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Fibrillarin plays a central role in ribosome biogenesis as a ribosomal

RNA-processing protein. A Methanococcus jannaschii homolog of

®brillarin has been overexpressed, puri®ed and crystallized. Crystals

belong to the C2 space group with unit-cell parameters a = 121.4, b =

43.2, c = 55.3 AÊ , � = 96.9�. Under ¯ash-frozen conditions and using

synchrotron radiation, the crystals diffract to 1.8 AÊ resolution. For

structural determination, a selenomethionine derivative of the

protein has also been crystallized.
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1. Introduction

Ribosome biogenesis in eukaryotes takes place

in a specialized nuclear structure, the

nucleolus. Apart from the synthesis of ribo-

somal proteins and primary pre-ribosomal

RNA (pre-rRNA) transcripts, ribosomal

maturation requires three major activities: (i)

processing of the pre-rRNA into smaller tran-

scripts, (ii) modi®cation of the processed pre-

rRNA and (iii) assembly of the ribosomal

proteins and rRNA into ribosomal subunits.

These three activities are catalyzed by supra-

molecular complexes which are themselves

ribonucleoproteins (Fournier & Maxwell,

1993). Recent biochemical analyses of these

nucleolar complexes have revealed that they

contain a family of small nucleolar RNAs

(snoRNAs), ranging in size from 90 to 600

nucleotides, which associate with highly

conserved proteins, including ®brillarin (Four-

nier & Maxwell, 1993).

Fibrillarin forms part of the dense-staining

®brillar regions of the nucleolus as detected in

electron micrographs. Although the biochem-

ical function of ®brillarin is not well under-

stood, an in vivo mutational analysis in yeast

has shown that ®brillarin mutants can affect

each of the three post-transcriptional activities

required for ribosomal maturation, including

pre-rRNA cleavage, rRNA methylation and

the actual assembly of the ribosomal subunits

(Tollervey et al., 1991, 1993). Evidence to

support ®brillarin's role in RNA binding and

modi®cation comes from in vitro studies that

show ®brillarin coprecipitates with small

snoRNAs containing conserved sequences

designated as C and D boxes (Baserga et al.,

1991). In many instances, these boxes are

thought to guide rRNA methylation (Cavaille

et al., 1996; Tollervey, 1996).

Antibodies to ®brillarin have been found in

the sera of patients with scleroderma, a human

autoimmune disease that causes ¯aking and

hardening of the skin (Arnett et al., 1996).

Similar antibodies are also elicited after

exposure to toxic amounts of mercury and it

has been shown that mercury binds ®brillarin

at two cysteine residues (Pollard et al., 1997).

Structural information on ®brillarin may

contribute to an understanding of both its

apparent multifunctional role in ribosome

biogenesis and its involvement in autoimmune

disorders.

We have cloned a homolog of human ®bril-

larin from an archaeon, M. jannaschii, encoded

by the gene designated Mj697 (Bult et al., 1996;

Amiri, 1994). Although the hyperthermophilic

methanogen does not contain an organized

nucleus (and hence, nucleolus), this 26 kDa

protein shares 36% sequence identity and 68%

sequence homology with human ®brillarin. It

is, however, shorter than the human version

(230 amino acids versus 321 amino acids in

humans) and lacks the arginine- and glycine-

rich sequence that may locate ®brillarin in the

nucleolus (Schimmang et al., 1989).

2. Experimental

2.1. Strains, plasmids and oligonucleotides

The Mj697 gene was ampli®ed using the

polymerase chain reaction (PCR) with M.

jannaschii genomic DNA as the template and

two oligonucleotide primers (A and B).

Upstream primer A (50-GCGGATCCAT

ATGGAAGACATTAAAATCAAAGAG-30)
contains an NdeI restriction site (underlined)

with an internal ATG translation initiation

codon. Downstream primer B (50-CC

GGATCCCTCGAGTCATTTTCCCTCC-
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CAAATACCTAC-30) contains a BamHI

restriction site (underlined). The 717 base-

pair blunt-ended PCR product was ligated

into the SmaI site of Bluescript SK+ (Stra-

tagene) and transformed into E. coli XL-1

Blue (Stratagene) with blue-white selection

for inserts on Xgal plates containing ampi-

cillin (50 mg mlÿ1). White colonies were

picked and the plasmid DNA was sequenced

to con®rm the identity of the Mj697 gene.

An NdeI/BamHI restriction fragment

containing the gene was gel puri®ed and

ligated into the pET21a expression vector

(Novagen) to construct the ®brillarin

homolog expression vector, pET21a/Mj697.

2.2. Bacterial expression and protein

puri®cation

pET21a/Mj697 was transformed into E.

coli BL21 (DE3) cells harboring the plasmid

pSJS1240, which encodes tRNAs for the rare

E. coli isoleucine (ATA) and arginine

(AGA) codons (Kim et al., 1999). For over-

expression, cells were grown to an OD600 of

1.0 and induced with 0.5 mM isopropyl-�-d-

thiogalactoside (IPTG) for 6 h. Cell pellets

were harvested and sonicated in 25 mM

Tris±HCl pH 7.5, 2 mM DTT, 1 mM EDTA,

10% glycerol and 1 mM PMSF. After

centrifugation at 20000g for 20 min, the

supernatant was heated at 358 K for 30 min.

