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Abstract

a-cyclodextrin  complexes with linear o,m-dicarboxylic acids were investigated by
electrospray mass spectrometry. These hydrophobic complexes are known to have an
equilibriumbinding constant that increases with the diacid chain length. However, the ES-MS
spectra showed that the relative intensity of the complex did not vary significantly with chain
length. This contradiction is caused by a contribution of nonspecific adducts to the signal of the
complex in ES-MS. In order to estimate the contribution of nonspecific adducts to the total
intensity of the complexes with o-cyclodextrin, the comparison was made between o-
cyclodextrin and maltohexaose, the latter being incapable of making inclusion complexes in
solution. The signal observed for complexes between diacids and maltohexaose can only result
from nonspecific electrostatic aggregation, and is found to be more favorable with the shorter
diacids. This is also supported by MS/MS experiments. A procedure is described which allows to
estimate the contribution of nonspecific complex in the spectra of the complexes with a-
cyclodextrin by using the relative intensity of the complex with maltohexaose. The contribution
of specific complex to the total signal intensity is found to increase with the diacid chain length,

which is in agreement with solution behavior.
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Introduction

For the last ten years, electrospray mass spectrometry (ES-MS) has been used to investigate
noncovalent complexes of different classes of compounds [1-6]. Electrospray mass spectrometry
can be used basically in two different ways, each giving access to a different kind of information.
(i) Full-scan simple MS spectra can be recorded with soft conditions to detect the complexes that
are present in the infused solution. (ii) Once the complexes of interest are isolated in the gas-
phase, their intrinsic properties (without any influence of the solvent) can be studied. In the
present paper, we will focus on the former aspect, namely whether electrospray mass spectra give
a faithful image of the complexes that are present in the solution. ES-MS could eventually
become a powerful technique for the analysis of unknown complexes only if all the complexes
present in solution, and only them, give a signal in the spectrum. In other words, neither false

negatives, nor false positives are permitted.

Different cyclodextrin complexes have already been studied by electrospray mass
spectrometry. Cyclodextrins (or CD’s, for short) are cyclic oligomers composed of glucopyranose
units that are connected through glycosidic a-1,4 bonds. The structural consequence of this
binding mode is the formation of a molecule that is shaped like a truncated cone having a narrow
rim lined with primary hydroxyl groups, a wide rim lined with secondary hydroxyl groups, and a
cavity. The exterior of the cavity is hydrophilic and makes the cyclodextrin water-soluble, while
the hydrophobic interior enables cyclodextrins to form inclusion (host-guest) complexes with
various molecules. The most probable noncovalent binding mode involves the inclusion of the

less polar part of the guest molecule into the cavity, while the more polar group of the guest is
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exposed to the bulk solvent just outside the wider opening of the cavity [7]. As a general rule, the
complex is strong when there is size complementarity between the guest and the cavity of the CD
[8,9]. a-cyclodextrin (a-CD) has six glucopyranose units, B-cyclodextrin (B-CD) has seven
glucopyranose units, and y-cyclodextrin (y-CD) has eight glucopyranose units [8,10]. Molecules
containing aliphatic chains fit better into the small cavity of a-CD, while molecules containing

phenyl groups fit better into the larger cavity of B-CD.

Various studies of noncovalent complexes between B-cyclodextrins and aromatic molecules
have shown that the complexes that were known to be present in solution could be detected by
ES-MS [11-17]. In all these studies, the aromatic guest molecules were bearing at least one polar
group. However, Cunniff and Vouros [18] have reported that ES-MS on complexes with non-
aromatic amines gave false positives. Conversely, ES-MS on B-CD complexes with aromatic
non-polar molecules resulted in false negatives. The authors concluded that the complexes
observed were electrostatic adducts formed in the electrospray process rather than specific
inclusion complexes. However, gas-phase studies on electrospray-produced complexes of 3-CD
and amino acids have shown that these complexes adopted an inclusion structure [19-21].
Molecular modeling calculations suggest that nonspecific complexes in the solution may convert
to inclusion complexes in the gas phase. The evidence for gas-phase inclusion complexes does
not necessarily confirm the presence of solution-phase inclusion complexes [21].

Here we report the ES-MS study of a-cyclodextrin complexes with o,m-dicarboxylic acids of
different chain lengths. In solution, the equilibrium binding constant of o-CD with aliphatic
molecules increases with the chain length. This is attributed to the hydrophobic effect [22,23].

