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ABSTRACT

In vitro transcribed RNA In vitro translated protein
Using the structured RNA encapsidation signal (D €) AL P T
and the reverse transcriptase (P protein) of duck ntt De ek sead 28786
hepatitis B virus (DHBV) as an example, we devised a Partial alkaline hydrolysis Hise
sensitive mapping procedure that yields accurate R A
information on the minimal RNA sequence required for *.MMW/ (3 Binding
interaction with a few nanograms of an RNA-binding W/ @) Separation of J
protein. RNAs from pools of end-labeled, partially LV V) protein-bound RNA

(eg via Hisg - IMAC)

hydrolyzed transcripts thatboundto  invitro translated
His-tagged P protein were isolated using immobilized / \
Ni2*-ions. Size analysis by PAGE is consistent with a e

gradual gain in binding-competence from a minimum PAAARAAR  Bobid BNA, FreaRNA
of 5 to a maximum of 8 base pairs in the basal stem of (a) Binding-compatert region - (3) Comparison by PAGE
De. The procedure should be generally applicable to
the convenient and precise fine mapping of RNA—protein
interactions.

Figure 1. Outline of mapping procedure. vitro transcribed RNA, heredDis
end-labeled and partially hydrolyzed by alkali. The resulting pools eh8

; ; : : .3~ (not shown) labeled fragments are allowed to bind tmthigro translated
The fate of cellular and viral RNAs is regulated by the InteraCtlo@rotein of interest, here His-tagged P protein of DHBV (step 1). Protein-bound

of multiple cis elements with a variety dfans-acting partners,  anqg free RNA pools are separated (step 2), e.g. via isolation by immobilized
often proteins. Conventionally, the borders afsselement are  metal affinity chromatography (IMAC). Protein-bound and free RNAs are
mapped by individually testing a limited number of differently compared by denaturing PAGE (step 3). The overlap region between the
sized transcripts, obtained frotrt&rminal deletion variants of an ]?ho”eSttfrzgp‘emfhpfse”(tj in thef E’r:"tg.'”c'jl?ound p°°t'5 ‘:’Ez A3‘ 'ab.e'e‘(j epa)
. . . . . . ragments defines the boundaries of the binding-competen region (stej .
RNA_ prre§5|on plafsm!d Ilnearlzgd at varym@pﬁmmal Specific methods: ® RNA of nominally 76 nt Wasp obtained iy vitro P
restriction sites, for binding to the isolated protein of interestyanscription (Megashortscript, Ambion, Austin, TX) frddfal-linearized
However, a complete set of shortened molecules can easily psmid pR1 which contains DHBV 16 sequence from position 2557 to 2624
obtained from the RNA itself by partial alkaline hydrolysis. Using;f,‘\?Aef control Orf] thehT7 Ilof?fgme_f- F‘;“'Sbffng'. Sjg |0f ?sphkqsphor(y'\llaEtgc)i §
H 1 were re-pnospnorylated usin olynucleotiae Kinase an
RNA label.ed at its 5 or S_e.nd’ two pools are generateq 50 uCi [yL32PF])ATPp (38/00 Ci/mm%l; Amerghgm—Buchler, Braunschweig,
encompassing all p055|bl_e deletlons.from one or the other terminYSarmany). For labeling, 3pg De-RNA were treated with 20 U T4 RNA
Incubation with the protein, separation of protein bound from fre@gase (Gibco-BRL, Eggenstein, Germany) and P [32P]pCp (3000
RNA, and sizing by PAGE should reveal an overlapping set ofi/mmol; Amersham-Buchler) as recommended by the enzyme manufacturer.
nucleotides representing the minimal binding-competent sequenEg' Partial hydrolysis, & 10° c.p.m. of Slabeled (specific activity50 000
- . e - : B . ¢.p.m./pmol), or 1.5¢ 10° c.p.m. of 3labeled (specific activity 15 000
(F'g' 1)' Using pu”fled baCte“Ophage prO’FeIInS, th|§ p””C'F"e ,ha%.p.m./pmol) gel purified RNA were incubated for 15 min ingb®0 mM
recently been used to determine the minimal size of bindingnaHco; at 90°C. The reaction was stopped by sodium acetate/ethanol
competent RNAs after their sepma from free RNA on  precipitation. Pellets were washed with 70% ethanol and dissolveglifEO
nitrocellulose filters 1). Hisg-tagged DHBV16 P protein was obtainedityitro translation in 25l

