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ANALYSIS OF BR1 

Superimposition of the 1H-15N HSQC spectra of the free protein with the (1:1) [D-Cter SmpB/TLD60] complex: 

as observed before (1), the addition of TLD60 yields line-broadenings and disappearances of several cross-

peaks, characteristic of the intermediate exchange regime between the free and the bound states. Nevertheless, 

most resonances were assigned by comparison to the reference spectrum of the free protein indicating that the 

overall structure of the protein is retained in the complex, despite local changes (supporting Fig. S2). Upon 

adding the TLD60, the changes are clustered around beta sheet 1 (D5-I8), from beta sheet 2 to helix alpha 2 

(T25-K33 and E36-G44), in beta sheets 4 (A60-L62) and 5 and at the top of helix alpha 3 (K85-L96). All these 

residues form a binding domain called « Binding Region 1 » (BR1). Most residues from BR1 are identical in the 

two SmpB sequences from T. thermophilus and A. aeolicus (T25-I30, L32, K33, E36-R41, G44, position 61 is an 

aromatic, L62, K85 and L86). Most of them are well conserved among bacteria (2). SmpB from these two 

bacteria adopt similar 3D structures (1,3). As for the SmpB/complex in T. thermophilus (1), important changes 

including the disappearance of several peaks were observed. It concerns residues E27, G29, V31, K33, E56, 

G58, K85 and N117 in A. aeolicus, the respective counterparts of E21, G23, A25, K27, E49, G51, K78 and 

G111 in T. thermophilus. Our results are also consistent with the crystal structure of the complex in which 

residues from BR1 either interact with the tRNA domain of tmRNA or are located on the interacting surface (2). 

Backbone amide resonances of R41 and V37 (helix alpha 2) disappear and those of W114 (beta sheet 6) undergo 

substantial shifts. Large broadenings and frequency shifts are seen on more than one third of the amino acids of 

the flexible central loop 2. Y70, which corresponds to Y63 in T. thermophilus, interacts with guanine G49 in the 

TLD T-stem, as well as on the very conserved and solvent exposed residues of beta sheet 5, located in the 

vicinity of the variable arm of tmRNA in the crystallographic complex (2). Altogether, our results are in 

agreement with both the earlier crystallographic (2,4) and NMR (1,5) structural data published for the 

[TLD/SmpB] complex in Thermophiles. Our results also confirm that TLD binding to BR1 induces 

conformational changes around alpha 1 and the truncated C-terminal region (E15, A18, G128, L131 and D133), 

far from the main interacting area. The use the [D-Cter SmpB/TLD60] complex is thus validated to probe the 

interactions of the TLD-SmpB complex with the decoding site of stalled ribosomes. 

 

SUPPLEMENTARY METHODS 
The SmpB and DC sequences for the NMR. To compare with published data (2-4,6), we worked with the A. 

aeolicus version of SmpB and with an RNA mimicking an E. coli DC. Its NMR structure was solved with 

antibiotics (7). The sequence of the A. aeolicus DC is identical to that of E. coli except for the G1410-C1490 pair 

replacing A1410-U1490. We worked with SmpB deleted from its 17 C-terminal residues because: i) the C-term 

tail is dispensable for the recruitment of tmRNA to the ribosomes, ii) the chemical probing of the 16S rRNA in 

the presence of SmpB indicates that the C-tail protects G530 from chemical modifications (absent from the small 

DC) without inducing reactivity changes at A1492 and A1493, iii) its absence reduces protein aggregation in the 

presence of the RNA. The system studied is composed of the D-Cter SmpB, the 60-mer TLD RNA mimic 



(TLD60) and either a 27 or a 33 nt-long RNA (DC27 and DC33, Fig. 3a). TLD60 contains T54 and Y55 (8). Its 

structure is stable and homogeneous (8. The sequence of DC33 is identical to that of DC27 except for 3 extra GC 

pairs stabilizing the two ends. 

 
NMR Titration and Chemical Shift Perturbations Mapping. All titrations were performed at 313K. The 

sample volumes were readjusted at each step to their initial value by lyophilization. HSQC spectra were recorded 

after a 1-hour equilibration at 313K in the spectrometer. Titration of BR1 was conducted by recording four 1H, 
15N HSQC spectra of 15N D-Cter SmpB upon addition of TLD60 at the molar ratios of 0.2, 0.5, 1 and 2. The 

mixture was then readjusted to equimolar concentration by addition of 15N-D-Cter SmpB and checked by 

running an extra 1H-15N HSQC experiment. For the second stage (titration of BR2), aliquots of a stock solution 

of DC27 (0.2mM) were added to the (1:1) [15N-D-Cter SmpB/TLD60] complex. Five points were recorded at 

molar ratios of 0.4, 1, 4.5 and 8. The changes in the chemical shifts of the amide 1H and 15N were averaged by 

using the formula: wacs = {[1/2[(DH)2 + (0.2DN)2]]}1/2  (12-14) and plotted versus the residue number. The 

cutoff value (c.o.) of +s was computed. All residues undergoing wacs > c.o. were mapped in red on the ribbon 

structure, and those with wacs in the ranges [c.o. - 90% c.o] and [90% c.o. - 80% c.o.] respectively in orange and 

yellow. Amino acids with NH cross-peak broadened to baseline were mapped in magenta. The reciprocal 

titration was run in D2O buffer by adding 0.2, 1, 2 and 3 eq. of a stock solution of the unlabeled (1:1) [D-Cter 

SmpB/TLD60] to a 0.2mM solution of 13C,15N-DC33. The titration was monitored by recording 1H-13C HSQC 

spectra, and following the aromatic C2H2 and C8H8 cross-peaks chemical shift variations. 

