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ABSTRACT

We report the synthesis of a radioactive, photolabile
oligodeoxyribonucleotide probe and its exploitation in
identifying 50S ribosomal subunit components
neighboring the  a-sarcin loop. The probe is
complementary to 23S rRNA nt 2653-2674. Photolysis
of the complex formed between the probe and 50S
subunits leads to site-specific probe photo-
incorporation into proteins L2, the most highly labeled
protein, L1, L15, L16 and L27, labeled to intermediate
extents, and L5, L9, L17 and L24, each labeled to a minor
extent. Portions of each of these proteins thus lie within
23 A of nt U2653. These results lead us to conclude that
the a-sarcin loop is located at the base of the L1
projection within the 50S subunit. Such placement, near
the peptidyl transferase center, provides a rationale for
the extreme sensitivity of ribosomal function to
cleavage of the a-sarcin loop.

INTRODUCTION

cell death in strains with hyperaccurate S12 variants, reduce
frameshifting and read-through of nonsense codons and show
decreased sensitivity to drugs that impair proofreading control
(11-14).

It has been proposed, basedrowitro mutational studies, that
the a-sarcin loop alternates between an open 17 nt loop and a
closed tetraloop and that these two conformations may drive the
elongation cycle in response to binding of different elongation
factors ((5-17). An oligonucleotide model of the-sarcin loop
adopts a tetraloop conformation in solution, as determined by
NMR spectroscopy and molecular dynamics simulatids. (
This tetraloop structure, containing several non-canonical base
pairs and a bulged G nucleotide at the position equivalent to 23S
G2655, seems to provide the scaffolding necessary for elongation
factor binding as well as toxin recognition. Thus mutations at the
bulged G eliminate cleavage tiysarcin, while insertion of extra
nucleotides shifts the site of cleavage, indicating that the toxin
cleaves a phosphodiester bond at a fixed distance from the bulged
G (19. Evidence that the tetraloop conformation is at least
transiently necessary comes framvivo studies of yeast 25S
rRNA, in which a mutation preventing closure of the tetraloop (at
the position corresponding to 23S C2658) slowed cell growth,

The cytotoxina-sarcin is a 17 kDa basic protein secreted by theaused nonsense suppression and increased antibiotic resistance
fungus Aspergillus giganteuswhich is toxic to eukaryotic (20). In addition, C2666U and A2654G variants, which increase
organisms. Itinactivates the ribosomes of all species tested to dite stability of a non-canonical base pair in ¢hsarcin loop,

by cleaving a single phosphodiester bond within large suburgixhibited increased stop codon read-through and frameshifting
rRNA (1,2), despite the general tolerance of rRNA strand break21).

elsewhered4). This specific cleavage site, following G2661 in We have been using radioactive photolabile oligopDNA probes
23S rRNA, defines the-sarcin stem-loop region, stretching targeted toward functionally important regions of rRNA to

from C2646 to G2674Hscherichia colinumbering) ). It

identify the ribosomal components that neighbor these rRNA

contains the longest universally conserved sequence amomgions £2-26) as an important step in the construction of

rRNASs, corresponding in 23S rRNA to nt 2654—2663g. 1).

three-dimensional models of ribosome structure and function

Cleavage of the-sarcin loop byo-sarcin or depurination of (27). Given its importance for ribosomal function, tearcin
A2660 by the cytotoxin ricin inhibits factor-dependent steps ofegion is a prime candidate for such studies. Moreover, it has been
the elongation cycle7(8), implying that the elongation factors shown to be accessible to complementary oligopDNAs within 70S
interact with thex-sarcin domain. Indeed, both of the procaryoticribosomes, as shown by the ability of these oligopDNAs to protect
factors EF-Tu and EF-G footprint at nucleotides within theagainsti-sarcin cleavage of 23S rRNAS).