; ; ; ; ; bbit reticulocyte lysate (Promega, Heidelberg, Germany) programmed with
Frequently, however, the protein of interest is neither avallabIE‘ng of o Do defi)::tien)': P_méN I (DSBV Sequencg ot 1%’()) . Z%GQ)tro

in pure form nor in SL_JfﬁCient amounts.vitro translation, on the  anscribed fromAfill-linearized plasmid pT7AMVpol16H6: this construct
other hand, is a straightforward procedure to express almost afys derived from pT7AMVpol16 (15) by PCR-mediated insertion of six His

protein, although the yields are low both in absolute terms, and #®pdons between the second and third codon of the P ORF.
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Figure 2. Experimental application of mapping procedut@.RAGE analysis of P protein-bound RNAs.RNA aliquots corresponding to@L(P ¢c.p.m. (5-label)

or 1.4x 1P c.p.m. (3-label) were added to 28 of Hiss-P mRNA programmed reticulocyte lysate (see legend of Fig. 1 for details). After 90 nfiCa4G0pl

binding buffer (0.1 M sodium phosphate pH 7.5, 150 mM NaCl, 0.1% Nonidet-P40, 20 mM imidazo|eg/mb0/east total RNA) containing 23l
Ni2*-NTA-agarose beads (Qiagen, Hilden, Germany) were added. The mixture was shaken fo€ 2theat the beads were washed twice each with 1 ml binding
buffer and 1 ml TMK buffer (50 mM Tris—=HCI pH 7.5, 40 mM KCI, 10 mM Mg@loopg/ml yeast total RNA). Phenol extracted, ethanol precipitated RNAs were
analyzed on denaturing gels containing 8% polyacrylamide. RNase treatments for assigning band positions were performed with 50 000 c.p.m. end-labeled RI
50l TMK buffer at £ C for 30 min using 2.5 U Benzonase (Merck, Darmstadt, Germany) forlfieled, and 2 ng RNase A (Boehringer, Mannheim, Germany)

for the 3-labeled RNA. Lanes 1, 3, 5 and 6, input RNA pools at two different concentrations; lanes 2 and 7, protein-bound RNAateedRBIA treated with
Benzonase; lane 8-@Bbeled RNA treated with RNase A; lane 9, shorter exposure of lane 8. Sequence assignments are shown at the left and right side. *C indic
the position of a major Benzonase cut at C2609; due t¢-tieée8ogeneity of thi vitro transcripts, three signals rather than one were generated fronathelei

RNA by RNase A (e.g. A2575 in lane B) Semi-quantitative determination of protein binding-competencédod33-labeled @ RNAs. Band intensities of input

and protein-bound RNAs were quantified using a Phosphorimager (Molecular Dynamics, Krefeld, Germany), and plotted, on a logarithmic scale, as percent inte
of the intact full-length RNA from the same lane versus the positions of the correspomaligt8rminal nucleotides. Note the gradual drop in binding-competence
over a stretch of 4-5 nt.

