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CONFORMATION OF FMN DIMER OBTAINED BY
MOLECULAR MODELLING METHODS

BOGDAN SMYK, HANNA GRAJEK

Department of Physics and Biophysics, University of Warmia and Mazury in Olsztyn, Poland

The structure of flavomononucleotide (FMN) is obtained by molecular modelling methods. At the first stage the ge-
ometry of FMN molecule was optimized. The maximal dimension of FMN monomer was obtained equal 5=15.82A.
Then, the structure of dimer both in vacuum and in the vicinity of 302 water molecules was calculated in a periodic
box. HyperChem software (version 5.02) was used to obtain the stacking structure of the dimer. We found that the
isoalloxazine rings are almost parallel, shifted one to another by about 0.58 A towards the short axis of the ring and
slightly twisted one to another at an angle 0=3.5°. For the average distance between isoalloxazine rings the value of
3.57A has been obtained in vacuum compared to that of 3.70A in the vicinity of water.

INTRODUCTION

Flavomononucleotide (FMN) is a photoreceptor
and coenzyme in many biological reactions taking
place in living organisms (Haupt & Wagner,
1984). There are well known papers (Ninnenmann,
1980; Walczak, Gabrys & Haupt, 1984; Schmidt,
1980; Quinones & Aparicio, 1990), the authors of
which prove that flavin can play a role of a photo-
receptor in protoreception phenomena. FMN may
appear as a monomer or as a dimer (Grajek,
Zurkowska, Drabent & Bojarski, 1986; Grajek,
Drabent, Zurkowska & Bojarski, 1984; Grajek,
Zurkowska, Drabent & Bojarski, in press).
Investigations of dimerization process are im-
portant in view of nonradiative excitation energy
transport in the photoreception processes in which
flavins take part. Depending on its environment
FMN dimer can either be a perfect trap for excita-
tion energy (in aqueous solutions) (Grajek,
Zurkowska, Bojarski & Drabent, 1990) or it can
fluoresce in rigid systems like polyvinyl alcohol
(PVA) films (Grajek, Zurkowska, Bojarski, Kukli-
nski, Smyk, Drabent & Bojarski, 1998). This dimer
fluorescence affects, of course, the mechanism of
energy transport. Usually, dimer fluorescence is
weak and temperature dependent (Bojarski, Gra-
jek, Zurkowska & Smyk, 1998; Bojarski, Grajek,
Zurkowska, Kuklinski & Smyk, 1999). The struc-
ture of the dimer, i.e., mutual orientation of mono-
mers in a dimer affects the spectroscopic properties
of FMN and the mechanism of energy transport.
Previously (Grajek, Zurkowska, Drabent & Bo-
jarski, 1986), structure of FMN dimer has been
proposed based on a comparison between concen-
tration dependence of absorption spectra and Ka-

sha theory. In the present work we would like to
present the FMN structure obtained based on mo-
lecular modelling methods.

METHODS

FMN monomer structure was obtained using the
MM+ method based on the classical force field .
We used the Polak-Riebiere computing method.
After this preliminary optimization of FMN mole-
cule, further calculations were performed based on
the semiempirical quantum PM3 method with the
following parameters: total charge = 0, spin multi-
plicity = 1, spin pairing — RHF, state -lowest, con-
figuration interaction -single excited.

The geometry of FMN dimer was optimized in a
similar way first in vacuum and then, in the vicinity
of 302 molecules of water. Calculations were car-
ried out using HyperChem 5.02 software which
includes both computational methods based on
classical mechanics and quantum mechanics. Dur-
ing calculations we used Pentium III 500 MHz
computer with 256 MB RAM.

