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Proteins are complex molecules essential for many
biological functions, such as enzymatic activity and the
transport of nutrients and other biochemical compounds
across cellular membranes [1]. To determine protein
structure, various analytical methods (direct or indirect)
are used, and all these methods have their advantages and
disadvantages. The determination of the complete amino
acid sequence of proteins still remains a challenge,
especially for proteins whose residues are leucine (Leu)
or isoleucine (lle), especially the mass spectrometry-
based ones [2]. The composition of Leu and lle is
identical, thus, distinguishing them by mass is a non-
trivial task, because their mass spectra are different only
due to the intensity of the m/z 69 peaks, which is
dependent on the experimental condition.

We investigated numerically the interaction of Leu
and lle with dipole electric (DE) and electromagnetic
(EM) radiation fields, further conducting a comparative
study between the two isomers. Geometry optimization
of the Leu and lle structures under the action of a DE field
was performed, employing the original cc-pVTZ basis
with the help of the computational GAUSSIANQ9
package [3].

In the case of the EM field, we proceeded using a
modified cc-pVTZ basis in which correction coefficients
were introduced to the molecular wave functions in order
to reflect the elongation of electron orbitals and densities
caused by the magnetic field, similar to our recent work
[4]. These coefficients were calculated following the
procedure of the Anisotropic Gaussian-type orbital
method [5, 6]. Since the values of the magnetic field of
radiation are very small, (~10° a.u.) the obtained
correction coefficients proved to be independent of the
type of atom or orbital.

In the DE and EM fields, Leu was partially deformed
(Fig. 1 left). In the case of lle2 (one of the lle conformers
obtained by us), increasing the field strength leads to the
O-H and N -H bond rotations, while in the case of llel,
when the study is performed with the inclusion of both
the dipole electric and the corresponding magnetic field,
the H transfer is obtained, i.e. the zwitterion form of llel
is formed.

In addition, we have studied the electrostatic
potential which also indicates the charge distribution and
allows predict different behaviour of Leu vs lle in the DE
or EM fields, and can be used for these structural
isomers’ discrimination. For example, for field strength
0.5 a.u. in the case of Leu, the fragmentation is field-
independent, giving CO», CoHsN, CsHe, and 2H, while lle
decomposes into CHs, C3Hs, C;HisNO; in the electric

dipole field, and into CO,, CsHgN, CyH4, H in the
electromagnetic field. Moreover, this method could be
used for the conformer’s ( llel vs lle2) recognition. The
latter suggests the relevance of our numerical
calculations, which account for corrections to the
molecular orbitals due to the magnetic field, and they
could be proposed as a possible tool for isomer
discrimination.
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Fig. 1 View of the electric potential of Leu (on the left),
Ilel (in the center), and Ile2 (on the right) obtained with
the inclusion of the electric dipole field (a) and along with
the corresponding magnetic field (b). The field strength
is E=0.40a.u. The contour value is 0.10.
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