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Crystallization of RNA/protein complexes RNA molecule and to design suitable RNA fragments for complex
preparation and crystallization (Serganeival., 1996; Gongadzet

al., 1999; 2001; Tishchenket al, 2001). Three complexes (among

Maria Garber, ?eorge C.}ongadfe, Vladm!|r . the four listed in the table) were prepared with RNA fragments
Meshcheryakov,’ Oleg Nikonov," Alexey Nikulin,” Anna transcribedin vitro. In the case of CTC/RNA complex, we used

Perederina,” Wolfgang Piendl,” Alexander Serganov’' and stable fragments of 5S ribosomal RNA, obtained by limited
Svetlana Tishchenko® hydrolysis with ribonuclease A (RNase A). In each case we tried

several RNA fragments of different content and length to succeed in
obtaining perfect crystals. We also tried to crystallize hybrid
complexes containing homologue RNA and protein components
from different organisms.
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2. Experimental

2.1. Preparation and crystallization of S15/rRNA complex
Different complexes  of rlbqsomal protel.ns with specific rRNA The 57-nt RNA fragment was obtained loyvitro transcription with
fragments have been crystallized and studied by our group during th . . -

; . 7 RNA polymerase from linearized plasmid DNA followed by
last six years. There are several factors important for SucceSSfuself—excision of hammerhead ribozvme from the 3' end of
crystallization of RNA/protein complexes, among them: length and . ; Dozy .

! . “synthesized RNA. The reaction mixture was concentrated using a
content of RNA fragments, homogeneity of RNA and protein

. . " L Centricon, and then the RNA fragment was purified by gel-
preparatlo_ns, stability of the complexes,_cor_ldltlons for mixing RNA electrophoresis in the presence of 8 M urea (Sambeaak, 1989).
and protein components before crystallization, effect of Se-Met ON\wiid type and mutant S15 were produced in a 8834(DEé) strain and

RNA/protein complex crystal quality. In this paper we describe = .
findings and methodical details, which helped us to succeed i Zﬁgﬁﬂrﬁy(sloe? \?V);Csh;r::%?pzl:;?gaitﬁg?ﬁgypgé rigr’lagfr\ﬁlé tlr?eg;)r.o wth
obtaining X-ray quality crystals of several RNA/protein complexes. on minimal media containing selenomethionine (Se-Met). RNA and
Keywords: RNA/protein complexes; homogeneity of RNA protein were mixed in equimolar amounts and crystals were grown
fragments; hybrid complexes; crystalliza’tion; additives by hanging drop technique .from 1.OM (NSO, 1.5 mM Mg(.:b

50 mM KCI and 50 mM sodium cacodylate (pH 6.2) af@4during

3-5 days. For the MAD phasing, a two-wavelength data set was

. obtained from a crystal of the complex containing S15 with two Se-

1. Introduction Met residues replacing Met57 and Met58. In the second step, a
In the recent years, there were many publications on successfiiree-wavelength MAD experiment was performed with a crystal o
crystallization and structural studies of different specific the complex containing S15 protein mutated at lle1l and Ala79 for
RNA/protein complexes. The first prerequisite for success in thesdWo additional Se-Met. Before freezing in liquid ethane, the crystals
studies was the development of the methodsifaditro transcription ~ Were transferred to 25% glucose with 2.0 M (§$$0, and 100 mM
and purification of RNA fragments (Uhlenbeck, 1987; Taétaal., sodium cacodylate at pH 6.2, and soaked in this solution for 3 h at
1991). Very useful methodical publications are available on largef©0m temperature.
scale preparation of RNA suitable for crystallographic studies, on a
general module for RNA crystallization and on application of protein 2.2. Preparation and crystallization of S8/rRNA complex
engineering for protein/RNA complex crystallization (Priee al.,

1995: Oubridget al, 1995; Ferre-D’Amaret al., 1998). All RNA fragments were obtained by transcription from synthetic

DNA templates using T7 RNA polymerase. RNA was purified on
denaturing polyacrylamide slab gel (Wyatt et al., 1991), eluted,