a-sarcin loop9; Fig.1) and EF-G bound to the 50S subunitinthe Here we present experiments using the photolabile oligopDNA

presence of fusidic acid protects the ribosome foosarcin

probeN-[5-hydroxymethyl-6-(3pATCATGCTCTCCTGGCCTC-

inactivation (L0). Results obtained with 23S rRNA variants ACCp*)JhexylH{-azidobenzamide (p*2674—2653HHABA; FR),
suggest that the-sarcin loop is also important for translational complementary to 23S rRNA nt 2674-2653 indkgarcin region,
accuracy. Thus mutations at G2661 cause growth inhibition o identify ribosomal components within 23 of U2653. As seen in
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Figure 1. Thea-sarcin loop of 23S rRNA. Sites of action are indicated for the . . . .
ribosome-inactivating proteins-sarcin, which cleaves the phosphodiester 1n€ following methods were carried out as descrili€dA6):

bond between G2661 and A2662, and ricin, which depurinates A2660Millipore filter binding assay of non-covalent probe—subunit
Nucleotides in ther-sarcin loop are protected from chemical modification in complex formation, localization of photoincorporation sites
the presence of EF-G and EF-Tu as indicated. Modified from M@z¢q9).  wjithin 23S rRNA by RNase H and reverse transcriptase analyses.

The NMR structure of a 29 base oligonucleotide containing a 23 nt sequenc: : : . .
identical with thea-sarcin loop in rat 28S rRNA has a longer stem than that ?)rOtemS were prepared from labeled 50S subunits by acetic acid

depicted, capped by a tetraloop GAGA corresponding to nt 26592662 (18).€Xtraction and acetone pre_c_ipitation in the usual fastdon (
Labeled proteins were identified by RP-HPL31)( SDS-PAGE

coupled with autoradiographg4-26) and, as needed, agarose

Figure2, the maximum distance between the nitrene generated ugditioody affinity chromatographysg).

photolysis of 2674—2653HHABA and the amine nitrogen of th . . . .
3-terminal adenosine is 21 A; the corresponding distance betw: I%Hgt?)l/gci::;{)(;:(a[;)tlec:’?m(gn?*fggllp_n%gFggSHASEbAUIrI?iEEOV\ISe?i isnuc?Jubr;}[Zd
the nitrene and the 4-oxygen of U2653 is 23 A. with 20 pmol p*2674—2653HHABA in 1001 TKMO.3 (50 mM

Tris—HCI, pH 7.6, 50 mM KCI, 0.3 mM Mgg) at 37C for

MATERIALS AND METHODS 10 min and left on ice for 15 min. The MgQ@loncentration was
then increased to 10 mM and incubation was continued for an
Materials additional 2 h at 4C. The reaction mixtures were layered on a

5-30% sucrose gradient containing TKM10 (50 mM Tris—HCl,
Except as specified below, all materials were obtained as descriljgd 7.6, 50 mM KCI, 10 mM Mg@) buffer. Centrifugation was
(23-26). carried out at 4C in a Beckman VTi80 rotor for 48 min at

