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Abstract

Cod liver alcohol dehydrogenase of class- Kbnd propertles has been crystallized as an NAD*—pyrazole complex in the monoclinic space group

P2, with cell dimensionsa = 103.3 A, 5 =474 A, ¢ = 80.7A

= 104.6°, and with one dimer in the asymmetric unit. The position of the dimer molecule

in the crystal was determined by molecular replacement methods at 3.0 A resolution. The successful search model was the poly-alanine structure
of the horse enzyme. Side chains were then replaced according to the amino acid sequence of the cod enzyme, and the structure has been refined
at 2.8 A to an R-factor of 0.26. Cod liver class III alcohol dehydrogenase crystallizes in the monoclinic space group C2 with cell dimensions a = 127.5
A, b=766A,c=9344A, B =99.4° and with probably one dimer in the asymmetric unit.
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1. Introduction

Investigations of protein and gene sequences of alco-
hol dehydrogenases have shown that they can be
grouped in a manner that correlates well with functional
differences between the classes of alcohol dehydroge-
nases [1]. However, the cod liver alcohol dehydrogenase
exhibits some hybrid properties: its functional properties
are clearly of class I, while its amino acid sequence is
more similar to the class IIl enzymes [2]. An ordinary
class III alcohol dehydrogenase is also present as two
isozymes in cod liver [3].

For a long time, the only liver alcohol dehydrogenase
that was studied by crystallographic methods was that
of horse liver class I (the EE isozyme) [4]. These studies
provided one of the bases for our understanding of the
enzyme. The other basis has been the elucidation of
many different classes and highly divergent species vari-
ants of the enzyme, providing insight into the family
relationships and protein fundamentals, as recently sum-
marized [5].

The horse liver enzyme has been refined in different
crystal forms to high resolution ([6,7], and Jones, Ra-
maswamy and Eklund, manuscript in preparation). The
structure of one further mammalian alcohol dehydroge-
nase, the class I human f,8, isozyme form, has been
determined at 2.8 A [8].

Some of the differences within the class I alcohol dehy-
drogenases, as well as the differences between three of
the classes of alcohol dehydrogenase, have been corre-
lated to function by model building based on the horse
enzyme structure [9,10]. Likewise, the amino acid differ-
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ences between the cod and horse liver class 1 enzymes
were interpreted in a modelling study based on the struc-
ture of horse liver alcohol dehydrogenase [2]. Three re-
gions of the class 1 alcohol dehydrogenase show pro-
nounced species and class differences: residues 50-60,
115-125, and 290--300. All these parts cluster around the
middle and outer parts of the substrate binding pocket
and involve the domain interaction area.

However, in these regions, where the cod enzyme is
different from other alcohol dehydrogenases, the mod-
elling was uncertain and several alternative possibilities
existed. This uncertainty and the fact that cod alcohol
dehydrogenase is an enzyme with hybrid properties be-
tween classes I and III, made a crystallographic investi-
gation of the cod enzyme desirable. We have now crystal-
lized this enzyme and started the determination of its
three-dimensional structure by molecular replacement
methods. The normal class I1I enzyme from cod liver has
also been crystallized in a form suitable for structure
determination.

2. Materials and methods

2.1. Class I alcohol dehydrogenase

2.1.1. Crystallization.  Alcohol dehydrogenase of class I activity
(ethanol-active) was prepared from cod liver as described [3]. The en-
zyme was crystallized as an NAD*-pyrazole complex using the hanging
drop method. The reservoir used was 1 ml of 50 mM TES buffer, pH
6.9, 10 mM NAD", 1 mM pyrazole, and 15.2% PEG 2000. The 10 ul
drop contained 0.5 mg/ml enzyme in the same buffer but with only half
the PEG concentration. The initially very small crystals were improved
in size by macroseeding [11]. The crystals grew as very thin plates. The
average size of the crystals used for data collection was 0.5 x 0.1 x 0.05
mm.

2.1.2. Data collection and data processing.  Diffraction data were
collected from three crystals on an R-axis imaging plate detector on a
Rigaku rotating anode and one crystal at the synchrotron in Hamburg
on the X11 line using a MAR image plate system. All data sets were
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processed using Denzo [12]; 212 frames, each of 1° oscillation, were
coliected from the four crystals. Data were generally weak as the crys-
tals are thin, but the best crystals diffract to 2.4 A resolution. However,
useful data could be collected only to 2.8 A resolution.

All the individual frames were merged together using the program
SCALEPACK {12] with an R-merge for all reflections of 16.1% (for
16,558 unique reflections and 170,831 observed reflections). However,
when only reflections with 1/6(1) > 1 were used (132,844 observed
reflections and 13,345 unique reflections) the R-merge was 13.5%. The
amplitudes were computed from intensities using the program TRUN-
CATE in the CCP4 suite (Daresbury, UK). The total completeness for
reflections in the range 8-2.8 A is 87%; 71% at highest resolution,
between 2.9 and 2.8 A.

