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Abstract:    RNA methyltransferase is responsible for transferring methyl and resulting in methylation on the bases or ribose ring 
of RNA, which existed widely but mostly remains an open question. A recombinant protein PH1948 predicting RNA 
methyltransferase from Pyrococcus horikoshii OT3 has been crystallized. The crystals of selenomethionyl PH1948 belong to 
space group C2, with unit-cell parameters a=207.0 Å, b=43.1 Å, c=118.2 Å, β=92.1°, and diffract X-rays to 2.2 Å resolution. The 
VM value was determined to be 2.8 Å3/Da, indicating the presence of four protein molecules in the asymmetric unit. 
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INTRODUCTION 
 

Methyl transfers are alkylation reactions central 
to cellular biochemistry, by far, S-adenosyl-L-me-
thionine (AdoMet) is the most commonly used 
methyl donor. AdoMet-dependent methyltransferases 
(MTases) involved in biosynthesis, detoxification, 
signal transduction, protein sorting and repair, 
chromatin regulation and gene silencing (Armengaud 
et al., 2004; Schubert et al., 2003). Including DNA 
MTase, RNA MTase, protein MTase, phospholipids 
and small molecule MTase, there are more than fifty 
MTases structures revealed by X-ray crystallography 
and NMR (Forouhar et al., 2003; Cheng and Roberts, 
2001). Among these MTases, RNA MTase high ca-
pability to act on RNA directly relates to gene 
transcription and expression. Such as methylation of 

methylation of the 5′-terminal cap of mRNA involved 
its transportation, efficient translation, and stability 
(Chiang et al., 1996). 

For MTases, the lack of appropriate substrates, 
instability, or low activity of the enzymes, and pos-
sible redundancy of their functions in vivo, hampered 
their identification and functional characterization. 
There are 14 MTases concerning methylations of 23S 
rRNA in E. coli, but few of the methylating activities 
have been described to the level of the partial purifi-
cation, and only one had been well characterized 
(BÜgl et al., 2002). According to Clusters of 
Orthologous Groups (COGs) concerning the func-
tional category of translation, ribosomal structure and 
biogenesis, the number of proteins known or pre-
dicted to be RNA MTases is 503. Among them, 15 
MTases come from Pyrococcus horikoshii OT3. It is 
almost impossible to characterize all of them by 
classical biochemical approach. Solution and analysis 
of MTases or the complex structures, combining so-
phisticated sequences comparisons and MTases with 
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known functions, will assist in identifying the bio-
chemical and cellular function of the unknown 
MTases (Martin and McMillan, 2002).  

Protein PH1948 was predicted as a kind of RNA 
MTase (also called RNA methylase) in Pyrococcus 
horikoshii OT3, although it has not been fully identi-
fied. Here we present preparation, crystallization and 
preliminary X-ray diffraction analysis of PH1948 for 
structural analysis. 

 
 

EXPERIMENTAL DETAILS 
 
Protein expression and purification 

The PH1948 gene amplified by PCR from ge-
nomic DNA of Pyrococcus horikoshii OT3 was 
cloned into vector pET26b (Novagen), then the re-
combinant vector was transformed into Escherichia 
coli strain B834 (DE3) for protein expression.  

Twenty ml aliquots of an overnight culture were 
inoculated into 2 L LB medium containing 15 µg/ml 
kanamycin, and grown at 310 K. While optical den-
sity at 600 nm was about 0.6, this strain’s cells were 
induced by the addition of 1 mmol/L isopro-
pyl-β-D-thiogalactopyranoside (IPTG), and grown 
continuously for 5 h. The harvested cells were re-
suspended in buffer A (50 mmol/L sodium phosphate 
pH 6.0) and disrupted with a French press. The lysate 
was incubated at 343 K for 30 min, then kept on ice 
for 10 min, finally centrifuged (40000×g for 30 min, 
277 K). The supernatant was filtered (0.45 µm, 
Millipore) and applied onto a HiTrap SP HP column 
(Amersham Bioscience) equilibrated with buffer A. 
The bounded protein was eluted with a linear gradient 
of NaCl (0−1 mol/L, 20 column volumes). The target 
fraction was loaded onto a column HiLoad 26/60 
superdex75pg (Amersham Bioscience), balanced 
with buffer B (50 mmol/L sodium phosphate pH 6.0, 
0.5 mol/L NaCl). The peak fraction was dialyzed 
overnight against buffer, then applied onto a Resource 
S column (Amersham Bioscience). With a linear 
gradient of 0 to 1.0 mol/L NaCl (30 column volumes), 
PH1948 was eluted at 0.54 mol/L NaCl. The protein 
buffer was exchanged by dialysis against 10 mmol/L 
Tris-HCl pH 9.0, then concentrated to a final con-
centration of 5 mg/ml. Purification of the Se-
Met-substituted PH1948 (Se-PH1948) is the same as 
that of the native protein. 