The heat-treated mixture was centrifuged at

40000g for 30 min in a Beckman Type Ti 60

rotor and the supernatant was applied onto

a 1 ml Pharmacia High Trap Q column

equilibrated with a buffer containing 50 mM

Tris±HCl pH 7.9 and 50 mM NaCl. Most of

the contaminating E. coli proteins bound to

the column, whereas the ®brillarin homolog

protein eluted in the ¯owthrough. The esti-

mated yield was 35 mg of puri®ed protein

from 1 l of cells. The purity of the expressed

®brillarin homolog was con®rmed by SDS±

PAGE and electrospray mass spectrometry.

The results of the electrospray mass spec-

trometry displayed a predominant peak at

25.971 kDa, corresponding to the predicted

molecular weight (25.965 kDa).

2.3. Crystallization of native protein

For crystallization trials, the ®brillarin

homolog protein was concentrated to

25 mg mlÿ1 using vacuum dialysis at 277 K

against 50 mM Tris±HCl pH 7.9, 50 mM

NaCl. Crystallization conditions were tested

using the sparse-matrix sampling method

(Jancarik & Kim, 1991) with commercially

prepared reagents (Hampton Research).

The hanging-drop vapor-diffusion method

was used by mixing equal volumes (1 ml) of

the protein and screening solutions and

equilibrating against the corresponding

reservoir solutions (500 ml) at room

temperature. Monoclinic crystals were

prepared using 20% PEG 4000 with 20% 2-

propanol and 0.1 M sodium citrate pH 5.6.

Crystals were grown for 3 d to dimensions of

approximately 0.5 � 0.3 � 0.2 mm.

2.4. Expression, puri®cation and

crystallization of selenomethionine-

substituted protein

The pET21a/Mj697 expression vector was

transformed into E. coli B834 (DE3), a

methionine auxotroph (Novagen). Trans-

formed cells were grown at 310 K in M9

minimal media containing 45 mg mlÿ1 of

selenomethionine, 50 mg mlÿ1 of ampicillin

and 30 mg mlÿ1 of spectinomycin. Cells were

induced at an OD600 of 0.7 with 0.5 mM

IPTG for 6 h. Fibrillarin homolog protein

containing selenomethionine (SeMet) was

puri®ed as described above. Electrospray

mass spectrometry con®rmed that all ®ve

methionine sites, including the ®rst methio-

nine, were substituted with selenomethio-

nine. The SeMet crystals were grown under

the same conditions as before,

except that they were seeded

with native crystals.

2.5. X-ray data collection

Fully grown crystals (Fig. 1)

were transferred to arti®cial

mother liquor (0.1 M sodium

citrate pH 5.6, 25% PEG 4000,

25% 2-propanol, 15% glycerol)

for 30 min before ¯ash-freezing

and data collection. Preliminary

X-ray data were collected at

approximately 100 K on a

Rigaku R-AXIS IIC imaging-

plate system, using Cu K�
radiation from a Rigaku RU200

HB rotating-anode generator operated at

40 kV and 100 mA. Native data using a

synchrotron source was collected at the

SSRL beamline 1±5. The crystal-to-image-

plate distance was 153 mm and the oscilla-

tion range was 2�. Crystals diffracted to

2.3 AÊ on the R-AXIS system and to 1.8 AÊ at

the Stanford Synchrotron Radiation

Laboratory (SSRL). Autoindexing and data

processing were performed with DENZO

(Otwinowski, 1993).

3. Results and discussion

Phylogenetically, Archaea is closer to

Eukarya than to Bacteria, and a hyperther-

mophilic Archaeon serves as a very useful

source for proteins that are unstable and/or

dif®cult to purify from eukaryotic organisms.

We have shown that heterologous expres-

sion of a hyperthermophile homolog of

human ®brillarin in E. coli cells containing

plasmid-encoded tRNAs for two rare

codons resulted in high levels of soluble

recombinant protein. Puri®cation of the

protein was straightforward since the

hyperthermophilic protein can withstand

heat treatment that precipitates most E. coli

proteins. Thereafter, a single elution on an

anion-exchange column was required to

yield crystallizable protein.

Preliminary diffraction data show that

native crystals belong to the monoclinic C2

space group with cell parameters of a = 121.4,

b = 43.2, c = 55.3 AÊ , � = 96.9�. Vm was

calculated to be 2.78 AÊ 3 Daÿ1 with Z = 4,

corresponding to one molecule per asym-

metric unit. The solvent content was deter-

mined to be 55% using the Matthews

equation (Matthews, 1968). The statistics

from a complete data set collected at SSRL

to 1.8 AÊ resolution are shown in Table 1.
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Jaru Jancarik and Kyeong Kyu Kim for help
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Figure 1
Native crystals of the M. jannaschii ®brillarin homolog grown from
20% PEG 4000, 20% 2-propanol, 0.1 M sodium citrate pH 5.6 have
dimensions 0.5 � 0.3 � 0.2 mm. The space group is monoclinic C2.

Table 1
Data-collection statistics.

Data in parentheses refer to the last resolution bin.

Resolution (AÊ ) 50.0±1.8 (1.91±1.83)
Total observations 105038
Unique re¯ections 31292 (3094)
Rsym² (%) 6.6 (45.9)
Completeness (%) 99.3 (99)

² Rsym =
P�jI ÿ Ij�=P I:
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