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Commelinin (1)' is a supramolecular pigment isolated from
the blue flower petals of Commelina communis.2 In 1992, we
determined the complete structure of commelinin by X-ray
crystallographic analysis® and ended the controversy of pH theory*
and metal-chelation theory® on blue flower color development.
This is the first example of the structural determination of intact
anthocyanin in neutral, physiological conditions. This study
revealed that commelinin is composed of six molecules of
anthocyanin, malonylawobanin (M, 2), six molecules of flavone,
flavocommelin (F, 3), and two magnesium ions, [M¢FsMg,]5.
All the components associated with weak interactions and no
covalent bonds, such as the metal chelation between M and Mg2*,
and hydrophobic stacking between M and M, M and F, and F
and F (Figure 1).}

The molecular weight of 1 had been measured by sedimentation
equilibrium ultracentrifugation 1o be about 9000, which was
the only successful method of obtaining the molecular weight of
1. Traditional mass spectrometrical methods, e.g. electron
ionization (EI), field desorption (FD), and fast atom bombardment
(FAB), ended in failure, and only the molecular ion of the
monomer components was obtained, indicating that the energy
forionization was too high to keep the supramolecule, after which
dissociation occurred. The newly developed matrix-assisted laser
desorption ionization time-of-flight (MALD-TOF)$ could not
give the molecular weight, either.

Recently, electrospray ionization mass spectrometry (ESI-MS)
has proven efficient for the measurement of macromolecular
complexes.” This MS technique enables the direct observation
of noncovalent complexes,? such as biomacromolecule-small-
molecule complexes® biomolecular associates,® and metal
complexes.’d However, measurement of the molecular ion of a
supramolecule associated with more than one dozen small
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Figure 1. Supramolecular structure of commelinin. Six molecules of M
and six molecules of F surround two magnesium ions. (There exists another
magnesium ion under the one shown.) Each magnesium ion is coordinated
with three keto anions of M. Six carboxylates of the M could be located
around the molecular surface.
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molecular components has never beenaccomplished. We applied
ESI-MS for commelinin and succeeded in measuring the
molecular ion. This is the first example of direct observation of
the small-molecule associated supramolecule.

1 was dissolved in EtOH:H,0 (1:1) and was infused at 3.0
mL/min through the ion-spray interface. By means of negative
charge accelerating ESI-MS, the multiply-charged peaks were
observed at m/z = 2216.5, 1768.7, 1474.1, and 1262.5, cor-
responding to the [M — 4H]*, [M - 5H]5-, [M - 6H]%, and [M
— TH]"- charge states, respectively (Figure 2). By deconvolution
of the Fenn method,? the molecular weight was measured to be
8849 (calculated average molecular weight for 1 as [M¢FsMg,]
— 6H was 8846.2).!° In a positive accelerating experiment, no
multiply-charged ions for 1 appeared, but only the molecular ion
peaks of each component, M and F, were detected.
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Figure 2. Negative-mode ESI mass spectrum of commelinin recorded
on a Sciex API-III triple quadrupole mass spectrometer. Solution of 1
was infused through the electrospray interface. Capillary skimmer voltage,
—105 V. The spectrum is an averaged sum of 50 scans from m/z 300 to
2350.

Table 1. Exact Molecular Weight of Commelinin (1) and the
Analogues 4, 5, 6, 7, 8, and 10 Obtained by ESI MS

molecular weight
formula caled (av) obsd

Ci02H414022:Mg: 8846 8849

metal
complex pigments

commelinin (1)

Mn—commelinin (4) C402H4|40222Mn2 8908 8909
Co—commelinin (5) Ca02H4140722:Cos 8915 8914
Ni-commelinin (6) Ca02H414022:Nis 8915 8916
Zn—commelinin (7) C402H4|402222nz 8928 8931
Cd-commelini (8) Ca02H4140225Cd> 9022 9023
Aw-commelinin (10) Ci34H4020204M8g2 8330 n.d.?

4 Not determined.

Previously we reported the reconstruction of various comme-
linin-like pigments through replacement of the metal ion and
anthocyanin residue.®!! Replacing the chelating metal ion from
Mg?* to the divalent ions such as Mn2*, Co?*, Ni?*, Zn?*, and
Cd?*, multiply-charged ions corresponding to [M - 4H]+, [M
- 5H]%, [M - 6H]5, and [M — 7H}?- were also detected. The
deconvolution process gave the exact molecular weight for each
metal-replacing commelinin, respectively (Table 1). Thus, we
succeeded in the direct detection of the molecular weight of a
small-molecule associated supramolecular pigment by ESI-MS.
Concurrently, the structural identities of those commelinin-like
pigments were confirmed.

By the ESI-MS experiments of anthocyanin-replacing com-
melinin, the origin of the appearance of multiply-negative-charged
ions was clarified. Commelinin-like pigment constructed from
demalonated anthocyanin, awobanin(A, 9), F, and Mg?* gave no
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Figure 3. Negative-mode ESI mass spectrum of a mixture of commelinin—
like pigments constructed from 2, 9, 3, and Mg?*, This spectrum was
recorded on the same conditions as in Figure 2.

ions corresponding to the molecular weight. When the su-
pramolecule constructed from malonylawobanin methyl ester (11),
F,and Mg?* was measured, no molecular ion was detected, either.
Therefore, the negative charge of commelinin and commelinin-
like pigments would be generated at the malonic acid residue. A
mixture of seven commelinin-like pigments was obtained from
the reconstruction of 2, 9, 3, and Mg?*. Their composition was
determined to be [M,.,A,FsMg:} (n = 0—6) by electrophoresis
followed by HPLC analysis.?®> Recording the ESI-MS of this
mixture, peaks corresponding to [M — 4H]4 and [M - 5H}%> of
[M;AFMg,], [M4A;FeMg;], and [M;A;F¢Mg;] appeared, though
the S/N of the spectrum was low (Figure 3).12 These results
confirmed that the carboxylic acid moieties were essential for
ESI-MS detection, just as the carboxylate should be in the
supramolecule. Itspluralanioncharges might retain thestructure
of the supramolecule and prevent dissociation during the ionization
process.

X-ray crystallographic analysis of commelinin revealed that
1 contains more than 30% water in crystal. Some water might
contact very strongly with commelinin, and the complete removal
of it was difficult, therefore; the quantitative metal analysis was
fairly dispersed. The molecular ion recorded by ESI-MS is the
exact molecular weight without any solvent. This suggests that
desolvation from commelinin occurred completely during ioniza-
tion in a chamber without the dissociation into components. ESI-
MS showed a great ability to directly observe such an assembled
supramolecule.
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(12) 10 has potentially two negative charges, since it is a metal complex
coordinating six keto anions of 9 to two Mg?*. Thus, [M3A;F¢Mg;] could have
five negative charges: two negative charges arising from the complexation
and three from three malonate groups of M.



