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Abstract

Alcohol dehydrogenase prepared from Drosophila
lebanonesis yields well ordered plate-like crystals
which diffract to better than 2.3 A resolution. The
crystals belong to space group P2, of the monoclinic
system; the unit-cell dimensions are a = 65.25, b=
5577, c=70.02 A, @ =90, B = 107.08, ¥ = 90°. The
asymmetric unit of the crystal cell is most probably
occupied by a dimer, corresponding to a packing
density of 2.15 A® Da~'. The orientation of the non-
crystallographic twofold symmetry axes is de-
termined by analysis of a self-rotation function
calculated with native intensity data.

Introduction

Drosophila alcohol dehydrogenase (ADH, E.C.
1.1.1.1) catalyzes the conversion of primary and
secondary alcohols to aldehydes and ketones. The
so-called ‘short chain’ enzymes are not structurally
related to the ‘medium chain’ zinc dehydrogenases
which catalyze the same reaction in all other
eukaryotes analyzed so far, including yeast, higher
plants and vertebrates (Jornvall, Persson & Jeffrey,
1981).

ADH has been widely characterized at the bio-
chemical and genetic level in many different species
of the genera. So much information has been
gathered on the ADH gene-enzyme system that it
now constitutes a paradigm to address fundamental
questions concerning eukaryotic gene expression,
molecular evolution and the adaptive value of
natural polymorphisms (van Delden, 1982; Sullivan,
Atkinson & Starmer, 1990).

The active form of the enzyme is a dimer of
identical subunits (M, = 27 000). It requires NAD™*
as a cofactor, prefers short aliphatic alcohols as
substrates and is zinc independent. Due to structural

* Author for correspondence.

©1995 International Union of Crystallography
Printed in Great Britain — all rights reserved

homologies with other enzymes of the short-chain
dehydrogenase family, which comprises among
others, mammalian prostaglandin dehydrogenases
and carbonyl reductases (Persson, Krook & Jornvall,
1991), Drosophila ADH has been incorporated as a
member of this family.

Whereas liver ADH has been crystallized some
time ago (Eklund et al., 1976) and its structure has
helped to postulate the catalytic mechanism of the
medium-chain enzymes, the only short-chain
dehydrogenase characterized so far, 3a-208-
hydroxysteroid dehydrogenase (Ghosh et al., 1991),
cannot provide a reasonable model to approach the
catalytic function of Drosophila ADH. The main
reasons for this are a relatively low level of homo-
logy between them (about 25% identical residues),
the number of polypeptide chains involved in the
native forms, tetramer versus dimer, and the sub-
strate specificity. 3a@-208-hydroxysteroid dehydro-
genase is involved in the oxidation of the hydroxyl
group of androstane and pregnane derivatives,
whereas Drosophila ADH catalyzes the oxidation of
short aliphatic chains of primary and secondary
alcohols.

The present study has been carried out with ADH
from Drosophila lebanonensis, a species of the
Scaptodrosophila radiation. The enzyme from this
species has been characterized at the biochemical
(Winberg, Hovik, McKinley-McKee, Juan &
Gonzalez-Duarte, 1986), structural (Vilarroya, Juan,
Egestad & Jornvall, 1989), and gentic level (Albalat
& Gonzalez-Duarte, 1993) and has been compared
with many other Drosophila species.

The crystallization of Drosophila ADH under simi-
lar conditions has been described (Gordon, Bury,
Sawyer, Atrian & Gonzalez-Duarte, 1992). The crys-
tals have been assigned to space group P2, the
crystal parameters, however, may be doubted and
are not in agreement with the analysis presented in
this paper. More specifically, Gordon et al. (1992)
have published a unit cell with cell parameters of a =
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data was 84% (20-2.5 A) and 46% in the resolution
shell 2.59-2.48 A.

A self-rotation function calculation for twofold
symmetry axes (y = 180°) showed several correlation
maxima which are consistent with the assumption of
two dimers sitting at two local twofold symmetry
axes in the unit cell (Fig. 3). Both dimers are symme-
try related by the crystallographic twofold screw axis
2,, coincident with the y axis.

The rotation function was explored in spherical
polar coordinates in 5 and 1° intervals. The clearest
result was obtained with an integration radius of
20 A which is less than the particle diameter. The
final conditions selected for the correlation calcula-
tions were that the first Patterson function was rep-
resented by all data with F2> 2o between 10 and
4 A resolution. From this map 2420 largest peaks
(P>20) were selected to represent the second
Patterson function. The expected peaks (/) for the
non-crystallographic twofold symmetry axes for the
two subunit dimers at (¢, ¢) = (23, —76°) and (¢, ¢)
= (23, 104°) were higher than 26.60 above the mean
value.

No other peaks were higher than 13.30 above the
mean value. The local twofold axes of the alcohol
dehydrogenase dimers deviate by about 23° in ¢
from the twofold screw axis, which corresponds to
the crystallographic b axis. There are several lower
correlation maxima (denoted II and III) present in
the stereogram plot which cannot easily be inter-
preted by twofold local dimer symmetries.

However, there is evidence that Drosophila ADH
shows structural homology to other short-chain
dehydrogenases. The structure of one member of this
family, 3a@-20B-hydroxysteroid dehydrogenase, is
known to high resolution and has revealed a subunit
fold, which clearly shows pseudo-twofold symmetry
among the secondary-structure elements in one
monomer (Ghosh er al, 1991). Thus, additional
peaks with lower correlation are possible which can
reflect pseudo-222 symmetry in one dimer, e.g. the
triple of peaks I, II, III which are all 90° apart.
Alternatively, these peaks can reflect pseudo-222
symmetry in the vector set created by the two crystal-
lographically related dimers.

The structure analysis of Drosophila ADH by
crystallographic methods is in progress. In addition
to the native data a mercury heavy-atom intensity
data set has been collected to 2.5 A resolution, which

could be interpreted in terms of two heavy-atom
sites. We are presently trying to solve the structure
by Patterson rotation and translation searches with a
search model derived from hydroxy steroid
dehydrogenase (Ghosh, 1993) and phase combina-
tion with single isomorphous replacement phases.
The highest solution of the cross-rotation between
the search model and the ADH crystal Patterson
map correlates well with the maximum at (¢, ¢) =
(23, —76°) of the alcohol dehydrogenase self
rotation, shown in this paper.

We thank Professor Hans Jornvall, Karolinska
Institute, for his engagement in bringing people
together.
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