Our aim is to further investigate the origin of the cyclodextrin complexes that are observed in ES-
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MS. Do they form only owing to random electrostatic aggregation during the electrospray

process, or do the hydrophobic interactions present in solution still play a role?
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Experimental

All chemicals were purchased from Aldrich and used without purification. Stock solutions of
a-cyclodextrin (a-CD) and maltohexaose (MH) were prepared in doubly distilled water at a
concentration of 5.0 x 10 M. All stock solutions of a,m-dicarboxylic acids OOC-(CH2),-COO"
(5.0 x 10° M) were prepared in NH,OH (pH = 9). All along the text, the diacids will be noted
‘1,n-da’, with n indicating the chain length. The solutions of complexes were prepared by mixing
equimolar amounts of a-CD or MH and a,®-diacids. The stock solutions were diluted to their

final concentration with aqueous NH,OH (pH = 9).

ES-MS analyses were performed on a Q-TOF2 mass spectrometer (Micromass,
Manchester, UK) equipped with a Z-spray source. Sodium iodide was used for mass calibration.
For electrospray experiments, the samples were injected at a flow rate of 5 ul/min. Electrospray
ionization was achieved by application of -2.5 kV on the needle. The source block temperature
was set to 80 °C, and the desolvation gas to 100 °C. For nanospray experiments, metal-coated
medium glass capillaries (Protana, Odense, DK) were used, and the capillary voltage was set to —
700 V. Unless mentioned otherwise, the cone voltage was set to 10 V. For each mass spectrum,
150 scans were summed, in order to have a high signal-to-noise ratio (> 200 for the peak of the
(1:1)* complex) and a good statistic for the relative intensities. For replicate measurements the
same day with the same injected solution, the standard deviation on the relative intensities is
maximum 0.3%, and for replicate measurements on different days (over 1 month) with different
solutions, the standard deviation is maximum 2%. For tandem mass spectrometry (MS/MS),

argon was used as the collision gas. The collision-induced dissociation experiments were
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performed in the hexapole collision cell by applying a collision energy from 4 to 40 eV. 150

scans were summed for each spectrum.
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Results and Discussion

Stoichiometry of the complexes

The complexation of aliphatic diacids with a-CD was investigated in the negative ion mode
for a concentration range from 4.0 x 10 M to 2.0 x 10 M. The choice of the concentration
range was directed by the solution binding constants Kj.;, which are from the millimolar to the
molar range (see Table 1). Figure 1 shows the MS spectra of equimolar mixtures (4.0 x 10™ M)
of (a) a-CD and 1,5-da and (b) a-CD and 1,10-da. The relative intensity of the singly charged
free diacid depends dramatically on the chain length: the longer the chain, the larger the surface
activity and the greater the electrospray response. The diacid could only be detected as a singly
charged species. We can also see in the spectra the signals corresponding to the free a-CD
(singly and doubly deprotonated). However, the complexes with diacids are predominantly
doubly charged. One can see a major peak corresponding to the 1:1 complex, and a minor peak
corresponding to a 2:1 complex (two cyclodextrins + one diacid). These observations hold for the
whole concentration range.

The stoichiometry of cyclodextrin complexes with a,w-alkanedicarboxylate anions in solution
has been discussed by different groups. Castronuovo et al. [23] have successfully fitted
calorimetric titration curves (pH = 11.3) by a 1:1 model (n¢uz = 5-9). Similarly, Gomez-Orellana
et al. [22] obtained results consistent with a 1:1 complex in the millimolar concentration range
(ncH2 = 6-8). However, Eliadou et al [24] detected by NMR the simultaneous presence of 1:1
complex and 2:1 complex of a-CD with 1,11-diacid at pH = 13.6. The chemical shifts in the

NMR spectra were attributed to a pseudorotaxane inclusion (threading of the guest molecule into
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the o-CD), but could not determine the binding constants. Wilson et al. [25] performed a
volumetric study on a-CD + a,m-alkanedicarboxylate anions at pH = 10.5 and concluded that 2:1
complexes are formed when ncp, > 10 by threading of the alkyl chain in the interior of the
cyclodextrin. The calculated binding constants K., are around 10° kg mol™, and K., around 10
kg® mol™. Our spectra show a signal corresponding to a 2:1 complex for all diacids studied (with
higher relative intensity for ncy, > 6, see Table 1). The specificity of these complexes is

discussed below.