50 000 r.p.m. Fractions containing the 50S subunit—p*2674—
Synthesis and purification of oligodeoxyribonucleotid®NA  2653HHABA complex were pooled and subjected to photolysis
2674-2652, having the sequen¢€€&ACTCCGGTCCTCTC-  with 3000 A lamps (Rayonet) for 3 min as descridad).(In a
GTACTAG-3, and the corresponding mismatched oligonucleoseparate experiment sucrose was removed by ethanol precipita-
tide 5-CCACACCGGTACTCTQOCAACTAG-3' (MM-cDNA  tion and the 50S complex was redissolved in TKM10 buffer and
2674-2652; mismatches with the target sequence in bold) wesRotolyzed. No difference in the labeling pattern was observed
synthesized using phosphoramidite chemistry on a Milligen Bidfor photolysis in the presence or absence of sucrose.
search Cyclone automated DNA synthesizer and deblocked
according to the manufacturer’s protocol. The photolabil&eparation of p*2674-2653HHABA probe from labeled 50S
3'-O-(6-amino-2-hydroxymethyl)hexyi-p-azidobenzoate  probe rRNA. Labeled 50S rRNA, prepared by phenol/chloroform
complementary to 23S nt 26532674 was synthesized as follovestraction of labeled 50S subunits, was boiled for 3 min in 30%
3'-Amino-modifier C7 CPG [(1-dimethoxytrityloxy-6-fluorenyl- formamide/bromophenol blue/xylene cyanol running buffer prior
methoxycarbonylamino-hexane-2-metfysuccinyl) long chain to loading on a 4% acrylamide/0.2% bis(acrylamide)/7 M
alkylamino CPG] was used to generate cDNA 2674-2658rea/TBE gel preheated to 50285by application of a 20-40
derivatized at its '3end with a primary amine according to the mA current. The electrode buffer temperature was maintained at
protocol supplied by Glen Research (Sterling, VA). After deblocking0-55C during electrophoresis. TBE is 89 mM Tris—borate,
and RP-HPLC purification the '-dmino-derivatized cDNA pH 8.3, 8 mM EDTA.
2674—2653 was reacted witN-hydroxysuccinimidyl-4-azido-
benzoate (HSAB) to yield 2674-2653HHABA, using a pro-Preparation of 50S subunit rRNA as a substrate for reverse
cedure described earlie4). The photolabile derivative was transcriptaserRNA (100 pmol) was prepared from 50S subunits
purified from residual underivatized material by RP-HPLC usingdeither non-covalently complexed with cDNA 2674-2652 or
an acetonitrile gradient. The photolabile probe was radiolabelghotolabeled with p*2674—2653HHABA) by phenol/chloroform
at the 5-end with [-32P]ATP using polynucleotide kinasg9)to  extraction, ethanol precipitation and digestion with 50 U
produce p*2674-2653HHABA. cDNA 2674-2652 labeled at itfRNase-free DNase | (Boehringer-Mannheim) in 0.1 M NaOAc,
5'-end, p*2674-2652, was prepared similarly. RadiolabeledH 5.2, 5 mM MgQC} (total volume, 20Qul) for 2 h at room
oligoDNA probes and primers were purified using Sep-Pak C-1@mperature. The treated RNA was again phenol/chloroform
cartridges 29). extracted, ethanol precipitated and stored in 1 mM EDTA &G-80
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Figure 3. Millipore filter binding analysis of p*2674-2652 fitted to a
two-population model. 50S subunits (15 pmol) were incubated with varying
amounts of p*2674—2652 (300-500 c.p.m./pmol) and bound to Millipore filters
as described (24). The amount of filter-bound oligonucleotide was determined
by liquid scintillation counting of the dried filters. The total concentration of
50S subunits in the binding mix was @8l. The concentration of free oligo

in the binding reaction is estimated from the difference in total (added) oligo
concentration and bound oligo measured by counting the filters.

[

RESULTS Figure 4. Primer extension analysis of DMS-treated 23S rRNA. 50S subunits
(150 pmol) were modified with il DMS in the absence or presence (750 pmol)
Non-covalent binding of cDNAs directed to the of cDNA 2674-2652 or 2674-2653HHABA in 30 mM potassium cacodylate,

pH 7.2, 0.3 M KCI, 20 mM MgOAc (total volume 3@0). Phenol:chloroform-
extracted, ethanol-precipitated modified 23S rRNEOQ pmol) was treated with

- . DNase | (50 U) in 0.1 M NaOAc, pH 5.2, 5 mM Mg@btal volume 20@ul) and
Non-covalent binding of cDNA p*2674—2652 to 50S subunits Wase-extracted and precipitated prior to primer extension. Lane 1, DMS-modified 23S

determined using a Millipore filter binding assay (Bg. The rRNA; lanes 2 and 3, in the presence of cDNA 2674-2652 or 2674-2653HHABA

results obtained, which are similar to those reported earlier foespectively. Lanes labeled U, C, G and A are sequencing products generated in
the presence of ddATP, ddGTP, ddCTP and ddTTP respectively with 23S rRNA

OHQODNAS dlreCt.e d .to the-sarcin IOOp 28)’ are ConSISt(.ent with a extracted from unmodified 50S subunits. Nucleotides at which pauses or stops are
two population binding model, as described by equatidterel.  ccrved are indicated

is the concentration of oligopDNA,is the tighter binding fraction of

the total amount of 50S subuni®&, anda is the weaker binding

fraction. The two populations bind oligopDNA with apparent

dissociation constankpp andKappz respectively.

o-sarcin region

stops outside the target site, at nt A2688 U2713, indicated a
bound =aRL[(1/Kapp1+ L) + (@/Kapp2+ L)] 1 probe-induced local unfolding of the 23S rRNA.

