he major focus of our research is to both

understand and engineer proteins and

protein complexes at atomic resolution.
This allows us to both think about and ma-
nipulate these large molecular systems chemi-
cally, with an emphasis on how the atomic
resolution structural details of the systems
give rise to their properties, activities and
function.

Structure and Mechanism of Enzymes.\We
have determined the structures of all three
of the enzymes in the starch biosynthetic
pathway, ADP-glucose pyrophosphorylase,
Branching enzyme and glycogen/starch
synthase. Our structures of glycogen
synthase and branching enzyme showed for
the first time that several glycogen binding
sites exist outside the enzyme’s active site.
They are important for the enzyme’s activity
and understanding their role is a focus of
our future work. More recently we have
determined a structure of rice Branching
enzyme bound to maltododecaside, which
unveiled the trajectory of the glucans that
react. We now understand the determinants
of substrate specificity for this, and essentially
all the other branching enzymes. This allows
us to start thinking about how to predict
the reactivity of these enzymes from their
sequence. In collaboration with the Walker
lab, we have also investigated the structure,
mechanism and specificity of some of the
enzymes involved in Taxol biosynthesis,
including phenylalanine aminomutase (PAM)
and benzoic acid CoA ligase. The structures
of 2 PAMs have been determined, and a
variety of benzoic acid CoA ligase substrate
structures have been determined for use in
rationally extending the substrate specificity
of these enzymes.

Visualizing rhodopsin mimics at atomic
resolution. In collaboration with the Borhan
lab, we redesigned small cytosolic proteins
(cellular retinoic acid binding protein Il
(hCRABPII) and cellular retinol binding
protein Il (hCRBPII) to be rhodopsin mimics
that form a protonated Schiff base with the
retinal chromophore. Further, we constructed
a spectrum of protein pigments that bind
the same chromophore retinal, but alter the
absorbance of this chromophore over 219

nm. We have also developed new fluorescent
proteins that can be used as fluorescent
protein fusion tags, extending the range of
fluorescent proteins and adding pH sensing
to their repertoire. More recently we have
turned our attention to understanding the
photoisomerization process. To this end
we have engineered retinal-bound protein
variants that specifically photo-isomerize
only one of the five double bonds in the
chromophore. So far we have variants that
specifically isomerize either the imine bond
or the 13-bond, the latter of which is the
very same bond isomerized in all bacterial
rhodopsins. Further, we observe these
isomerizations in single crystals, at atomic
resolution. We are now pursuing time-
resolved crystallographic experiments on
these species to visualize the intermediates
in the photo-isomerization process. There
are very few systems that lend themselves
to the difficult techniques of time resolved
crystallography and our model systems
are ideal candidates. The ability to design
from scratch protein/chromophore systems
that work so spectacularly open the door
to creating completely novel photo-active
proteins for a wide variety of potential
applications.

Engineering domain swapped dimers and the
creation of new allosteric proteins. We have
recently discovered that variants of hCRBPII
readily and irreversibly fold into domain
swapped dimers (DS dimers). A DS dimer
forms when identical elements of structure
swap places in two monomers to form a
dimeric structure. After characterizing some
of the determinants of DS dimer formation,
so that we can control its formation, we
discovered that ligand binding induces a
dramatic conformational change in the
DS dimer. A variety of ligands illicit the
conformational change, including retinal, fatty
acids and some fluorophores. We are currently
using the DS dimer to create new allosteric
proteins that can be controlled by redox state,
ligand or metal binding depending on our
design. Previous efforts at allosteric protein
design use naturally occurring allosteric
proteins to control other processes. This is one
of the few cases where an allosteric protein
is engineered “from scratch.” @

Left, The structure of a retinal-
e bound hCRABPII variant. Right,
pictures of crystals of an hCRAB-
Pll variant before (top) and after
(bottom) UV irradiation. Center,
the electron density map of reti-
~ * nal bound to an hCRABPII variant
" before (top) and after (bottom)
irradiation with UV light showing
specific photoisomerization in the
single crystal that gives rise to the
color change.
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