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Abstract: Racemic 2-hydroxymethylthicno[3.2-c:4.5-¢ Jdi] 1benzothiophene (2-HT) with a labile
helical structure was converted into a £ enantiomet upon uptake by bovine serum albumin (BSA) in
1 % ethanol-water. The effect of the alteration of the molar ratio [2-HT] - [BSA] on UV and CD
spectra of the 2-HT-BSA complex solution revealed that BSA possesses two different substrate-
binding sites with a distinct ability to recognize chrrality of cnanuomers of 2-HT. The stability of
the 2-HT-BSA complex and the chirality recogmuion at the two wites of BSA were ovuluated by the
cquilibrium constants and the thermodynamic parameters which were obtained from  the
lemperature-dependence of CD-absorptional intensitics. BSA oretreated at - 50 ~ 70 °C 1n an
aqueous solution exhibited a great depression of ability in discriminating chirality between
enantiomers of 2-HT, though it possessed slightly allered ability for uptake of 2-HT, in comparison
with untreated BSA. Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

A second-order asymmetric transformation (SAT) in which a racemate nteracts with a chiral agent so as to
be converted into a single enantiomer, seems to be an appealing phenomenon from the viewpoint of a practical
application 1o an asymmetric synthesis! and an analogy with biological systems.2 The SAT may occasionally
happen, provided that enantiomers of a racemate arc raceniizable ai an appropriate rate and, 1n addition, the
produced diasiereomenic complex with a chiral agent can be removed from the reaction sysiem.3  So far, the
examples of this phenomenon have been substantially conined to the difference in crystallization behaviors of
diastereoisomeric complexes: most instances being found among salt formations between chiral acids and chiral
bases.* A sole instance has been found as a formation of a charge transfer complex between racemic
heterohelicenc and a chiral acceptor, 2-(2,4,5,7-tetranitro-9-fluorenylidenc-amino-oxy)propionic acid (TAPA).S
As we recently noted that the SAT phenomenon had been encountered upon uptake of thiaheterohelicenc by
bovine serum albumin (BSA)% we describe herein more detailed studies on the interaction between  the
components involved.

The serum albumins have been recognized as the principal proterns in plasma, and they contributc
significantly to the transport, distribution and metabolism of a wide vanety of endogenous and cxogenous
substrates.” In particular, BSA has found wide use as a resolving agent for racemic substrates tn both
homogeneous® and heterogeneous? phases, owing to 1ts ability to discriminate between the enanuomers ol a
racemic muxture. However, the behavior of BSA which is mentioned here differs exphcitly from that in a

resolution 1n which the ratio between enantiomers of a racemic substrale remains unchanged. Recently, 1t has
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been reported that the chirality of racemic 1,1°-bi-2-naphthol complexed to BSA was partially biased (not totally
changed) upon near-UV irradiation, providing the enrichment of the R-enantiomer of’ the substrate. 10

The molecular shape of 2-hydroxymethylthieno[3,2-e:4,5-¢"]di[1]benzothiophene (2-hydroxymethyl-
[S]thiaheterohelicene, 2-HT) investigated in this study, which belongs 1o a helicene family, is helical on account
of the steric repulsion between the terminal hydrogens. The crysial siructure of the compound has not been
reported vet, but may be anticipated to consist of stable £ and M cnanuomers by analogy with the result of the
X-ray analysis of [S|TH.}! The intramolecular inversion of the helix, however, occurs easily 1n solution,
causing so rapid a racemization that the enantiomers cannot be resolved atl room temperature. 12 Thus, a solution
of 2-HT gives no absorption peaks in its CD spectrum. in the thiaheterohelicene series, an Increase in the
number of the rings makes the racemization rate stower and, al last, bisthieno[3’,2":4.5]benzo[ 1,2-b:4,3-
b’]di[1]benzothiophene ([ 7JTH) possessing a skeletal

S IS
overlap between the intramolecular terminals!® manifests no > P

w

apparent racemization at room temperature.!2 Conscquently,

racemic [7]TH can be readily resolved into P and M 5 HH s S
enantiomers by using an HPL.C column of silica-gel linked R >
with optical active TAPA 14 [5]TH R=H [7]TH