RESULTS OF CALCULATIONS
AND DISCUSSION

Structure of FMN monomer

The structural formula of FMN is presented in
Fig.1. Fig.2 shows the configuration of FMN
monomer obtained as a result of calculations per-
formed. Planar configuration of isoalloxazine FMN
ring has been obtained. Our calculations showed a
slight deviation, about 15°, of ribitol chain from
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Fig.2. Optimized configuration of FMN molecule.

the plane of isoalloxazine ring. It results from the
fact that the axis linking N(5) and N(10) atoms of
the ring makes an angle of 165° with the straight
line connecting the atoms N(10) and that of phos-
phor P at the ribitol chain.

The selected dimensions of FMN monomer were
as follows:

The distance, 6, in the direction of main axis of
isoalloxazine ring:

S[CH,(C(8)), O(C(2))] = 9.63A
S[CH;(C(7)), H(N(3))] = 9.40A

The distance, 6, in the direction of diagonal of
the ring:

S(CH;(C(7)), O(C(2))) = 9.99A
The distance, 6, in the direction of axis perpen-

dicular to the main axis of the molecule — the
length of molecule including ribitol chain:

SIN(S), Pripitall = 11.7A.

The maximal dimension of FMN molecule, ie the
dimension between the hydrogen atom of methyl

1
1
1
0, =21.14A :
(

Fig.3. Three projections of FMN dimer structure in vacuum.

group at C(7) and the P oxygen of the rybitol
chain:

SIH(CH5(C(7))), PO ivital] = 15.82A.

Schmidt (1980) and Tanaka (1967) obtained simi-
lar dimensions of isoalloxazine ring.

FMN dimer structure

To obtain the structure of FMN dimer two FMN
molecules were brought close together. Then the
repulsive forces were allowed to act by employing
the classical field MM+ and then PM3 field. As a
result the structure of a dimer has been obtained, in
which isoalloxazine rings were located parallel one
to another and shifted 0.58A in the direction of
short axis of the ring. They were also slightly
twisted with an angle 0=3.5°. The distances be-
tween particular atoms of FMN monomers in a
dimer located opposite one to another expressed in
A are as follows:

SIN(5), N(10)] = 3,46 A first pair, S[N(5),
N(10)] =3.45 A second pair

S[C(4), N(1)] = 3.59 A first pair, S[C(4), N(1)]
=3.54 A second pair

3[C(6), C(9)] = 3,70 A first pair, S[C(6), C(9)]
=3.70 A second pair

The mean distance calculated between isoallox-
azine rings in vacuum was 3.57A..

The FMN dimer dimensions have also been
calculated: length along the axis including the
ribitol chains §;=21.14 A and length along the
main axis of isoalloxazine rings 8,=9.76 A.

Fig.3 shows the structure of FMN dimer in three
projections. A small shift of parallel placed isoal-



Conformation of FMN dimer

loxazine rings as well as mutual twist of rings in-
cluding CH; groups can be seen. This is because
the location of methyl groups one above another
would be energetically disadvantageous.

Grajek, Zurkowska, Drabent & Bojarski, (1986)

obtained the distance between monomer units in

the dimer, R=3.5 10.3A, which is in accordance
with the smallest distance allowed by the Van der
Waals interactions. They showed that apart from

Van der Waals interactions, water molecules have

a great effect on the stabilization of this dimer by
forming hydrogen bonds between FMN molecules.
Thus water, acting as a proton donor, links the
N(1) of the first FMN molecule with the C(4) oxy-
gen of the second molecule. The molecule also
links the N(3) hydrogen atom of one molecule (the
water molecule acting as a proton acceptor) with
the C(2) oxygen of second molecule (where H,O
acts as a proton donor).

The FMN dimer structure obtained by molecular
computation method is therefore in accordance
with the results obtained previously (Grajek,
Zurkowska, Drabent & Bojarski,, 1986) and with

the results of FMN dimer structure obtained with

the help of NMR spectroscopy (Kainasho &
Kyogoku, 1972).

