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CONCLUSIONS:

Intracellular enzymes catalyze thousands of chemical reactions simultaneously in the
densely-crowded environment of the cytosol. Assembly of enzymes into complexes is thought to
play a significant role in normal cellular physiology but has remained controversial due to effects of
molecular crowding on the thermodynamic and kinetic properties of enzymes and the lack of
methods to rigorously characterize such assemblies in vitro and in vivo. The studies described in
this dissertation have been focused on understanding how living cells organize metabolic pathways
and lay the foundation for understanding how cells organize metabolic pathways in vivo.

Enzyme-enzyme interactions are some of the least defined due to the lack of molecular
crowding effects in vitro normally present in vivo. Simulating the interactions between
mitochondrial malate dehydrogenase (mMDH) and citrate synthase (CS) has given us a glimpse at
some of the factors that characterize enzyme complex assembly and how this organization might
facilitate intermediate channeling. Van der Waals and ionic interactions on the surface of these
enzymes distributed in multiple surface domains suggests that the assembly of a functional enzyme
complex might require the coordination of hundreds of atomic interactions between tens of separate
protein domains. The surface distribution of residues participating in these interactions might
determine which enzymes assemble into specific complexes, and indicate how mutations that alter
these surface domains might disrupt these interactions without affecting catalytic activity. This
study also shows that the specific orientation of the interaction between these enzyme facilitates
intermediate channeling, which suggests that the sequence of reactions and thus product identity,
could be determined by the combination and structural arrangement of enzymes that form a
complex. This study represents a significant contribution to our understanding of metabolism in
vivo because it shows that enzymes fulfill a structural and catalytic role. Regulating catalytic
activity by altering enzyme-enzyme interactions might play a greater role in vivo than previously
thought.

A. thaliana does not encode stilbene synthase (STS). This study is consistant with the
hypothesis that A. thaliana does not use stilbenoids as defense molecules. If A. thaliana did encode
STS it would have been insightful to study the structural domains of this enzyme to determine how
intermediates might be partitioned between flavonoid and stilbenoid biosynthesis as a consequence
of specific protein-protein interactions. Since this pathway does not exist in A. thaliana these
studies will have to be done in a heterologous enzymes in another plant system.

Ligation independent cloning (LIC) is a novel approach to a common laboratory objective,
cloning of dsDNA fragments. This method was born out of the frustrations experienced during
attempts to clone fragments of DNA using conventional methods. LIC represents a contribution
toward the long terms goals of our lab by providing an effective and simple method to clone
fragments of DNA.

Flavonols are not required for male fertility in A. thaliana under laboratory conditions and
thus null mutants for flavonoid biosynthesis can be isolated. In other plants, such as petunia and
maize, flavonoids are required for male fertility and thus flavonoid mutants isolated from these
plants are usually conditional, tissue-specific, or leaky. The analysis of the tt4(2YY6) allele
represents a significant contribution toward establishing flavonoid biosynthesis as an experimental
model in A. thaliana. The isolation of null mutants for all the steps of this pathway is possible in A.
thaliana, and thus is well suited for the study of how enzyme-enzyme interactions regulate and
define the spatial arrangements of metabolic pathways in vivo.

Flavonoid biosynthesis in A. thaliana is a useful model system to study the role of enzyme-
enzyme interactions in the spatial organization and regulation of enzyme complexes in metabolism.
Based on the studies described in this dissertation the first four A. thaliana flavonoid biosynthetic
enzymes appear to form a complex. The enzymes in this complex have a specific spatial
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arrangement. This data supports the conclusion that enzyme form complexes with defined spatial
topology that might define product identity. The characterization of interactions between flavonoid
biosynthetic enzymes is an important preliminary step toward establishing this pathway as a model
system in A. thaliana to conduct future studies. This pathway is well suited for continued study in
order to determine the role of enzyme organization in controlling the identity and abundance of
specific flavonoid products produced in vivo during development and in response to environmental
cues. This work is expected to have a direct impact on future efforts to engineer metabolism in
living organisms.


