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de novo Computational Enzyme Design:
Engineering a Stereoselective Bimolecular Catalyst

THE DIELS-ALDER REACTION
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Science 1993, 262:204-208.



A Minimal “Diels-Alderase” Active Site

HOMO MO'’s

X donates
electrons to the
diene, increasing
the HOMO energy.
We chose X to be
either N, Q, D, or E

LUMO MOQ’s

Z pulls electrons
from the
dienophile,
decreasing the
LUMO energy.
We chose Z to be
eitherV, S, or T.
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Science 1993, 262:204-208.
Theozymes from Gert Kiss in the Houk Group, UCLA



de novo Design Methodology using Rosetta

SEARCH A SCAFFOLD LIBRARY
FOR ONES THAT FIT THE THEOZYME

BuUuiLD A THEOZYME
USING QM/MM
TECHNIQUES

ITERATIVE OPTIMIZATION
VIA ROSETTADESIGN
AND MANUAL ANALYSIS
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Protein Sci 2006, 15:2785-2794.
Nature 2008, 453:190-U194.
Science 2008, 319:1387-1391.




Experimental Characterization of de novo “Diels-Alderases”

PROGRESS CURVE OF THE

DIELS-ALDER REACTION
(200UM PROTEIN, 1MM DIENE, 1MM DIENOPHILE)
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Crystal Structure of a “Diels-Alderase”

DESIGN (GREEN) vs. CRYSTAL STRUCTURE (BROWN) ALL ATOM RMSD: 0.5A

RESOLUTION: 2.21&, R-FACTOR: 18.5%, R-FREE: 24.8% REFINED BY MOLECULAR REPLACEMENT WITH WT 1ETA
CRYSTALLIZATION AND REFINEMENT BY ABIGAIL LAMBERT FROM BARRY STODDARD’S LAB, FHCRC




Active Site Optimization

PROGRESS CURVE OF THE

DIELS-ALDER REACTION
O.1MM DIENE, 3MM DIENOPHILE, 20uM PROTEIN

DA_20_10 ACTIVE SITE VIEW
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5000
4000 -
€ 3000
©
o
& 'DA_20_10 (Active)
2 2000 -
= Blank
1091 4 * DA_20_01
(Inactive Variant)
0 (- e ﬂ:‘ '
0 10 20 30 40

Hours



A de novo “Diels-Alderase” Compared to Catalytic Antibodies

SUBSTRATE VS. VELOCITY CURVES

298K, PBS, 20uM PROTEIN.

EFFECTIVE MOLARITY COMPARISON

VARIED DIENE AT VARIOUS DIENOPHILE CONCENTRATIONS.
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mM Diene DA 20 00 DA_20 10 7D4 mAB 4D5 mAB
CataIySt kcat (hl’_1) KM-diene (mM) KM-dienophile (mM) a
DA_20_00 (298K) 0.01 + 0.002 3.53+1.5 146 + 2.5 -
DA_20_10 (298K) 2.44 + 0.3 0.98 +0.2 58.1 +14 1.7+ 0.7
mAb 7D4 (310K) 0.21 0.96 1.70
mAB 4D5 (310K) 0.21 1.60 5.90



Catalytic Residue Contributions and Production Capability
1 mM diene, 50 mM dienophile, 200 uM enzyme, in PBS at 298K.
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Absolute Enantio- and Diastereo- selectivity of DA_20 10

Transition States

Products
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Model of H287N Mutation with Alternate Ligand

Crystal Structure




Future Plans for the “Diels-Alderase”

MATCH INTO NEW SCAFFOLDS

LOoOP REMODELING

DESIGN TOWARDS
NEW STEREOISOMERS

REDESIGN SUBSTRATE
SPECIFICITY
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