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Molecular modeling studies on three brassinosteroids analogs having ester and amide functiol
side chain have been performed. The activity of such compounds from the structural point of \
discussed in terms of electrostatic potential and ability to form hydrogen bonds.
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Brassinosteroids, potent plant growth regulators, have an exciting potential use i
culture due to their capability of improving crop yield and quality as well as overc
ing environmental stress and herbicidal injury, and controlling pathogenic disease

With the aim of looking for a more rigorous way to establish the structural req
ments for a high brassinosteroid activity, a model based on brassinosteroid-re
interaction has been descriBéavhich is useful in explaining the activity of differer
brassinosteroids from the structural point of view. Following this model, we have fi
that the electrostatic charges play an important role in explaining the activity an
the hydrogen-bonding could be one of the type of the interactions that could take
on binding. Based on the Grid methodolbggver the set of brassinosteroids studie
the results obtained at present have allowed to provide defined information abo
areas of the molecule responsible for binding and the ones eliciting dctiMity elec-
tronegative part of the side chain seems to be more important for exhibiting high
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ity than the one of the A-ring diol. To asses this, some brassinosteroid analogs st
differing in side chain should be studied.

In this communication, the activity of a set of brassinosteroids differing only in
side chain is discussed from two points of view: (i) the electrostatic charges c
functional groups on each side chain studied and (ii) the ability to form hydrogen-b
The brassinosteroids chosen have been previously synthesized by Kbhbliaving
ester (compound) or amide (compounddand3) function in the side chain butizand
3a hydroxy groups in the A ring and a 7-oxa-lactone grouping at the B ring (Figs 1 a

The methodology of the study of the effect of electrostatic properties and abil
form hydrogen-bonds on the activity of such compounds consists of the follo
steps.

Activity Evaluation

Activity evaluation of the compounds has to be performed in the same bioassay.
in a modified rice lamina inclination té€sbased on the procedure described by Tak
and Phari§ compoundd-3 showed marginal activity, at least at doses lower thag Z
per plant. It should be mentioned that in this bioassay it is not possible to apply |
doses due to the lack of assimilation by the plants. In fact, these compounds hav
proved to be active in the bean second internode bioasEagse findings are anothe
example of the contradictions found when brassinosteroids are evaluated in dif
bioassays. The differences observed in the response of these brassinosteroids
bioassays suggest that different brassinosteroid actions are measured in each b
Therefore, the specificity and usefulness of such bioassays must be treated with cat

Active Conformation Approach

Our model is based on the fact that brassinosteroid action takes place through a
tor/ligand complex which binds to nuclear or cytoplasmatic sites to regulate th
pression of specific genes. Since brassinosteroids can adopt different conform
due to the presence of flexible points in their structures, the “active conformation’
brassinosteroid is defined as the one which is able to bind to the receptor. In this
conformation, the atoms directly involved in binding with the brassinosteroid rece
ought to have the same spatial situation in all active molecules. On the basis «
idea, an active conformation approach was developed which allowed us to choos
the active conformation for brassinolid®,(which is taken as reference, and then fo
large set of brassinosterofds'? This approach consists in conformational analysis 1
lowed by the selection of the active conformation out of all conformations found i
analysis.
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Molecular dynamics under vacuum conditions and 900 K for brassindljdeni compound
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Molecular dynamics under vacuum conditions and 900 K for compo2izasl 3
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In this communication, due to the fact that the active conformation of brassin
(4) is already known, a shortened methodology is followed to select the active cc
mation of the three compounds under stuB\a.

The side chain conformational analysis 163 was performed by molecular dy
namics simulation. Figures 1 and 2 show the different torsion angles obtained fol
compound compared with those obtained for brassinoligeOne can observe the hig
flexibility of all of these side chains compared with brassinoldle hich means a
large number of possible conformations that can adopted each of these compour
range of 5 kcal/mol.