2-HT R =CHy0H

RESULTS AND DISCUSSION

Uptake of 2-HT by BSA. The compound 2-HT is practically insoluble in water and only shghtly soluble
(Jess than 1.7 x 10°7 mol dm3 as estimated by the UV-absorptional intensity of its saturated sofution) in 1 %
ethanol-water of the present solvent system. An equimoiar mixture of 2-HT and BSA with concentration of
1.53 x 10-3 mol dm™3 in 1 % ethanol-water solution was incubated by gentle surnng for ca. 30 minat 25+ 1 °C
1o give a transparent solution. Figure 1 shows the UV absorption spectrum of the solutton of r = 1, where 1 1s
the concentration ratio [2-HT] : [BSA], together with the reference spec.ra of BSA and 2-HT. The complexation
does not fundamentally alter the shapes and the maximum way clengths of both 2-HT and BSA spectra, except
for a slight broadening and a little bathochromuc effect by 1~4 nm for cach absorpuon band. Further, 1t was
ascertained that addition of 1 % ethanol to an aqueous solution of BSA brings about no alteration of either the
UV or CD spectra within the range of wavelengths measured in this study. 15

In contrast to the slight alterations of the UV spectra, drastic changes appearcd in the CD spectra of the 2-HT-
BSA complex solution (Fig.2), particularly in the longer wavelength region (280~400 nm) where BSA has no
absorption maxima. I[ndividual CD absorption bands turning up in this region are well resolved, showing good
correspondence of the maximum wavelengths to those of the UV absorption bands of 2-HT-BSA and 2-HT.
Companison of these intense absorptions with the CD absorptions ol (P)-|7]TH in CHClz (Fig.2, (¢))
demonsirates the cxistence of three major identified absorptions; «, p, and {3 bands according to the Clar’s
nomenclature. 1 1t may be found that these three bands exhibit the same signs of the Cotton effects as those of
the corresponding absorptions of (P)-[7]JTH,!7 respectively: the « band has a negative sign, and the p and f
bands have positive ones. These facts indicate clearly that the appearance of the new peaks in the CD spectrum
of the 2-HT-BSA complex solution is derived from the chisality of a 2-HT molecule, the absolute configuration
of which may be [ixed definitely as a P form upon uptake by BSA.

In order 10 investigate the maximum uptake of 2-HT per one molecule of BSA, a mixiure contaming 2-HT

and BSA (5:1) in 1 % ethanol-water was incubated for 30 hours. Then, after removing the insoluble excess 2-
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HT by filtration, the UV absorption of the filtrate was measured 10 show that the uptake of 2-HT does not
exceed 2 mole equivalents for BSA. Furthermore, when the aqueous solution of the 2-HT-BSA complex was
extracled with an equal volume of diethyl ether at room temperature, 2-HT was quantitauvely recovered in the
ether phase which gave no CD absorptions. Addition of 2-HT to the extracted aqueous phase containing BSA
yielded the same CD absorption peaks at the same wavelengths as those of the original 2-HT-BSA solution.
These facts imply that the uptake of 2-HT by BSA 1s completely reversible and the interaction between both
components seems 1o be too weak 1o withstand extraction by ether, but s strong enough to prevent a 2-HT

molecule from undergoing inversion of 1ts helix.
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Fig. 1 U\ spectra of an agqueous 2-HT-BSA solution ol r = Fig. 2 D spectra of an aqueous 2 HT-BSA solution of 1 =
I (a. [2-HT-BSA]= 1.53 x 1073 mol dm3), an aqueous BSA I (a, 2-HT-BSA]=133x 10-3 mol dm~3), an aqueous BSA
solution (b, {BSA] = 1.53 x 10°3 mol dm3), and 2-HT in solution (b, [BSA]= 1.53 x 10°5 mol dm™3), and (P)-[7]TH

EtOH (¢, [2-HT] = 1.533 x 10-3 mol dm’3) in CHCI3 (¢, 127 [TH] =8 34 x 1073 mol dm'g)v

