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Abstract

The off-target binding of aminoglycosides (AGs) to the A site of human mitochondrial ribosomes 

in addition to bacterial ribosomes causes ototoxicity and limits their potential as antibiotics. A 

fluorescence assay was employed to determine relative binding affinities of classical and improved 

AG compounds to synthetic RNA constructs representing the bacterial and mitochondrial A sites. 

Results compared well with previously reported in vitro translation assays with engineered 

ribosomes. Therefore, the minimal RNA motifs and fluorescence assay are shown here to be useful 

for assessing the selectivity of new compounds.
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1. Introduction

The bacterial ribosome is an ideal antibiotic drug target due to its central role in bacterial 

viability, cytosolic accessibility, lack of repair mechanisms, and structural differences with 

eukaryotic ribosomes [1,2]. Among the ribosome-targeting small molecules, 

aminoglycosides (AGs) are a class of potent broad-spectrum antibiotics [3–8]. The 4,5-

deoxystreptamine class of AGs, as shown in Figure 1, contain protonated amines under 

physiological conditions, which is important for bacterial uptake as well as rRNA binding to 

bacterial ribosomes [8,9].

The AGs bind primarily to the aminoacyl-tRNA site (A site), or decoding region, of 16S 

rRNA of bacterial ribosomes [10,11]. Within the A site, AGs interact with the internal loop 

region of h44 [12–16], which consists of three conserved bases (A1408, A1492, and A1493) 

that participate in a non-Watson-Crick base pair (A1408•A1493) or remain unpaired 

(A1492) [10] (Figure 1B). These key residues sample two distinct conformational states 
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referred to as ‘on’ and ‘off’ (flipped out vs. folded in, respectively), which plays an 

important role in translation [13,17,18]. Upon binding, AGs such as neomycin and 

paromomycin stabilize A1492 and A1493 in the ‘on’ state (Figure 1B) [13–16], which then 

interferes with discrimination of non-cognate versus cognate tRNAs and leads to 

accumulation of aberrant proteins and reduced bacterial growth [13,19–21].

Even though AGs are potent antibiotics, detrimental side effects on human health, including 

hearing impairment (ototoxicity), are a major limitation [22–24]. Binding of AGs to the 

mitochondrial (mt) ribosome (mitoribosome) in human cells correlates with induced 

ototoxicity [24–26]. Despite key differences in their ribosome sizes and protein content, 

considerable structural similarities exist between bacterial and mt rRNAs, specifically in the 

A site (Figure 2) [24–27]. The A site in mt 12S rRNA also contains an adenosine at position 

1492 (1408 in E. coli), therefore AGs such as paromomycin can potentially bind to 

mitoribosomes, resulting in translation errors and miscoded mt proteins [28]. Consequently, 

perturbation in the cell respiratory pathway leads to apoptosis of inner-ear cells and 

ototoxicity [24–26]. In contrast, base mismatches (C1493•C1556; C1494•A1555) in the mt 

A site compared to Watson-Crick base pairs (C1409-G1491; A1410-U1490) in the 

corresponding E. coli RNA (Figure 2) provide unique opportunities to develop AGs with 

reduced affinity towards the mt rRNA.

Clinical studies revealed that individuals with a mutation A1555G (U1490 in E. coli) in h44 

of mitoribosomes have a higher chance of developing AG-induced ototoxicity [29]. Of note, 

restoration of a Watson-Crick base pair (C1494-G1555) in the mutant mt A site (Figure 2) 

could lead to a higher affinity of AGs (Figure 2) [28]. Therefore, it is important to compare 

AG affinity towards the A1555G mutant, as well as the mt A-site rRNA, when developing 

new compounds as potential antibiotics.

Modifying currently available AGs to retain the desired antibacterial activity but reducing 

anti-mitoribosomal activity is an approach for generating improved antibiotics [30–34]. 

