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One of the foundations of modern biochemistry is that the
aqueous environment plays a crucial role in directing the
conformational preferences of proteinurrent research is
focusing increasing attention on the crucial role played by water
molecules in the first solvation shell, particularly when they can
form bridges between H-bonding sites in the profe@as-phase
biomolecule-(water), molecular clusters offer a unique venue
for directly probing how water molecules bound at specific sites
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Figure 1. R2PI spectra of IPA(H20),* mass channels with (a) =
1land (b)n = 2. The label W(A) = IPA(A)—(H20),. The transitions due
to IPA—W; appear in both mass channels due to fragmentation following

dictatf-} the confor.ma.tional preferences of flexible biomolecules. photoionization. Dashed lines represent the IPA monomer A and B origins
In this communication, mass-selected, resonant two-photon gt 34966 and 34920 crh, respectively.

ionization (R2PI) and resonant ion-dip IR (RIDIR) spectroscdpies
are used to record the IR and UV spectra of single conformations
of water-containing clusters of 3-indole-propionic acid (IPA) and
tryptamine (TRA). The H-bonding topologies of these clusters
are determined, and the effect that water binding has on the
conformational preferences is assessed. In both IPA and TRA,
the water molecules form bridges between H-bonding sites that
reorient the flexible side-chain into conformations without popula-
tion in the absence of the water bridges.

IPA and TRA each have two primary sites of flexibility along
the propionic acid or ethylamine side chains. Previous sttidies
have determined that the isolated TRA monomer population is
spread over seven low-energy conformational minima representing
the seven most stable structures of the nine that are formed by
rotating theposition(about the G§)—C(5) bond) andbrientation
of the amino group. In IPA, by contrast, only two conformers
are observed, with the carboxylic acid position either gauche on
the pyrrole side (Gpy, conformer A) or anti (conformer B) relative
to the indole ring. The gauche-phenyl side-chain conformation
is destabilized by about 5 kJ/mol due to steric hindrance with
the indole ring, and is not observed in the expansion.

Molecular clusters were formed in a supersonic expansion from
heated IPA and TRA samples (410 K) entrainedi3 bar, 70%
neon/30% helium/0.1% water gas mixture. UV spectra of the
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Figure 2. Experimental RIDIR (a,c) and calculated (b,d) IR spectra of
IPA(A)—H20 (a,b) and IPA(A}-(H20), (c,d). The absorption at 3200
cmtin (c) is attributed to the water bend overtone
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marked W »(A,B) suggest that the first two water molecules in

clusters were taken using R2PI spectroscopy. Figure 1 shows two-the IPA(A,B)—(H.0), clusters retain the conformational prefer-

color R2PI spectra of the IPA(H,0)," mass channels with =
1 and 2. The transitions assigned to the various sized neutral

ences of the IPA monomer (Gpy and anti), consistent with the
deductions of rotational coherence measurements on these bands

clusters are indicated in the spectra, based on mass selection, watejy Connell, et al®

concentration studies, rotational coherence measurerfents,
the IR spectra. There are two conformers of H/,0),;, but
four of IPA—(H;0),. The small frequency shifts from the IPA-
(A,B) monomers, and similar relative intensities of the bands
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The R2PI transitions were used as the basis for RIDIR spectra
of the clusters in the hydride stretch region of the IR (2800
3800 cntl), which is sensitive to the hydrogen-bonding and
conformations of the XH groups in the clustefigure 2, a and
¢, shows the RIDIR spectra of IPA(A(H.0), and IPA(A)-
(H20)..1° As an aid in assigning these spectra, density functional
theory (DFT) calculations employing the Becke3LYP func-
tionalt*2with a 6-3H-G* basis séf were used to calculate the
minimum-energy structures, harmonic vibrational frequencies and
IR intensities of the clusters. The calculated minimum-energy
structures and IR spectra for IPA(Gpy(H.O), and IPA(Gpy)-
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Figure 3. Experimental RIDIR spectra of (a) IPA(EJH20), and (b)
IPA(D)—(H20),. (c) Calculated IR spectrum of one of the gauche-phenyl
IPA—(H20), minima (shown as an inset). The absorption at 3200'cm
in (a,b) is attributed to the water bend overtone.
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Figure 4. Experimental RIDIR spectra of (a) TRAH20), and (b)