Fitting the data in Figurd to this model yields the following
parameter value®appy, 0.30+ 0.06uM; @, 0.22+ 0.01,a/Kappz  Overall binding and photoincorporation of
0.042+ 0.0044M. Thus[20% of the 50S subunits bind cDNA p*2674—-2653HHABA

2674-2652 with high affinity.
Using the program Amplify (Bill Engels, University of Wisconson),

overlapping 8mers within cDNA 2674—-26%&re examined for
Structural integrity of 50S subunits in the presence of complementarity to 23S rRNA. Excluding matching stretches in
non-covalently bound oligoDNA probe exclusively helical regions3g), the longest matches were: a 6 nt

match at 520-525; a 5 nt match at 410-414; a 4 nt match at
To assess possible conformational changes resulting frob$31-1634; 5 of 6 nt in a single-stranded region at 2223-2228.
non-covalent binding of probe oligopDNA to the-sarcin  Photoincorporation experiments were designed to eliminate or
stem—loop region 33,34), 50S subunits were treated with minimize labeling of ribosomal components by
dimethyl sulfate (DMS) in the absence or presence of eithg*2674—2653HHABA from such non-target sites, as well as to
cDNA 2674—-2652 or 2674—2653HHABA. 23S rRNA preparednaximize binding to the tighter binding 50S population (B)g.
from such subunits was then examined as substrate in a revetgeordingly, 50S—p*2674—2653HHABA complex was formed in
transcriptase primer extension assay using primers directed toansolution containing 50S subunits in stoichiometric excess over
858-875, 1171-1187, 2100-2116, 2560-2576, 2781-2797 apbbe (typically 7.5-fold) and isolated by sucrose gradient
2888-2904. The presence of oligopDNAs was observed not tentrifugation prior to photolysis. This ensures that photo-
affect the DMS modification pattern except in the immediaténcorporation is dominated by the probe bound to its target site,
vicinity of the a-sarcin stem-loop (Figl). Enhanced reverse since non-covalent binding to secondary sites would not be
transcriptase stops were observed at nucleotides within the targepected to survive sedimentation through a gradient. The
site (2652—-2674), which is likely due to incomplete removal oprobe-50S complex sedimented in approximately the same
the oligopDNA by DNase | treatment. However, several enhanceqabsition on the sucrose gradient as did uncomplexed 50S subunits.
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Table 1. Binding and photoincorporation of p*2674—2653HHABA

Samplé 50S (binding) 23S (photoincorporatiod)  TP50 (photoincorporatiof)
Standard 13 2 0.7

Pre-photolyzed 6 0.06 nfd.

Standard + cDNA 2652-2694 4 0.5 0.2

Standard + MM-cDNA 2652-26%4 11 2 0.7

aNumbers shown are pmol p*2674—2653HHABA.

bIn the standard experiment 150 pmol 50S subunits and 20 pmol p*2674-2653HHABA were mixed, the non-covalent complex s isolated
sucrose gradient centrifugation and then photolyzed. In the pre-photolyzed control p*2674—-2653HHABA was photolyzed pmigrvghmix

50S subunits and there was no subsequent photolysis.

CEstimated from radioactivity co-sedimenting with 50S subunits on sucrose gradient centrifugation.

dEstimated from radioactivity co-migrating with 23S rRNA on urea—PAGE analysis.

€Total protein from 50S subunits. Estimated from radioactivity eluting with 50S protein on RP-HPLC analysis.

fNot determined. However, SDS-PAGE and autoradiographic analysis of TP50 from the pre-photolyzed sample showed negligible
protein labeling.

91125 pmol was added to the standard reaction mixture prior to sucrose gradient centrifugation.

Approximately 65% of probe mixed with excess 50S subunits A1t B 12345
was non-covalently bound to subunits following centrifugation -
(Table1). Evidence that such binding was directed mainly toward
the target site was provided by the large reduction in such binding
(down to 20%) seen in the presence of cDNA 2674-2652, the
unmaodified oligopDNA which competes with the probe for binding :
to the target site. In contrast, only a slight reduction in binding (to .
55%) was observed in the presence of MM-cDNA 2674-2652, -
designed to not compete for target site binding. Because of the length | .-
of the oligoDNA probe used in these experiments, mismatched $|-=
bases were placed at three loci, corresponding to nt 2670, 2664 and 20 | .
2657—-2658, thus leaving no more than five contiguous nucleotides
available for base pairing with tloesarcin region. C _1z34

