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Peptides are key biomolecules. Their role and functionality is groups are very similar to the properties of peptide groups in a
broad. Enzymatic catalysis is one of their most well-known glycine polypeptide. If this is so, then the middle amidic group of
functions. They also form signal-processing systems or even actAGA can be used as a model for proton transfer in polyglycine.
themselves as signal messengers. Peptides may contain a series dhe energies of structures on a proton-transfer pathway were
basic groups. Among them, the terminal amino group, the amino calculated with density functional theory employing the hybrid
group of lysine, the aromatic ring of histidine, and arginine are the functional B3LYP and the 6-3t+G** basis set. It is known that
most important. These basic groups are usually protonated, and ifthe accuracy of this method should be, in this case, comparable
so, they often become a part of bridges that stabilize the tertiary with the accuracy of perturbation (MP2) or coupled clusters
structure of proteins. Protonation can also change the conformationalmethods>
equilibria of peptides and, consequently, influence their biological  First, the mechanism published in the literafufrmechanism A)
activity. However, peptides also contain groups which are less basic.will be applied to our model. It will be described in tisd — S3
These are mainly oxygen and nitrogen atoms of peptide bonds.direction (Figure 1S, Supporting Information). At the beginning,
Proton interactions with such atoms are not so strong, but underthe proton is situated between the first and the second oxygen atoms
certain circumstances, they may play an important role. Hydrolysis (structureS1). The proton is connected to the first oxygen by a
of a peptide bond in an acid solutibis a good example. In the  bond that is formed by an interaction of the proton with a lone
gas phase, the importance of this type of interaction is increasing, pair of the oxygen atom. This only slightly influences the bond
as it is expected to play a key role in peptide fragmentation order of the carbonyl €O bond. The proton is also stabilized by
processes when peptides are analyzed by mass spectr@scopy. interaction with the second oxygen. This stabilization creates a
These methods are now becoming more and more important with seven-membered ring in which the proton is situated near to both
the development of soft ionization methads. of the amidic group planes. The proton transfer is started by the

When a longer peptide chain is available, the proton can interact proton jump between these two oxygei®&l(— T1 — S2). The
with more groups, and also a proton transfer may occur. This may situation in structuré&2is very similar to that inS1, but here the
not only influence the above-mentioned fragmentation processes,proton is bonded to the second oxygen and stabilized by the first
but it may have several other functions in living systems, e.g., oxygen. The geometry difference betweghandS2is small, and
information transfer. Therefore, proton transfer has several times the energy barrier for the proton jump is also very low (Figure 2).
been subjected to computational studies.
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Proton transfer from the oxygen to the nitrogen of a peptide bond T2 By ——
exhibits a high energy barrieof about 39.1 kcal mot. On the 1 — Mechanism B
other hand, processihat involve only oxygen atoms show signi- 15

ficantly smaller energy barriers (16.5 kcal mbl This would imply
that only interactions with oxygens of peptide bonds are important Em
for proton transfer. In our study, we will focus on this idea, and
we will present a mechanism of proton transfer with approximately 5.
half the energy barrier compared to that published s§ far. E 5 / \ [ E

In theory, a particularly long peptide chain should be used as a L / Té
model for the appropriate description of the proton transfer. 0

However, the flexibility of such a chain would lead to a very
complicated potential energy surface and, of course, very long 5

Ca|CU|ati0n_3- Therefore, we decided to UN@-CHV_'QWCY'NL Figure 2. Relative electronic energies along proton-transfer pathways
methylglycinamide (AGA) as the model peptide (Figure 1). from S1to S3 Comparison of mechanisms S1-T1—S2-T2—-S3 and
B (S1-T3—S4-T4—-S5-T5—-S6-T6—S3).
J[k _)J\ The proton transfer proceeds by proton rotation around the second

carbonyl double bond, reaching struct@®(S2— T2 — S3). Here,
the proton occupies a configuration similar to thalSi but it is
located between the oxygens of the second and the third amidic

groups. So, during these two steps the proton is transferred along
We assume that the chemical and structural properties of the gne amidic unit of the triamide chain. The rate-determining step

middle amidic group and the internal parts of the terminal amidic 55 mechanism A is the isomerization process (rotation of the
t Masaryk University Brno, proton around the dguble bond of the carbonyl group) WIth transition
* Technische UniversitaMitinchen. stateT2 and a barrier of 17.7 kcal mol. The proton is located
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Figure 1. Peptide model.
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Table 1. Comparison of Some Mechanism A and Mechanism B
Geometry Parameters

mechanism A mechanism B

n(0)? o ()P By n(0)* o ()P By

S1 1 160.6 19.4 S1 1 160.6 19.4
T1 2 8.4 8.4 T3 1 —157.6 22.4
S2 2 7.4 7.4 sS4 1 —164.8 15.2
T2 2 88.4 88.4 T4 1 —134.8 45.2
S3 2 161.9 18.1 S5 3 —-11.8 11.8
T5 3 0.9 0.9

S6 3 7.8 7.8

T6 3 9.2 9.2

S3 2 161.9 18.1

max 90.0 45.2

aOxygen number? Dihedral angle g—C=0—H". ¢ Deviation from the
amidic plane § = abs) if abs(a) < 90°; # = 180 — abs() if abs@) >
90°). 4 Due to nature of rotation.

in T2 almost perpendicularly to the plane of the corresponding
amidic group.

Itis generally known that peptides are very flexible. The question
is whether such a high flexibility would allow for another proton-
transfer mechanism where the proton would all the time remain
close to the planes of the amidic groups. A mechanism that meets
such a feature has been found in our study (mechanism B).

We begin again with structur&l, in order to be able to

compare both mechanisms. This proton transfer stops in structure

S3like that in mechanism A. Dihedral anglgsandy between

the first and second amidic groups are changed during the first
step. Consequently, the stabilization of the proton by the second
oxygen is substituted by the stabilization with the third oxygen
(S1— T3 — S4 Figure 2S, Supporting Information). The original
seven-membered ringsQ) is transformed into the lower energy

two mechanisms. The situation is different from the kinetic point
of view. While the energy barriers of all steps in mechanism A
are almost symmetrical, mechanism B exhibits a different rate-
determining barrier for each direction (the energy barrier is 8.3
kcal mol* for the S1— S3direction but only 6.3 kcal mol for

the opposite direction).

To achieve a more precise kinetic and thermodynamic description
of the studied problem, one would need to calculate Gibbs energies.
Their calculation seems to be very problematic in this particular
case. We performed a thermodynamic analysis on the same level
of theory that was used for geometry optimization, and discrepancies
were found (Table 1S). The Gibbs energies of some transition states
were found to be lower than the Gibbs energies of corresponding
initial structures. This situation is described on similar systems in
the literaturé®. In our opinion the reason is that some frequency
modes, that are not well described as harmonic, are likely
responsible for the inaccurate Gibbs energies. Further analysis
would be necessary to fully understand this discrepancy. Therefore,
one of the goals of our future effort will be the calculation of more
precise values of the Gibbs energies and also tunneling effects that
may play a significant role.

In summary, a novel mechanism of proton transfer has been
found by this computational study. The mechanism exhibits an
energy barrier of about 8 kcal md| which is approximately half
of the barrier reported so f8rThe predicted mechanism may
kinetically prefer the proton transfer in ti&8— S1direction (from
C terminal to N terminal). The results may be strictly valid only
for short peptides without side chains. In other cases, side chains
can influence flexibility, which is necessary in this mechanism. In
longer oligopeptides, the proton transfer can be influenced also by
secondary and tertiary structures.
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