Docking procedures of the SmpB-TLD complex within the ribosome 

We started with the structure of the ribosome (PDB 2j00 and 2j01). Full-length A-site tRNA (PDB 1GIX, 9) was 

docked into the A-site, replacing the anticodon stem-loop. The A-site tRNA was replaced by the TLD-SmpB 

complex (2), by superimposing the TLD acceptor stem and T stem-loop onto that of the tRNA. The T. 

thermophilus SmpB structure was then replaced by its A. aeolicus homolog, either from free state (3) or from the 

‘TLD-SmpB’ complex (Fig. 4, 4). This was dictated by the absence of parts of the TLD acceptor branch within 

the electron density map from the A. aeolicus complex and because residues 73-75 (loop 2) are missing from 

SmpB. Both models are superimposable and account for the NMR constraints and for the probing data, with 

SmpB filling the space previously occupied by the anticodon stem-loop of the A-site tRNA. 

Complementation assays. The complementation assays were performed in E. coli, using E. coli tmRNA and 

SmpB molecules. E. coli DsmpB strains and plasmids used for overexpression of both E. coli wt and D-Cter 

SmpBs His-tagged in C-ter (6 His) were previously described (10,11). E. coli SmpBs are referred here to as 

ecSmpBs. Double and triple mutations were introduced in the protein by PCR mutagenesis. The double mutant 

ecSmpBK131A/K133A (ecSmpB-KK protein) and the triple mutant ecSmpBR19A/E23A/Y24A (ecSmpB-REY 

protein) were cloned into the pBR322-pS vector containing the promoter of the smpB gene (11). 

Complementation assays with ecSmpB, ecSmpB-REY and ecSmpB-KK proteins were performed by the co-

transformation of the E. coli DsmpB strain with either the pBR322-pS, pBR322-pS-SmpB, pBR322-pS-smpB-

REY or pBR322-pS-smpB-KK plasmids. Transformed cells were grown to mid-logarithmic phase at 37°C, 

diluted at an A600 of 0.01 in an LB broth containing ampicillin and incubated at 45°C. The growth of the 

transformed cells was monitored by the absorbance at 600 nm. 



Determination of the location of tmRNA and SmpB mutants in E. coli. E. coli strains expressing the various 

ecSmpB mutants and the procedures to recover fractions S100 (soluble material) and P100 (crude ribosome 

extract) are described (10). For each fraction (S100 and P100), amounts of RNAs and proteins corresponding to 

the same number of E. coli cells were analyzed by either Northern or Western blotting. Pre-hybridization and 

hybridization with 32P-labeled DNA oligonucleotides complementary to tmRNA (5’ –CGG GTA CGG GTA 

GGA TCG CAC ACC- 3’) were carried out in ExpressHyb according to the protocol (Clontech). EcSmpB 

proteins were detected by Western blotting using rabbit polyclonal antibodies directed against His-tagged SmpB 

proteins, followed by chemiluminescence detection (Amersham Biosciences). 

 

SUPPLEMENTARY FIGURES 
Fig. S1: Interaction of SmpB with a stalled ribosome in comparison with canonical translation. (a) Translating 

ribosome (small subunit: yellow, large subunit: blue) onto an mRNA (dark blue) with tRNAs into the Exit site 

(E-site, red), the Peptidyl-tRNA site (P site, orange) and the Aminoacyl-tRNA site (A-site, green) (PDB 2HGP 

and 2HGQ; (15)). (b) Ribosome stalled onto a truncated mRNA, with an empty A-site filled by SmpB (pink, 

PDB 1p6v, (3)) on the 30S, based on cryo-EM data (5). IMAGIC (16) and CHIMERA (17) softwares were used 

for the volume conversion and visualization. We thank F. Weiss for his assistance in preparing this figure. 

Fig. S2: Complex formation between TLD60 and D-Cter SmpB defines binding region 1 (BR1). (a) Overlay of 

the 1H-15N HSQC spectra of D-Cter SmpB free (black contours) and bound in presence of an equimolar amount 

of TLD60 (blue contours). (b) Histogram of the per-residue number Weighted Average Chemical Shifts. Blanks 

underlined by magenta correspond to resonances broadened to baseline upon titration. 

Fig. S3: TLD60 binds to SmpB region BR1: Color-coded mapping of the significant perturbations onto the 

protein solution structure (PDB 1K8H1, (3)) as described in Materials and Methods. TLD60 protects residues 

from BR1 (circled in grey). 

Fig. S4: DC27 binds to D-Cter SmpB region BR2. (a) Per-residue WACS histogram. (b) Mapping of the 

perturbations onto the structure of SmpB (PDB 1K8H1) using same color as in Fig. S3. The “top” face of SmpB 

is mostly unaffected by addition of the DC RNA. 

Fig. S5: Functional importance of BR2. (a) Expression levels of tmRNA, wt ecSmpB and mutants ecSmpB 

proteins in the S100 and P100 fractions. (b) Growth of E. coli DsmpB strains at 45°C free (red) or complemented 

by a plasmid expressing either wt ecSmpB (blue), ecSmpB-REY (!), or ecSmpB-KK ( "). 
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