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Abstract 

We have obtained two additional crystal forms of the metal- 
dependent class II fructose-l,6-bisphosphate aldolase from 
Escherichia coli. Crystals in the shape of elongated plates have 
unit-cell dimensions a = 73.4, b = 120.0, c = 190.1,4,, ortho- 
rhombic space group P212121. Monoclinic prisms have unit- 
cell dimensions a = 67.7, b = 104.3, c = 52.8,4,, fl = 105 °, 
space group P21. Diffraction to slightly better than 3.0 A, has 
been observed for both forms using in-house and synchrotron 
facilities. These crystal forms may aid the structure solution of 
this enzyme by presenting additional forms for heavy-atom 
derivatization. These forms have multiple copies of the enzyme 
in the asymmetric unit and averaging methods might also be 
useful in the analysis. 

Introduction 

Aldolases are widely dispersed in nature and the fructose-1,6- 
bisphosphate aldolases (E.C. 4.1.2.13) which catalyse the 
cleavage of this bisphosphate to a ketose, dihydroxyacetone 
phosphate, and an aldose, glyceraldehyde 3-phosphate 
(Horecker, Tsolas & Lai, 1972), are amongst the most studied 
members of this enzyme family. They can be separated into two 
groups termed class I and II. The class I enzymes generally 
occur in eukaryotes although they have been identified in some 
bacteria (Baldwin & Perham, 1978; Marsh & Lebherz, 1992). 
They are homotetramers with a total molecular weight of 
approximately 160kDa. Several crystal structures of class I 
enzymes have been determined. These include the enzymes 
isolated from rabbit muscle (Sygusch, Beaudry & Allaire, 
1987) and rabbit liver (White, Allaire, Beaudry & Sygusch, 
1991), human muscle (Gamblin, Davies, Grimes, Jackson, 
Littlechild & Watson, 1991), Drosophila melanogaster (Hester, 
Brenner-Holzach, Rossi, Smit, Struck-Donatz, Winterhalter & 
Piontek, 1991), the bacterial enzymes phosphogluconate 
aldolase (Lebioda, Hatada, Tulinsky & Mavaridis, 1982) and 
N-acetylneuraminate lyase (Izard, Lawrence, Malby, Lilley & 
Colman, 1994). The architecture of these enzymes is an eight- 
stranded ot/fl-barrel similar to that first observed in triosephos- 
phate isomerase (Banner, Bloomer, Petsko, Phillips, Pogson, 
Wilson, Corran, Furth, Milman, Offord, Priddle & Waley, 
1975) and subsequently in more than a dozen other enzymes 
(Br~ind6n & Tooze, 1991). 

Little is known about the class II system in comparison to the 
class I enzymes. In part this is attributed to difficulties in 
purifying the quantities necessary for structural and mechanistic 
studies. It is known that they are functionally active as 
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homodimers (Mr per subunit is approximately 39kDa) and 
are metal dependent. It is proposed that zinc is able to act as an 
electron sink during catalysis. It thus replaces the active-site 
lysine untilized by the class I enzymes (Mildvan, Kobes & 
Rutter, 1971; Littlechiid & Watson, 1993). A single class II 
aldolase crystal structure is available, that for the L-fuculose-l- 
phosphate aldolase from E. coli (Dreyer & Schulz, 1993). 
However, this enzyme appears to be markedly different from 
other class II enzymes. For example, it is a homotetramer (Mr 
per subunit is approximately 24 kDa) rather than a dimer and it 
shows only 15-22% primary sequence identity with any other 
class II aldolase. This range of values is derived from sequences 
aligned using the program PILEUP (Genetics Computer Group, 
1991) with a Gap weight of 3.0 and a Gap length weight of 0.1. 
Furthermore, it shows only about 20% identity with the class I 
aldolases. It is, therefore, possible that the class II aldolases 
may need to be further subdivided into two types of class II 
enzyme. The cloning and over-expression of the gene for the E. 
coli class II fructose-l,6-bisphosphate aldolase (Alefounder, 
Baldwin, Perham & Short, 1989) has allowed access to 
sufficient quantities of enzyme for structural studies. 
Knowledge of the structure combined with site-directed 
mutagenesis methods already in progress (Berry & Marshall, 
1993; Packman & Berry, 1995) should allow us to delineate the 
structure-specificity relationship and mechanism of this 
enzyme. 