Uptake Sites of BSA and Their Chirality Recognition. As thc maximum amount of the 2-HT uptake
was found 1o be 2 mole equivalents for BSA , the variation of the imtenstties of the UV and CD absorptions of the
2-HT-BSA complex was examined with respect to the change in the molar ratio 1 from 0.2 10 2.0 while keeping
a BSA concentration constant. The intensity of the UV absorptions of the 2-HT-BSA solution increased linearly
with an increase of the r value up 1o 2 (Fig.3). On the other hand. as for the changes in the CD-absorptional
intensities, the slope of the linear plots differed between the ranges of O~1 and 1~2 of T, the stope of the former
being stecper than that of the latter (Fig.4). The increment of the apparent ellipticity (the ordinate of Figure)
from the r value of 1 10 2 was 3.24 m deg that amounts to ca.73 7 1 comparison with the increment of 442 m
deg from the r of 0 10 1. This difference between the changes of the UV and CD absorptions against the
variations in T may be explicable in terms of the number of the substrate-binding sites 1n BSA and their chirality
recognition. Namely, BSA possesses two uptake sites (1 and 2) with diferent abilites to discriminate between
the chiralitics of the enantiomers of 2-HT, which agrees with the existence of the two substrate-binding domains
in human serum albumin (HSA) as determined by X-ray crystallography. I8 Therelore, it may be assumed that
one uptake site of BSA bears lower chiral discrimination abulity by about 27 % than the other uptake site.

When an adequate quantity of BSA was dissolved in an agueous solution of the 2-HT-BSA complex of r = 2

leading 10 a solution of r = 1, followed by the incubation for one day. the apparent molecular ellipticity of each
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absorption band was then enhanced ca. 16 %. I the incubation time was no longer than 30 min, the
enhancement of the ellipticity remained ca. 10 %. It was ascertained that further addition of BSA to the solution
containing only BSA resulted in almost no change 1n the longer wavelength region measured for the 2-HT-BSA
complex. In a 2-HT-BSA solution of r = 2, both site 1 (provisionally with a higher ability for chiral
discrimination) and 2 (with a relatively lower ability) are anticipated to be coordinated by 2-HT. Further addition
of BSA 1o this solution then compels 2-HT at site 2 1o migrate graduatly 1o unoccupied site 1. raising the CD
intensities in accord with the difference of abilities in discniminating chiratity. [t1s thought that the migration of
2-HT from site 2 to unoccupied site 1 may be considerably slow, compared with the initial uptake of 2-HT by
BSA.
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Fig. 3 Dependence of the ohserved absorbance at 348 nm Fig. 4 Dependence of the observed ellipticities (8) on the
on the molar ratio r with [BSA] = 1.53 x 103 mol dm-3 molar ratio r with [BSA} = 1.53 x 10-3 mol dm™?. Values of

8 were obtained from 6 (peak at 334 nm) - 6 (trough at 311
am)

Atall events, we can deduce that site 1, with a higher discriminating ability. also possesses a higher affinity
towards the substrate than site 2 and hence uptake of 2-HT occurs predominantly at site 1 up to the ratio of r= 1,
with subsequent uptake at site 2. From the enhancement of the ellipticiiy by ca. 167 in the above experiments.
the ability 1o recognize chirality at site 2 can be estimated 1o be approximately 72 % of the ability at sie 1,
mdicating a fairly good consistency with the value of 73 % obtained from the result of Fig. 4 (vide supra). It
might be thought that (P)-2-HT already complexed to BSA at site 1 would affect chirality of racemic 2-HT
coming close to site 2, or both 2-HT molecules compiexed at site 1 and 2 would interact to each other.
However, reasoning from the analysis of the crystal structure of HSA moiecules in which the domains endowed
with a substrate-binding site are 100 far apart from onc another to undergo any interactions,!® our situation
concerning BSA may involve .if any, little interaction such as a chirality control between the substrates at site 1
and 2.

Temperature-Dependence of Chirality Recognition. The molar ratio between P and M enantiomers of
2-HT incorporated into BSA manifests the ability to recognize chirality, which determines the intensities of the

