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Molecular Recognition Kinetics of Leucine and Glycyl-Leucine bypg-Cyclodextrin in
Aqueous Solution in Terms of Ultrasonic Relaxation
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Ultrasonic absorption coefficients in the frequency range of@8BMHz were measured in aqueous solution

of leucine and glycyl-leucine in the presence and absengéafclodextrin 3-CD) at 25°C. A single
relaxational absorption was found in both solutions although it was not observed in the abs@rC® of

The cause of the relaxation was attributed to a perturbation of a chemical equilibrium associated with an
interaction betweef3-CD and the amino acid or the dipeptide. The rate and thermodynamic constants for the
association and dissociation reaction of the complex in the system of glycyl-leuciffeGDdvere determined

from the concentration dependence of the relaxation frequency and the maximum absorption per wavelength.
On the other hand, another analysis was applied for the system with leucifz@Ddo calculate the rate

and thermodynamic constants due to the indistinguishable concentration dependence of the relaxation frequency.
Therefore, first the equilibrium constant was estimated from the concentration dependence of a maximum
absorption per wavelength and then the rate constants were calculated. The results obtained were compared

with that for the isoleucine ang-CD system. In addition, the rate constant for the formation of the complex
was discussed in relation to the diffusion controlled reaction.

Introduction expected that an isomerization effect on the molecular recogni-
tion kinetics also plays an important role for understanding of
molecular recognition mechanisms. For this purpose, leucine
was taken as the guest f8¥CD in order to compare with the
results from isoleucine.

Cyclodextrins (host) are cyclic oligosaccharides consisting
of glucopyranose units linked by a glucosidic bond. Naturally
occurringa-, -, andy-cyclodextrin are composed of 6, 7, and
8 glucopyranose units, respectively. Their cavity diameter
increases proportionally as the number of glucopyranose units : :
increase (ca. 0.52, 0.66, and 0.84 nm) while the depth remainsEXpemmantal section )
constant (ca. 0.80 nnd)They are doughnut-shaped molecules _ Chemicals.;-Cyclodextrin was purchased from Wako Pure
that have hydrophobic cavities that can form inclusion com- Chemical Co. Ltd., and the purification procedurgfe€D was
plexes with various kinds of molecules (guest). That is, cyclo- '€Ported elsewhere Glycyl-leucine and leucine were also
dextrins can recognize precisely the guest molecule. The extentPUrchased from Wako Pure Chemical Co. Ltd. as the purest
of the recognition reflects upon the rate and equilibrium con- 9rade and were used without further purification. Sample
stants for complex formation. Accordingly, there are many solutions Wer_e_prepared by yvelghlng, and distilled anc_zl flltered
reports that are concerned with the formation constants deter-Water by a Milli-Q SP-TOC filter system from Japan Millipore
mined by various static methodss However, kinetic study for ~ Ltd- was used as a solvent.
molecular recognition is considerably limited, although it is very ~ APparatus. Ultrasonic absorption measurements were per-
important to understand the precise mechanism of the com-formed by a resonance method in the frequency range from
plexation. about 0.8 to 9 MHz an_d a pulse method in _the range from 25

In our series of kinetic studies for the interaction between 0 95 MHz. More details about the absorption apparatus and
host and guest by means of ultrasonic relaxation, it has beenth€ procedure for determining the absorption coefficiengre
clarified that the stability of the complex is strongly controlled described elsewheré.'? Sound velocity values were obtained
by the structure of the guest molecules (e.g., hydrophobicity, by the resonator at ar_ounc_i 3 MHz,_ and the solution densities
functional group, charge effect, and so forth) and the size of Were measured by a vibrating density meter (Anton Paar DMA
the cavities of the cyclodextrins as wétlo The recent kinetic ~ ©0/602). All measurements were performed at'e5
study for amino acids reveals that the ultrasonic relaxation
associated with the inclusion complex reaction is found in a Results
system with isoleucine an@CD, while it is not observed in a Figures 1 and 2 show representative ultrasonic absorption
system with glycine an@-CD.? The molecular recognition of ~ spectra in aqueous solutions of leucine and glycyl-leucine. The
CDs for amino acids or peptides is very important for biological pH of both solutions were about 5.8, which is an isoelectric
systems. Our goal was to extend our kinetic study to the point. Whens-CD does not exist in the solution (only the guest
recognition of peptides by supramolecules. In the present study,molecule is dissolved in water), the absorption coefficients
dipeptide (glycyl-leucine) was chosen as a model system. It is divided by the square of the measurement frequeadfy;, are
independent of the frequency: no excess absorption is observed.
* Corresponding author. E-mail: nishikas@cc.saga-u.ac.jp. Also, the excess absorption is not foungbh€D solution when
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200 T . The experimental fact that the relaxation was observed only
when both solutes coexist in an aqueous medium indicates that
the relaxation process was associated with the interaction
between the two solutes. As was shown in our previous report,
the relaxation is not found in an aqueous solution when the
guest is glyciné. It can be derived from this result that a
hydrophobicity of a guest molecule is greatly responsible to a
host-guest complex. In the solution with glycyl-leucine, the
relaxation frequency is increased with the guest concentration.
This tendency has been also observed in other systems with
various guest8:® However, the concentration dependence of
the relaxation frequency is not clear for the system with leucine
as is seen in Table 1. As it is certain that the cause of the
Lol . ‘ relaxation is due to the interaction betweeCD and leucine

