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Abstract 

As an enzyme of the thymidylate synthase cycle, serine 
hydroxymethyltransferase (SHMT) has a key role in nucleo- 
tide biosynthesis. Elevated activities of SHMT have been 
correlated with the increased demand for nucleotide biosynth- 
esis in tumors of human and rodent origin, making this enzyme 
a novel target for cancer chemotherapy. Here the purification 
and crystallization of recombinant human cytosolic SHMT are 
reported. Crystals belong to space group P6222 or P6422 with 
cell parameters a = b = 155.0, c = 235.5 A and diffract to at least 
3.0 A resolution. 

1. Introduction 

Serine hydroxymethyltransferase (SHMT) is one of the trio of 
enzymes which constitute the thymidylate synthase cycle for 
the production of the nucleotide precursor thymidylate. The 
enzyme catalyses the retro-aldol cleavage of serine to glycine, 
with the liberated hydroxymethyl group being transferred to 
tetrahydrofolate to produce 5,10-methylene tetrahydrofolate. 
Both products of this reaction are precursors for nucleotide 
biosynthesis. 

The fundamental cellular importance of SHMT is high- 
lighted in rapidly proliferating tissues where increased activity 
is required to satisfy the demands for nucleotide biosynthesis. 
Following mitogenic stimulation of human lymphocyte prolif- 
eration, elevated SHMT activity correlates with increased 
incorporation of radioactivity from [3-14C] serine into DNA 
(Eichler et al., 1981). Increased expression of SHMT has also 
been observed in a variety of tumors (Thorndike et al., 1979; 
Bukin & Draudin-Krylenko, 1980), including sarcomas and 
carcinoma of human and rodent origin (Snell et al., 1988). 
Thus, drug targeting of SHMT by anti-cancer agents is an 
attractive prospect. 

SHMT is a pyridoxal 5 '-phosphate-dependent enzyme and 
the primary structures of a large number of SHMTs from 
various species have been determined, including mammalian 
cytosolic and mitochondrial isoforms (Martini et al., 1987, 
1989; Garrow et al., 1993). Sequence homology to other pyri- 
doxal 5'-phosphate-dependent enzymes is low but a similarity 
to aspartate aminotransferase and related enzymes has been 
suggested (Alexander et al., 1994). A wealth of enzymological 
and mutagenesis data have been collected, especially on the 
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enzyme from Escherichia coli (Stover et al., 1992; Schirch et aL, 
1993). Currently, interpretation of these results is severely 
restricted by the lack of a three-dimensional structure. Crystals 
of the E. coli enzyme have been published (Stover et aL, 1993) 
but no structure has been reported yet. 

2. Materials and methods 

2.1. Overexpression and purification of  human recombinant 
cSHMT from E. coli 

Details of cloning will be published elsewhere. In brief, a 
cDNA encoding SHMT was isolated from a breast cancer cell 
line cDNA library (P. Byrne, personal communication). The 
SHMT cDNA was amplified by PCR and subcloned into pET- 
14b (Novagen) and used to transform BL21(DE3)pLysS. 
SHMT expression and purification was carried out according to 
Novagen's protocol. After resuspending the cell pellet in 10 ml 
binding buffer (20 mM Tris-HCl; 5 mM imidazole; 500 mM 
NaC1; 0.25 mM PMSF; 20 lag m1-1 DNAase I; 10 lag m1-1 
RNAase A; 2 lag m1-1 leupeptin; 3 lag m1-1 aprotinin; pH 7.9) 
the cells were sonicated and the cell debris removed by 
centrifugation. The cleared lysate was loaded onto a His.Bind 
resin column (Novagen). After washing the column with 
Binding Buffer, SHMT was recovered by elution with imida- 
zole. Following Novagen's protocol SHMT aggregated rapidly 
upon elution from the column. Protein precipitation was 
prevented by the addition of serine (final concentration 
2 mM); pyridoxal Y-phosphate (final concentration 2 mM) and 
dithiothreitol (final concentration 10mM) to the eluted 

Fig. 1. Hexagonal bipyramidal crystals of recombinant human cytosolic 
SHMT. 
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sample, and by decreasing the concentration of imidazole in 
the elution buffer (1000mM imidazole, 5 0 0 m M  sodium 
chloride; 20 mM Tris-HCl, pH 7.9) from 1000 mM to 250 mM. 
The protein was concentrated using Amicon Centriplus-30 
concentrators. The concentration step was also used to transfer 
the protein into 50 mM Tris-HCi pH 7.0, 2 mM serine, 2 mM 
pyridoxal 5 '-phosphate and 10 mM dithiothreitol.  