CD absorptions.  Therefore, in order 1o investigate the thermodynamics ol the chirality recognition in this
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system, the temperature-dependence of the CD absorptions was examined for both complexes of r=1and 2.
Upon raising the temperature within the range of 3.3 10 514 °C, the CD absorptions were significantly reduced
for solutions of both complexes, in contrast 10 only a small temperature-dependence for the CD absorptions of
(P)-[7]TH in CH2CICH»Cl within the temperature range investigated here. Figure 5 illustrates the alteranon In
the CD spectra for the 2-HT-BSA solution of r =1. Figure 6 shows plozs for the changes in the € D-absorptional
intensities in the case of r= 1 and 2 at all the measured lemperatures. 1t was confirmed that the intensity ot the
CD absorptions at room temperature is fully reproduced within expenimental error after the solution was returned
from 50 °C or 5 °C to room temperature. This fact implies that the processes caused by the temperature variaton
are completely reversible and no significant denaturation of BSA 1n an irreversible manner takes place under the
present experimental conditions. This marked tendency in the CD-absorptional intensities can be explained in
terms of the molecular motility of both components involved. With the rise of temperature, the thermal motion
of BSA becomes gradually activated so as to weaken the configurationa. fixaton of 2-HT molecule, resulung in
the displacement of the following equilibrium to the right.

K [BSA~(M)2-HT!
BSA—(P)2-HT ——= BSA-(M)2-HT K= ——

. S—
|[BSA-(P)2-HT]
Therefore, as the alteration in the CD-absorptional intensities of the 2-HT-BSA solunon of r = 1 reaches
substantially a platcan below ca. 10 °C, a decrease in the appareat elliptcaty above 10 °C may be assumed to arise

from the generation of the diastereoisomernc BSA-(M)2-HT complex.
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Fig. 5 Temperature-dependence of CID spectra of an aqueous Fig. 6 Temperature-dependence of the observed ellipticiues
2-HT-BSA solution of r = 1 with [2-1IT-BSA]|=3.00 x 103 (@) with [BSA| = 2.06 x 1072 mol dam-3 (a) 8, for solution
mol dm™3: (@) 6.0°C, (b) 386 °C, (¢) 51.4°C of 1 =2, (b) 6 for solution of = 1. (¢) a curve obtatned from

(Ba-Hp) at the respective temperanres. Values of 6 were
abtamned [ron. 8 (peak at 334 nm) - 6 (rough at 311 nm)

Ellipticity (or species at site 1, [8]gje 1, obtained for 2-HT-BSA solations of 1= I cun lead 1o an esumaton

of [8ge 2 through the retation [Blge 2 = 18lgite (142) - (Olsie 1. where Blge (142) 18 the apparent
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ellipticity measured for 2-HT-BSA solutions of r = 2 with the same BSA concentration. The curve (¢) in Fig. 6
represents the plots of the values of [8]gjie 2 thus obtained. In this manner the population of each
diastereomeric complex can be evaluated for the two sites. respectively, 1o provide equilibrium constants (Kdia)
at each temperature. Table 1 lists some selected Ky values, along with the thermodynamic parameters at sitc 1
and 2, respectively. The occurrence of the diastereomeric complex contamning M-enantiomer of 2-HT was found
Lo be in a higher proportion at site 2 than at site 1. The values of AGD estimated for both sites show all positive,
though small, implying that BSA-(/)2-HT is thermodynamicatly somewhat more stable than its diastereomeric
1somer BSA-(M)2-HT.

Table 1. Equilibrium Constants and Thermodynamic Parameters at Site | and 2.

Site ] Site 2
T/IK Kdia AGOUKImolrl  T/K Kdia  AGYKI mol-!
283.3 0.012 10.4 2832 G122 3.0
2945 (.034 83 293.2 6179 42
3024 0.067 68 3002 1,244 35
3118 0.169 16 311.2 (1368 26
3213 0.360 27 3192 0.576 i.s

AHOAI mol! ASY) K-Tmot- ! AHO morl ASO K- Imol-!

70.3 210 28.5 82.8
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3 3.2 3.4 36 18 Fig. 8 The effect of heat-pretreatment of BSA for 1 hr on

the 1) spectra of 2-HT-BSA complex with {BSA] = 1,53 x

1 /10 -3k-1 . .
1072 mot dm™ ¢ = 1 solutioa using untreated BSA (a) and
Fig. 7 The van't Hoit plots for two uptake sites of BSA: pretreated BS. (b), and r = 2 solution using untreated BS A (¢)
(@) site 1, (b) sne 2 and pretreated BSA (d