1 10 100 or glycyl-leucine, the perturbation of the following chemical
equilibrium is considered as the cause of the relaxation,
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Figure 1. Representative ultrasonic absorption spectra in agueous k

soglaution of IeuF():ine in the presence and in tk?e absepnq(é(bD at 35 CD+ PEPT CDPEP ()

°C; (®): 0.020 mol dm?leucine+ 0.0087 mol dm? 5-CD, (a): 0.042

mol dm 2 leucine+ 0.0087 mol dm?® -CD, (@): 0.16 mol dm? where CD, PEP, and CDPEP are the host, guest, and the
leucine+- 0.0087 mol dm* 3-CD, (O): 0.100 mol dm? leucine. The complex molecule, ank andk;, are the forward and backward
arrows show the locations of relaxation frequency. rate constants, respectively. Moreover, from an analytical

. . . procedure of a chemical relaxation, we obtain the relation
between the relaxation frequency and the reactant concentration
as follows

2rf, = k{[CD] + [PEP} +k, 3)
= ky{ (KCcp + KCpgpt 1)2 - 4K2CCDCPEP} vz )

where Ccp and Cpep are the analytical concentrations of the
host and the guest, respectively. Hefeis defined aK = ki/

ko. As is already indicated above, in the solutions including
B-CD and glycyl-leucine, the relaxation frequency increases with
the guest concentration. When a fixed concentration is used for
B-CD, the independent variable in eq fr the relaxation
frequency is only the concentration of the guest. Consequently,

a/t /107 m™!

10 I \ .
1 10 100

a nonlinear least-mean square computer program was applied
f /MHz to determine the constantk, and K for the glycyl-leucine
Figure 2. Representative ultrasonic absorption spectra in aqueous SyStém. Figure 3 shows the plots otf2vs the concentration
solution of glycyl-leucine in the presence and in the abseng@:@b term in eq 3, and the great linear relationship going through
at 25°C; (@): 0.0050 mol dm? glycyl-leucine+ 0.0087 mol dm? original point was obtained. This result confirms that the cause
B-CD, (2): 0.010 mol dm? glycyl-leucine+ 0.0087 mol dm?* 3-CD, of the relaxation is due to the interaction betwg®@€D and

(d): 0.040 mol dm? glycyl-leucine+ 0.0087 mol dm? 5-CD, (O):

0.040 mol dm? glycyl-leucine. glycyl-leucine. Thus, the calculated values are listed in Table 2

along with those for other systems to make a comparison. It is
the concentration is below 0.01 mol dAi® However. the now possible to calculate the relaxation frequency at different
excess absorption was clearly observed only when leucine oreoncentrations 0f-CD using the determined rate and equﬂ_lb-
glycyl-leucine was dissolved in a solution in the presence of rium constants. The calculated and observed values are indicated
B-CD in Table 1, and they are seen to be very close each other. In the
An analytical equation used conveniently to make clear the leucine syste.m, however, the observed rellaxatlon frequency
frequency dependence of the absorption is a Debye-typeseems to be independent of the concentrations as can be seen
relaxational one in Table 1. Therefore, the same analytical procedure is not
applicable to the leucine system.

The amplitude of the excess absorptidnjs also related to
the reaction parameter. In the ultrasonic relaxation study, a
maximum absorption per wavelengihyax is widely used and

it is expressed for the reaction under consideratidn as

alf?=AN[1+ (f/f)*]+B 1)

wheref; is the relaxation frequency is the amplitude of excess
absorption, and is the background absorption. Actually, a
slightly modified version of eq 1 was used to determine the u,. = 0.5AfC

parameterd,, A, and B, using a nonlinear least-mean square

method® The solid curves shown in Figures 1 and 2 indicate = erc2 (1/[CD ]+ U/[PEP]+

the calculated ones, and it is clearly seen that the Debye’s 1/[CDPEP])* (AV)¥2RT (4)
equation can reasonably be applied to the experimental data.