Charge states of free and complexed diacids

At the pH used in this study, the diacids are completely doubly deprotonated in solution.
However, as already pointed out in other studies in methanol/water or acetonitile/water solvents
[26,27], the full scan MS spectra of pure diacids show signals from both the singly- and the
doubly-charged species. For aliphatic diacids, the fact that the molecule is doubly-charged in
solution is not sufficient to ensure that only the doubly-charged species is observed in the mass
spectra. The charge state distribution depends on the size of the molecule rather than on its charge
in solution. We repeated these measurements in pure water and observed the same behavior (data
not shown). The relative intensity RI = I(da®)/(1(da®)+I(da")) of the doubly charged species
increases with the diacid chain length. In order to observe the doubly-charged diacid, the MS
profile of the quadrupole has to be set to have a good transmission at low masses. In the MS
spectra shown in Figure 1, the MS profile, set with the maximum transmission at m/z = 250, is

responsible for the fact that we cannot observe any doubly-charged diacid. For free diacids, the



10/ 34

shorter the chain, the lower the relative intensity of doubly-charged species. For complexed
diacids, however, there is a very small influence of the chain length on the charge state. The
complexes are almost only (> 95%) doubly-deprotonated; chain length no longer has any

influence on the observed charge state.

Influence of chain length on the relative abundance of complex

The relative intensities of the o-CD, the 1:1 complex and the 2:1 complex observed in the
mass spectra are given in Table 1 for the equimolar mixtures of a-CD and diacids of different
chain lengths. The intensities of the diacids were not taken into account for calculation of the
percentages. As the response of the diacid depends dramatically on the chain length, including
the diacid intensities would have biased our interpretation. The relative intensity of the complex
is therefore better reported to the intensity of free a-CD.

In solution, it is well known that the equilibrium association constant Kj; of the (a-
CD+diacid) complex depends on the chain length of included diacid: the longer the chain, the
larger the association constant [22,23,25]. The constants reported in reference 23 are included in
Table 1. Similar results have also been obtained for other a,w-alkanedifunctional guests [28,29],
and the increase of the association constant with the chain length is attributed to an incremental
contribution of the methylene groups included in the cavity. Volumetric studies are also
consistent with inclusion of the guest into the cyclodextrin cavity [25]. In the full scan mass
spectra, the relative abundance of the signals from the 1:1 complex does not depend significantly

on the chain length of the dicarboxylic acids. There is clearly a discrepancy between the amount
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of complex known to be present in solution and the amount of complex effectively detected by
ES-MS.

The present results interestingly parallel those obtained by Robinson et al. [30] on ACBP
protein-CoA ligand complexes. In solution, the large increase of the association constant with the
increase of the length of the hydrophobic acyl chain of the ligand has been attributed to the
hydrophobic effect. In the ES-MS spectra, however, these large differences were not reflected by
the proportions of complexed to uncomplexed species: a similar ratio of the complexed to free
protein was observed irrespective of the ligand [30].

Does this mean that the observed complexes result from nonspecific associations? In order to
get more information on the nature of the complexes formed with a-cyclodextrin, we acquired

full scan ES-MS spectra of all diacids with another ligand, maltohexaose.

Comparison with maltohexaose

Maltohexaose is the linear analog of a-CD. There are very few reports on maltohexaose
complexation ability in solution, and in all cases the equilibrium association constants were found
to be about 2-3 orders of magnitude lower than for the corresponding inclusion complexes with
cyclodextrins [31,32]. Maltohexaose cannot form inclusion complexes in solution, and hydrogen
bonds between the OH groups of the sugar and the guest are thought to be responsible for the
weak binding (hydrogen bonding interactions are disfavored in water) [33].

Comparison with maltohexaose has already been used as a test for the specific detection of

inclusion complexes with a-CD by FAB [34] or ionspray [35,36] mass spectrometry. We use the
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same approach here to investigate the possible contribution of nonspecific complex to the signal
of the cyclodextrin complexes in our experimental conditions. It is assumed that maltohexaose
forms no specific inclusion complex with aliphatic diacids in solution in the millimolar
concentration range. There should therefore be no signal corresponding to the complex in the
mass spectra. However, the full scan ES-MS spectra of the mixture of maltohexaose and
dicarboxylic acids show signals corresponding to both (1:1)> and (2:1)> complexes (Figure 2).
The relative intensities observed for the equimolar mixtures of maltohexaose and the different
diacids are given in Table 2. Contrary to the case of a-CD, dependency of the relative intensities
of the complexes on chain length of the diacids is significant: the shorter the chain length, the
larger the relative intensity of the complex with maltohexaose. These results suggest that in the
case of the cyclodextrin, at least part of the observed complex species may result from
nonspecific (non-inclusion) complex formation. Moreover, the shorter the diacid, the greater the

tendency to form this kind of adduct.

