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L-Proline aggregates to form cyclic clusters in the presence of alkali metal ions in solution, whereas a large-scale-aggregated chain structure
was observed for several other amino acids. The major cyclic clusters are suggested to be constructed from trimeric and tetrameric subunits
on the basis of direct solution analysis by coldspray ionization mass spectrometry.

Coldspray ionization (CSPa variant of electrospray (ESI)  Furthermore, CSI-MS revealed the dynamic assembling

MS operating at low temperature (ca20°C), was recently ~ nature of coordination box type complexX&his ionization

developed by some of usThis method allows facile and method should also be applicable for examination of the
precise characterization of labile organic species in solution. solution structures of biomolecules, since desolvation should

The CSI apparatus has been used to characterize variougot occur readily at such low temperature.

kinds of organometallic compounifaand supramoleculés?® Self-directed polymerization of serine was observed by
Cooks et al., by means of ESI-MS, and octameric clusters

T Chiba University. were detectedf: We recently observed large-scale-aggregated
¥ CREST, Japan Science and Technology Corporation (JST). chain structures of simple biomolecules such as amino acids.
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700T, JEOL) equipped with the CSI source. Typical mea-
surement conditions are as follows: acceleration voltage,

001 8 2.5—-5.0 kV; needle voltage, 0—2.6 kV; needle current,
] H 0—700 nA; orifice voltage, 895 V; ion source temperature,
HO CH,-C-COOH 5 °C; spray temperature;20 °C; resolution (10% valley
NH, definition), 1000—2000; sample flow rate, 8/a./min;
Mor o702 1o sample concentration, 1 mmol/L; additional alkali metal, 0.02
24 ..
o T mmol/L; solvent, HO:MeOH = 2:98; collision gas, Xe.
|| | ‘ i The CSI mass spectrum ofproline, to which NaCl was
i ! L added, is shown in Figure 2. Three major cluster ions, [3Pro
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" conditions: acceleration voltage, 5.0 kV; needle voltage, 2.5 kV;

Figure 1. CSl mass spectra: (a, topkserine, italic numbersSer orifice voltage, 0 V.

+ NaJ*; (b, bottom)L-phenylalanine, italic numbersiPhe+ Naj*.
Measurement conditions: acceleration voltage, (a) 5.0 kV, (b) 2.5
kV; needle voltage, (a) 0 kV, (b) 0 kV; orifice voltage, (a) 35V, + Na]* (m/z= 368), [4Pro+ Na]* (m/z= 483), and [6Pro

(b) 90 V. + NaJt (m/z = 713), were observed. The degree of
aggregation is estimated to be 3 or 4 in this case.

The possible structures, trimeric (3PtoNa), bitrimeric
(3Pro+ Na + 3Pro), and tetrameric (4Pr6 Na) clusters,
are shown in Figure 3. These structures are const8tith
the results obtained from semiempirical molecular orbital
calculatiot” using the ZINDO/1-RHF (restricted Hartree
Fock) procedur¥ as implemented in MOPA&.

The effects of addition of KCI, RbCl, and CsCliteproline
were also analyzed by the use of CSI-MS (the spectrum of
the RbCl adduct is shown in Figure 4, for exampfeThe
most intense ion peak was that of the octameric aggregate,

structure in solution was also observed for other amino acids,
such as glycina,-valine,L-methionine, and-phenylalanine,

by means of CSI-MS (the spectrum foiphenylalanine is
shown in Figure 1b, as an examptg).

X-ray crystallographic analysis of some of these amino
acids has clearly revealed a chain structure in the crystal,
linked by hydrogen bond$: 1> However, a chain structure
was not observed in the case i6proline in solution. We
found that addition of various alkali metals ions induces
periodic aggregates afproline in solution similar to that
of serine observed in ESI-MS, as mentioned above. In this - - - —

(16) This result suggests an induced fit between the cyeclitoline

report, we describe alkali metal |on-med|ateebrol|ne cluster (host) and metal cation (guest). If the guest fits in the middle of the

aggregation in solution observed by coldspray ionization host cavity (tetramer), the complex would exhibit a rather flat shape (Figure
mass spectrometr 3b) and no other aggregation should be observed. However, when the guest
p Y is too large to fit in the middle of the cavity, the guest should be located

CSI-MS or CSI-MS/MS measurements were performed out of the host plane (Figure 3a). Then, the metal ion of this complex will

; _ _be able to aggregate with another cyclic cluster (trimer) (Figure 3c). The
with a four-sector (BE/BE) tandem mass spectrometer (‘]MS structures appear to depend on the radius of the metal cation and the size
of the cavity in the cyclia-proline cluster.