The obtained values are listed in Table 1 along with solution whereAV is the standard volume change of the reaction. Since
density,p, and the sound velocity. the rate constants have been determined from the concentration
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TABLE 1: Ultrasonic Relaxation and Thermodynamic Parameters for Aqueous Solutions of Leucine and Glycyl-Leucine with

p-CD at 25°C
Cep Crep fr A B P c
mol dnr3 mol dn3 MHz 10°%m! 10%¢m™! kg m3 ms? pH
Leucine System
0.0087 0.010 12.+0.7 12.7+£0.4 20.8+0.1 1001.15+ 0.01 1502.2: 0.5 571
0.0087 0.016 13504 16.9+ 0.3 20.44+0.1 1001.27 0.01 1503.0: 0.6 5.80
0.0087 0.020 12.#0.5 20.3+0.4 21.3+0.1 1001.39+ 0.01 1503.4- 0.5 5.84
0.0087 0.026 13.80.7 24.84+0.8 20.0+:0.1 1001.55+ 0.01 1503.9: 0.6 5.85
0.0087 0.042 12604 32.0+ 0.6 23.2+0.1 1001.9% 0.01 1506.1 0.6 5.92
0.0087 0.071 13.20.3 50.7+ 0.7 22.5+0.1 1002.62£ 0.01 1509.0: 0.5 5.78
0.0087 0.079 11.90.3 55.24+0.9 22.2+0.1 1002.77# 0.01 1509.7# 0.8 5.83
0.0087 0.100 12.%0.3 63.5+: 1.0 23.0+:0.1 1003.306£ 0.01 1512.0: 0.4 5.92
0.0087 0.120 12.20.3 72.1+ 1.0 21.5+ 0.1 1003.76t 0.01 1514.2+ 0.9 5.97
0.0087 0.130 12.804 73.2+:1.0 22.5+0.2 1004.08£ 0.01 1515.0: 0.8 5.91
0.0087 0.150 12.604 80.2+ 2.0 23.3+0.2 1004.45+ 0.01 1517.0£ 0.6 5.80
0.0087 0.160 11.3-0.3 83.1+ 2.0 23.0+:0.1 1004.47 0.01 1518.2: 0.8 5.96
Glycyl-Leucine System
0.0087 0.0050 1.75:0.05 197+ 8 22.44+0.1 1001.16+ 0.01 1500.7 0.8 5.93
0.0087 0.010 1.83-0.04 3594+ 9 22.44+0.1 1001.50+ 0.01 1502.0£ 0.5 5.95
0.0087 0.020 1.98 0.03 47048 22.840.1 1001.85+ 0.01 1502.6+ 0.8 5.83
0.0087 0.030 2.26-0.03 496+ 8 23.0+0.1 1002.29+ 0.01 1504.06+ 0.9 5.85
0.0087 0.040 2.4% 0.03 49047 22.940.1 1002.78£ 0.01 1505.1 0.6 5.81
0.0050 0.030 2.0& 0.03 322+ 5 22.6+0.5 1000.72+ 0.01 1503.6+ 0.7 5.79
(2.16%
0.0070 0.020 1.93 0.03 389+ 7 22.44+0.1 1001.08t 0.01 1502.0+ 0.7 5.94
(1.99y
aThose values are calculated from €qu8ing determined parameters.
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Figure 3. Plots of 2tf, VS{(KCCD + KCpgp + 1)2 — 4K2CCDCPEP} 12
for aqueous solutions of glycyl-leucine in the presencg-@D at 25
°C; (0): 0.0087 mol dm? 3-CD, (2): 0.0050 mol dm? 3-CD, @O):
0.0070 mol dm? 3-CD.

TABLE 2: Rate and Thermodynamic Constants for
Host—Guest Complexation at 25°C

ke
108 mol? Ko K AV
guest dmis™? 10°s?  moltdm® 1078 m? mol™
isoleucine 29403 59+0.2 49+04 10+1
leucine 2.6 7.9 0.3 3.3 16.3- 2.7

glycyl-leucine 1.38+0.01 0.92+0.03 15.0+£0.2 19.2+0.6

{1/[CD] + 1/[PEP] + 1/[CDPEP]}™ / mol m™

Figure 4. Plots of RTumadmpc? vs{1/[CD] + 1/[PEP]+ 1/[CDPEP} %
(O): leucine system,q): glycyl-leucine system.