Table 1 precipitated by ethanol and dissolved in 15 mM sodium cacodylate
Crystals of ribosomal RNA/protein complexes. buffer, pH 6.5, with 5 mM MgCJ. The gene for theM. jannaschii
i : ribosomal protein S8 was cloned and overexpressed irEtheli

gig}ﬁ'ﬁA — 'gngageso'”t'on Siﬁﬁgﬁ ) strain BL21(DE3) as a host. To avoid potential misincorporation of
thermophilus ’ ’ amino acids (e.g. Lys instead of Arg as in Calderone et al., 1996),
S8/FRNA from Methanococcus 2.6 A Tishchenko et al., the host strain was cotransformed with pUBS520, a plasmid carrying
jannaschii . (2001) the gene for tRNARC e (Brinkmann et al., 1989). For MAD
EZ%;%&“es'g?;e,'\l”/\frf‘r’g“m? 23A Fedorov etal. (2001) phasing, Se-MetS8 was produced by essentially the same procedure,
Escherichia coli but with theE.coli strain B834(DE3) and minimal media containing
L5/rRNA, the protein from T. 25A Perederina et al., Se-Met (Leahy et al., 1992). The protein was purified by cation-
thermophilus, 55 rRNA from E. unpublished exchange chromatography and dialyzed against 40 mM sodium

coli

cacodylate buffer at pH 6.5, containing 40 mM NaCl and 2 mM
) ) . DTT. The RNA fragment and protein S8 were mixed in equimolar
Our group during the last six years focused efforts on studies ofymoyunts (3mg/ml for RNA and 3.5 mg/ml for S8). Crystals were
ribosomal  RNA/protein - complexes. Four crystallized binary grown by the vapor diffusion method at 4°C. Hanging dropsui3
complexes between ribosomal proteins and fragments of ribosomalere made by mixing the RNA/S8 complex with 2.8 M (NSO,
RNAs are listed in Table 1. In every concrete case it was necessary, 100 mM sodium cacodylate buffer, pH 6.5, in a 2:1 volume ratio,
to identify minimal specific binding site for the protein on its target egpectively. The well solution was made from 2.2 M (SO, in
100 mM sodium cacodylate buffer at pH 6.5. Crystals appeared

! Present address: Laboratory of Nucleic Acid and Protein Structures, within three days. Before freezing in liquid nitrogen, the crystals

Memorial Sloan-Kettering Cancer Centre, 1275 York Avenue, Box 557, New Were soaked in the next cryo-protective solution: 30% glucose with
York, NY 10021, USA. 2.5 M (NH,),S0O; and 100 mM sodium cacodylate at pH 6.5. A
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mixture of ammonium sulphate with glucose was added to themM KCI, 4 mM CdCl, 15% (v/v) MPD and 10% (w/v) PEfg, The

crystallization solution, step by step, and when the final

crystals were soaked for 1 h and flash-frozen in liquid nitrogen.

concentration of glucose was reached, the crystals were kept in the

cryoprotective solution for 1 h at room temperature.

2.3. Preparation and crystallization of L5/rRNA complex

L5 from T. thermophilugTthL5) was cloned and overproducedin
coli cells as described by Gongadetal. (2001). The protein was
purified by combination of hydrophobic and cation-exchange
chromatography as previously reported for otflerthermophilus
ribosomal proteins (Vysotskayet al., 1994; Meshcheryakogt al.,
1997). The RNA fragment corresponding to the binding site for L5
onE. coli5S rRNA (nucleotides 28-56) was synthesizedrbyitro
transcription from linearized plasmid using T7 RNA polymerase.
Extra G and C nucleotides were added at 3’ and 5’ ends of the RN
to stabilize its double helix. The plasmid contained the following

elements: a T7 promoter, a template for the target RNA sequence‘ﬂ
and Sma | site used for plasmid linearization. The RNA fragment

was isolated as described by Gongaétel. (2001). The purified

components, L5 and fragment of 5S rRNA, were mixed in equimolar

3. Results
3.1. Length and homogeneity of RNA fragments

Size and homogeneity of RNA fragments are highly important for
successful crystallization and for crystal quality. Below we describe
our experience in selecting RNA fragments and on their purification
for crystallization of several RNA/protein complexes.