Crystallization and X-ray data collection  
Hanging-drop vapour diffusion method was ap-

plied to perform initial screening with crystallization 
screening kits. Each drop consisted of 1 µl sample and 
1 µl reservoir solution, equilibrated against 100 µl 
reservoir solution at 293 K. Initial crystals were ob-
tained with Hampton Research Crystal Screen I (No. 
14, 0.1 mol/L HEPES-Na pH 7.5, 28% PEG400, 0.2 
mol/L CaCl2). Further optimization was done to im-
prove the quality of crystals using hanging-drop 
method for Se-PH1948. The drop contained 1.5 µl 
sample and 1.5 µl reservoir solution, then equilibrated 
against 1 ml reservoir solution. Large crystals reach-
ing dimensions of 0.35 mm×0.25 mm×0.1 mm grew 
within 2 weeks, which were achieved at the condition 
of 0.1 mol/L HEPES-Na, pH 7.0−7.2, 28%−30% 
PEG400 and 0.1 mol/L CaCl2 (Fig.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diffraction data of Se-PH1948 crystals were 
obtained out at PF-AR NW-12 beamline (Tsukuba, 
Japan). The crystals were flash-cooled under a stream 
of nitrogen gas after soaking in mother liquor con-
taining 10% glycerol. To overcome the mosaicity 
increased by flash-cooling, an in situ flash-annealing 
technique was used (Yeh and Hol, 1998). All data 
were processed with HKL2000 and CCP4 software 
(Collaborative Computational Project, Number 4, 
1994). 
 
 
RESULTS AND DISCUSSION  
 

The high expression level of PH1948 and the 
application of heat treatment facilitated the separation 
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Fig.1  Crystals of Se-PH1948 
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and purification process without affinity tag, although 
recombinant protein Se-PH1948 was very sensitive to 
the buffer pH during concentration. At the relatively 
low protein buffer pH used (pH below 8.5) aggregates 
rapidly appeared during concentration. It was no 
available for inhibiting the aggregation to add sodium 
chloride. The experimental trial showed that pH 9.0 
Tris buffer could inhibit the aggregation. So before 
concentration of the protein, the buffer was substi-
tuted by 10 mmol/L pH 9.0 Tris-HCl. 

Initial screening of the crystallization conditions 
showed that crystals grew in No. 14 of Crystallization 
Screening I, but that the crystals were thin and dif-
fracted poorly. While protein concentration decreased 
from 5 to 3 mg/ml, the crystals grew relatively slowly. 
However, larger and reproducible crystals were ob-
tained. The data-collection statistics are presented in 
Table 1. The selenium containing crystals belonged to 
the monoclinic space group C2, with unit-cell pa-
rameters a=207.0 Å, b=43.1 Å, c=118.2 Å, β=92.1°, 
and diffracted to 2.2 Å, The asymmetric unit con-
tained 4 molecules, and the crystal volume per unit 
molecular weight (VM) was calculated to be 2.8 Å3/Da, 
correspondingly giving a solvent of 44%.  
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Table 1  X-ray data-collection statistics for a 
Se-PH1948 crystal. Values in parentheses refer to the 
highest resolution shell 

Beamline NW12 (PF) 
Wavelength 1.00 Å 
Space group C2 

a=207.0 Å, b=43.1 Å, c=118.2 ÅUnit cell parameters 
 α=90°, β=92.1°, γ=90° 
Resolution 50.00−2.20 Å (2.28−2.20 Å) 
Unique reflections 53514 
Completeness 99.3% (94.9%) 
Redundancy 5.0 (4.1) 
I/σ 20.0 
Rmerge

* 4.6% (21.8%) 
*

merge h hj hjh j h j
R I I I= 〈 〉 −∑ ∑ ∑ ∑  