K, is obtained, the rate constants for the leucine system are also
calculated. Concerning the leucine system, for the first ap-
proximation we considered that the relaxation frequency reflects
the backward rate constariy, in eq 3, that is, the term
concerningky is taken to be sufficiently dominant to the-
{[CD] + [PEP] term in eq 3 since the equilibrium concentra-
tions of host and guest were sm#llVarious values of the
equilibrium constantk, for the leucine system were attempted
for the plots of the RTuma/pc? vs the (1/[CD]+ 1/[PEP]+

dependence of the relaxation frequency, the individual equilib- 1/[CDPEP])* term in order to obtain the best straight line going
rium reactant concentrations are calculated from the analytical through a zero intercept. Whéiwas used as 3.3 miol dn,
concentrations of the host and the guest, using the equilibriumthe best fit was received as is shown in Figure 4. Then, the

constantK = ki/k, = [CDPEP]/[CD][PEP]. However, this was

just for the case of the glycyl-leucine system. As a reshilt,

was calculated from eq 4 with the aids®é&ndp, which were

standard volume change was calculated from the slope of the
line, and the forward rate constant was also obtained from the
definition of the equilibrium constank = ki/k,. They are listed

measured independently. The obtained values are shown inin Table 2, although the probable errors were not estimated.

Table 2. This analytical procedure for the standard volume

The above procedure was tested to obtain the standard volume

change requires the equilibrium constant. Once the constant,change for the glycyl-leucine system, and it is also shown in
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Figure 4. The estimated value is corresponding to that value complex than that betweg¢hCD and isoleucine. The difference

from eq 4 shown in Table 2. should also be noted that the relaxation frequencies look to be
independent of the concentration of leucine while they are

Discussion dependent on the concentration of isoleucine. In this regard, it
might be suggested th8tCD can recognize the subtle structural

Our previous reports showed that the larger the hydrophobic

part of the guest molecule is, the more the stable complex is Next, the result in the dipeptide system with glycyl-leucine

i —9
formed, leading to a smaller backward rate constépt is considered. It is found that the excess absorptidnjs

Furthermore, the guest molecule bearing a branched Carbonconsiderabl reat, and the relaxation frequencies shift to a much
chain can be incorporated in more stable form than that with y great, d

normal carbon chaih.On the other hand, the forward rate ?&i;ifﬁ;g:;ﬁ;?gerg}/g? tﬁgzggzggc\g? tﬁtehe; St?/;éet?:)i. d
constantsk;, fall in the similar values, about % 10° mol—? Y Pep

dm? s for most of the guest molecules used in our previous in the structure. In detail, because the charge effect of the
study5-1° This may be because the association process is 2Tmonium cation on the hydrophobic side chain group is

considered to be a diffusion controlied reackol for the decreased through the peptide bond between glycine and leucine

following reason. The rate constant for a diffusion controlled (|:e., the hydrophob|_c part_and c_harged cation group are more
reaction is given by the Smoluchowski's equatién, distant compared with amino acids that do not have a peptide

bond in their structure), the extent of incorporation of the
dipeptide into the cavity gf-CD increases. Hence, the glycyl-
kp = 47N, (Dep + Dpep (Tep + Fped (5) leucine molecule can be accommodated firmly in the cavity of
B-CD, resulting in the reduced backward rate constantnd

where N, is the Avogadro numberDcp and Dpgp are the consequgntly leading to the greater equilibrium constanthis
diffusion coefficient for the reactantssp andrpepare the radii ~ Speculation is supported by the observed greater values of the
of the molecules. To estimate the forward rate constant of standard volume change of the reaction as is seen in Table 2.

leucine system as an example, the reported values are used for acknowledgment. The authors express gratitude to Dr.
l'co 6as 0-7_91 nm (raﬂ:us of outer torus ﬁfCP)_,l and 3-2_X Kodama and Mr. Hayashi for providing chemicals used in the
107° cn? s~* asDcp.*® For the diffusion coefficient of leucine,  preliminary experiments of the ultrasonic absorption measure-
Dpen the value of alanine in about 0.1 mol dfnis taken — ment, This work was partly supported by a Grant-in-Aid for

alternatively as 9.0< 107° cn* s™* because we could not find  science Research No. 11695054 from The Ministry of Educa-
that value for Ieucmé‘? The molecular size of leucine was o, Science and Culture of Japan.
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