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Ribosomal proteins are subjected to a variety of post-translational

modi®cations, of which methylation is the most frequently found in

all three kingdoms of life. PrmA is the only bacterial enzyme

identi®ed to date that catalyzes the methylation of a ribosomal

protein. It is responsible for the introduction of nine methyl groups

into the N-terminal domain of ribosomal protein L11. The PrmA

protein from Thermus thermophilus HB8 was crystallized and a

preliminary X-ray diffraction analysis was performed. A cryocooled

crystal diffracted X-rays beyond 1.9 AÊ using synchrotron radiation.
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1. Introduction

The ribosome is a large ribonucleoprotein

consisting of three RNA molecules (rRNAs)

and more than 50 ribosomal proteins. Many of

these ribosomal components are subjected to

various modi®cations. In all three kingdoms of

life, the most frequently found modi®cations

are methylated forms of nucleotides and

amino-acid residues (Alix, 1988; Decatur &

Fournier, 2002). While methyltransferases

(MTases, EC 2.1.1) for rRNA have been

investigated in great detail (Grosjean & Benne,

1998), there is little information available on

the ribosomal protein MTases. Two genes in

Escherichia coli have been implicated in the

methylation of ribosomal proteins: prmA for

L11 and prmB for L3 (Colson et al., 1979). The

prmA gene is dispensable in E. coli (Vanet et

al., 1994), but is widely conserved in bacteria

and also in plastids. To date, the PrmA protein

is the only ribosomal protein MTase in bacteria

that has been puri®ed and examined for

enzymatic activity (Vanet et al., 1994). It

contains a set of highly conserved amino-acid

residues speci®c to the S-adenosyl-l-methio-

nine (AdoMet) dependent methyltransferase

family (Vanet et al., 1993; Bujnicki, 2000). The

PrmA protein is involved in the introduction of

nine methyl groups into the N-terminal domain

of L11 (Colson, 1977; Alix et al., 1979; Colson

et al., 1979). Trimethylations take place at the

three independent sites: the N-terminal amino

group of the Ala1 residue (the initiating fMet

residue is removed) and the side-chain amino

groups of the Lys3 and Lys39 residues

(Lederer et al., 1977; Dognin & Wittmann-

Liebold, 1980).

L11 has been shown to participate in a

number of biologically intriguing processes. It

binds to a highly conserved stretch of rRNA to

constitute the GTPase-associated region of the

ribosome (Thompson et al., 1979; Schmidt et

al., 1981). This region is involved in regulating

the GTPase activity of the elongation factors

(Cundliffe, 1986). Thiostrepton and micro-

coccin, which are antibiotics that contain thia-

zole rings, inhibit this interplay by binding to

the interface between L11 and the RNA frag-

ment (Wimberly et al., 1999). L11 also plays a

critical role in the stringent response in vivo

(Parker et al., 1976; Ambulos et al., 1988; Ochi,

1990a,b), particularly through its N-terminal 36

residues (Yang & Ishiguro, 2001). It has been

suggested that the N-terminal domain of L11

alternates between different conformational

states in order to function as a molecular

switch (Wimberly et al., 1999). Although the

residues trimethylated by PrmA may be

involved in this molecular-switch mechanism,

two of them (Ala1 and Lys3) are missing in the

crystal structure of the L11±RNA complex

(Wimberly et al., 1999).

In the present study, we report the puri®-

cation, crystallization and preliminary X-ray

diffraction analysis of PrmA, the ribosomal

protein L11 methyltransferase from Thermus

thermophilus HB8. The protein contains 254

amino-acid residues and has a molecular

weight of 27.6 kDa.

2. Experimental and results

2.1. Purification and crystallization

The protein solution for crystallization was

prepared by the RIKEN Structural Genomics

Initiative (Yokoyama et al., 2000). PrmA was

overexpressed in E. coli strain BL21(DE3).

Cells were harvested and sonicated in 20 mM

Tris±HCl buffer pH 8.0 containing 50 mM

NaCl and 5 mM �-mercaptoethanol. The cell

lysate was then subjected to heat treatment

(10 min, 343 K) and denatured proteins origi-
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nating from E. coli were spun down by

centrifugation (1 h, 277 K, 185 000g).

Soluble proteins in the supernatant were

precipitated with 1.5 M ammonium sulfate

and dialyzed against 20 mM Tris±HCl pH

8.0. Resource Q (Amersham Biosciences),

Bio-Scale CHT-10 (Bio-Rad), BioAssist

Q (Tosoh) and HiLoad 16/60 Superdex

75 pg (Amersham Biosciences) columns

were subsequently employed at ambient

temperature to purify PrmA to homo-

geneity. The protein was ®nally concentrated

to 12 mg mlÿ1 in 20 mM Tris±HCl buffer pH

8.0 containing 150 mM NaCl and 1 mM

dithiothreitol.