3.1.1. S15/rRNA complex. S15 is one of the most important
proteins of the small ribosomal subunit. It binds specifically and
strongly to 16S rRNA independently of the presence of other
ribosomal proteins. The minimal rRNA fragment binding S15
rotein fromThermus thermophilusias determined by chemical and
iochemical approaches (Serganov et al., 1996). It consists of 56 nt
nd contains three shortened helices H20, H21 and H22 of 16S
'RNA, the latter two being closed by UUCG tetraloops (Fig. 1).

amounts in 10 mM sodiuracodylate at pH 7.0, 10 mM MggCand seot  H2aaoG"R 57 nt ergei &

200 mM KCIl. The -concentration of the complex in the 0 %. :?‘G 20 %. =
crystallization solution was 2 mg/ml. The complex solution was o s V5, ch@UG‘ao 0 e Bt o
mixed with an equal volume of the precipitant solution: 50 mM =& ol

sodium cacodylate, pH 6.5, 100 mM Mg(GEDO),, 50 mM KF ‘E,-:%AG g:g“

and 10% (w/v) polyethylene-glycol 8000 (PEfm). For Sl (rpiakll &-C

crystallization, handing drops of the 2{8 of the mixture were € e

placed on siliconized cover slips over 0.25-0.5 ml reservoir solution

containing 50 mM sodium cacodilatpH 6.5, 100 mM g o
Mg(CH3C_:O_O)Z, 200 mM KCI an_d 10% (w/v) PEggg Crystals were 6l nt aa C\GGC 63 nt e GUGGQZ\G&
grown within a few days to a size of up to 0.05 x 0.05 x 0.1 mm at 20 1 e A \C\A\C ks
room temperature. Subsequently, a Se-Met derivative for L5 was UCG!GFCUAG; G el o 2@;@" \'mc,”\:
prepared, its complex with the fragment of 5S rRNA was obtained, ey \f)i‘ccc UUCf,GcU G \‘c\gcc

and crystals of this complex were produced under conditions G Cac 5.3_“3

identical to those described for the native L5/fRNA complex. For oacien %

diffraction data collection, the following cryo-protective solution ChlEhle e

was used: 25 mM sodium cacodylate at pH 6.5, 50 mM Figure 1

Mg(CH,COOY), 100 mM KCI, 25 mM KF, 5% (w/v) PEGgo and

20% (v/v) 2-methylpentane-2,4-diol (MPD). The crystals were T. thermophilus€6S rRNA fragments binding ribosomal protein S15.

soaked for 2 h and flash-frozen in liquid nitrogen.

2.4. Preparation and crystallization of CTC/rRNA complex

The protein was prepared from aB. coli strain-overproducer
BL21(DE3)pLysS-pET11c-CTC (Gryaznovat al, 1996) and

However, S15 protein complexed with this minimal fragment

was not crystallizable. Therefore we tried several RNA fragments of

different length: 57, 61 and 65 nt. (Fig. 1) for the complex
preparation and crystallization. Crystals were obtained only for the
complex containing the 57 nt. fragment. Larger fragments were not

purified as described by Meshcheryakov et al. (1997). 39 nt.suitable for crystallization. A difference of only one nucleotide at the

fragmentE. coli 5S rRNA protected by CTC from RNase A activity
was prepared and purified as described in Gongadza. (1999).

5‘end of RNA molecule was crucial for crystallization. When the

structure of the complex was determined, we found that two

The purified components, CTC and 5S rRNA fragment, were mixedsymmetry-related molecules of RNA in the unit cell within the

in equimolar amounts to a final complex concentration of 6 mg/ml in
10 mM sodium cacodylate at pH 7.0, 50 mM MgGind 50 mM
KCI. The complex solution was mixed with an equal volume of the

crystal interact by the ends of helices 20. Therefore one unpaired
nucleotide at the 3nd could prevent crystallization (Figa2b).
First the 57-nt RNA fragment was obtained by run-ffvitro

precipitant solution: 50 mM sodium cacodylate at pH 7.0, 50 mM transcription from the linearized plasmid DNA (scheme in Fig. 3a),

MgCl,, 50 mM KCI, 4 mM CdC} and 7% (v/v) MPD. For
crystallization, hanging drops of the 248 of the mixture were

and the reaction mixture was fractionated by gel-filtration on Prep
BioSil SEC-250. However, as a result of the T7 RNA-polymerase

placed on siliconized cover slips over 0.25-0.5 ml reservoir solutionnon-specificity, the transcription product besides the 57 nt. fragment

containing 50 mM sodium cacodylate pH 7.0, 200 mM KCI and
15% (v/v) MPD. Crystals were grown within a few days at room

contained also in rather large amount 58 and 59 nt. fragments, which
could not be removed by gel-filtration (Figa4nd line 10 in Fig.

