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Structural Basis for the Methylation of 
the Small Ribosomal Subunit by NpmA 
from a Clinical Isolate

Most antibiotics inhibit bacterial cell growth by blocking the bacterial ribosomes, thereby inhibiting the pro-
cess of protein production.  Bacterial pathogens use various mechanisms to thwart the action of antibiotics. 
Methyltransferase NpmA confers resistance to aminoglycoside antibiotics by methylating the 16S rRNA of 
the small ribosomal subunit (30S) at residue A1408.  It poses a threat to the successful use of aminoglycoside 
antibiotics in clinical practice. We determined the structures of apo-NpmA and its complexes with cofactor S-
adenosylmethionine and S-adenosylhomocysteine.  The results presented here will assist in the development of 
specific NpmA inhibitors that could restore the potential of aminoglycosides.   
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Aminoglycosides are bacte-
ricidal antibiotics that are widely 
used in treatment against severe 
infectious diseases caused by 
Gram-negative and Gram-positive 
bacteria.  They bind to the 30S 
subunit of the ribosome at the A-
site and induce a conformational 
change that is responsible for 
the loss of fidelity of the protein 
translation process.  Due to the in-
discriminate and excessive use of 
these antibiotics, pathogenic bac-
teria have acquired from antibiotic 
producers and further evolved 
several mechanisms of resistance 
to these antibiotics such as meth-
ylation at specific sites on the 16S 
rRNA that prevent the binding of 
the antibiotic to the ribosome.

Methylation provides high-
level resistance to most amino-
glycosides used in the clinical 
practice.  There are two families of 
methyltransferases that are respon-
sible for the resistance against ami-
noglycosides.  These are the Arm 
(aminoglycoside resistance meth-
yltransferase) family and the Kam 
(kanamycin–apramycin methyl-
transferase) family, which specifi-
cally methylate the 16S rRNA at 
the N7 position of G1405, and 
the N1 position of A1408, respec-
tively.  Kam enzymes confer high-
level resistance to broad-spectrum 
aminoglycosides.  NpmA from 

Escherichia coli clinical strain 
ARS3 is the first methyltransferase 
found in a clinical isolate that can 
methylate 16S rRNA at m1A1408.2  
In addition, the npmA gene was 
found on a plasmid, so its rapid 
horizontal transfer among bacte-
rial pathogens is expected, which 
poses a threat to the successful 
use of aminoglycoside antibiotics 
in treatment of infectious diseases.

Here, we report the crystal 
structure of NpmA and its com-
plex with AdoMet and AdoHcy, 
along with structure-guided func-
tional studies.  Residues conserved 
in the Kam family were substituted 
with alanine and the resulting 
NpmA variants were analyzed for 
their ability to bind AdoMet and 
AdoHcy (by isothermal titration 
calorimetry).1 

NpmA adopts a Class I meth-
yltransferase fold consisting of a 
seven-stranded β sheet (β5↑–
β4↑–β3↑–β6↑–β7↑–β9↓–
β8↑) (Fig. 1).   The ligands in 
NpmA–AdoMet and NpmA–Ado-
Hcy complexes display a similar 
mode of binding.1 

The highly conserved consensus 
motif G×G×G (G32×G×G36) in 
the loop connecting the β3 to its 
successive α helix forms the bot-
tom of the cofactor-binding site, 

while residues D30, N38, P56, 
T109, E88, A87, D55, G32, L104 
and S195 delineate the cofactor-
binding site (Fig. 2).  The residues 
D30, G32 and D55 are highly 
conserved in Class I AdoMet de-
pendent MTases and are involved 
in cofactor binding.  D30 coordi-
nates the carboxypropyl moiety 
via two water molecules and D55 
coordinates both hydroxyls of 
the ribose moiety.  The residues 
equivalent to E88, A87 and L104 
of NpmA have also been found to 
interact with the cofactor in other 
MTases. In particular the side 
chain of E88 (like its equivalents 

Fig. 1: Structure of NpmA.  Ribbon rep-
resentation of NpmA-cofactor 
complex.  The cofactor AdoHcy is 
depicted in brown.1
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in other related enzymes) coordi-
nates the exocyclic amino group 
of the AdoMet adenine moiety, 
while L104 and A87 are engaged 
in hydrogen bonds with the cofac-
tor via their backbone. The ade-
nine moiety is stacked between the 
side-chains of P56 and L110, and 
the side chain of T109 additionally 
coordinates its N7 atom.  Besides, 
residues N38, G32, L104 and 
S195 interact with the carboxypro-
pyl moiety of AdoMet/AdoHcy.  In 
total, NpmA makes 10 direct hy-
drogen bonds with AdoMet/Ado-
Hcy.  The cofactor binding site in 
apo-NpmA is highly similar to that 
of the NpmA–AdoMet/AdoHcy 
complex, with the exception of the 
D55, whose side chain exhibits a 
slightly different orientation than 
in the cofactor-bound complexes.1

To gain more insight into 
AdoMet/AdoHcy binding ability 
D55A, E88A, T109A, S195A and 
D30A NpmA variants versus Ado-
Hcy and AdoMet were analyzed 
by ITC (Fig. 3).  The dissociation 
constant (Kd) for AdoMet and Ado-
Hcy of the wt NpmA was deter-
mined to be 20 µM with N = 1.1 
and 0.6 µM with N = 1.0, respec-
tively.  The T109A variant retained 
i t s  b inding abi l i ty,  a l though 
weaker, with Kd values of 0.4 mM 
and 2 µM for AdoMet and Ado-
Hcy, respectively.  Interestingly, 

the Kd of S195A for AdoHcy was 
found to be 33 µM, but we ob-
served a complete loss of AdoMet 
binding, while the NpmA variants 
D30A, D55A and E88A AdoHcy 
completely lost their ability to in-

teract with both AdoMet and Ado-
Hcy.1

The NpmA structure and the 
knowledge of its interaction with 
the cofactors and substrate will 
serve as a starting point for the 
development of specific inhibitors 
of the Kam family of methyltrans-
ferases that could reinstate amino-
glycoside sensitivity in aminogly-
coside-resistant pathogens.1
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Fig. 2: Stereo view of the cofactor binding site in the active site region (a) NpmA–AdoMet 
complex: the Fo－Fc simulated annealing (SA)-omit map of the cofactor AdoMet con-
toured at 2σ is shown.  AdoMet is shown in cyan.  (b) NpmA–AdoHcy complex: the 
Fo－Fc SA-omit map of the AdoHcy contoured at 3σ is shown. AdoHcy is shown in 
brown.1

 (a)  (b)

Fig. 3: ITC experiments. 
 (a) NpmA–AdoMet titration. 
 (b) NpmA–AdoHcy titration. 
 (c) D30A–AdoMet titration. 
 (d) D30A–AdoHcy titration. 
 The upper panels show the injection profile after baseline 

correction and the bottom panels show the integration (heat 
release) for each injection (except the first one).1
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