Several modified AGs were identified based on screening of synthetic analogues of 

paromomycin in cell-free translation assays with bacterial and hybrid bacterial ribosomes 

with either wild-type or mutant human mt A sites [33,34,35]. Paromomycin was selected as 

the parent scaffold due to its considerable antibacterial activity [33,34], comparatively less 

ototoxic potential [33,34,36], and resistance against AG-modifying enzymes [34,37]. The 

paromomycin derivatives 4′-O-ethylparomomycin and 4′-deoxy-4′-propylparomomycin 

(propylamycin) (Figure 1A) showed reduced inhibition of hybrid ribosomes. In addition, 

propylamycin displayed increased antibacterial activity against Enterobacteriaceae and other 

Gram-negative pathogens [33,34].

The goal of this work was to use a fluorescence assay with synthetic RNAs to measure 

apparent dissociation constants (Kd values) of AG derivatives to bacterial and mt A sites. 

Conformational changes upon AG binding to short RNA duplexes representing the A site 

from E. coli (wt-bac) [14,16,42], wild-type human mitoribosomes (wt-mt), and A1555G 

mutant human mitoribosomes (mut-mt) (Figure 2) were monitored through an attached dye 

molecule (fluorescein, F) at the 5′ end of one strand [38–40]. This approach of F tagging 

the RNA has been used previously [38–41]. The main difference between the prior reports 
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and this one is the use of a duplex instead of a hairpin construct [42]. The duplex construct 

represents the A site [16], but without the extra loop which has been shown previously to 

enhance non-specific binding [43]. The fluorescence changes associated with binding can be 

used to determine the relative affinities of the modified AGs to the model A-site RNA 

constructs, and to correlate with previously reported IC50S for translation inhibition with 

engineered ribosomes. Strong correlations with the previously reported antibacterial and 

anti-mitoribosomal activities suggest that the fluorescence method is a useful tool for the 

assessment of AG selectivity.

2. Materials and methods

2.1. Aminoglycoside compounds

Neomycin sulfate and paromomycin sulfate were purchased from Sigma (St. Louis, MO). 

Synthesis of the modified AGs 4′-O-ethylparomomycin pentaacetate and propylamycin 

pentaacetate was described previously [33,34] (Figure 1). The Dried AG compounds were 

dissolved in binding buffer (10 mM HEPES (pH 7.4), 150 mM NaCl, and 3 mM Na2EDTA) 

to generate 250 μM to 1 mM stocks.

2.2. RNA preparation

Chemically synthesized RNAs (Figure 2) were purchased from GE Healthcare Dharmacon, 

Inc. (Lafayette, Co) (5′ wt-bac: 5′-F-GGCGUCACACCAUGA; 5′ mt: 5′-F-

GGCGUCACCCUC CUC; 3′ wt-bac: 5′-UCGGGGUGAAGUCGCC, 3′ wt-mt: 5′-

GAGGAGACAAGUCGCC, and 3′ mut-mt: 5′-GAGGAGGCAAG UCGCC) and purified 

by using 20% denaturing polyacrylamide gel electrophoresis (PAGE) in 7 M urea. After 

PAGE, the RNAs were isolated by crush and soak, followed by ethanol precipitation. 

Briefly, a 3× volume of ice-cold 100% ethanol and 0.1× volume of 3 M NaOAc were added 

to each of the RNA samples. Then, the samples were kept at −80 °C for 45 min. Next, the 

RNAs were precipitated by centrifugation at 14,000 rpm for 15 min. The supernatants were 

removed and the RNA pellets were washed twice with ice-cold 70% ethanol. The RNA 

samples were centrifuged again at 14,000 rpm for 10 min. The supernatants were removed 

and the RNA pellets were dried briefly under vacuum. The purified RNAs were dissolved in 

binding buffer and stored at −20 °C. The concentrations were calculated by measuring the 

absorbance at 260 nm and using molar extinction coefficients of 168,100, 149,100, 153,700, 

163,400, and 160,100 M−1cm−1 for 5′ wt-bac, 5′ mt, 3′ wt-bac, 3′ wt-mt, and 3′ mut-mt, 

respectively.

