
C-100 CRYSTALLOGRAPHY OF BIOLOGICAL MACROMOLECULES 

Initial low-resolution SIR and MIR electron density maps indicated 
a flat, tet:rame1ic molecule, consistent with the expected crystal pack
ing with one monomer per asymmetlic unit Solvent flattening was 
pe1formed with the program PHASES. From the solvent flattened 
maps, about 280 alanine residues were fit in an alpha(8)-beta(8) bar
rel (TIM barrel). Phase combination with the MIR and refined par
tial model phases was performed. Heavy-atom difference maps in
dicate clearly 5 cysteine residues that reacted with either PCMBS or 
thimerosal, and 3 methionine residues that bound platinum chlmide. 
One disulfide bond has been discovered and may be related to the 
observed increase in activity of this enzyme in the presence of re
ducing agent In addition, the active site has been identified by the 
position of an active-site cysteine and the positions of electron den
sity in difference maps calculated from data collected from ligand 
and inhibitor-soaked crystals. Presently the crystallographic R-factor 
is 21% to 2.0 angstroms resolution for data greater than 2 sigma, and 
R-free is 27%. The model will hopefully serve as a model for solv
ing the structure of the human enzyme and in the design of inhibi
tors. 
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Rat liver 3a-hydroxysteroid dehydrogenase/dihydrodiol de
hydrogenase (3a-HSD) inactivates circulating steroid hormones 
and is involved in polycyclic aromatic hydrocarbon (PAM) car
cinogenesis. This enzyme is a member of the aldo-keto reductase 
(AKR) supelfamily, and its structure is likely to provide a para
digm for other mammalian HSDs in the family. The previously 
determined apoenzyme structure! showed that the protein folds 
into an alB ban-e!. Now, the structure of 3a-HSD complexed with 
NADPH has been detennined at 2.7 A resolution. This binary com
plex model reveals the mode of cofactor binding and provides in
sight into some features of substrate binding and catalysis. The 
model supports a catalytic mechanism in which Tyr 55 is the gen
eral acid, and we present evidence that the structurally distinct 
short-chain alcohol dehydrogenase (SCAD) family may have 
convergently evolved a similar catalytic mechanism. We also make 
predictions about substrate binding to 3a-HSD based on (1) a for
tuitous crystal packing contact that may mimic a portion of a bound 
steroid honnone or PAH trans-dihydrodiol, (2) an active site wa
ter molecule that may indicate the position of the carbonyl or hy
droxyl oxygen in a substrate, and (3) site-directed mutagenesis 
data. We are currently working to obtain crystal structures with a 
variety of bound inhibitors that will allow us to test these predic
tions and provide direct infom1ation about how the enzyme recog
nizes and reacts with apolar substrates. 
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Phenylalanine dehydrogenase (EC 1.4.1.20) catalyzes the 
reversible NAD+dependent oxidative deamination of L-phenyla
lanine to form phenylpyruvate, ammonia, and NADH. The en
zyme has been identified in a small number of Gram-positive bac
teria and is cunently being investigated for use in neonatal screen
ing for phenylketonuria (PKU) and for bulk production of 
racemically pure L-phenylalanine for the artificial sweetener as
partan1e (NutraSweet@)i. 

Single crystals of recombinant Rhodococcus sp. M4 pheny
lalanine dehydrogenase2 complexed with NAD+ have been grown 
at 4 oc by macroseeding into batch solutions containing 5 mg/ml 
enzyme, 5 mM NAD+, 9 %poly( ethylene glycol) 8000, 175 mM 
NaCI, 100 mM MES (pH 5.6), and 5 mM Na.N3. The crystals are 
diamond-shaped and belong to the space group C2, with unit cell 
dimensions of a= 105.6 A, b= 66.9 A, C= 2S1.6 A, ,B= 91.6 °. Crys
tal dimensions of 0.6 x 0.6 x 0.25 mm are typically obtained in 
two weeks. Native x-ray data sets have been collected to 3.2 A 
from several crystals at 4 °C. Heavy atom derivative searches are 
currently in progress. 

The utilization of an aromatic substrate makes phenylalanine 
dehydrogenase unique among the known amino acid dehydroge
nases. Thus, in addition to enhancing our understanding of the 
mechanism of pylidine nucleotide-dependent oxidative deamina
tion, the three dimensional structure of phenylalanine dehydroge
nase will assist in elucidating the determinants of substrate selec
tivity in the an1ino acid dehydrogenase family of enzymes. 
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We have used liver alcohol dehydrogenase (LADH) to 
determine the ability of analogs of the cofactor nicotinamide 
adenine dinucleotide (NAD) to structurally mimic normal cofactor 
binding. LADH undergoes a cofactor-induced conformational 
transformation which can be used to discliminate between different 
classes of analogs. 

NAD binding to LADH induces a confom1ational transition 
from an open to closed form of the enzyme. This transition requires 
the formation of specific hydrogen bonds by the nicotinamide 
carboxan1ide group, and is very sensitive to perl1.1rbations at the 
nicotinamide end of the ligand. An analog that can adopt the 
conformation required by the cofactor site will induce the transition 
to the closed form. An analog subject to constraints incompatible 
with the binding site cannot stabilize the closed form. The complex 
then remains in the open conformation. 