To select the active conformation of each compound (which means the most s
to that of brassinolide4]) out of all conformations found in the conformational ar
lysis, a simultaneous optimization of similarity indexes and energy was performed
the ASP progradt. Figure 3 shows the overlap of the active conformation found
compounds ofl—3, and of that for brassinolidd)(

As one can see, there is a good overlap of the active conformations for all the
pounds although they have different structural features in the side chains. The !
situation of the functional groups present in the A and B rings-8fare close to that
in brassinolide 4). With respect to the functionalities of the side chain, the carbc
groups of1-3 are located near the 22-OH of brassinolidg (hereas the oxygen af
and the amines &f and3 differ a little more from the spatial situation of the 23-OH
brassinolide 4).

Molecular Electrostatic Potential Calculation

Having been determined by means of our preliminary QSAR {yéhat the atomic
charges play an important role in describing the activity, the alignment of the struc

Fic. 3
Overlap of the active conformation for brassinolid® énd compound$-3
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was performed by superimposing the molecular electrostatic potential (MEP) m
brassinolide 4) on that of compounds-3.

Figure 4a shows the MEP map at —30 kcal/mol for brassindljdie fed and Fig. 4b
the overlap its with those of the rest of compounds (in grey).

Two similarity indexes were calculated using the ASP progtathe electrostatic
Carbo similarity inde¥ (Cl) and a shape similarity index (SI). The values obtained
indicated in Fig. 4. The high Sl values obtained for these three compounds indice
high structural similarity with brassinolidet)(although having their different sid
chains. On the other hand, the CI values for these compounds (0.72-0.78) shi
some range as those calculated for some active natural and synthetic brassinc
analogd® An example is found in Fig. 5 where @23S)-24-epibrassinolide7)j and
(225235)-28-homaobrassinolideB] have Cl values of 0.72 and 0.75, respectively. T
indicates their great similarity in the electrostatic charge distribution, althbe®jdo
not elicit activity in the rice lamina inclination test. Therefore, the structural modif
tions among them are not sufficient to produce a change in the global electrc
similarity index. However, and in contrast with the results obtained for analogs d
ing in A and B ring®, their activity does not correlate with CI values.

Feasibility of H-Bonding with the Receptor

A better explanation of the lack of activity of such compounds is found considerin
possibility of hydrogen-bonding interactions with the receptor, which was specifi
analyzed in our previous work over a set of brassinosteroids; the results were us
explaining the activity of some of thérf

The GRID methodologl® has been used to calculate the interaction energy betv
a brassinosteroid and different probes which simulate different types of interac
Among the probes tested, water has been chosen owing to its capability of actin
as acceptor and donor of hydrogen-bonds(ritrogen atom of a protonateg® amine
type) as donor, and O:: (oxygen atom of a corbonyl group type) as acceptor.

For a better understanding, the results obtained with the three compounds
study,1-3. Figure 5 shows the GRID maps using water as a probe at a cut-off of —3 kc
of the side chain overlap between brassinoli@)e(in red) and four brassinosteroid
differing only in the side chain (in yellow): 28-homobrassinoli@§ @4-epibrassi-
nolide @) and their corresponding (8239)-diastereoisomerg and8. The area in red
correspond to the zone with higher probability of H-bonding for brassinodijdend
the area in yellow correspond to the zone with higher probability of H-bonding fo
rest of compounds. For compourtis8 a good qualitative correlation between the &
tivity and the overlapped zone with higher probability of H-bonding between br
nolide @) and each compourte}8 is observed. The closer the zone in yellow 568
is to that of brassinolided) (in red) the higher is their activity. Moreover, the zol
corresponding with the 23-OH group (at the top of the picture) seems to be mol
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A MEP map for brassinolided). b MEP maps overlapping between brassinolidle(in red) andl-3
(in grey). Activity (—log(dose)-) in rice lamina inclination test, shape similarity index (SlI) valus
and electrostatic Carb6 similarity index (Cl) values
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Side chain BRs analogs. GRID maps overlap for water probe at —3 kcal/mol between brasgino

(in red) and5-8 (in yellow). Activity (—log(dosejs) in rice lamina inclination test, and electrostat
Carb6 similarity index (Cl) values