2.2. Crystallization and data collection 

Screening for crystallization conditions was performed 
according to the sparse-matrix method (Jancarik & Kim, 1991). 
using commercially available buffers (Hampton Research, 
Laguna Hills, CA, USA) and the His-tagged SHMT. Hanging 
drops were prepared by mixing 5 !al of protein solution (22- 
27 mg m l  ~ SHMT) with 5 p.l reservoir buffer over 700 !al of 
reservoir buffer. Crystals were flash cooled to 110 K for data 
collection. Glycerol was introduced by the serial transfer of 
crystals into crystallization buffer containing increasing 
concentrations [5-30%(v/v)]  of cryoprotectant.  Crystal- 
lographic data were recorded in-house using a Rigaku RU200 
rotating-anode generator  operating at 5.4 kW equipped with 
double-focusing mirrors, and an R-axis IIc detector. A native 
3.0 A data set was collected on one crystal in frames of 0.8 ~ 
rotation and an exposure time of 20 min per frame. The 
crystal-to-detector distance was 250 mm and a swing angle of 
9 ° was employed.  Data were processed using the H K L  suite 
(Otwinowski & Minor, 1997). 158 836 measurements  were 
reduced to 28 884 unique reflections. The overall completeness 
is 85.7% (24.7% in the shell from 3.03 to 3.00 A resolution) 
and the Rsy m based on intensities is 0.058 (0.247 for the 
outermost  resolution shell). The average ( I ) / ( ~ I )  is 21.1 
overall and 2.71 for the resolution shell 3.03-3.00 A. 

3. Results and discussion 

Human cytosolic SHMT is a homotet ramer ,  each monomer  
consisting of 483 amino acids with a molecular weight of 
53kDa.  The recombinant  His-tagged SHMT was over- 
expressed in E. coli and purified to homogenei ty  using metal- 
chelation chromatography. Using the protocol described above 
up to 15 mg of soluble, pure cytosolic SHMT was purified from 
1 1 of bacterial culture. This protein could be stored at 277 K 
for at least two months  without loss of activity, as measured by 
a radioactivity assay using [3-14C] serine as a substrate (Taylor 
& Weissbach, 1965). The purified protein was more than 98% 
pure as judged by Coomassie-blue staining of SDS-PAGE gels. 

Yellow crystals of hexagonal bipyramidal shape grew in 
1.0 M sodium acetate, 0.1 M imidazole pH 6.5 (Hampton  
Crystal Screen reagent 25) at 286 K after 1-2 d and grew to a 
typical size of 0.3 x 0.3 x 0.8 mm within one week. They 
belong to space group P6222 or P6422 with cell dimensions 
a = b = 155.0, c = 235.5 A and diffract to beyond 3.0 ,~ reso- 
lution. SHMT crystals were sensitive to X-ray exposure and 
survived for less than 10 rain on a rotating-anode source. 
Consequently, crystals were flash cooled at 110 K for data 
collection, using glycerol as the cryoprotectant.  The Matthews 
parameter  (Matthews, 1985) V~4 was calculated as 

7.5/n ,~3 Da-~ (n is the number  of monomers  per asymmetric 
unit). Hence, n = 2 or n = 3 would yield a V.u in the range 
usually observed with water-soluble proteins. Since human 
cytosolic SHMT is a te t ramer  in solution, only n = 2 would be 
consistent with the observed space-group symmetry. However,  
the susceptibility of the crystals to damage by X-rays and their 
modest  diffraction limit are propert ies consistent with a loose 
crystal packing, containing a single pro tomer  and a high 
solvent content.  Self-rotation functions calculated using 
X - P L O R  (Briingcr, 1992) or A L M N  from the CCP4 package 
(Collaborative Computat ional  Project, Number  4, 1994), using 
different resolution ranges and integration radii, were invari- 
ably featureless and native low-resolution Patterson functions 
lacked any pronounced pseudo-origin peaks. Thus, we assume 
that the te t ramer  occupies a special position with 222 
symmetry and the asymmetric unit contains only one monomer  
and about 85% solvent (V~t = 7.5 ,~3 Da- l ) .  Matthcws para- 
meters above 4.0 ,&3 Da-~ are rare for water-soluble proteins 
but do occur. The search for heavy atom derivatives is now 
under  way. 
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