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Mechanism of the albumin-induced metachromasy of 2-(4’-hydroxyphenylazo)benzoic
acid (HABA) has been investigated with regard to its interactions with monomeric amino
acids and some dipeptides, spectral effect of polarity of the dye environment, and azo-
hydrazone tautomerism of HABA. The metachromasy is concerned not with the mono-
meric amino acids or the primary structure of serum albumin, but with its intramolecular
environment of lower polarity corresponding to that of isopropanol. IHABA, once bound
to serum albumin by electrostatic forces efc., is buried in such an environment of lower
polarity in the interior of the protein molecule, and is converted into the hydrazone form
which has an absorption maximum at about 480 mu. Thus, the metachromasy may
occur. The azo-hydrazone tautomerism is supported by the infrared spectra, and is
compatible with the results of quantum chemical calculations on 4-hydroxyazobenzene.

Serum albumin produces characteristic and distinctive alterations in spectral absorption
of anionic dye 2-(4'-hydroxyphenylazo)benzoic acid (HABA),» and this metachromasy has
been utilized for the quantitative determination of serum albumin® and for investigations
of its various properties such as interactions with drugs® and thermal denaturations.® It
is well known? that acidic compounds are non-specifically bound to serum albumin, chiefly
by the electrostatic forces between acidic groups of the compounds and cationic groups of
albumin. However, mechanism of the metachromasy of HABA by serum albumin has not
yet been revealed in spite of the efforts of some investigators.®) In the present investigation,
the metachromasy is explained in terms of tautomerism of HABA which is concerned with
the polarity of the dye environments.

Experimental and Calculation Method

Materials HABA was of reagent grade for clinical analysis, Daiichi Kagaku Yakuhin Co. Aqueous
solutions of mono- and di-sodium salts of HABA (HABA-Na and HABA-2Na, respectively) were prepared
by dissolving HABA in distilled water containing calculated amounts of NaOH. Solid powder of HABA-
Na, supposed to be hydrazone form, for the infrared (IR) analysis was obtained as precipitate by adding
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a sufficient amount of acetone to 0.1 HABA-Na aqueous solution. 4#al. Caled. for C;,H,O3N,Na: C, 59.10;
H, 3.43; N, 10.60. Found: C, 59.09; H, 3.56; N, 10.32. Bovine serum albumin was Armour Laboratories
Co. “F ractlon V.” For the molecular Welght 690009) was used. Denatured albumin was prepared as follows:
Bovine serum albumin (about 30 mg) was dissolved in 10 ml of 1M NaOH aqueous solution. The solution
was kept at 30° for 48 hours, then adjusted to be pH 7.0 with 1m HCI, and served as a stock solution for
spectral measurements. The protein denatured by such a strong alkali did not renature after neutrali-
zation.!® All other reagents and solvents were of analytical grade, and their melting points or boiling
points were found to be similar to those listed in chemical handbooks and literatures.

Measurements of Absorption Spectra The visible and ultraviolet spectra were measured in 1-cm
cells at 30° with a Shimadzu model MPS-50L multipurpose spectrophotometer. A Hitachi model 139
spectrophotometer was also used for measurements of absorbances. Infrared spectra were recorded with
a Hitachi model EPI-2 IR spectrophotometer in KBr disks.

Measurement of Refractive Index Refractive indices of aqueous isopropanol solutions were measured
at 37° with an Atago model 302 Abbe-type refractometer.

Calculation Method Energy coefficients of molecular orbitals and total energy of z-electrons for
4-hydroxyazobenzene and its hydrazone tautomer were calculated by means of the Hiickel molecular
orbital method with parameters'® of hx=0.5, kc-fi=1, hii=1.5, kc.x=0.8, ho=1, kc-o=1, k=2, and
kc.0=0.8.

Result and Discussion

Interaction of Amino Acids with HABA

Seeing that bovine serum albumin induced a re-
markable increase in the optical absorption of HABA
in the vicinity of 480 mu (Fig. 1), all of the amino
acids constituting serum albumin and related di-
peptides were first investigated with regard to in-
duction of similar spectral changes of the dye. It
was observed that phenylalnine, tryptophan, tyrosine,
and dipeptides including any of these three amino acids
caused a small increase in the absorption of HABA
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near 500 mp. Accordingly, quantitative measurements were made of the interactions of the
dye with r-phenylalanine, r-tryptophan, and N-glycyl-r-tyrosine: the last named was used
instead of tyrosine on account of its poor solubility.
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TasLe I.