Fic. 6
GRID maps overlap for 0, N§, and O:
yellow)

probes at —3 kcal/molbetween brassinokijeand 1 (in

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Brassinosteroid Side-Chain Analogs 1643

portant for binding with the receptor than the zone corresponding with the 22
group (bottom of the picture). As one can see, the difference be#amihb is a shift
to the right in the area corresponding to the 22-OH group, in agreement with tf
crease in activity from 5.93 fat to 3.29 for5. This area is further shifted in the ca:
of 6 and the activity falls again (2.45). F@r the activity of which is 2.08, the are
corresponding to the 22-OH is located in another plane, and only a overlap is ob:
between the areas corresponding to the 23-OH. Finall\g, faith an activity of 1.78,
for which no overlap is observed between the two hydroxy groups of the side cha
the area corresponding to the high probability of H-bonding for the 23-QHsohot
so far from that of8. Hence it seems that the area with the highest probabilit
H-bonding must be located in a specific zone to express activity.

Similar methodology is used for compourid8 but with different probes. Thus, Fig.
and 7 show the GRID map at a cut-off of —3 kcal/mol for brassinoliidirf red)
overlapped with each one of the other compoufd3,(in yellow) using (i) water, (ii)

3, (i) O:: as probes.

By comparing these three compounds with brassinoijleofe can observe that th
larger differences is found in the side chain, in accordance with their structural fea
While in some cases the sites corresponding to a functionality on the skeldttay®in
front of those of the other compoun#is3, the red area being over the yellow one;
the cases of compountis3 which lays in front o#4, the yellow area being over the red on

Due to the fact that the ester carbonylLiis located near the 22-OH group 4fno
interaction is observed in the area close to the 23-OH grodproany of the probes
tested; only an interaction near the 22-OH group is observed wizartt N are used as
probes, being in the last one highly shifted to the right with respect to that in brass#)oli

For amides2 and 3, with carbonyls located near the 22-OH group and the an
group near the 23-OH group only a very small interaction is observed in the area
sponding to the 23-OH when,8 and O:: are used as probes. For the 22-OH groug
same results as for compouhdre observed.

On the basis of the results obtained over the set of side chain brassinosteroid a
we can conclude that the activity exhibited by brassinosteroids can be explain
considering the putative H-bonding interactions in the brassinosteroid-receptor
plex. Due to the lack of activity for compountis3, the area located near the 23-O
group with the highest probability of H-bonding seems to be essential for exhit
activity when it is located in a specific zone. Nevertheless, at present we are not
discriminate if the 23-OH acts as H-bond donor or acceptor since brassinolid
shown strong interactions in this area whatever it was the probe used. Moreov
22-OH group was responsible for activity, and taking into account that the intera
in this zone for compounds-3 is only observed when & or N} is used as probe, thi:
interaction ought to be H-bond donor.
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Fe. 7
GRID maps overlap for J0, N§, and O:: probes at —3 kcal/mol between brassino#ji¢itf red) and
2-3 (in yellow)
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Further studies over brassinosteroids having other functionalities in the side
need to be performed to provide more information about these findings.

EXPERIMENTAL

Rice Lamina Inclination Test

Seeds of Babhia rice cultivar were soaked in water and incubated in a growth chamber under
light/8 h dark photoperiode at 3@ for two days. Germinated seeds were planted on the surfac
0.5% aqueous agar medium and incubated under the above conditions for four days. Selecte
lings were treated with brassinosteroid test solutions (95% ethanol) by applying them with a |
syringe (0.5ul) to the second lamina joint of the plant sheath. Treated and untreated (co
seedlings were returned to the growth chamber &tC3th the dark for two days. Then the interic
angle between the leaf lamina of the second leaf and its leaf sheath was measured and s
parameters calculate.

Molecular Dynamics Simulation

Molecular dynamics simulation was performed using the CVFF force-field included in the mole
modeling software package Discot®rThe conditions for this analysis were the following: vacut
simulation, time step (2 fs), duration of simulation (200 ps), integration algorithm (Verlet), ense
(NVT) with a temperature control (velocity scale at 300 K).

Molecular Electrostatic Potential Calculation

The molecular similarity prograth ASP was used to calculate the electrostatic potential for e
compound and to superimpose them. The electrostatic potential was calculated using the g
function option with three terms to fit the distance inverse dependence. The electrostatic Carb
larity index2 (Cl) and a shape similarity index were also calculated using the ASP program.
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