2.3. Fluorescence assay

The concentrations of the F-tagged RNAs (5′ wt-bac and 5′ mt) (Figure 2) were adjusted to 

1 μM in binding buffer. The complementary RNAs (3′ wt-bac, 3′ wt-mt, and 3′ mut-mt) 

were annealed by incubating at 95 °C for 1 min followed by slow cooling to room 

temperature in a large (~2 L) water bath overnight. The fluorescence emission spectra were 

obtained using 300 μL of RNA and an excitation wavelength of 490 nm, emission 

wavelength range of 500–600 nm, and a slit width of 1.5 on a Varian Cary Eclipse 

fluorescence spectrophotometer. The AG compound (in binding buffer) was added 

sequentially (12 to 15 aliquots of 2 μL each) to the RNA. The samples were stirred manually 
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(by gently pipetting the sample up and down four times) and incubated for 2 min after each 

addition. Fluorescence emission spectra were collected for each titration point until 

saturation was reached. Three controls were performed: 1) fluorescence measurements of 

RNA only (no AG) every 2 min for 1 h to check for photo-bleaching; 2) titration of RNA 

with titrated with 2 μL aliquots of buffer only (no AG) to determine background 

fluorescence; and 3) fluorescence measurements of AG compounds without RNA to 

determine AG background fluorescence.

Fluorescence intensities at 520 nm were corrected (Fi,corr) for the volume change by using 

Equation 1,

Fi, corr = Fi, obs × Vi/ V0 (1)

in which Fi,corr is the corrected fluorescence intensity for the ith point of titration, Fi,obs is the 

measured fluorescence intensity for the ith point of the titration, Vi is the volume after the ith 

addition, and Vo is the initial volume. The fraction of fluorescence intensity due to the 

bound species (Fr) was calculated using Equation 2,

Fr = (F0, corr − Fi, corr)/ (F0, corr − Ff, corr) (2)

in which F0,corr is the fluorescence intensity of the sample at the initial point (all free), Fi,corr 

is the fluorescence intensity of the sample at the ith point in the titration, and Ff,corr is the 

fluorescence intensity of the sample at the final titration point (all bound). The apparent 

dissociation constant, or Kd value, was determined by plotting Fr against the ligand 

concentration ([Lt]) and fitting the data to Equation 3,

Fr = ((Kd + [Lt] + [Rt]) − ((Kd + [Lt] + [Rt]
2 − 4[Lt][Rt])

0.5)/ 2C (3)

in which [Lt] is the ligand concentration, [Rt] is the total RNA concentration, and C is a 

constant (109) [38]. Three independent trials were performed for each RNA and ligand 

combination, and error bars for each ligand concentration were derived from the standard 

deviations. The reported errors were obtained from the curve fitting analysis.

3. Results and discussion

3.1. Binding of aminoglycosides to A-site RNA constructs

In complete ribosomes, AGs such as paromomycin bind to h44 within the internal loop [12]. 

Similar binding interactions are observed in ribosome subunits or model RNA constructs of 

the A site [13–16,38,42]. The goal of this work was to determine the relative affinities of two 

semisynthetic AG compounds, 4′-O-ethylparomomycin and propylamycin, to the A sites 

from bacterial and mt ribosomes. The 5′-F-tagged RNAs employed were duplex versions of 

a previously used 27-nucleotide hairpin construct representing the bacterial A site [38]. 