After calculating the FMN dimer structure in
vacuum further computations of the dimer struc-
ture, taking into account the presence of 302 water

molecules have been carried out. It was assumed

that water molecules are placed in a periodic box
from which they can not escape. The obtained
FMN dimer structure is shown in Fig. 4. The ge-
ometry of the dimer has not changed significantly.
Only the distance between particular atoms of
isoalloxazine rings increased a little which is illus-
trated by following data:

SIN(5), N(10)] = 3,47 A first pair 8[N(5), N(10)]
=3.50 A second pair
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S[C(4), N(1)] = 3,85 A first pair  3[C(4), N(1)]
=4.09 A second pair

S[C(6), C(9)] = 3,67 A first pair  S[C(6), C(9)]
=3.63 A second pair

The mean distance between the isoalloxazine rings
in the vicinity of water occurred to be 3.70A.

From the calculations performed it follows that
the methods applied allow to make visible addi-
tional details of molecular structures. The method
applied showed slight mutual shift of FMN isoal-
loxazine rings and unequal distances between par-
ticular atoms located one opposite to another as
well as it explained that the twisting of long axes of
monomers in the dimer is caused mainly by the
twisting of rings containing CHj; groups.

Both in water and in vacuum the same structure
of FMN dimer has been obtained with a slight
difference in mutual distances between isoalloxaz-
ine rings. In the absence of water molecules around
those of FMN the mean distance between isoallox-
azine rings in the dimer was shorter than that in
water. In vacuum the FMN monomers are bound
together due to Van der Waals interactions be-
tween isoalloxazine rings which was confirmed by
our calculations. The Van der Vaals ‘radius’ of
half of the m-electron aromatic system is equal to
approx. 1.7A (Pauling, 1962) . The mean distance
calculated between units in the dimer in vacuum
3.57A, is in accordance with the smallest distance
allowed by the Van der Waals interaction.

However, for FMN molecules surrounded by
water, the decisive role in the stabilization of FMN

Fig.4. FMN dimer structure in the vicinity of water molecules.
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dimer is played by water molecules through the
formation of hydrogen bonds between isoalloxaz-
ine rings. Four water molecules take part in isoal-
loxazine rings binding (Grajek, Zurkowska, Dra-
bent & Bojarski, 1986). The value of enthalpy
change for FMN dimerization process was calcu-
lated based on temperature dependence of FMN
absorption spectra in water (Grajek, Zurkowska,
Drabent & Bojarski, 2001). This value,
AH = -39.8 kJ/mol, occurred to be in accordance
with the value of hydrogen bond energy (Weeny,
1979). Taking into account the dimensions of wa-
ter molecule and the length of hydrogen bonds
(Sobczyk, 1969) one can conclude that the distance
between the monomers bound through water must
be slightly longer than in vacuum, which is sug-
gested by the calculated mean distance 3.70A be-
tween FMN monomers in the dimmer in water.

Flavins in living organisms appear as flavopro-
teids in hydrophobic environment — a protein
pocket. Flavins taking part in photoreception phe-
nomena are located in a cell membrane of chloro-
plasts. Model studies of flavins in membranes have
shown that flavins are either built into a lipid
membrane or they can be found at the membrane -
water interface (Frehland & Trissl, 1975). Hence,
it was justified to perform model calculations of
the dimer structure in aqueous phase and in vac-
uum. Proof by spectroscopic methods that FMN
monomers form dimers (Grajek, Drabent, Zurkow-
ska & Bojarski, 1984; Grajek, Zurkowska, Drabent
& Bojarski, 1986) as well as cofirmation of dimer
structure by molecular modelling methods may
deliver important information for the analysis of
photoreception processes in living organisms, in
which flavins take part. This conclusion is strongly
supported by the fact that dimers in aqueous envi-
roment are traps for exciting light (Grajek,
Zurkowska, Bojarski & Drabent, 1990) as well as
by the similarity of chloroplast action spectra to
those of FMN dimers but not monomers (Ninne-
mann, 1980).
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