temperature. Subsequently, a Se-Met derivative for CTC was#b). These fragments could be separated by gel-electrophoresis in
prepared, its complex with the fragment of 55 rRNA was obtained,denaturing conditions as in Sambroekal. (1989), but it leads to a
and crystals of this complex were produced under conditionsgreat loss of RNA. To overcome this problem, we decided to use

identical to those described for the native CTC/rRNA complex. For

DNA construction with a 3'cis-acting hammerhead ribozyme (Fig.

diffraction data collection, the next cryoprotective solution was used:3b). However, the transcription product was again non-homogeneous

10 mM sodium cacodylate at pH 7.0, 100 mM Mg(§3©0), 100

and could not be purified by gel-filtration only. Then we prepared a
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Scheme forin vitro transcription of the 16S rRNA 57 nt. fragment binding
S15 protein: (@) run-off transcription from the linearized plazmidb)
transcript from the DNA construct flanked by 8is-acting hammerhead
ribozyme; (c) transcript from the DNA construct flanked by 5" and &5
acting hammerhead ribozymes.

m
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Figure 4

Purification of the 16S rRNA 57 nt. fragment binding S15 protein (analysis
by polyacrylamide gel electrophoresigp) standard run-off transcription:
lane 1 - transcription mixture, lanes 2 and 3 — the 57 RNA fragment and RNA
impurities of similar size after gel-filtratior(b) transcription from the DNA
construct flanked by 5’ and is-acting hammerhead ribozymes: lane 1 —
initial transcription mixture, lane 2 — transcription mixture after incubation at
50°C in the presence of 30 mM Mglane 3 — ribozyme fraction after gel-
filtration, lanes 4-9 — fractions of the 57 nt RNA fragment after gel-filtration,
lane 10 — the 57 nt RNA fragment obtained by standard run-off transcription
after gel-filtration; (c) transcription from the DNA construct flanked by 3’
The ends of symmetry-related RNA molecules form a stacking interaction incis-acting hammerhead ribozyme: lane 1 —transcription mixture after
the S15/rRNA crystal(a) Overall view. (b) Stereo view of the stacking incubation at 37°C in the presence of 30 mM MgQdnes 2-5 — fractions of
interaction between two G-C pairs at the ends of two symmetry-related RNAthe 57 nt. fragment after purification by gel-electrophoresis followed by
molecules. chromatography on mono-Q columfd) Scheme of purification of the 16S
rRNA 57 nt. fragment binding S15 protein.

Figure 2

construction with twacis-acting hammerhead ribozymes (Fig. 3c) as 3.1.2. S8/rRNA complex. Binding site for ribosomal protein S8

in Priceet al. (1995). In this case the product of transcription was on helix H21 of 16S rRNA is located near the binding site for S15.
homogeneous and could be purified by gel-filtration only, but the Similarly to S15, S8 protein binds to 16S rRNA specifically,
yield of this transcript was rather low (Fig. 4b lines 4-9). Moreover, strongly and independently on the presence of other ribosomal
it turned out that this transcript was not as good for crystallization asproteins. The nucleotide sequence of the binding site for S8 is
the transcript prepared from the construct with only thei8‘acting conserved among Bacteria and Archaea. Nucleotides, essential for
ribozyme. The ends of RNA transcripts were different: the cleavageS8 recognition, are located in a very irregular region, which
by a 5’ cis-acting ribozyme generates hydroxyl group at the 5’ end of interrupts the helix. For crystallization trials we used bacterial S8
the RNA transcript instead of three-phosphate group (see E)g. 3 protein fromT. thermophilus(TthS8) and its archaeal homologue
Probably, this can influence the interaction between the ends of thérom Methanococcugannaschii (MjaS8). Several fragments of
two RNA molecules in the crystal. Finally, the best crystals of the bacterial 16S rRNA fronT. thermophilusand archaeal 16S rRNA
S15/rRNA complex were obtained using the transcript from thefrom M. jannaschiiwere prepared bin vitro transcription, and four
construct with the 3tis-acting ribozyme. This RNA fragment was of them were suitable for crystallization in complex with S8 protein
purified by gel-electrophoresis in the presence of 8 M urea (Fig.(Fig. 5). We found, that the minimal fragment binding S8 should
4c, d). contain not less than 35 nt. Such fragment of bacterial rRNA binds