Changes in fluorescence intensity at 520 nm of the F-tagged RNAs were monitored with 

increasing amounts of compound [38]. These changes are indicative of conformational 

changes of the RNA upon AG binding, which are propagated to the 5′ end of the construct 

where the fluorescein dye is located [38]. Control experiments were carried out to show that 
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the changes in fluorescence upon AG addition were due to a binding event and not 

photobleaching or background fluorescence of the AGs. The fluorescence intensities of the 

F-tagged RNAs (no AG) did not change with repeated irradiations. Similarly, F-tagged 

RNAs were titrated with binding buffer and no changes in fluorescence intensity were 

observed. In addition, the AG compounds did not show any background fluorescence (data 

not shown), consistent with previous studies [38].

Neomycin, paromomycin, 4′-O-ethylparomomycin, and propylamycin binding to the F-

tagged wt-bac duplex RNA was monitored by changes in the fluorescence emission 

intensity, starting at low nM concentrations until initial saturation was reached. As shown 

previously, further additions with higher concentrations of AGs led to non-specific binding 

and additional changes in fluorescence [38], but for this study titrations were not continued 

into the non-specific binding regime. When titrated with neomycin, the F-tagged wt-bac 

duplex RNA displayed a 20% decrease in fluorescence intensity, consistent with a 

conformational change in the bacterial A-site RNA upon AG binding. Assuming 1:1 

complex formation, the data were fit as the fraction of fluorescence intensity (Fr) versus total 

neomycin concentration (Lt) (Equation 1) to give an apparent dissociation constant, or Kd 

value, of 0.001 ± 0.0002 μM (Figure S1 and Table 1). The Kd value with the F-tagged wt-

bac duplex RNA is in good agreement with the previously reported value of 0.005 ± 0.002 

μM for neomycin binding to a similar hairpin construct representing the bacterial A site [38].

Titrations with paromomycin, 4′-O-ethylparomomycin, and propylamycin with the F-tagged 

wt-bac duplex RNA yielded apparent Kd values of 0.005 ± 0.001, 0.03 ± 0.01, and 0.002 

± 0.001 μM, respectively (Figure 3, Figure S1, and Table 1). Of note, addition of neomycin 

to the F-tagged wt-bac induced quenching of fluorescence, whereas paromomycin and the 

modified AGs caused an increase in fluorescence (11 to 20% change in all cases). Previous 

computational studies showed that upon AG binding to the F-tagged RNA, a conformation 

change occurs along with ligand interactions with the F tag [38]. Thus, the AG functional 

groups may interact with the dye molecule differently, leading to different fluorescence 

changes.

Next, we compared AG interactions with the mt A-site rRNA due to its close resemblance to 

the bacterial A site. The F-tagged wt-mt and mut-mt duplex RNA constructs have similar 

sequences as the wt-bac RNA construct, particularly in the internal loop region, which is the 

observed binding site in X-ray crystal structures [13–16]. Titrations of neomycin, 

paromomycin, 4′-O-ethylparomomycin, and propylamycin against the wt-mt duplex RNAs 

gave apparent Kd values of 1.1 ± 0.5, 6.5 ± 0.9, 12.8 ± 2.8, and 26.9 ± 4.7 μM, respectively 

(Figure S2 and Table 1). With the mut-mt duplex RNA, neomycin, paromomycin, 4′-O-

ethylparomomycin, and propylamycin gave apparent Kd values of 0.1 ± 0.02, 2.8 ± 0.5, 8.6 

± 2.1, and 5.8 ± 1.8 μM, respectively (Figure S3 and Table 1). These changes in binding 

affinities are consistent with altered contacts with the A-site residues of the wt-mt and mut-

mt duplex RNAs, which have different residues at A1410 (C1494), G1491 (C1556), and 

U1490 (A/G1555) (Figure 2).