TRA—(H20)s. (Calculated structures TRAH20), and TRA-(H20);

shown as an inset respectively.) The position of the free indole-NH is

marked with a dashed line at 3525 tin

(H.O), are shown in Figure 2, b and d, respectively. In these

clusters, the water molecule(s) form H-bonded bridges between
the carbonyl and OH groups of the carboxylic acid. The

corresponding spectrum of (B) confirms that it is also a water

bridge structure that retains the anti conformation for the COO
group?®® Thus, the water molecules in IPA(A,BJH,0); » bind

to IPA in such a way that the conformational preferences of the

IPA monomer are retained. H-bond with the indole ring. Extensive searches for cluster
However, the W(C) and W(D) R2PI transitions (Figure 1) structures consistent with these features have been carried out.

aLe Withgqt analogues in Lhe IhPA monomer and have nothpfeeg Calculated TRA-(H,0), and TRA—(H,0); structures consistent
observed in previous work. These R2PI transitions are shifted i, the RIDIR spectra are shown as insets in Figure 4 a,b.
further to the red than WA) and W,(B), indicating a stronger Notably, in both TRA-(H,0), and TRA—(H,0)s, formation of

!ntle:ractior:lgwith inc?ck))le:r (t:l.‘lJ(l.Jd' '}'hetir RIDfII?hspectra aie s.r;%vr\]/n the water bridge can only be accomplished at an amino orientation
Eblglged b?—|ant t.h bs “dlr;ﬁ ;aa ure o _esbe tshpec ratl - eth that points the lone pair in toward the indate cloud in a
-bonae stretch band that appéars in both spectra in e, nqrmation that is not populated in the monomer.

3650-3670 cnt region characteristic of the weak H-bond formed In summary, the IPA(H,0), and TRA—(H,0), clusters

; 14 ;
?heévlgggtgg?;regmigggntthc?f Lﬂgo(\kl)ec:c?r liJc?gie QIF;SEE[J:’ZTFEBIS;E provide clear examples of the ways in yvhlch strongly bound water
2¢). Ther H-bonded OH stretch can only occur if the COOH molecules can change the conformational preferences of flexible

s < . g biomolecules. In the clusters, water bridges are formed between
group is in the gauche-phenyl position, as shown in the inset of H-bond donor and acceptor sites whenever possible. In both TRA

Figure 3c. Low-lying minima of this type have been identified : T . - :
A : . and IPA, the ethylamine or propionic acid conformations in the
via the DFT calculations. The calculated hydride stretch IR spectra ) «ters are ones having no monomer population in the expansion.

of these structures (e.g., Figure 3c) correctly predict the PreéSencesingle-point calculations indicate that the new conformations

of azr H-bond, confirming the structural identification. Thus, in :

! . . . taken up by TRA and IPA in the presence of water possess 12
the IPA—(H:0), clus_ters,_ the formation of water _o_llmer bndge_s 15 kJ/mol of conformational strain relative to the monomer global
across the carboxylic acid group forms and stabilizes population inima These conformations must be populated and stabilized
in the gaqche-phenyl conformatlc_)n t_hat is not significantly in the process of forming the H-bond(s) with water. The energy
populated in the monomer due 1o its higher energy. released by H-bond formation gives energy to the flexible sites

In TRA, the water bridges stretch between the amino acceptor neary to overcome the barriers separating minima, effectively
and the indole NH donor sites. The first water molecule attaches 5nealing the molecule into new conformations not accessible to
preferentially at the amino group, but cannot reach to the indole he pare molecule at the preexpansion temperafure 410 K).

NH. Nevertheless, the seven conformations with population in |t remains an open question whether water molecules play a
the TRA monomer are collapsed into a single dominant confor- gimilar role in inducing conformational change via H-bond
mation upon this binding (Gpy(outj)> The RIDIR spectrum of  formation in room-temperature aqueous solution.

the TRA—(H,O), (Figure 4a) shows two bridge OH stretch

fundamentals of a water dimer attached to the amino group, and  Acknowledgment. We acknowledge the support of the National
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an indole NH stretch that is shifted down in frequency from its
value in the monomer by 48 cr indicating that one of the water
molecules is interacting with the indole NH. Similarly, in TRA

H (H20)3, the RIDIR spectrum (Figure 4b) shows a set of bridge
hydride stretch fundamentals in the 32850 cn! region
assignable to the indole NH and three water OH groups making
up the bridge. One of the free OH groups is now involved in a