(12) The monomeric molecular ion, [M- H + 2NaJ", was mainly (17) All calculations were carried out using the HyperChem ver. 5.01
observed by conventional ESI-MS for these amino acids. lon peaks in the program system with a Gateway Select personal computer.
higher mass range, including the chain structure, are presumably not (18) Anderson, W. P.; Edwards, E. D.; Zerner, M.I@rg. Chem1986
observed because of thermal decomposition caused by the heat of the25, 2728.

desolvation chamber. (19) The geometry of the clusters was obtained by minimizing the total
(13) Jénsson, P.-G.; Kvick, AActa Crystallogr.1972,B28, 1827. energy using the PolakRibiere optimization procedure.
(14) Torii, K.; litaka, Y. Acta Crystallogr.1970,B26, 1317. (20) Stewart, J. J. RQuantum Chemistry Program Exchandéo. 455,
(15) Torii, K.; litaka, Y. Acta Crystallogr.1973,B29, 2799. Indiana University, IN.
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Figure 4. CSI mass spectrum afproline + RbCI. Measurement
conditions: acceleration voltage, 5.0 kV; needle voltage, 2.4 kV;
orifice voltage, 0 V.

observed. It is concluded that formation of proline clusters
might be quite strongly dependent upon the nature of the
added metal®

A tandem mass spectrometric study confirmed this type
of aggregation in the cases of the potassium, rubidium, and
cesium adducts. A major fragment ion of [4P¥dRb]" (m/z
= 545) was clearly observed in the MS/MS spectrum of the
rubidium adduct (Figure 5) when [8Pro Rb]" (m/z=1005)
was selected as the precursor ion.
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Figure 5. Product ion spectrum of the rubidium adduct gfroline.
The precursor ion was selected as [8RrdRb]" (m/z= 1005).

Figure 3. Possible structures of the clusters (a) trimeric (3fro
Na), (b) tetrameric (4Prg- Na), and (c) bitrimeric (3Pre- Na +
3Pro), obtained from semiempirical MO calculations: Na, purple;
C, blue; N, dark blue; O, orange; H, white.

Similar results were obtained with the potassium and
cesium adducts. These experiments may indicate that the
[8Pro + K], [8Pro+ Rb]*, and [8Pro+ CsJ*, for KCI, octamer is composed of two of tetrameric aggregates, which
RbCI, and CsCl, respectively, in each spectrum, except in face each other across the central Rim (Figure 6). Sodium,
the case of the sodium ion, for which no octamer peak was & Smaller metal iof? induces formation of [3Prg- metal’,

(21) The protonated molecule [P#oH]™ and/or sodium adduct [Pré (22) Interaction with.-proline was not observed in the case of lithium,
Na]* were mainly observed by means of conventional ESI-MS measure- presumably because the ion radius is much smaller than the cavity of the
ment. trimeric L-proline cluster.
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In summary, we have shown thafproline aggregates to
form cyclic clusters in solution in the presence of alkali metal
ions. The major cyclic clusters are suggested to be con-
structed from trimeric and tetrameric subunits. Cyclic cluster
induction by specific metal ions as well as large-scale-
aggregated chain structure in solution could have very
important consequences in the biochemistry of amino acids.
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Figure 6. Possible structure of [4Pré Rb + 4Pro}*. Supporting Information Available: CSI and ESI mass
spectra of amino acids and metal cation adductspline
including MS/MS spectra. This material is available free of
[3Pro+ metal+ 3Pro]t, and [4Pro+ metal]", while larger ~ charge via the Internet at http:/pubs.acs.org.

metal ions such as potassium, rubidium, and cesium induce
[4Pro + metal+ 4Pro}'. OL017028F
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