Neomycin showed the highest affinity for all three RNA constructs, with low μM to high nM 

binding to the mt RNAs. Compared to neomycin, paromomycin has a 5-, 6-, and 28-fold 
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lower affinity for the wt-bac, wt-mt, and mut-mt RNAs, respectively. Despite these lower 

affinities, paromomycin has better selectivity for bacterial over human mt A sites, which is 

consistent with previous studies [33,34]. Although 4′-O-ethylparomomycin had the weakest 

affinity for wt-bac RNA (6-fold reduction in binding affinity compared to paromomycin), 

this derivative showed a moderate level of discrimination between wt-bac and mt RNAs 

(relative to paromomycin, 2- and 3-fold reduced affinity towards wt-mt and mut-mt RNAs, 

respectively). In contrast, propylamycin showed a 2.5-fold enhancement in binding to wt-bac 

compared to paromomycin, in addition to a 4- and 2-fold reduction in affinity towards the 

wt-mt and mut-mt RNAs, respectively. Thus, results with F-tagged RNAs are consistent with 

the 4′-deoxy-4′-propyl modification to paromomycin providing enhanced binding to the wt-

bac and significant reduction in affinity to the undesired mt targets.

3.2. Correlation between in vitro binding affinities and in vivo activity of aminoglycosides

Modifying currently available AGs has been used to overcome AG-induced ototoxicity 

[33,34]. Quantifying the interactions between modified AGs and small RNA constructs 

resembling the target A site is therefore useful for making correlations between in vitro A-

site RNA binding and in vivo activity (i.e., ribosome binding, translation inhibition, and 

antibacterial activity). Minimum inhibitory concentration (MIC) values of 4, 16, and 2 mg/L 

have been reported for paromomycin, 4′-O-ethylparomomycin, and propylamycin, 

respectively [33,34]. In addition, translation inhibition of bacterial ribosomes gave IC50 

values of 0.03, 0.08, and 0.03 mg/L for paromomycin, 4′-O-ethylparomomycin, and 

propylamycin, respectively [33,34]. The fluorescence binding data for paromomycin, 4′-O-

ethylparomomycin, and propylamycin with the F-tagged wt-bac duplex RNA construct 

therefore follow the same trend as the MIC and IC50 values, showing a good correlation 

between A-site target binding and biological effects of the AGs.

The IC50 values with hybrid ribosomes containing a human mitochondrial A site were 

reported to be 51, 97, and 167 mg/L for paromomycin, 4′-O-ethylparomomycin, and 

propylamycin, respectively [33–35]. The relative AG binding affinities obtained with the F-

tagged wt-mt duplex RNA construct are consistent with those trends, in which propylamycin 

had the lowest affinity for the wt-mt A site and biggest loss in activity against the humanized 

ribosomes. Similarly, the IC50 values obtained for paromomycin, 4′-O-ethylparomomycin, 

and propylamycin with engineered ribosomes resembling the mutant mt A site (A1555G) 

were 6, 120, and 51 mg/L for paromomycin, 4′-O-ethylparomomycin, and propylamycin, 

respectively [33,34], which follows the same trend as apparent Kd values obtained by using 

the F-tagged mut-mt duplex RNA. In this case, 4′-O-ethylparomycin had the lowest affinity 

for the mut-mt A site and biggest loss in activity against the corresponding mut-mt 

ribosomes. Table 2 summarizes the trends in AG selectivity for the bacterial over mt A-site 

RNAs in terms of previously determined in vitro translation inhibition (IC50) [33,34] and the 

apparent Kd values obtained from fluorescence-based assays with the smaller RNA 

constructs, which are consistent for both the wt-mt and mut-mt constructs and the 

propylamycin derivative. In comparing the Kd values, 4′-O-ethylparomomycin is less 

selective than paromomycin for the wt-bac construct. In contrast, 4′-O-ethylparomomycin is 

more selective than paromomycin in the case of mut-mt ribosomes if the IC50 values are 

compared. Such discrepancies are not surprising, however, when comparing model and 
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biological systems. The compound could have secondary ribosome binding sites that impact 

the IC50 values, but are not observed in the simplified model systems.

