 5.6)
was added to 1.0 mL of 2 g/l human serum
albumin. The absorbance was measured at 556
nm for PR, at 572 nm for CR, at 604 nm for
BCP, at 604 nm for BPB and at 628 nm for BCG

against the reagent blank.

HO.

Fig. 2 Molecular structure of phenol red.
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PR LTI E DORITICE R TH 5% £ T,
HMO#: 2 £ 0 5 O pHIR/RIEIZ B 55+
NO ISR D —2TH 5 n BT HE X FIHE

L. BPB, BCG, BCPT#H <., PR, CRTE\t
MET VT I v L OO E OBERIZOWT
fREt L7z,

Fig. 313, ERMICHo e MIE 7TV 7 2
YEDIGHEDORE WATT A EEZ NG,
M) 722V A VEOEFRIZH L I8MHD R
FET LO& s BTHREOBRMEZRL TV,
4 BT EEOKMIL, BPB. BCG, BCPDIZ
9 2SPRB L UCRIZIARTE VY, 72, Fig. 413,
M) 722V A% EOZFHFEA, B, CLD
6 MO RFFET LO& n BETHEORME R L

Table 1  Substituents of the sulfonephthalein dyes
pH indicator "-SO3Na "=0 "-OH "-CHs3 "-Br
PR 1 1 1 0 0
CR 1 1 1 1 0
BCP 1 1 1 2 2
BPB 1 1 1 0 4
BCG 1 1 1 2 4

The substituents mentioned above bind to the triphenyl methane in
the sulfonephthalein dyes. PR is a precursor of CR, BCP, BPB and
BCG. The number shows the number of substituents.
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Fig. 3 Sum of the total T electron density on the three

aromatic rings of the pH indicators.

The sum of the total Tt electron density on
eighteen carbon atoms in the three aromatic rings
was calculated by the HMO method.

The molecule in the figure shows BCG.

6.1
Fy
)
c
[
6.0 F
c
o
9]
Q
(]
259 F
8
S

5-8 L] L] T L]

PR CR BCP BPB BCG
pH indicator
Fig. 4 The total T electron density on each aromatic

ring of the pH indicators.

The sum of the total Tt electron density on six
carbon atoms in each aromatic ring was calcu-
lated by the HMO method. The molecule in the
figure shows BCG.

O:ring A, A:ring B, []: ring C
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Fig. 513, BCGH 2B\ 5 BEFFOREARL
EIC7 —a UE0ME (a+xB) A5a +0.5BD5 «
+2.08F CTOEWI (X) 2HEE L. BEHERRE
FD 7 =1 YREGED « +01xBIZEAL L 7250+
WCBIFA ) 722V Ay VEOHEFRICH D
18D FEF A D4 n BT HEORMZ R L
TWb, & BTHEOBANG, BfE (-X)
Dy =1 CAEGEAHINT 5 L & H IR R D
A, BIIEOFAEIZ L DVPRICHRTEL 25 2
EWbhb, $72, Fig.6ld, PV 7=V 2%
VIO K TFEA, B, CLO 6 MO RFERF L
D4 n BYBEOBME BIRIEXD 7 — 0 Uk
SMEEOMRERL TV, EEEROL &
FHEOBANL, 7 —orEoEotEme & b
AT 5, 2ORAFEZ, HFHEEAB IO
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Fig. 5 Relationship between the sum of the total 7T

electron density on the three aromatic rings and
the coulomb integral value of the substituent X.
The calculation was performed varying the
coulomb integral value of the substituent X from
a +0.56 to a +2.08. The substituent X corre-
sponds to the Br atom of BCG.
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Fig. 6 Relationship between the total T electron density

on each aromatic ring and the coulomb integral
value of the substituent X.

The calculation was performed varying the
coulomb integral value of the substituent X from
a +0.56 to a +2.08. The substituent X corre-
sponds to the Br atom of BCG.