The isolated non-covalent subunit—probe complexes were photo- o ! ‘
lyzed as described in Materials and Methods, giving the incorpor-
ation yields summarized in Table Approximately 20% of the
non-covalently bound probe is photoincorporated into the 50S
subunit, with incorporation into 23S RNA accounting for 75% of the &
total. Probe photoincorporation into 23S rRNA was determined by
quantifying the radioactivity co-migrating with 23S rRNA on
urea—PAGE analysis, which fully resolves free oligopDNA probe
from 23S rRNA (Fig5A). No radioactivity migrated in the range Figure 5. Identification of labeled sites within 23S rRNA by autoradiography.
120-145 nt, ruling out appreciable labeling of 5S RNA. ProbgA) Separation of p*2674-2653HHABA probe from labeled 23S rRNA by
photoincorporation into total protein from 50S subunits (TP50) wagirea-PAGE analysis. Samples shown are for RNA from: 50S subunits

; ; ; S g ; ; ncubated with pre-photolyzed p*2674—-2653HHABA (lane 1); 50S subunits
g%?g??giﬁg;;?gg‘g Iglg radioactivity co-eluting with TPS0 or]Iphotolabeled with p*2674—2653HHABA (lane 2R)(Partial localization of

el . . sites of photoincorporation into 23S rRNA using RNase H digestion. Labeled
The negligible  photoincorporation  observed  whenyRNA, purified from p*2674—2653HHABA-labeled 50S  subunits by

p*2674—2653HHABA was pre-photolyzed prior to incubation denaturing urea/SDS/LiCl/sucrose gradient centrifugation, was incubated with
with 50S subunits (TabIE) demonstrates the covalent nature of thethe indicated cDNA probe and digested with RNase H. The fragments were

. . . " electrophoresed on a 5% polyacrylamide/0.25% bis(acrylamide) gel made up
Iabellng achieved on photolyzmg the 50S-p*2674-2653HHAB in 7 Murea, TBE. Lane 1, labeled 23S rRNA, incubated in the absence of RNase

complex. Paralleling the results for non-covalent binding, addef. | anes 2-4 were all digested with RNase H. Lane 2, no added cDNA; lane
cDNA 2674-2652 decreased photoincorporation to a much greatgrwith cDNA 2310-2301; lane 4, with cDNA 2505-2497; lane 5, RNA size
extent than added MM-cDNA 2674—2652. Labeled nucleotidegarkers, with sizes (nt) indicated to the right of the gel. Sizes to the left of the

and proteins were identified as described below. gel correspond to approximate sizes of labeled fragments produced by RNase
’ H cleavage.@) Further partial localization of sites of photoincorporation into

23S rRNA using RNase H digestion. Lane 1, labeled 23S rRNA incubated in
Localization of p*2674—2653HHABA the absence of RNase H. Lanes 2—4 were all digested with RNase H. Lane 2,
photoincorporation sites in 23S rRNA no add_ed cDNA;_Iane 3, with cDNA_2740—2731; lane 4, RNA size markers,
with sizes (nt) indicated to the right of the gel. The fragments were
RNase H cleavage of labeled 23S rRNA hybridized with variouslectrophoresed on an 8% polyacrylamide/0.4% bis(acrylamide) gel made up
cDNAs, followed by PAGE and autoradiographic analysis of the" 7 M urea, TBE.
products, allowed partial localization of probe photoincorporation.
The apparent sizes of labeled fragments are typically larger (25—-8B&gments generated upon complete RNase H digestion due to both
nt) than would be expected for the corresponding unlabeldtle size of the covalently bound probe and the multiple sites of
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Figure 7. RP-HPLC analysis of labeled TP50. TP50 from photolyzed

e = 055 complexes of 50S subunits with p*2674—2653HHABA prepared in the absence
| =i or presence of cDNA 2674-2652 or MM-cDNA 2674-2652 were applied to a
2665 SynChropak RP-P reverse phase C18 column and eluted with the following
267D A ‘ ' LY gradient in the presence of 0.1% TFA, 0.7 ml/min: 15% ACN for 10 min,
! R xle] 15-45% ACN for 120 min (Perkin Elmer Series 4 convex curve 0.2); 45-75%

ACN for 30 min (linear). Complexes were prepared by incubation of 50S
subunits (150 pmol) and p*2674—-2653HHABA (20 pmol) in the absence or
presence (1125 pmol) of cDNA 2674—-2652 or MM-cDNA 2674—-2652 in a total
volume of 10Qul and isolated by sucrose density gradient centrifugation prior
to photolysis.