Dilution tests

Ideally, electrospray should provide a faithful image of the composition of the solution. But
electrospray is not an instantaneous process: changes can occur during the evolution from the
initial charged droplet to the final emission of the ion in the gas phase. In particular, evaporation
of the droplet can cause a displacement of the complexation equilibrium towards association if
the association Kinetics is fast enough compared to evaporation. Moreover, nonspecific

aggregation can occur at the droplet/vacuum interface that can be different from specific
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aggregation in the bulk solvent. Such processes are extremely important because the ions are
expelled from the surface of the charged droplet upon uneven Rayleigh fissions [37,38].

It has been suggested that lowering the sample concentration and the electrospray flow rate
helps to prevent the formation of such nonspecific aggregation [1,4]. We therefore lowered the
concentration close to the electrospray detection limit (4 x 10" M) for 1,10-da complexes with o.-
CD and maltohexaose complexes. The relative intensities are summarized in Table 3. For shorter
diacids like 1,5-da, the signal-to-noise ratio was too low in the entire mass spectrum. For the
complex with o-CD, lowering the concentration moderately reduces the proportion of 1:1
complex, but dramatically reduces that of the 2:1 complex. In the case of MH, the intensity of all
complexes is dramatically reduced upon dilution. These results suggest that the 1:1 complex with
o-CD is specific, but that the 2:1 complex with a-CD and both complexes with MH are

nonspecific.

MS/MS experiments

Tandem mass spectrometry experiments were performed on the doubly-charged 1:1
complexes with a-cyclodextrin and maltohexaose. We used a cone voltage of 10 V, and
monitored the fragmentation upon increasing the collision energy. Upon fragmentation, one
charge goes to the dextrin and one to the diacid. The following equation was used to calculate the

relative intensity (RI) of a parent ion at each collision energy.
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Where “da” stands for the diacid and “ligand” stands for either a.-CD or MH. In the case of the
complex with maltohexaose, at values of collision energy > 10 eV, there are signals from
maltohexaose fragments. In order to be able to compare those results with MS/MS measurement
with a-CD, we added the intensity of the fragments to the intensity of the free ligand.

The fragmentation curves (Fig. 3) show that higher collision energies are required to fragment
complexes with a-CD than corresponding complexes with maltohexaose. This indicates that the
interactions are stronger with a-CD than with MH. Hydrophobic effect, which is purely an
entropic effect caused by the reorganization of water upon complexation, cannot be invoked in
the gas phase. However, van der Waals contacts between the host and the guest can remain in the
gas phase and contribute to the overall stability.

The dependence of the gas-phase kinetic stability on chain length is more intriguing. For both
a-CD and maltohexaose complexes, a larger collision energy is needed for the dissociation of
complexes with shorter diacids. This is exactly the reverse trend compared to the solution phase,
where for a-CD, more stable complexes are formed with longer chains. No satisfactory
explanation could be found to account for the higher gas-phase Kkinetic stability of complexes
with shorter chains. The effect of the number of degrees of freedom on the dissociation Kinetics
would have given the opposite trend [39]. The Coulombic repulsion between the charged
fragments cannot be invoked either, as a stronger repulsion is expected for the shorter diacids,
due to the proximity of the charges. Nevertheless, independently of mechanistic considerations,

these MS/MS results further confirm that nonspecific aggregation must occur at the
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droplet/vacuum interface during the electrospray process. The higher gas-phase stability of the
complexes with shorter diacids is consistent with the higher relative intensity of nonspecific
complex observed with maltohexaose for shorter diacids (see Table 2). The nonspecific
complexes are therefore due to electrostatic interactions (hydrophobic or van der Waals

interactions would have given the opposite trend).

Specificity of the cyclodextrin complexes

The 1:1 complexes with a-CD have some characteristics of specific complexes (they are more
resistant to dilution and to collision-induced dissociation than the complexes with maltohexaose),
and also show some characteristics of nonspecific complexes (relative intensities of the
complexes are not correlated with their abundance in solution). The observation of complexes
with maltohexaose implies that, in similar conditions, nonspecific adducts can also form with a-
CD. This suggests that the total intensity of the 1:1 complex results from two contributions: one
from specific complexes and one from nonspecific adducts.