O: ring A, A: ring B, []: ring C
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VAL Y BRDTFHFBRIAFAET 5 1840 D jr F T
DL o BT HEORINEL, REBT-HAAEL &
WPRB I UCRE D bIML T3, F72, ¥
TR r BT HEOBINIE A F VD FS L
TWwb, FHEBROE - BTHIEOKRAIL., PR
(17.8497) £ b L PRIZ X F VAN - 72CR
(17.8953) D139 25F <. BPB (18.0933) XV
LBPBIZ 2D A F VIENINDb > 72BCG
(18.1614) DT ) A E\, & 512, BCPEBCP
o 2D A F NI RN TGTOL 7 BTH
O % T 5 &, [ (18.0532) DT
MEE (17.9723) L h &, TNHDZ &
5BCPB & U'BCGIZBW T A F V3 BRFEH
FrL LD IHEROE » BFHED LHICHEY
LTWAZEDDbh b,

M) 722V A8 VILDFFBENDE « &
B DRFI OBENNEFig. 5OFERD 5 « BT &3
By HEIRIESFAET AL ICEDE &R S
NLZEWbh5E, FHFFRIIGIEANICIL6
B3>0 r BFHAFAET 525, BCP, BPBE &
UBCGTIIFHFEERA, B, CIZBIT 2 6D jiH
BT Lo r BT EEORIIL6 D ETH D,
Thbb, EHEHFRIE, 5 TNETOFIEMEE
DI & BB (0 —) ZHHHMLT
Wb, —J), PRBXUCRTIZHEHEEA, B, C
BT 5 6 HOKFRF LO4 r BFEHEOR
MIO6LLTFTHDZ NS, FHERIIDFHE
FOHEAEMEROMR Y 2 X BESEM (6+) %
DEBL TWa,

PHIG RE DB EEE S, IEM 5 & 1
BIpHIE/REEE A F U ANEGTA I Lick kRS
BT EDRENT VDY, T FEFIZ XY
BHRAEIC L AR OpHIRA . BRIRERT
7 EOJUBFEESTICHE SN L, 2ok
HNCEHBEAICB W TIIpHIERE L ELE LD
BRI R EE 2SS 4o TWwh, &
DT e, EHE LpHIERE L ORIETIE,
EOE 5T O EE & pHIE RS T O EME
EIRL L OFEMEERICMA . ZEHESTO
IR & pHERTRIE 112 BT 2 FHBRDOE
AT & QWA IAEH b pHfEREE O FULE %
EATAEELRRNFICRLEEZLNDL, LT
Mo T, IEmMEEHEEOKEMEE, MY T
SNV A Y VIDOFHFRA, B, COLr BVEE
DA E L. EHFEERN O —OHFEME D

DBPB, BCGH & 'BCPD T ) 755 EBEA, BD
T EMA S+ THAPRBLIUCRE ) HKE L
HAhbDLMEESND,

v MiE 7 V7 3~ £ BPB, BCGH X U'BCP
EDRUE T, ISR M R D # 7% 5 5D
HER L7z, Lo L., SpHIE/RED S A L7258
RO K E (BPB @ 604 nm, BCG .
628 nm, BCP : 604 nm) &, #pHIR/RIED M HE
B> F-25R I K & (BPB © 588 nm.
BCG : 612 nm, BCP : 588 nm) & ¥ %16 nm72
EREICRDIZTE R ho7z, 2O LT,
pHIB/RIE D FRBERL 53D 43 F-HLE ] O T 4L
—EPEAR L OREICL ) DT HIES L
CEERLTWVS, 20X R AWK ED
b3 PO, BARAEDF R
HEOLHETH D L5y, pHIFRIE L KA
B OIETIE AR ., pHIFRE D MEERL 12
IEMEEAEI AT ABICAE L L2 EHICL S
GTUET AN —DZLICHRET 2D L%
Abhs,

V. #E5E

SHHHDANKRY 75 LA v SRpHIRRIED b
MILHEE 7 V7 2 2§ A s tEid . BPB,
BCG., BCPTCH <. PR, CRTIK\, Z DpHIR
REMOKEEOERIZ, P T2V A Y v
HICB L HERNOE BT HEOERICHY
R4 2 BB SN & 7z,
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