Constants® for Complexations of Phenylalanine,

Tryptophan, and N-Glycyltyrosine with HABA

Compounds (lr;"li‘:‘)
L-Phenylalanine 502
L-Tryptophan 502
N-Glycyl-L-tyrosine 503
Bovine serum albumin® 482

Association
Ae constant
(M)
2 x10° 1.1
2 x103 2.1
2 %103 1.0
1.2 x 10* about 2 x 10*

a) in 0.1m phosphate buffer at pH 7.0 and 30°

») in 0.05M phosphate buffer at pH 7.4 (I. Moriguchi, S. Wada, and H. Sano, Chem. Pharm.

Bull. (Tokyo), 16, 592 (1968))

Fig. 2 shows the Benesi-Hildebrand plots'® for the complexations. The difference in
molar absorptivity between bound and unbound HABA at 502—503 my, Ae, and the 1:1
association constant estimated from the plots are listed in Table I, indicating that the meta-
chromasy of HABA may not be ascribable to its interactions with these monomeric amino
acids because their 4e and association constants are very small in comparison with those for

bovine serum albumin.

Moreover, the spectrum of alkali-denatured bovine albumin with

HABA exhibits substantially no development in the vicinity of 480 mu (Fig. 3).

These results may indicate that the monomeric
amino acids, or the primary structure of serum
albumin, is not concerned with the metachromasy
of HABA. The higher order structure or the in-
tramolecular environment of the protein seems to
contribute to the metachromasy.

Influenece of Dye Environment

It has been suggested'® that, in protein mo-
lecules, nonpolar side chains provide hydrophobic
environments of lower polarity, which cause small
red-shifts of the spectra of phenylalanine, tryp-
tophan, and tyrosine when the amino acids are in-
corporated into native proteins. For the purpose
of estimating the polarity of the intramolecular en-
vironment of bovine serum albumin, the influence
of isopropanol added on the red-shift, 44, for the
aqueous solution containing rL-tryptophan and N-
glycyl-L-tyrosine in a molar ratio of 1:15.5% was
examined. Phenylalanine was omitted because of
its small molar absorptivity,'® although having op-
tical absorption as well as tryptophan and tyrosine

0.4

[en]
w

e
[

Absorbance

bt
—

0 w : ‘
380 420 460 200 540
Wave length (mu)
Fig. 3. Influence of Denaturation

of Bovine Serum Albumin on Sp-
ectral Change of HABA atpH 7.0

———-: 1.7 x10-®m alkali denatured albumin
with 5x10-5m HABA

------ : 1.7 x 10-3M native albumin with 5 x
10 % HABA

in the vicinity of 280 mu where bovine serum albumin exhibits its spectral peak.
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Table II includes the results as compared with peaks for native and alkali-denatured
bovine serum albumin. It can be seen that the larger A1 is caused by the increased isopro-
panol concentration, or the decreased polarity, of the mixed amino acid solution. The data
suggest that the intramolecular environment of bovine serum albumin may be of considerably
low polarity, resembling with that of almost anhydrous isopropanol.

TasLe II.  Spectral Shifts of Tryptophan-Glycyltyrosine Mixture®
in Varied Concentrations of Isopropanol at 37°

Conc. of isopropanol (vol %) Spectral peak position (mp)

0 275.6

15 275.7

30 276.5

50 277.1

80 278.1

90 278.4

Bovine serum albumin in water 278.9
Alkali-denatured albumin in water 276.0

a) in the molar ratio of 1:15.5

Baxter®® has already found that, when HABA is dissolved in aqueous organic solvents
together with a buffer of neutral pH or in the form of the sodium salt, the absorption band
develops in the region near 500 mu. Since the spectral development seemed to relate to
polarity of the dye environment, the effect of isopropanol concentration on the optical absorp-
tion of HABA-Na was investigated. Fig. 4 shows the results, indicating that the spectral
absorption increases with an increase in isopropanol concentration, or a decrease in polarity,
of HABA-Na solution. Because the increment of the absorbance for 5x10-5m HABA in-
duced by bovine serum albumin at its saturated concentration is estimated to be about 0.6
(480 my) according to Fig. 5, it can be said from Fig. 4 that the polarity of the interior en-
vironment of albumin molecule may correspond to that of not less than 859, isopropanol;
this is compatible with the estimation from A2 of the amino acid mixture.
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The hydrophobicity of the interior environment of protein molecules is expressed in terms
of higher refractive index.’® In this connection, the relations of the refractive index of iso-
propanol solution to AE (isopropanol-induced increment of the absorbance of HABA-Na
at 488 my) and 42 of the amino acid mixture were examined. The relations are exhibited in
Fig. 6, where parallel increases in 4E and A2 with the incresased refractive index can be seen.
The polarity of the intramolecular environment of bovine serum albumin may be correspond
to a refractive index of about 1.37 to 1.38 according to Fig. 6, but the consideration of other
factors such as dielectric constant and solvation energy'” may be also required for the expla-
nation of 44 and 4E.