The spectra obtained with the linear analog maltohexaose can be used to evaluate the
proportion of nonspecific adduct in the spectra of a-CD complexes, assuming that the complex
with MH is entirely nonspecific (see discussion above) and that the amount of nonspecific
complex formed with o-CD is the same as the amount formed with MH when the experimental
conditions are identical. We also assume that the response of the nonspecific complex with MH is
the same as the response of the nonspecific contribution of the complex with o-CD. In Tables 1

and 2, the percentages of relative intensity have been calculated by defining I(MH or a-
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CD)+I(complexes) = 100%. To be able to compare the relative intensities of the complexes in
Tables 1 and 2, we have determined the ratio between the electrospray responses of a-CD and
MH by measuring the intensity ratio in the MS spectrum of an equimolar mixture of those two
compounds. The response of MH is 3.7 times lower than the response of a-CD. This means that
the relative intensities of the complexes in Table 2 are overestimated compared to those in Table
1 because of the lower relative response of MH. To correct for the relative response of MH and
a-CD, we multiplied the relative intensity of MH in Table 2 by 3.7, and then rescaled all relative
intensities to 100%. The results are reported in Figure 4. For each diacid, the white bar with dots
represents the relative intensity of the 1:1 complex with a-CD, the gray bar with dark hatches
represents the relative intensity of the 1:1 complex with MH, and the gray bar with light hatches
represents the relative intensity of the 1:1 complex with MH after correction, as explained above.
The latter therefore represents the relative intensity of nonspecific complex formed with a-CD.
This contribution decreases as the chain length increases due to the electrostatic interactions (see
the MS/MS section).

The difference in height (represented by the arrows) between the total intensity of 1:1 complex
with a-CD (first bar) and the nonspecific contribution (third bar) represents the signal due to the
contribution of specific (inclusion) complex. We can see that for ncy, = 4 and ncyz = 5, the
correction factor that scales the nonspecific contribution gives approximately equal relative
intensities for the complex with a-CD and the nonspecific complex. As the chain length increases
from ncpe = 6 to 10, the signal due to specific inclusion complex increases, and then levels off.

This behavior is in nice agreement with the solution behavior [23] (see constants in Table 1).
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Conclusions

The electrospray process consists of pulling ions out of the solution. If the transfer of the
analytes from the bulk solution to the vacuum were instantaneous, the mass spectrum would be
like a snapshot of the solution, and would give a faithful image of its composition, provided that
all species are kinetically stable enough to reach the detector intact. Unfortunately, this is not the
case, and nonspecific adducts can form during the solution-to-vacuum transfer, due to
electrostatic interactions at the surface of the evaporating charged droplets. Nonspecific
aggregation occurs mostly in the case of hydrophobic complexes [30,40], because the removal of
the solvent causes a complete reversal of the relative scale of the interactions in the complex. The
hydrophobic effect comes from the solvent reorganization upon complexation. Electrostatic
interactions, however, are shielded by the dielectric constant of the solvent and do not always
result in a favorable Gibbs free energy for the formation of the complex, due to enthalpy/entropy
compensation effects [41]. In vacuum, the hydrophobic driving force disappears (only van der
Waals interaction can persist at the contact region between the host and the guest), while
electrostatic interactions, among which are hydrogen bonds, are reinforced in vacuum compared
to the solution.

The experiments described in the present article allowed to distinguish two contributions to
the cyclodextrin complexes detected by electrospray mass spectrometry. We are undoubtedly
faced with a contribution of nonspecific aggregation, but the comparative experiments with the
linear analog maltohexaose show that nonspecific aggregation cannot account for the total
intensity of the complex. There is therefore another contribution attributed to the inclusion

complexes that are present in the bulk solution. This could mean that the kinetics of the
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electrospray process can still allow some inclusion complexes present in solution to be
transferred to the gas phase, in addition to the nonspecific complexes formed by aggregation.
Once transferred in the gas phase, these inclusion complexes may further change conformation.
The MS/MS experiments showed that complexes with cyclodextrins seem to have an ‘extra’
stabilization compared to complexes with maltohexaose, which could be due to van der Waals
contacts in the interior of the cavity.