When the equilibrium constants were plotted according to the van't Holf equaunon, good straight lines were
obtained (Fig. 7) to give AHY and AS© values for site 1 and 2, respectively {Table 1). The AHO values imply
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differing binding strengths for the BSA-(P)2-HT against the BSA-(M)2-HT species, and thus explain the
difference in ability to recognize chirality of 2-HT at site 1 and 2. The larger AHO value at site 1 1s in reasonable
accordance with the observed behavior of higher recognition ability at site 1 (Fig.4). As for ASO, the obtained
values were found to be positive at both site 1 and 2, and showed much larger at site 1 than that at site 2. This
trend may be explicable in terms of the sterical factors: P-enantiomer of 2-HT is placed under more restrained or
fixed situation at the uptake sites of BSA than M-enantiomer, and moreover, the restraints subjected 1o 2-HT by
BSA are greater at site 1 than at site 2, suggesting the greater configurational fixation for 2-HT at site 1. It has
become obvious that these thermodynamic parameters, AG, AHY and ASY, are effective for explaining the
propensity of chirality recognition against 2-HT at cach uptake site of BSA.

Pretreatment of BSA Solution with Heat. An aqueous solution of BSA was preincubated in a
thermostat at 50, 60, and 70 + 1 °C, respectively. Then, the abilities of the thus treated BSA for the substrate
uptake and the chirality recognition were investigated for the 2-HT-BSA complexes of r= 1 and 2 at 25 £ 1 °C,
in order to learn how site 1 and 2 change with heat-wreatment. Table 2 shows the relative intensities of the UV
and CD absorptions of 2-HT-BSA(pretreated) complex using one-hour pretreated BSA, in comparison with
those of 2-HT-BSA(untreated) complex. Regarding the aqueous solution containing merely BSA pretreated for
1 hr, the UV-absorptional intensities are entirely unaltered up to 70 °C (measured at 278 nm) and the CD-
absorptional intensities decreases to 0.98 at 60 °C, and to 0.83 at 70 °C (measured at 260 nm). In the presence
of 2-HT, the 2-HT-BSA(pretreated) complex gave the unaltered intensities of UV absorptions except for a litle
decrease at site 2 a1 70 °C, indicatng almost no pronounced influence of heat pretreatment of BSA on its ability
for the substrate uptake. On the other hand, the relative intensities of CD absorptions at 70 °C are significantly

reduced to 0.4+ for site 1 and to 0.21 for site 2, as illustrated tor the complexes of r= 1 and 2 in Fig. 8.

Table 2. The Effect of Preheating of BSA on the UV- and CD-Absorptional Intensities of 2-HT-BSA.&)

Site 1 Site 2
T/°C  Time/min uv CD uv CD
50 60 0.99 1.01 1.00 0.82
60 60 1.01 0.74 (.98 (.49
70 10 1.01 0.66 0.94 0.51
70 60 1.01 0.44 091 0.21
70 180 0.98 0.29 1.03 0.11

a) Relative intensities against the UV and CD absorptions of 2-HT-BSA (untreated)

Table 2 also shows the effect of the pretreatment time at 70 °C on the UV- and CD-absorptional intensities of
2-HT-BSA(pretreated) complex. In this case also, prolonged heating of BSA solution does not affect the
substrate uptake by BSA. In contrast, three-hour pretreatment gives a large depression of ability to recognize
chirality of 2-HT, up t0 0.29 for site 1 and 0.11 for site 2, though pretreatment for only 10 mun already gives
0.66 and 0.51 of initial activity for site 1 and 2, respectively. A series of these facts suggest that heat
pretreatment of BSA solution may bring about a small denaturation of the protein even at 70 °C, which,
however, does not affect substantially the uptake ability against 2-HT | while it causes a great depression of

ability to recognize chirality of enantiomers of 2-HT. This may be presumably due to the subtle conformational
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deformation of BSA such as a slight change in shape or size of the substrate-binding sites. It is recognizable that
such sort of deformation is somewhat larger at site 2 than at site 1.

CONCLUSIVE REMARKS

This work is the first instance proving that the inclusion phenomenon can be sufficient to cause a second-
order asymmetric transformation. [t was possible for us to find this transformation using BSA, by application
of a new type of substrate 2-HT possessing an appropriate racemization rate and an enormous molecular
elhipticity for its CD absorptions. The substrate 2-HT also allowed the investigation of the thermodynamic
behavior, which provided the novel information regarding the substrate-binding sites of BSA and their ability to
recognize chirality. A lowering of ability to recognize chirality can be detected by use of 2-HT for the slightly
denaturated BSA produced by heating mildly. This manifests that 2-HT may act as an effective probe for
assessing the ability for chiral recognition of albumins and some other proteins.