Both the chemical structure of AGs and the secondary structures of different A-site RNA 

constructs dictate the binding affinities of AGs. As observed in crystal structures and 

supported by solution and computational studies with RNA constructs resembling the 

bacterial A site, ring I of paromomycin forms a pseudo-Watson-Crick base pair with A1408, 

along with a stacking or CH/π interaction with G1491 [45–48]. In addition, chemical 

probing studies on ribosomes showed interactions of A1408 and G1491 among other 

residues with paromomycin [34,49]. Therefore, both ring I, which was modified in the two 

paromomycin derivatives, and the guanosine at position 1491 of the bacterial A-site RNA, 

which is a cytidine (C1556) in the mt RNA, are important for paromomycin class AG 

binding.

Compared to paromomycin, the 4′-O-ethyl and 4′-deoxy-4′-propyl modifications lead to 

either reduced or increased binding affinity, respectively, for the wt-bac RNA. As observed 

in a crystal structure of T. thermophilus 70S ribosomes, the interactions of propylamycin 

ring I with the A site also involve A1408 and G1491 (Figure 4) [34]. The ring I 6′-hydroxyl 

and 5′-oxygen form hydrogen bonds with the N1 and N6 of At 408, respectively. Therefore, 

it is not surprising that modifications to ring I impact affinity for the A site.

The three paromomycin compounds tested here display 400- to 13,000-fold tighter binding 

towards the F-tagged wt-bac duplex RNA over the wt-mt construct, and 300- to 3000-fold 

enhanced binding to the mut-mt RNA, supporting previous biological studies on engineered 

ribosomes with the same sequence variations in the A-site internal loop [33,34]. The internal 

loop of the mt constructs is expected to be wider than that of the bacterial RNA, particularly 

in the wt-mt A site, because the distances between bases in C1493•C1556 and C1494•A1555 

non-canonical base pairs are typically longer than those in canonical Watson-Crick base 

pairs (Figure 2 and 5) [50]. These alterations in the internal loop structure may be less 

favorable for AG interactions [28]. In contrast, the presence of a canonical Watson-Crick 

base pair (C1492-G1555) in the mut-mt A site (Figure 2 and 5) may be responsible for the 

increased binding affinity of AGs compared to the wt-mt A site and therefore compromised 

selectivity for the bacterial sequence [28].

4. Conclusions

We have employed a fluorescence assay using 5′-fluorescein-labeled duplex RNA constructs 

resembling the bacterial and human mt A site to determine binding affinities of four AGs, 

neomycin, paromomycin, 4′-O-ethylparomomycin, and propylamycin. All AGs tested 

showed tighter binding towards the wt-bac duplex RNA construct over mt duplex RNA 

constructs. When considering the minimal mt constructs, neomycin has the tightest binding 

while 4′-O-ethylparomomycin and propylamycin have the weakest binding to mut-mt and 

wt-mt duplex RNAs, which can be correlated to the observed anti-mitoribosomal activity 

[33,34]. In particular, propylamycin showed significantly weaker binding to the mt duplex 

RNAs.
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In comparing the mt RNA constructs, all four AGs showed increased binding to the mut-mt 

relative to the wt-mt RNA, supporting the previously reported correlation between AG 

binding to the mt A site and increased AG-induced ototoxicity potential in individuals 

carrying the mutation [29]. Nonetheless, the two modified paromomycin derivatives, 4′-O-

ethylparomomycin and propylamycin, still displayed weaker binding to mut-mt constructs 

compared to paromomycin, which is also consistent with the translation inhibition activities 

[33,34].

In comparison, in vitro translation assays provide valuable information regarding AG 

activity, but require engineering of the ribosomes to generate the wild-type and mutant 

mitochondrial rRNA sequences, which can be challenging and time consuming. In contrast, 

the fluorescence assay takes advantage of small synthetic RNA constructs to obtain relative 

binding affinities of AGs to target (wt-bac) and off-target (wt-mt and mut-mt) RNAs, and 

can be performed in a relatively short period of time. Although possible ligand-dye 

interactions are a limitation, the assay can be utilized to obtain relative binding affinities of a 

particular ligand to related RNA sequences that are labeled with the same or different dyes. 