The problem of nonspecific aggregation due to electrostatic interactions is believed to be
widely encountered when investigating hydrophobic complexes by mass spectrometry.
Cyclodextrin complexes are an excellent model of hydrophobic complexes. What can therefore
be predicted for the study of biological complexes in general? In molecular biology, there is a
long and lively debate about how important relative interactions are for the formation of
complexes [42-45]. Hydrophobic interactions usually contribute greatly to the stability of the
complexes: there is often a nice correlation between the binding constant and the contact surface
area between the partners of the complex. It may therefore appear relatively tricky to study these
complexes by electrospray. Nevertheless, it must be kept in mind that hydrophobic interactions
are not local, but constitute a global entropic effect that favors the bringing together of nonpolar
surfaces. However, the specificity of a complex, which is essential for its function, is induced by
directional interactions (ion-ion, ion-dipole, hydrogen bonds...) between complementary donor-
acceptor sites at the interface. As explained above, these interactions are maintained, and even
reinforced when the solvent is removed. We can therefore reasonably expect that electrospray
mass spectrometry will be convenient for the specific detection of most biological complexes,
with, as exception, the complexes that are stabilized almost only by hydrophobic interactions

[30,40].
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Table 1. Relative intensities of o-CD and the complexes with diacids of different

chain length for equimolar mixtures ([a-CD] = [1,n-da] = 4 x 10* M). The

equilibrium association constants for the Ky.; [23] are included.

n(CH,) a-CD (%) (L:1)7 (%) (1:1)" (%) (1% (%) Kii (M)
4 26.9 68.8 0.5 3.8 -
5 24.5 70.9 0.3 4.3 24+1
6 14.4 68.7 1.7 15.2 93+1
7 16.1 66.3 2.9 14.7 630 + 20
8 14.3 68.9 1.3 15.5 1790 + 80
10 12.1 70.7 2.1 15.1 -
12 14.8 69.4 1.4 14.4 -




28134

Table 2. Relative intensities of maltohexaose and the complexes with diacids of

different chain length for equimolar mixtures ([MH] = [1,n-da] = 4 x 10 M).

n(CH,) MH (%)  (1:1)% (%) (11D (%)  (2:1)F (%)

4 7.8 87.6 - 4.6
5 7.0 89.0 - 4.0
6 16.0 81.4 - 2.6
7 17.6 79.1 - 3.3
8 20.6 76.2 - 3.2
10 43.9 53.9 0.5 1.7

12 47.5 50.5 0.4 1.6
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Table 3. Relative intensities measured in the spectra of equimolar mixtures of o-cyclodextrin
and maltohexaose with 1,10-diacid obtained by electrospray for different concentrations.

“Ligand” stands for either a.-CD or MH (singly + doubly charged).

Concentration Ligand (%) (1:1)* (%) (1:1)Y (%) (2:1)* (%)

a-CD 4 x10*M 12.1 70.7 2.1 15.1
4 x 10°M 44.6 54.7 0.3 0.4
MH 4 x 10* M 43.9 53.9 0.5 1.7

4% 10°M 89.1 6.1 4.8 -
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Figure captions

Figure 1 : Full scan electrospray mass spectra obtained for equimolar mixtures (4 x 10 M) of

(@) a-CD and 1,5-diacid and (b) o-CD and 1,10-diacid in water (pH = 9).

Figure 2 : Full scan electrospray mass spectra obtained for equimolar mixtures (4 x 10 M) of
(a) maltohexaose and 1,5-diacid and (b) maltohexaose and 1,10-diacid in water (pH = 9). Note

the different magnification factors in spectrum (b).

Figure 3 : Relative intensity of complex as a function of the collision energy obtained in the
MS/MS experiments on the (1:1)> complexes between a-cyclodextrin (a-CD) or maltohexaose

(MH) and 1,5- or 1,10-diacids. The relative intensities are calculates using equation (1).

Figure 4 : Relative intensities of the 1:1 complex with a-CD (white bar with dots), the 1:1
complex with MH (gray bar with dark hatches), the 1:1 complex with MH after correction as
explained in the text (gray bar with light hatches). Arrows represent the difference between the
total intensity of the complex with o-CD and the nonspecific contribution calculated from the
spectra obtained with maltohexaose (see text for details), and their heights are proportional to the

signal due to the contribution of specific (inclusion) complex .
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Figure 3
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Figure 4
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