Figure 6. Reverse transcriptase analysis of 2674-2653HHABA-labeled 23S
rRNA. Photoincorporation was carried out on a reaction mixture containing
150 pmol 50S subunits and 2674-2653HHABA in a total volume ofpl00
Labeled 23S rRNA was treated with DNase | prior to the transcriptase assay. The
primer used was cDNA 2697-2681. Lane 1, 23S rRNA extracted from 50S
subunits photolyzed in the absence of 2674—2653HHABA,; lane 2, rRNA extracted
from 50S subunits photolyzed in the presence of 750 pmol 2674-2653HHABA,

lane 3, rRNA extracted from 50S subunits photolyzed in the presence of 1500 pmol l TP 50 I Peak A Peak B I Peak € Peak O Ji Peak E

2674-2653HHABA. Lanes labeled U, C, G and A are sequencing products 1 2 3l a5 sl 7z A8 ho 1ar hizie 15 DE 1718

generated in the presence of ddATP, ddGTP, ddCTP and ddTTP respectively with - s L,

23S rRNA extracted from unlabeled 50S subunits. Numbered nucleotides on the - -

right correspond to positions at which pauses or stops dependent upon covalen i | s - - -

incorporation of 2674—2653HHABA are observed. - i
[ [ . . v
e kv
wis - - e
’. . " .

RNase H hydrolysis within a given cDNA:RNA heteroduplex
(24). The labeled 160 nt fragment seen in FigbiBe lane 4
demonstrates that the major site of photoincorporation occunsigure 8. SDS-PAGE analysis of RP-HPLC fractions containing

between nt 2497-2505 and the target site for probe binding, nt2674-2653HHABA-labeled 50S proteins. Autoradiogram of SDS-PAGE
= i i ; ; i nalysis of labeled TP50 (lanes 1-3) and of RP-HPLC peaks A (lanes 4-6), B
2653-2674. A minor site of photoincorporation falling between n lane 7-9). C (lanes 10-12), D (lanes 13-15) and E (anes 16-18). Lanes 1, 4,

2653-2674 and thé-ﬁarmmus Is indicated _by the presence of the?, 10, 13 and 16 are peaks from 50S subunits labeled by p*2674-2653HHABA
labeled fragment af260 nt in lanes 2—4. This latter site was further i the absence of added cDNAs; lanes 2, 5, 8, 11, 14 and 17 are peaks from 50S
localized to between nt 2653—2674 and 2731-2740 by the preseraéunits labeled by p*2674—2653HHABA in the presence of added cDNA
of the[B3 nt band in FigurBC, lane 3, as well as the absence °f2927§?56§§g'3?.'|‘,32§;\6’i2’ tthé 15?:2:%2 acf)‘f% gzz';sd ff&f&SggNS:bggi?tiggggd by
a band_oﬂl90 nt (nt 2740-2904) in this same 'ar.“?- In an .effort tOEands indicated to the left anc? right of the gel correspond to labeled proteins
determine whether there were other significant siteS Oy janes 1 and 18 respectively.
photoincorporation in 23S rRNA, similar experiments were also
performed adding 23S rRNA-conaphentary cDNA probes
578-569, 811-803, 1060-1051, 1400-1391, 1750-1741 and
2310-2301 to labeled 23S rRNA, one at a time or in pairs. Naresumably reflect photoincorporation into nt C2652 and U2653,
additional photoincorporation sites were found. immediately adjacent to the site of generation of the nitrene
Specific sites of photoincorporation within the region ntopposite A2654. A strong stop is also visible at A2670, reflecting
2497-2904 were identified by reverse transcriptase priméncorporation into G2669. The stops indicating minor amounts of
extension Z4) on 23S rRNA extracted from 50S subunitsincorporation near and between these sites may be due to reverse
photolabeled by 2674—2653HHABA (Fi). Stops or pauses transcriptase ‘stuttering’ around the major sites of photoincor-
dependent on the presence of covalently boungoration 86). Minor but reproducible stops were also seen at
2674-2653HHABA are seen both upstream of and within thpositions G2633 and A2634, reflecting minor photoincorporation
target binding site. The strong stops seen at U2653 and A26B4o A2632 and G2633.
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Table 2. SDS—PAGE analysis of specificially labeled RP-HPLC peaks

