
New t r eatments needed to 
t ackle an old foe
TB is a deadly infect ious disease caused 
by the bacter ium Mycobacterium 
tuberculosis (Mtb). According to the 
World Health Organizat ion, an 
est imated 10.8 million people 
contracted TB globally in 2023, and 1.25 
million died from the disease. While 
ant ibiot ics are effect ive for  
drug- sensit ive TB cases, mult idrug-  
resistant  Mtb st rains can evade 
common drug therapies.

Drug- resistant  cases require a regimen 
that  is often more expensive, toxic, and 
t ime- intensive. Pat ients are required to 
take six or more medicat ions daily for  
up to 20 months. New approaches are 
urgent ly needed to shor ten the course 

of drug intervent ions and address 
widespread mult idrug- resistant  st rains.

A mult i- inst itut ional study led by 
researchers at  Texas A&M University 
and the Calibr- Skaggs Inst itute for  
Innovat ive Medicine sought  to f ind new 
t reatments to address mult idrug-  
resistant  TB. The team screened a 
library of 406 compounds that  belong to 
an act ive class of molecules [i.e., sulfur  
f luor ide exchange (SuFEx)] to evaluate 
their  eff icacy against  Mtb. The team 
developed one promising compound 
into CMX410, which targets Pks13, an 
enzyme essent ial for  microbial cell wall 
biosynthesis.

Cr ystal logr aphy r evealed t he 
r eact ion mechanism
To understand how CMX410 funct ions, 

the researchers solved its crystal 
st ructure using protein crystallography 
(PX) at  Beamline 5.0.1 and Beamline 
5.0.2, which are par t  of the Berkeley 
Center for  St ructural Biology (BCSB) at  
Lawrence Berkeley Nat ional Laboratory 
(Berkeley Lab). The diffract ion data 
revealed the compound?s interact ion 
with Pks13. The team found that  over 
t ime, CMX410 reacts with the act ive site 
of Pks13, removing an oxygen atom from 
the enzyme. With the oxygen removed, 
the backbone of the enzyme forms a 
?- lactam st ructure, permanent ly 
disabling it .

The researchers aimed to capture the 
react ion steps to understand the 
mechanism of inhibit ion. Their  
st ructural work focused on the acyl 
t ransferase (AT) domain of Pks13 where 

Scient i f ic 
Achievement
X-ray diffract ion data, collected at 
the Advanced Light Source (ALS) 
and other Department of Energy 
light sources, revealed the crystal 
structure of CMX410, a new 
compound that targets a key 
enzyme (Pks13) in the cell 
membrane of the bacterium 
responsible for tuberculosis (TB).

Signi f icance 
and Impact
CMX410 is a promising new 
candidate to treat TB, including 
mult idrug resistant strains. 

A cross-sect ion of the crystal st ructure for the enzyme Pks13 (the surface colored pink and blue by 

hydrophobicity) as it  interacts with CMX410 (shown as st ick-like st ructure), a new drug candidate 
for TB.

X-Rays Shed Light  on Possible New 
Tr eatments for  TB

BIOLOGIOCAL SCIENCES



the react ion occurs. This required 
sampling many condit ions to ?t rap? the 
intermediates as the inhibitor  reacted 
with the enzyme. Thus, the team 
collected data from many crystals of 
CMX410 and Pks13 to detail every 
react ion step. They complemented the 
ALS diffract ion data with data obtained 
at  Argonne Nat ional Laboratory?s 
Advanced Photon Source (APS) and 
Brookhaven Nat ional Laboratory?s 
Nat ional Synchrot ron Light  Source- II 
(NSLS- II).

Tar get ing new pathways t o 
potent ial t r eatments
Mtb t reatments have targeted the 
bacter ium?s cell wall since the 1960s, but  
many of these drugs are losing their  
eff icacy due to widespread resistance. 
CMX410 interferes with a pathway in 
cell wall metabolism that  is not  
current ly targeted by available drugs. 
CMX410 is act ive against  drug- sensit ive 
and drug- resistant  st rains of the 
bacter ium. It  has also been proven to be 

effect ive and safe in mult iple animal 
models of infect ion.

TB is a complex disease that  requires a 
regimen of mult iple drugs. Addit ional 
test ing is ongoing to determine how  ̀
CMX410 f its into established TB drug 

combinat ions and to complete the 
safety prof ile required for drug 
candidates to progress into clinical 
pract ice. The results of this study shed 
light  on the potent ial of this class of 
SuFEx- based inhibitors to t reat  TB and 
in the broader f ield of drug discovery.
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Protein crystallography at  the Advanced Light  Source (ALS) revealed the react ion steps between 
compound CMX410 and the act ive site of the acyl t ransferase domain in Pks13. (a) A catalyt ic 
amino acid in the act ive site (blue shaded region) on Pks13, a cell wall enzyme inMycobacterium 
tuberculosis. (b) CMX410 converts an amino acid in the act ive site into ?-lactam. (c) The 

t ransformed bacterial enzyme Pks13 is now permanent ly disabled.
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