EXPERIMENTAL

Instruments. All the CD expentments were carried out with a JASCO J20A spectropolanmeter using jacketed
cylindrical quartz cells of 1.0 and 0.2 cm pathlength. UV spectra were obtained on a HITACHI UV220
spectrophotometer. 1H-NMR spectra were recorded on a JEOL JNM-GX270 NMR spectrometer. Sample
solutions were incubated with a Yamato water bath incubator BT-25.

Materials and Procedures. Racemic tieno[3 2-e:4,5-¢’[di} ! [benzothiophene ({5]thiaheterohelicene, [S]TH)
and bisthleno[B’,2‘:4,5]benzo[1,2-b:4,3-b’]di[1]benzolhiophene ([7]TH) were prepared by photocyclization of
the precursor olefins.'9  (P)-[7)TH enantiomer was resolved from racemic [7)TH by a preparative HPLC using
a chiral column according to the procedures in the literature. 1+ BSA (essential fatty acid free, molecular weight
66000) was purchased from Sigma (A6003). Water used in these expenments was distilled and then passed
through a Millipore Milli-QIII punfication system.

(5 ]thiaheterohelicene-2-aldehyde. 200 [5]TH (14.36 g, 48.5 mmol) was placed in an oven-dried round
bottomed flask and dissolved in 300 ml of dry THF. The flask was equipped with a dropping funnel and cooled
with anice bath. The 15 % hexane solution of n-BuLi (57.0 ml, 90.5 mmol) was added dropwise 1o the [5]TH
solution for 30 min, and the mixture was stirred for 1 hr at room temperature. DMF (6.65 mi, 85.9 mmol) was
added dropwise to the solution with cooling, and then the solution was refluxed for 1 hr. The reaction mixture
was poured into the same volume of water with stirring for 40 min. The organic phase was partially evaporated

under reduced pressure to give the precipitate which was separated by filtration and dissolved in 1000 ml of
CHaClp  The filtrate was extracted with CHaCl».  After the combined organic solution was dried over

anhydrous Na»SOy, the solvent was removed by using a rotary evaporator. [S]TH-2-aldehyde (8.23 g, 25.4
mmol, 524 %) was obtained from the benzene eluent on silica-gel column chromatography. Oy (CDCl3) 10.19
(1H,5),804(1 H,d,J88),7.99(1 H.d, ] 88), 797 (1 H, s), 823 (1 H. d, ] 5.4), 79 (1 H, d, ] 8.8),
787 (1 H,d,J83)and 777 (1 H, d, ] 54 Hz) ; m/z (Found: Mt 323.9728, Calced for C)7H80S3 :
323.9738).

2-hydroxymethyl[5]thiaheterohelicene (2-HT). To the soluticn of [5]TH-2-aldehyde (2.53 g,
7.80 mmol) in 2300 ml ethanol, NaBHy (1.18 g, 31.2 mmol) was slowly added with stirring.  After the

completion of the reaction was ascertained by TLC (silica-gel, CH2Cl2/ n-hexane (1 : 1)), the solvent was
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evaporated to ca. S0 m] under reduced pressure. To the concentrated solution was added 100 ml of water and
then the reaction mixture was shaken with CHaClp. The organic layer was dried over anhydrous NajySQOy, the

solvent being evaporated. The residue was recrystallized from CH3CN 1o yield pale yellow crystals of 2-HT
(2.08 g, 637 mmol, 73.5%). 8 824 (1 H,d, J 5.5), 8.15 (1 H, s), 794 (1 H, d, J 84), 787 (1 H. d, J
84),780 (1 H,d,J88),7.72 (1 H,d, ) 84), 764 (1 H,d, ] 5.5 Hz), and 5.02 (2 H, s) ; (Found : C, 62.63
+H, 3.16, Caled for Cy7H 0083 : C, 62.55 ; H, 3.09%); Amax (EtOH)/nm 358sh (log ¢ /dm3 mol-! cm-!
3.89), 343 (4.32), 330 (4.36), 314sh (4.08), 302 (3.91), 280 (4.36), 263.5 (4.39) and 240.5 (4.49).