RP-HPLC Band® Apparent mass  Labeled proteifi  Apparent mass of Calculated mass of
peald (kDa) unlabeled protein (kD&) unlabeled protein (kD&)
A vii 17.8 L27 11.0 9.0
B vi-a 19.0 L24 125 11.2
C i 39.5 L2 29.7 29.8
D i 39.5 L2 29.7 29.8
v-a 22.4 L17 13.3 14.4
E i 39.5 L2 29.7 29.8
ii 335 L1 24.6 24.6
iii 29.0 L5 20.2 20.2
iv 24.6 L9 15.0 15.7
v 23.0 L15/16 14.5 15.0/15.3
Vi 21.7 L15/16 14.5 15.0/15.3

aSee Figure 7.

bIn the case of multiple bands that in bold is most intense.

CCalculated from migration on SDS—PAGE analysis, using a standard curve of electrophoretic migration distance versusdogiassecul
dsee Results and Figure 9.

€Giri et al (37).
Proteins site-specifically labeled on photolysis of the classified as intermediate labeled proteins and L5, L9, L17 and
50S—p*2674—-2653HHABA complex L24 are each labeled to a minor extent.

Site-specifically labeled proteins were for the most part identifiegh scusSsION
by combining RP-HPLC and SDS—PAGE analyses. When this
combination proved insufficient, agarose antibody affinityThe presentresults clearly demonstrate that a cONA complemen-
chromatography was used in addition. tary to the loop and'&tem of then-sarcin region is capable of
RP-HPLC analysis of TP50 extracted from labeled 50S gavef@ming a complex with its target site in isolated 50S subunits,
total of five site-specifically labeled peaks, A-E, as evidenced §jmilar to what has been found by two other gro@assg) for -
the strong reduction in labeling seen for complexes prepared 18 ribosomes. Our results are consistent with the observatlon of
the presence of competing cDNA but not in the presence dfeyeretal (28) that cONAs complementary to thesarcinloop
MM-cDNA (F|gn Fractions Corresponding to these peakswergp nOt affect association or dISSOCIQtlon of 70S Subb!nlts; if
pooled and analyzed by SDS-PAGE and autoradiograp@nd'ng were muc_:h stronger to 70S ribosomes as against _SOS
(Fig. 8). We have previously shown that ribosomal protein§UbUﬂ|tS then addition of cDNA should have favored association.
covalently labeled with oligoDNAs elute on RP-HPLC with or The direct evidence for cDNA 2674-2652 and p*2674—
close to unmodified protein and migrate in SDS—PAGE witi?653HHABA binding to the target site is based on three different
apparent masses approximately equal to the sum of the masse@@¥erimental results. First, probe-induced changes in 23S rRNA
the labeled protein and of the attached oligoDR2-6), which methylation within the 50S subunit are only found at or adjacent
in this case is 7.4 kDa. to the target site (Fig). Second, the major sites of labeling of 23S
SDS-PAGE analysis of labeled TP50 revealed the presenceBNA on photolysis of the 50S—p*2674-2653HHABA complex
at least seven labeled bands, denoted ivii &iguch analysis are at or just outside the target site (Fijg. Third, labeling by
was also performed on RP-HPLC fractions corresponding #82674-2653HHABA of 23S rRNA and of each of the proteins
peaks A-E (Fig8). The results, summarized in Tallewere indicated is markedly reduced when the 50S complex to be
sufficient to identify L1, L2, L5, L9, L15, L16, L27 and L24 photolyzed is formed in the presence of competing non-photolabile,
(band vi-a, falling between bands vi and vii) as site-specifically 100
labeled proteins. Confirmation that band Dv-a (migrating be-
tween bands v and vi) corresponds to labeled protein L17 was
provided by agarose antibody affinity chromatography analysis
(Fig. 9). Labeled L1, identified as band Eii, elutes over a broad
range and is also observed in the fractions eluting with

0.75 1

0.50 4

2
relative 3 P bound

unmodified L1 (data not shown). A broad peak of labeled L1 0.25

elution was earlier observed with another oligoDNA pratig.