comparison with the total protein content of the cell lysate-bas¢tls), as estimated byJS]Met incorporation6). Many smaller
translation systems. For the mapping experiments described belpwgteins are more efficiently expressed, but here the low amounts
we used the reverse transcriptase, P protein, of duck hepatiti@BP protein provided a rigorous test for the sensitivity of the
virus (DHBV) and its cognate RNA, the structured encapsidatiamethod. For efficient separation of protein bound from free RNA,
signal, ¥ (Fig.3). Here, in facin vitro translation is the only source we modified the parental plasmid such that an N-proximal
for active, authentic proteir2), probably because the enzyme (His)s-tag was introduced (Fid) that should exhibit a very high
requires cellular chaperones for activig). (DHBV is an avian affinity to immobilied N#+-ions (g (10713 M; ref. 17), and
representative of the hepadnavirus family which includes theence allow for efficient protein immobilization even at very low
medically important human hepatitis B virus (HBV). These smationcentrations. The tagged P protein has wild-type activity in an
enveloped DNA-containing viruses replicate by reverse transcrij vitro priming assay which measures tteedependent covalent
tion of an RNA intermediate, the RNA pregenome (for review seteansfer to the protein of a dNMP from the corresponding
4,5). As shown by transfection experiments, encapsidation of tfig-32PJdNTP (data not shown).
HBV pregenome into nucleocapsid@$ énd initiation of reverse  In vitro transcribed BRNA (Fig.3), either 5 or 3-terminally
transcription 7) are mediated by the interaction of P protéjn ( labeled witt?2P, was subjected to partial alkaline hydrolysis. The
with the 3-proximale-signal.€ forms a characteristic secondary RNA pools were allowed to bind o vitro translated P protein,
structure with a lower and an upper stem, separated by a bulgaonfl bound RNAs were separated via immobilization of the
probably 6 nt§-11). DHBV provides the distinct advantage thatprotein to N#*—~NTA agarose (see legend of Figfor details).
the interaction of its P protein witheDwhich is functionally  Size-comparison of free and bound transcripts by denaturing PAGE
similar toe (12,13), can be studied using thevitro translation  showed the expected ladders from the input material ZRig.
system ®); the appareriy is in the range of 10-100 nM4;,  lanes 1, 3, 5 and 6), while only the full-length products plus a
Beck and Nassal, submitted). The experimentally determindichited number of shorter RNAs appeared in the bound fractions,
secondary structure ofeDesembles that af(Beck and Nassal, with a cut-off extending over few positions (F24\, lanes 2 and 7).
submitted; Fig3); it was not clear, however, to what extent the Forthe 5labeled transcripts, of which a fraction of 4000 c.p.m.
entire structure is essential for forming an interaction-compete(ifiL00 fmol) was bound specifically to the immobilized P protein,
signal. the cut-off position was determined using a previously mapped
About 25 ng [250 fmol) of the 87 kDa DHBV P protein can prominent Benzonase sensitive site at C26093J-iQuantification
be produced per 34 of reticulocyte lysate programmed with a of the band intensities using a Phosphorimager 2Bigupper
recombinant P mRNA obtained from plasmid pT7AMVpoll6panel) showed a progressive decrease, from wt to zero levels, over
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TR That both @ pools indicate essentially the same boundary
C\_u suggests that the flanking- ®nd 3-sequences have no major
uG'a impact on P protein binding.
A\ g In summary, the method described here allows the simple,
RNase A c\\UG sensitive and accurate determination of the functional borders of
l UA\UG protein-binding RNA elements using taggiedyitro translated
B, ¢ lJC G protein. Even nanogram amounts of the relatively poorly expressed
uU G \\AG u hepadnaviral P protein proved sufficient for rapid data acquisition
Uo Cu approaching single nucleotide resolution; a few thousand counts
zsm*g :ﬁ*zms per minute of protein-bound RNA allowed for a clear distinction
U—A Benzonase between binders and non-binders. Hence the procedure should
«0.1G—0C<0.1 work well with a whole variety of RNA binding proteins, many
0%—‘-% —G¢ 02 0.5 of which will conveniently, and in higher yield than P protein, be
05 A—U 07 available byin vitro translation. The only requirement is an
07 C_G"—~———°45 1 efficient method for immobilizing the protein, e.g. by specific
1.0 C—a antibodies, or any atrtificially introduced tag to which a high

affinity capture reagent is available. With DHBV P protein, we
have not observed major truncatediitro translation products
which could obscure the results. However, N-terminal tags, as in
our case, discriminate against shortened proteins arising from
Figure 3. Minimal binding-competent ®©RNA. The sequence corresponds to  internal translation initiation; potential problems due to C-terminal

that present in thia vitro transcribed B RNAs; lower case letters indicate  truncations will be circumvented by placing the tag at the
vector-derived nucleotides; numbers are DHBV nucleotide positions. TheC-terminus.

secondary structure (Beck and Nassal, submitted) is predicted to be suboptimal

by the m-fold program but is in good accord with the experimental data. The
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