1666 Garber et al. Acta Cryst. (2002). D58, 1664—1669
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S8 from bothM. jannaschiiand T.thermophilus but shorter RNA 5S rRNA
fragments do not possess the binding capacity. All RNA fragments
were synthesized bip vitro transcription with T7 RNA-polymerase. \ cGy F T T T e,

. . - o ) . 5 fexit O
First we tried to crystallize the fragments purified by gel-filtration, UGCCUGECaY  PGCGCUGUGGUOCICA C C UGA Ul
but it turned out that the quality of crystals was much better after Url‘cléég‘lcéétljl A "'ééc'éé;lnﬁéégl "G'Aél'J c S
purification by gel-electrophoresis at denaturing conditions (2.8 A 3 W | A—A Cap6 |
resolution in comparison with 4.0 A resolution). o5 Binding site for LS

A G
[+
AE:EG ségcnccucac CMU
I c
Thermus Methanococcus — L B GCC
i 1 if G_ A e AR ARG
thermoph”us }annaSChH c-G L5-binding RNA fragment
G'g - with additional nucleotides
-
uu CG 1234 A-U 12
uc CTCHRNA s TIhLS/FRNA
g :§ UU CG Uu CG Uc —_ g complexes _._, o E:(G; +|:([sm|1luv&
_ c—6 c—6 u—A A2 nt RNA -
_g_:-;_' ._ﬁ-:__g-l _g-;_g-l ;-E:'Eu-: :’mg:n’:;‘_.. _'_.F‘J nt RNA UC GU
: — AU, fU—Ay, [ U— 1 . Al ragment c
i A Tc—chA "o Al ' :C H
:G_g : ;G‘é'_g ' :g_g i :ﬁ.u E i-‘t]nl.Rr:;\_’.
L T G — . —C 1 e i o ragmel
oy Moy e
H= - U—A é :g .
¢=8 §—G —G ¢—¢ Figure 6
¢—G — g é = g G—C . - .
§:§ é: g = §=¢ Secondary structure d&. coli 55 rRNA. Binding sites for CTC and TthL5
L6 £ %G ¥ 3 59 proteins are boxed. TthL5-binding RNA fragment with additional nucleotides
41 nt 37 nt 35nt 37 nt (bold) is shown. Pictures of gel-shift analysis are given.
Figure 5 3.2. Hybrid rRNA/protein complexes

16§ rRNA fragments used_ for crystallization and bindi_ng ribosomal protein |t is known that many ribosomal proteins are structurally and
;8 é&i%gggm%nst?sr\&a%e&aléi?;;’:‘]ﬁ from thermophilus(b) fragments g, tionally interchangeable within the ribosomes from different
' species (Gourset al., 1981). This assumes that RNA-binding sites
3.1.3. CTC/rRNA complex. CTC is a 5S rRNA-binding protein  On the proteins and protein-binding sites on the corresponding RNA
from the large ribosomal subunit in Bacteria. Homologous proteinsmolecules are structurally highly conserved, therefore hybrid
are absent in Archaea and Eukarya. We worked with CTC proteinfomplexes are suitable for studying specific RNA/protein
from T. thermophilus (TthCTC). It was shown that CTC binds '€cognition. In —our experiments hybrid complexes between
specifically to the so-called loop E region of 5S rRNA (Fig. 6). This fibosomal proteins and specific RNA fragments from different
region of 55 rRNA containing loop E is rather stable to RNase A Organisms were sometimes better for crystallization than
activity, therefore fragments for crystallization could be prepared byhomologous non-hybrid complexes.
limited RNase A digestion. Limited hydrolysis of 5S rRNA at mild 3.2.1. TthCTC/EcoRNA. CTC protein from an extreme
conditions allows preparation of a 62 nt. fragment comprising thethermophilic bacteriunT.thermophilusvas crystallized in complex
binding site for CTC protein. Large bi-pyramidal crystals were with the RNA fragment from 5S rRNA oE. coli (Fig. 6). It is
obtained for the complex of 62 nt. fragment with CTC protein, but interesting to note that, in contrast to our success in crystallization of
they diffracted to 10 A resolution. At more aggressive conditions of the hybrid complex, the non-hybrid complex of CTC with the similar
hydrolysis, but in the presence of the protein, a shorter 39 nt. RNAsmall RNA fragment of T. thermophilus5S rRNA was not
fragment (Fig. 6) binding CTC was prepared as in Gongadze et alcrystallizable in our trials. The fragments d@&. coli and T.
(1999). Hexagonal crystals of CTC complexed with the shorter RNAthermophilus5S rRNA are identical in the region of the protein-
fragment diffracted much better, to about 3.5 A resolution. GdClI binding site, but there are some differences in the flanking regions.
added to the crystallization solution improved the crystal quality The flanking regions are involved in RNA-RNA interactions within