We set up initial crystallization trials at

293 K using the hanging-drop vapour-

diffusion method. The commercially avail-

able kits Crystal Screen and Crystal Screen 2

(Hampton Research) were used for reser-

voir solutions. The volume of the reservoir

solutions was 200 ml and the drops contained

1 ml each of the protein and reservoir solu-

tions. Spherulites appeared overnight in a

drop containing 50 mM MES pH 6.5,

5%(v/v) dioxane and 800 mM ammonium

sulfate (Fig. 1a). We then varied the pH, the

concentrations of ammonium sulfate and

dioxane and the volume of the protein and

reservoir solutions mixed in the drops, but

no single crystals were obtained. Therefore,

reagents from Additive Screens 1, 2 and 3

(Hampton Research) were subsequently

tested. Several diols successfully gave single

crystals and crystals with sharp edges grew in

the presence of 1,6-hexanediol. We again

optimized the crystallization conditions by

changing the temperature and the volume of

the solutions mixed in the drops. Finally,

single crystals of about 60 � 80 � 300 mm in

size were obtained within 2 d in drops

containing 20 mM MES pH 6.8, 700 mM

ammonium sulfate, 4%(v/v) dioxane and

160 mM 1,6-hexanediol (Fig. 1b).

2.2. X-ray diffraction experiments

The reservoir solution was supplemented

with 320 mM 1,6-hexanediol and used to

harvest the crystals. However, the crystals

immediately cracked when transferred to

this solution. We thus re®ned the concen-

trations of the components and found

that the crystals could be stabilized in a

harvesting solution containing 50 mM MES

pH 6.8, 1.44 M ammonium sulfate, 5%(v/v)

dioxane and 320 mM 1,6-hexanediol. One of

the crystals was mounted in a quartz capil-

lary tube and an X-ray diffraction experi-

ment was carried out in the laboratory using

Cu K� radiation. An FR-D rotating-anode

X-ray generator (Rigaku) operating at

50 kV and 60 mA was used. Diffraction was

observed to only 3.5 AÊ at 293 K on an

R-AXIS IV++ image-plate area detector

(Rigaku). The resulting data were processed

with the HKL2000 suite (Otwinowski &

Minor, 1997). The crystal belongs to the

monoclinic space group C2, with unit-cell

parameters a = 83.30, b = 77.77, c = 62.73 AÊ ,

� = 130.77�. Assuming one PrmA molecule

in the asymmetric unit, the solvent

content was calculated to be 55.5%

(VM = 2.8 AÊ 3 Daÿ1; Matthews, 1968).

Typical antifreezing reagents were then

tested for the collection of data at cryogenic

temperatures. Although the PrmA crystals

were extremely unstable in the presence of

most of the cryoprotectants, 10%(v/v)

propylene glycol in the harvest solution

prevented ice formation without damaging

the crystals. Crystals were dipped in this

solution and then ¯ash-frozen in liquid

nitrogen. One of the cryocooled crystals

diffracted X-rays to better than 1.9 AÊ reso-

lution at 100 K using synchrotron radiation

at beamline BL44B2 of SPring-8 (Adachi et

al., 2001). The crystal belongs to space group

C2, like the crystal measured at 293 K, but

the unit-cell had contracted in every

dimension to a = 81.75, b = 75.69, c = 61.93 AÊ ,

� = 130.45�. The data-collection statistics are

given in Table 1.

2.3. Search for heavy-atom derivatives for

phasing

Although the crystal or solution struc-

tures of many AdoMet-dependent MTases

are available (Fauman et al., 1999), no PrmA

protein has yet been structurally character-

ized. Therefore, we ®rst aimed towards

phasing by the multiple isomorphous repla-

cement (MIR) method. Crystals were

soaked in the harvest solution containing

0.4±10 mM of heavy-atom compounds such

as platinum potassium thiocyanate, mercury

(II) cyanide and samarium (III) acetate

hydrate. X-ray diffraction experiments were

carried out at the same SPring-8 beamline.

The X-ray wavelength was tuned from

crystal to crystal, so that anomalous scat-

tering from the respective heavy atoms

could be utilized for phase determination.

We managed to ®nd Patterson peaks for

some of the crystals and used the program

SOLVE to locate the heavy-atom sites and

calculate initial phases (Terwilliger &

Berendzen, 1999). However, no inter-

pretable electron-density maps were

obtained by the MIR method because of

the non-isomorphism among the crystals

and/or the low occupancies of the heavy

atoms. In the course of further screening,

crystals soaked in 2 mM potassium tetra-

chloroaurate(III) gave strong and consistent

peaks in both the isomorphous and anom-

alous Patterson maps. We are now

attempting to solve the crystal structure by

the multiwavelength anomalous dispersion

method with these promising Au derivatives.
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