The minor band iii, corresponding to labeled L5, is only observed 0.00 -

in peak E and several fractions following it. S e T

Considering the intensities of the RP-HPLC peaks and the
SDS—-PAGE autoradiographic bands, protein L2 is clearly theigure 9. Agarose antibody affinity chromatography analysis of RP-HPLC
most highly labeled protein, L1, L15, L16 and L27 can bepeak D.
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distance between the base of the L7/L12 stalk and the base of the
L1 projection.
Our protein cross-linking results also allow us to draw

conclusions regarding the placement oftkgarcin loop, located
in domain VI, relative to other regions of 23S rRNA. Of the
proteins labeled by p*2674—2653HHABA, L2, L15, L16 and L27
are at or near the peptidyl transferase cedtrand L2 appears
to have a functional role in this activitfq50). Since the RNA
portion of the peptidyl transferase center has been localized to the
central loop of domain V5(1,52) and L2 binding to 23S rRNA
has been localized to two nucleotide sequences within domain IV
(53), our results provide direct evidence for the proximity of the
a-sarcin region to domains IV and V. Additional evidence for this
Figure 10. Localization of thea-sarcin loop of 23S rRNA within the 50S concluspn comes from our earlier result demons_tratmg that a
su%unit. The placement of labeled proteins L1, L2, L5, L9, L15, L17 and L27 Photolabile cDNA probe targeted to nt 2497-2505 in the central
follows the model of Walleczedt al (39). The placement of L16 is according  100p of domain V cross-links to L238), which binds to rRNA in
to Naget al (41). Protein L24 has not been placed. domain VI 63). Recent tRNA localization experiments by
Joseph and Nolleb{) further demonstrate the mutual proximity

of domains IV, V and VI within the 50S subunit. In this study
ige(ll)—EDTA attached to the'fend of A site-bound tRNA
pihduced hydroxyl radical cleavages within thesarcin loop
omain VI), within the 2550 loop in domain V and between nt
40-1965, abutting one of the L2 binding sites (nt 1971-1989)

EF-C localization indicating that when EF-G binds to the 50S subunit it spans the
by IEM

o—sarcin
stem-loop

non-radioactive cDNA 2674-2652. In contrast, such labeling
not appreciably affected when MM-cDNA 2674—-2652, whic
should bind much more weakly if at all to the target site, is prese
during complex formation (Figéand8). We thus conclude that . : : ;
portions of nine proteins L1, L2, L15, L16 and L27 (major orm* domain IV. Finally, two of the nine proteins labeled by
intermediate labeled proteins) and L5, L9, L17 and L24 (mino? 2674-2653HHABA, L15 and_Ll?, are also labeled b_yacDNA
labeled proteins) all lie within 23 A of nt U2653 of 23S rRNA in Probe targeted to nt 803-811 in domainalh)( suggesting the
50S subunits. proximity of thea-sarcin region to this domain.

In conclusion, the work reported in this paper allows us to

There are two caveats to this conclusion. First, hybridization of _.. . : L ;
2674-2653HHABA to the 50S subunit clearly causes at |eag{§flne the protein environment within 23 A of U2653 in 23S
rRNA and to localize tha-sarcin loop at or near the base of the

local perturbation (Figd), so that our results do not reflect the action. Th d related | | and
native 50S structure. Because of the current low resolution of tirgt Projection. These and related results suggest a central an
structural model for this particle, this is not a major concerrfunctionally important location for this loop within the 50S

Second, only 20% of the 50S subunits bind probe with hig ubunit, proximal to portions of 23S rRNA domains Il, IV and V.

affinity and by our protocol we are measuring photoincorporatioUh @ location provides a compelling rationale for the extreme
essentially exclusively from this population, which might not be€nSitivity of ribosomal function to sarcin-catalyzed cleavage
representative of ‘active’ ribosomes. We think this possibiliyVithin thea-sarcin loop.

remote, given the consistency of our results with other measures
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