essentially (see below). the crystal, and probably interfered with crystallization in case of the
3.1.4. TthL5/rRNA complex. The specific binding site for another Non-hybrid complex. _ _
5S rRNA-binding protein, L5 fronT. thermophiluswas identified 3.2.2. TthL5/EcoRNA. L5 from T. thermophilusalso binds as

from limited RNase hydrolysis of 5S rRNA in the presence of TthL5 efficiently to T. thermophilusas to theE. coli 5S rRNA. The specific
(Gongadzest al., 2001). Minimal binding site ifE. coli5S rRNA for ~ protein-binding sites in 5S rRNAs of both organisms are practically
this protein consists of 29 nt. (Fig. 6). This fragment with two extra identical. It was shown earlier that TthL5 bindsEo coli 5S rRNA
nucleotides at the ends (G at the 5'-end and C at the 3-end) wagnuch stronger than the homological EcoL5 (Gongadze et al., 1993).
synthesized byin vitro transcription and used for the complex Suitable crystals were grown for TthL5 complexed with a 34 nt.
preparation and crystallization. Some crystals of this complex wereRNA fragment comprising L5-binding site of 5S rRNA froi coli.
obtained, but their quality was not high enough to use them for X-The recently solved crystal structure of this hybrid TthL5/rRNA
ray studies. To stabilize the helical part of the 29 nt. fragment, twocomplex shows that Arg96 in TthL5 (instead of Gly in EcoL5) forms
additional G nucleotides were attached to its 5-end and three C - tdhree hydrogen bonds with 5S rRNA. This explains the increased
the 3-end (Fig. 6). The resulting 34 nt. RNA fragment complexed stability of the hybrid complex between TthL5 and 5S rRNA from
with TthL5 was much more suitable for crystallization. The fragment E.coliin comparison with the native.coli L5/5S rRNA complex.

was synthesized biy vitro transcription and purified by gel-electro 3.2.3. Hybrid complexes of archaeal and bacterial S8 proteins.
phoresis in denaturing conditions. The pure RNA preparation wag-irst, some crystals have been obtained for TthS8 in complex with
used for the complexing with TthL5 (Fig. 6). 4int fragment of T. thermophilus 16S rRNA. These crystals
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diffracted only to 8 A resolution. A hybrid complex of the same mM KCI in the crystallization solution. They diffracted well, but
RNA fragment with archaeal MjaS8 gave crystals diffracting to 3.6 possessed of rather high disorder. To improve their quality we used
A resolution. The second hybrid complex was prepared for archaeakF, because earlier this reagent had helped to avoid high degree of
MjaS8 with 37 nt.T. thermophilusl6S rRNA fragment, the crystals mosaicity for the crystals of ribosomal protein S6 (Lindletlal.,
diffracted to 4.0 A resolution. Noteworthy the complexes of archaeal1994). In the case of the TthL5/rRNA complex, replacement of 100
MjaS8 were extremely stable even in the absence of'Ntms (Fig. mM KCI for 25 mM KF in the crystallization solution led to
7). Probably it was the reason why the hybrid complexes of MjaS8decreasing mosaicity of the crystals from more thatolabout 0.4.
with T. thermophilusRNA fragments were better for crystallization 3.4.2. CACI2 in crystallization of CTC/rRNA complex. To improve
than the homologous complexes of TthS8. However the best crystalhe quality of CTC/rRNA complex crystals, which diffracted to 3.5
of S8/rRNA were obtained for non-hybrid fully archaeal complex A resolution, we tried different concentrations of bi- and mono-
containing MjaS8 and 37 nt. fragment BE. jannaschiil6S rRNA.  yalent cations. First of all, we varied Mgdoncentration between
Crystals of this complex diffracted to 2.8 A resolution. We believe 10 to 100 mM, and found that the number of crystals in the drop and
that the reason of this success was in the extremely high stability ofime of crystal growth depended very much on the MgCl
the crystallized complex. concentration. However, it did not affect the diffraction quality. We
1 2 3 4 5 could improve the resolution essentially only by adding Gd©l
— ' crystallization mixture. Crystals prepared with 2-4 mM CgClI
diffracted to 2.3 A resolution and were used for data collection.
M 2 G Moreover the crystals were obtained much faster and reproduced
- TthS8/RNA without problems. When the structure of the complex was
MjaS8/RNA - . ‘ complex determined, we were surprised that all’Cibns were bound to the
complex protein, not to RNA. The Cd ions were coordinated by solvent and
protein groups, usually with six ligands (Fedorov et al., 200he
ligands are nitrogens of histidines, oxygens of acidic residues and
water molecules. Two Cd ions were found to interact with each
other through water molecule. &dions were involved in the
stabilization of interactions between the protein molecules in the
RNA ¢ RNA crystals. It explains their effect on the crystal quality.
fragment > . fragment

