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The irregular net of physiological processes in plants le&ntthe medium for intuitive theories
(hypotheses) of structure-activity relationships of auxiolecules, but even now their chemical
definition is unclear. Molecular Quantum Similarity Meassi(MQSM) scored a conceptual
framework to uncover such phenomenon. The quantum objaatsns) were classified by
cluster analysis methods based on a feed-back with a baalbgonsensus variable. Next,
standardized multi-screening bioassays of differentreamiere carried out and the data analysis
was implemented at multidimensional level. In these s¢esaon the one side, a new active
auxin-like substance without COOH in the side chain (2, &ratno-phenol) was found, and
hardnesssf) was shown to be a common variable to predict the auxins diicdb activities. On
the other side, two sets of molecular properties are pdstiita explain different physiological
processes such as growth and morphogenesis. These dueltg®pf auxins are structurally
consistent with the two different binding-pocket systenssldsed until now in ABP1 and TIR1,
respectively.

1 Introduction

The underlying concept of the structure-activity rule,Xms act as a kind of co-enzyme or
ergon at the growth center, which is a protein or enzyme sardé highly specific shapé”

is not consistent with experimental facts anymore.

Due to their pleiotropic effects (e.g. organogenesis, elelhgation, cell division) auxin
activity depends on more than one “receptor” and on a newhieimical mechanism of in-
teraction of protein — small molecule — prot&iThese statistical regularities have not been
taken into account previously for the analysis of the dethiholecular causal properties of
their biological activities. The physiological role of theixin-Binding-Protein 1 (ABP1)
is still debated. But definitively, it is not involved in alé different physiological auxin
effects. Furthermore, the speculations about specialized recémations for specific
transporters like PIN (PIN-FORMED) proteins should be ideied as wefl,>. Recently

a new complex of three proteins SEF out of which the transport inhibitor response 1
(TIR1) has been described as an auxin recépt®he objective of the present article is
to summarise some of our recent results and search for atiena between some meth-
ods of molecular biology and computational chemistry ineorth analyse the complex
physiological processes related to the auxin phenomena.
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2 Structure-activity

Different approaches have been postulatftemicaf , physico-chemical binding site
model$,°. They can not overcome the structure-activity impasse ginsu The uncon-
nected comprehensions of the chemical and biological yieimts have failed to describe
the auxin phenomena: first, suppressing ideas of statisgcmlarities and evaluating
the assumption, “structure generates properties”, as ardignregularity of the hormone-
receptor interaction exported from the animal model. Sdcdistinctiveness of the molec-
ular biology and biochemical outcomes in the last twentyryéa plants has not been
incorporated into the analysis.

3  Problem Solution

Our chemical computational-biostatistical approach geclion the auxin chemical space
in the biological context. The analysis of the structurénefauxin-like molecules is treated
as the invariant part, to which the the biological tests afative, but not vice vers& That
does not mean, that the phytohormone phenomenon depenldsiesly on the ligand
structure, but the ligand structure analysis is the poimulefine the degrees of freedom of
the phenomenon. The analysis presented focus on:

1. searching Molecular Quantum Similarities associateH thie biological activities;

2. classifying auxin molecules based on the connectionsseo@MSM and the Biologi-
cal Activity;

3. developing standardized bioassay for the screeningleftsel molecules to confirm
the hypothesis of relation quantum similarity — biologiaativity;

4. identifying quantum molecular regions responsible fier biological activity.

The statistical treatment of similarity matrices of botlgu®mb and Overlap opera-
tors, was preceded by a Principal Component Analysis, niiiiig repetitive information.
Next, cluster methods analysis were applied. Relationséiween clusters and biological
activity was confirmed by statistic methods with probapitt posteriori The resulting
cluster allowed to recognize different quantum similadlgsses related to the biological
activity'®. Following, the biological activity of 2,6-Br-Phe (withbGOOH group), active
as auxin by QMSM prediction was experimentally confirmét

Functionally, the multi-scaling analysis of the experitamata allowed us to dis-
criminate two sets of chemical predictor variables (chamiegions), which distinguish
two different kind of auxin biological activities: growtlivhere ABP1-binding activities
inferred a physiological relation statistically; and mioogenesis events where TIR1 is in-
volved (Fig. 1). Structurally, the two sets of accessorydivig areas proposed M and G
(Fig. 1 A) are closely related to the differences of the hiigdsite requirements of TIR1
and ABP1 respectively (the two proposals of auxin recept{éig. 1, B). In TIR1 — crystal
is well represented the binding by the N-indole, while a ctaxpinding system appear
in the complex with Zn in ABP1. The results of both crystalggest a duality of auxin
properties: able to bind in two totally different systemsn e one side (ABP1), the
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Figure 1. Accessory binding areas. (M) morphogenesis, (@yth, (H-C-H) region buffer important for growth
regulation.

molecule-protein interaction via auxin side chain evokaltg different chemical binding
conditions, to which the existence of the?smarbon, statistically inferred, could be im-
portant. On the other side (TIR1), the interaction via thetlele in TIR1 was predicted
before as an important point for morphogenetic evéntkikewise, both crystal auxin —
protein do not show any rearrangement of the atoms of theipratue to the binding. The
structural information rather suggests electron arrarggemike predicted by our calcu-
lations with a common variable influences the biologicaivitgtof auxins at every level:
the chemical hardne¥s This is also able to classify the 240 auxins together wighttio
principal components obtained by QMSM (Fig. 2). Soft molestare more active than
hard molecules if electron transfer or rearrangement isssary for the reactidf This
concept is exactly confirmed by our results. Functional ddpace with hardness having
natural auxins as outliers suggests a relation with the limits of reactivity in bioioal
systems; it means toxicity. Contrary to the natural auxgysithetic auxins like 2,4-D
are potent herbicides and their hardness is very high. Cuoiesely, other sites and/or in-
especific interactions in the cellular systems (proteims)expected, it dependent on the
molecular structures. These results, the broad quantiacitfe molecules as auxins and
many of them being almost as active as the standard auxin idicate controversy be-
tween a typical specificity of a hormonal mechanism and thxénatoncept in plants. The
strategies described above are the key of chemical desigichwvill result in the next
generation of new synthetic auxins and/or comprehensisesaf the action mechanism.
This may be also extended to the phytohormone context.
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Figure 2. Influence of hardness in the classification of 2&lralike molecules with QMSM components.

4 Conclusion

It was demonstrated that a combination of both electromicgire and intermolecular in-
teraction descriptors was able to describe this multi-disi@anal biological phenomena.
The Coulomb matrix, as an electrostatic potential desariptas the most important dif-
ferentiating auxin activity measure as evidenced by disicrant analysis. A phenol deriva-
tive, predicted as active substance, was confirmed to beedntdifferent auxin tests. The
molecular descriptors and regions analyzed function@lyn phenomenological point of
view, are structurally related with the differences of bbihding sites reported for ABP1
and TIR1. The electronic rearrangement in the interactiotina- receptor predicted by
hardnessif) is confirmed by non atoms rearrangements in the both auiR4fand auxin-
TIR1 interactions. The existence of?sparbon in the side chain turns the induction of
activity of such substances at very low concentrations.
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