The enzyme was isolated and purified according to Berry & 
Marshall (1993) to provide material for our crystallization 
experiments. The first crystal form we obtained, form I, is 
hexagonal, P6122 or enantiomorph with a = 78, c = 291,4, 
(Naismith, Ferrara, Bailey, Marshall, Dauter, Wilson, Habash, 
Harrop, Berry & Hunter, 1992). In order to determine the 
structure of this enzyme we have adopted a strategy of heavy- 
atom derivatization of the hexagonal form whilst searching for 
additional crystal forms. The aim of further crystallization 
experiments is to either provide a more suitable crystal form or 
provide one where averaging between crystal forms might aid 
phase determination. 

Experimental and results 

Essentially only two techniques for achieving supersaturation of 
the enzyme were tried; (McPherson, 1982), vapour diffusion 
with hanging and sitting drops. Numerous conditions were 
tested varying such parameters as pH and type of buffer, 
concentration and type of precipitant, concentration of enzyme, 
temperature etc. (Ducruix & Giegr, 1992). In addition we made 
use of the sparse-matrix sampling screen proposed by Jancarik 
& Kim (1991) using reagents marketed by Hampton Research 
(5225 Canyon Crest Drive Suite 71-336, Riverside, CA 92507, 
USA). Numerous crystal morphologies have been observed in 
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our experiments under a wide range of conditions. However, 
only two of the new morphologies have produced crystals large 
enough to warrant exposure to X-rays. These types of crystal 
are designated forms II and III. 

These two types of crystals grow under similar conditions. 
Hanging-drop vapour-diffusion methods equilibrating a 
2 0 m g m l  -I protein solution in 100mM Tris-HCl buffer (pH 
8.0), 10 to 20%(w/v)  PEG4000, 0.02 to 0.3M MgCl2 against 
slightly higher concentration PEG solutions at room tempera- 
ture. Form II presents as fragile thin elongated plates which 
attain a size of 1.0 x 0.3 x 0.03 mm. These grow to full size 
after a couple of weeks and can be obtained readily. Form III 
has been much more difficult to obtain. A few crystals have 
appeared after 10-12 months as small blocks but only two have 
achieved dimensions of 0.2 x 0.3 x 0.1 mm. 

Crystals were mounted in thin-walled glass capillaries then 
sealed in the presence of mother liquor to maintain high 
humidity conditions. They were then exposed to X-rays 
(Rigaku rotating anode at 50kV and 120mA, utilizing a 
graphite monochromator) using the Rigaku R-AXIS II image- 
plate area detector. The unit cells were determined from three 
still exposures, 45 ° apart, using the autoindexing method of 
Higashi (1990a). Data processing was achieved using PRO- 
CESS (Higashi, 1990b). Form II is orthorhombic, space group 
P2~12121 with a : 73.4, b : 120.0, c : 190.1A. Form III is 
monoclinic, space group P21 with a = 6 7 . 7 ,  b = 104.3, 
c - - 5 2 . 8 , ~ ,  /~ = 105 °. The availability of some contingency 
time at DRAL Daresbury Laboratory allowed us to carry out 
resolution tests on form II. Diffraction to slightly better than 
3.0,~, was observed. Form III has only been used in the home 
laboratory where it was observed to diffract to 2.7 ,~, resolution. 
Both crystal forms although reasonably well ordered appear to 
be radiation sensitive. 

In the form II space group there are four equivalent positions 
3 and the volume per asymmetric unit is about 427 550 A which 

3 i gives values of 2.7 ,~, Da-  , 55% solvent content (Matthews, 
1968) for four subunits in the asymmetric unit. It is more likely 
that the functional dimer constitutes the asymmetric unit in 
form III with 2.3 ,~,3Da -t (48% solvent content). The range of 
values typically observed for protein crystals is 1.68- 
3.53 ,~3 Da-i  and 27-65% solvent volume. 

In summary, we have obtained additional crystal forms of a 
class II fructose-l,6-bisphosphate aldolase. They present new 
forms with which to attempt heavy-atom derivatization and 
since these forms have multiple copies of the enzyme molecule 
in the asymmetric units, they may allow averaging methods to 
help determine the structures. Finally, the structure determina- 
tion of the differerent forms will eventually allow us to 
determine any influence of crystal lattice packing effects on the 
molecular conformation. 
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