2.1.3. Molecular replacement.  The structure was solved by molec-
ular replacement using the program XPLOR [13]. A poly-alanine chain
based on the dimer of the refined structure of the horse liver alcohol
dehydrogenase holoenzyme [7] was used as a search model. Although
the peaks in rotation function were not very well resolved, subsequent
Patterson correlation refinement revealed that the two highest peaks
were those corresponding to the two different orientations of the dimer.
Translation function calculations using the highest peak gave a single
clear solution. Rigid body refinement of the positioned poly-alanine
dimer improved the R-factor to 46%.

At this stage, a model of the cod enzyme based on the horse enzyme
[2] was superposed on the poly-alanine according to the molecular
replacement solution. This full chain model was used for further refine-
ment.

Fig. 1. Crystals of cod liver alcohol dehydrogenase class I (top) and
class III (bottom).
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Fig. 2. A Ca representation of the packing of cod ADH class 1. Direc-
tion of view along the monoclinic b axis; a and ¢ indicate the other axes,
o the origin, and N the N-terminus of each protein chain.

2.1.4. Refinement. In all subsequent refinements, only one mono-
mer (the non-crystallographic asymmetric unit) was used. The relation-
ship between the two monomers was computed using the LSQ option
in O [14], while a map was computed using the full dimer (CCP4 suite,
Daresbury, UK). The non-crystallographic symmetry operators were
improved using a map correlation calculation between the two subunits
using the program RAVE (Kleyweigt, Uppsala, manual). This im-
proved, non-crystallographic symmetry operator was then used in the
XPLOR refinement. The monomer was first refined as a rigid body,
followed by conventional positional refinement. This model was then
subjected to averaging using RAVE (Kleyweigt, Uppsala, manual).

Further refinement progressed by an iteration of the following steps:
(i) Slowcool and Powell minimization using XPLOR, (ii) averaging
using RAVE, and (iii) model building and improvement in O.

2.2. Class Il ADH

2.2.1. Crystallization. The alcohol dehydrogenase class III //
isozyme was prepared from cod liver as described ([3], and Danielsson
et al., manuscript in preparation). The protein was crystallized as an
NAD* complex using the hanging drop method. The reservoir used was
1 ml of 50 mM TES buffer, pH 6.9, 100 mM NaCl, 10 mM NAD"*, and
23.6% PEG 4000. The 10 u] drop contained 1 mg/ml enzyme in the same
buffer but with only half the PEG concentration. The average size of
the crystals used for data collection was 0.4 x 0.3 x 0.075 mm.

2.2.2. Data collection and data processing. Diffraction data were col-
lected from one crystal on an R-axis imaging plate detector on a Rigaku
rotating anode and processed using Denzo [12]. The crystals diffract to
2.8 A resolution. The individual frames were merged together using the
program SCALEPACK [12].

3. Results and discussion

Both class I and class III cod alcohol dehydrogenases
have been crystallized by the hanging drop method. The
class I crystals grow as very thin plates and the average
size of the crystals used for data collection was 0.5 x 0.1
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Flg 3' EleCtron denSity map’ 2|Fohserved'_|Fcalculaledl5 after the ﬁrSt round
of averaging using the polyalanine search model. NAD* was not part
of the structure factor calculation.

mm, and less than 0.1 mm along the longest crystallogra-
phic cell axis (Fig. 1). The crystals belong to the mono-
clinic space group P2, with cell dimensions @ = 103.3 A,
b=474 A, c=80.7 A, f=104.6°. A V, =24 A’Da,
with one dimer per asymmetric unit, corresponds to a
solvent content of 48%.

The orientation of the molecule in the cell was deter-
mined by molecular replacement methods using a poly-
alanine chain based on the dimer of the refined structure
of the horse liver alcohol dehydrogenase holoenzyme [7]
as a search model. Translation function calculations
using the highest peak gave a single clear solution. Rigid
body refinement of the positioned poly-alanine dimer
improved the R-factor to 46%. The packing of the mole-
cules in the unit cell is shown in Fig. 2. As a test for the
correctness of the molecular replacement solution,
NAD* was not originally included in the refined model.
The map at the end of averaging clearly indicated the
presence of the coenzyme NAD™ (Fig. 3). NAD" was
then built into the density and included in the refinement.
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At this stage, a model of the cod enzyme based on the
horse enzyme [2] was superposed on the poly-alanine
according to the molecular replacement solution. This
full chain model was used for further refinement. The
present R-factor is 26.1% for all reflections in the resolu-
tion range 8-2.8 A.

The crystals of the cod class III alcohol dehydrogenase
(Fig. 1) belong to the monoclinic space group C2 with
cell dimensions a=127.5 A, 56=76.6 A, ¢c=934 A,
B =99.4°. AV, =28 A¥Da, with one dimer per asym-
metric unit, corresponding to a solvent content of 56%.
Other crystal forms of this enzyme were also obtained
and investigated but not found suitable for further stud-
ies.
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