From these results, it may be concluded that the metachromasy is caused by the environ-
ment of lower polarity in the interior of albumin molecule where bound HABA molecule is
buried. The structural change of the buried HABA molecule which provides the metachromasy
is discussed in the next section with special attention to tautomerism.
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Tautomerism of HABA Molecule

The prevention®? of the albumin-induced spectral change of HABA by substituting a
—OCH; for the 4-OH of the dye suggests that an azo-hydrozone tautomerism as shown in
Chart 1 may be concerned with the metachromasy. The tautomerism is also expected from
the fact that HABA-2Na does not exhibit any spectral development in aqueous isopropanol
solutions. Therefore, the tautomerism, between azo form with an absorption maximum
(Amax) near 350 mu and hydrazone form with that near 480 my, was investigated.

By a dding a large amount of acetone to 0.1 HABA-Na aqueous solution, a reddish brown
precipitate was obtained which exhibited a Amax of about 490 my'® immediately after dissolved
in acetone and yielded the results of the elementary analysis compatible with HABA-Na.
Its infrared spectrum, together with that of free HABA for comparison, is recorded in Fig.

16) A. Imanishi, ““Atarashii Seibutsu-Butsurikagaku Kenkyiihs,” Vol. 2, ed. by T. Isemura, J. Tanaka,
H. Noda, and T. Miyazawa, Kagakudojin, Kyoto, 1967, p. 95.
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7, indicating the presence of new absorption bands probably due to NH streching (8460 cm~?)
and CO (1627 cm™) and the absence of OH streching band (3220 cm=1) in contrast to the spec-
trum of HABA. This suggests that the acetone precipitate may be the hydrazone form of
HABA-Na. v

For the further support of the tautomerism, the r-electronic properties of azo and
hydrazone forms of 4-hydroxyazobenzene were calculated as a model of HABA-Na by means

“Transmission

of the Hiickel molecular orbital me-
thod. The spectrum of 4-hydroxyaz-
obenzene (azo form)¥ is very similar
to that of HABA-Na, both with
molar absorptivity of about 2x10%
at Ame near 350 mu. The n—or*
transition was assumed for the calcu-
lation concerning the spectra. Table
I1I shows the results, which indicate
the difference of more than 100 mg
N Amx for the first z—sz* transition

Fig. 7.

HABA-Na and HABA in KBr Disks

may be
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between azo and hydrazone forms.
This may explain the large increase
N Jmx 1n the metachromasy of
. acetone precipitate of HABA-Na HABA. Ttis a}lso indicated that the
------ : HABA azo form is a little stable compared
with the hydrazone form; this

compatible with the fact that an absorption development similar to that in the

Wave. number (em™)

Infrared Spectra of Acetone Precipitate of

metachromasy occurs with aqueous solution of HABA-Na on heating. Hence some forces
stabilizing the hydrazone form such as hydrogen bonding may be present and may become
greater with a decrease in polarity in the dye environment, but the details remain un-

certain.
Tasie . 7-Electronic Properties of Azo and Hydrazone
Forms of 4-Hydroxyazobenzene
Azo form Hydrazone form

Mm% —0.298 g —0.071 8
Mnod 0.601 ﬁ 0.617 13
Amax for the first z—r* transition (850 mu)® 458 mu®
Total n-electron energy 16424.124 16¢+23.382 f

a) energy coefficient of the lowest vacant molecular orbital

b) energy coefficient of the highest occupied molecular orbital

¢) observed value (reference 17)

d) calculated as follows: 8.54 eV (=350 my) X (—0.071—0.617)/(—0.298 —0.601)=2.71 eV (=458 my)

The conclusions based on the results given above are that the metachromasy of HABA

by serum albumin is ascribable to the azo-hydrazone tautomerism of the dye. HABA-Na,
once bound to serum albumin by electrostatic forces efc., is buried in the environment of lower

polarity

in the interior of the protein molecule, and is converted into the hydrazone form

which has a spectral peak position at about 480 myu. Thus, the metachromasy may occur.
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