The solution of 2-HT-BSA complex. The solution of 2-HT-BSA complex of r = 1 was prepared by
mixing 0.1 ml of an ethanolic stock solution of 2-HT (1.53 x 10-3 mol dm-3) with 5 m! of an aqueous solution
of BSA (3.06 x 10-3 mol dm3), followed by adjusting the total volume to 10 ml with water to give the same
concentration of 1.53 x 10 -5 mol dm3 for both components. The mixwure showed slightly turbid, but a gentle
agitation for 30 min at 25 + 1 °C made the mixture a transparent solution. Apax (1 % ethanol-water)/nm 360sh
(log € /dm3 mol-1 co-1 3.94), 348 (4.25), 333.5 (4.31). 318sh (4.08). 303sh (3.96), 279 (4.77), 26Ysh
(4.74), 259sh (4.65) 260sh (4.65), and 252sh (4.61) ; {8} 780 deg dm?2 dmol-! (369 nm), -6400 (359.5),
27450 (346.5), 37390 (333), 10720 (310), 22880 (301), 28500 (286.5), 9150 (275.5), and 54640 (260).

The solution of 2-HT-BSA of r = 2 was prepared by the same procedures using another stock solution of 2-
HT (3.06 x 10-3 mol dm -3). The concentration of 2-HT in the solution measured was 3.06 x 10-5 mol dm-3.

Ether extraction of 2-HT-BSA solution of r = 1. Fificen mi of the 2-HT-BSA solution of r = 1
with the BSA concentration of 3.06 X 10-3 mol dm™3 in | % ethanol-water was extracted with 15 ml of diethyl
ether. The cthercal layer was dried over several particles of molecular sieves (3A) and filtrated with a membrane
filter (0.45 mm). The ethereal solution thus obtained demonstrated the UV absorptions originated from 2-HT,
but no CD absorptions. The aqueous layer treated under reduced pressure at room temperature in order to
remove the dissolved ether gave the CD absorptions originated {Tom BSA only. To 10 ml of this aqueous
solution, 0.1 ml of ethanolic stock solution of 2-HT (3.06 x 10-3 mol dm-3) was added and the mixture was
agitated gently at 25 + 1 °C for 30 min, reproducing the CD absorptions onginated from the 2-HT-BSA
complex.

The number of substrate-binding sites of BSA. Thirlcen solutions with difterent molar ratio ot 2-
HT-BSA (r = 02 ~ 2.0) were prepared by the similar procedures mentioned above with keeping the BSA
concentration 1.53 x 10°5 mol dm-3- Al the solutions were incubated for 30 min at 25 + 1 °C with agitating
gently and the UV and CD spectra of the solutions were meusured. Furthermore, 2-HT-BSA mixture of r = 5
was stirred al room temperature for 30 hours. However, as the mixture still remained turbid, then the insoluble
2-HT was filtered off and the spectral data of the filtrate were obtained. Abs. at 348 nm: 0.636, and 0 at 334
nm: 10.02 m deg.

Temperature dependence of CD absorptions of 2-HT-BSA complex. 2-HT-BSA solution of
= 1 or 2 with the BSA concentration of 3.06 x 10 -5 mol dm-3 was placed in a jacketed cyhndrical quartz cell
equipped with a HAAKE circulator D3-G. Temperatures were read from a TOA DC microvoltmeter PM-17A
connected with a copper-constantan thermocouple whose tip was placed inside the cell. The temperature was
first varied from 3 °C to 52 °C, then returning 1o room temperature. The shapes and intensities of the CD
absorption peaks were fully reproduced at the same temperature going back and forth.

Migration of 2-HT from site 2 to site 1 of BSA. To 10 ml of 2-HT-BSA solution of r = 2 with
the BSA concentration of 3.06 x 10-3 mol dm3 werc added 5 ml of the aqueous BSA solution of 6.12 x 10-3
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mol dm3 and 0.1 ml of ethanol. The total volume of the mixturc was adjusted to 20 ml with water, and then the
solution was incubated with stirring mildly at 25 + 1 °C for about 24 hours.

Heat pretreatment of BSA solution. BSA solutions of 1.53 x 105 mol dm-3 were incubated in a
thermostat at 50, 60, and 70 + 1 °C, respectively. Samples for measuring the spectral data were made up at
room temperature by the above mentioned procedures using this preincubated BSA solution .
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