3.5. Derivatives

Usually, it is rather hard to obtain heavy-atom isomorphous

derivatives for RNA/protein complexes because of high molecular

flexibility and not tight crystal packing. In the case of S15/rRNA

complex, we tried to use synthetic RNA with four bromouridines,
Figure 7 but no crystals appeared in drops at the appropriate crystallization
Gel-shift analysis of S8/rRNA complexes (Batey et al., 1996): lane 1 — 41 nt.cond't'ons' To mcorpora}te sufficient ampunt Qf selenium, we should
fragment of 16S rRNA, lane 2 - MjaS8/rRNA complex formed in the absence Prepare mutated S15 with four Met residues instead of the two ones
of MgCls, lane 3 — MjaS8/rRNA complex formed in the presence of 5 mM €existing in the native protein. It turned out that the quality of the
MgCl,, lane 4 — TthS8/rRNA complex formed in the absence of Mgiahe crystals containing S15 mutant with four Se-Met residues was
5 - TthS8/rRNA complex formed in the presence of 5 mM MgCl remarkably better, than the quality of the original crystals.

In the case of S8 protein, where four Met residues exist in the
native protein, we observed a similar positive effect of Se-Met on the
crystal quality without a mutation. The crystals of the native
S8/rRNA complex diffracted to 2.8 A resolution, but those with Se-
Conditions for complex preparation also influence crystal growth. MetS8 protein diffracted to 2.6 A resolution.

Usually before mixing we heated RNA preparations atClO

(sometimes even at 6C) for 15 min, then incubated the mixture at 3.6. Cryoprotective solutions

the room temperature for 5-15 min and after that put it in the )
refrigerator for about 1 h. Such a procedure for RNA/protein Crystals of S15/rRNA and S8/rRNA complexes were grown with

complex preparing was needed to avoid an aggregation observed @mmonium sulphate as precipitant. A mixture of precipitant solution
many cases at fast mixing of the ingredients. with ammonium sulphate and 25% - 30% (w/v) of glucose was

For S15/fRNA complex we found, that 95% of the RNA and selected as cryoprotective solution for these crystals. All other
protein molecules were complexed’ 15 min after the mixing, known reagents (ethanol, MPD, PEG, ethylene glycol, sucrose) used

however, time of the incubation should not be less than 30 min, andS Cryoprotectants were not suitable for mixing with concentrated

increasing incubation time to 3 h leads to better crystals. ammonium sulphate. _
In the case of crystals grown with PEG (L5/fRNA complex), a

mixture of the same PEG with 20% (v/v) MPD was suitable. And for
crystals grown with MPD (CTC/rRNA complex), low-molecular
PEG,y,added to the precipitant solution was helpful.

3.3. Effect of incubation time and temperature on RNA/protein
complexing

3.4. Additives stabilizing crystal packing and decreasing mosaicity in
crystals of RNA/protein complexes

Different additives are often used in protein crystallography to
improve the crystal quality. Our experience in improving of crystal
quality using additives for two RNA/protein complex crystals is
described below. Summarizing our experience in crystallization of binary
3.4.1. KF in crystallization of TthL5/rRNA complex. Crystals of RNA/protein complexes, we can say that the most important step in
TthL5/rRNA complex were obtained first without KF but with 200 this work was the design and the selection of suitable RNA

4. Discussion
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