Previous studies have shown that the Kd values derived from the fluorescence assay compare 

well with those obtained by other methods such as mass spectrometry [42] and isothermal 

titration calorimetry [52]. Therefore, our studies have shown that the fluorescence assay with 

minimal RNA motifs is a useful tool to predict the selectivity of modified AGs for both 

wild-type and mutant forms of mitoribosomes.
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Figure 1. The structures of aminoglycosides and bacterial A site.
(A) Chemical structures of aminoglycosides used in this study are shown. (B) The crystal 

structure of the E. coli A site is shown with (right, PDB ID: 4V52) and without (left, PDB 

ID: 4V7A) paromomycin bound [3,7,8,9].
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Figure 2. A-site RNA secondary structures.
RNA duplexes representing (A) E. coli (wt-bac), (B) wild-type human mitoribosomal (wt-

mt), and (C) A1555G mutant human mitoribosomal (mut-mt) A-site sequences are shown 

(the A-site region is boxed). The nucleotides that are different in either wild-type or mutant 

mt sequences compared to the E. coli sequence are shown in red. The point mutation in the 

mut-mt sequence is shown in green. The rRNA numbering systems for E. coli and human 

mitochondria are used. The black dots (•) represent non-Watson-Crick base pairs and F is a 

5′-fluorescein tag.
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Figure 3. Propylamycin binding to bacterial A-site RNA construct.
(A) Changes in volume-corrected fluorescence intensity (Fcorr) upon titration with 

paromomycin, 4′-O-ethylparomomycin, and propylamycin are shown. (B) Representative 

binding curves of fraction bound (Fr) as a function of paromomycin, 4′-O-

ethylparomomycin, and propylamycin concentration fitted to Equation 3 are overlaid (R2 = 

0.99, 0.97, and 0.95, respectively).
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Figure 4. AG interactions with the bacterial A site.
The interactions of paromomycin (PDB ID:1IBK) [42] (A) and propylamycin (PDB ID:

6097) [34] (B) with A-site rRNA are compared. The G1491 residue is highlighted to show 

the stacking interactions with ring I of AGs.
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Figure 5. Secondary structures of the h44 internal loop.
The secondary structures of bacterial A-site rRNA (PDB ID: 4V4I) [10] (A) and RNA 

constructs resembling wild-type mitochondrial (PDB ID: 3BNN) (B) and mutant 

mitochondrial (A1555G) (PDB ID: 3BNP) A site are shown [51]. The nucleotides that are 

different in both wild-type and mutant mitochondrial sequences compared to the E. coli 
sequence are shown in red. The point mutation in mutant mitochondrial sequence is shown 

in green.
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Table 1.

Apparent dissociation constants of aminoglycosides for A-site RNA duplexes

Aminoglycosides

Apparent dissociation constants, Kd values (μM)

bacterial A site (wt-bac) mito. A site (wt-mt) mutant mito. A site (mut-mt)

neomycin 0.001 ± 0.0002 1.1 ± 0.5 0.1 ± 0.02

Paromomycin 0.005 ± 0.001 6.5 ± 0.9 2.8 ± 0.5

4′-O-ethylparomomycin 0.03 ± 0.01 12.8 ± 2.8 8.6 ± 2.1

Propylamycin 0.002 ± 0.001 26.9 ± 4.7 5.8 ± 1.8
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Table 2.

Selectivity of AG translation inhibition potential and binding affinity of A-site RNAs

Aminoglycosides

Selectivity for bacterial over mt A site

ratio (wt-mt/wt-bac) ratio (mut-mt/wt-bac)

IC50 Kd IC50 Kd

neomycin 200 1100 20 100

paromomycin 1700 1300 200 560

4′-O-ethylparomomycin 1212 427 1500 287

propylamycin 5566 13450 1733 2900
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