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Tuberculosis 

 
• Mycobacterium tuberculosis primarily infects the 

lungs. 
• Symptoms include: coughing up blood, weight 

loss, chills and loss of appetite. 
• 1/3 of the world’s population is infected with TB. 
• TB is second only to HIV/AIDS as the greatest 

killer worldwide. 
 
 

"Tuberculosis." WHO. N.p., Mar. 2012. Web. 10 July 2012. 
<http://www.who.int/mediacentre/factsheets/fs104/en/>. 



Ethionamide 

 

• Drug resistance can occur during treatment. 

 

• Ethionamide (ETA) is a second line drug used 
for the treatment of TB. 

 

• It is generally used in combination with 5 
other drugs. 

 



Flavin containing monooxygenase 
 

• ETA and other second line drugs are 
metabolized by flavin containing 
monooxygenases (FMOs).  

 

• FMOs catalyze oxygenation of a wide variety 
of xenobiotic compounds. 

 

• There are 5 FMO protein products in 
mammalian systems. 

 

 



FMOs cont. 

• The major mammalian pulmonary FMO is 
FMO 2. 

 

• Most humans do not express FMO 2.1, instead 
they express an inactive FMO 2.2. 

 



Hypothesis  
 

    The expression of catalytically active FMO2.1 
enzyme reduces the efficacy of ETA in 
inhibiting and killing M.tuberculosis which 
enhances oxidative/nitrative stresses and 
pulmonary toxicity in the host. 



Global Implications 

 

• The highest incidence of individuals with an 
active FMO 2.1 live in Sub-Saharan Africa. 

 

• The highest rates of TB and resistance to TB 
drugs also coincides with Sub-Saharan Africa. 

 



Pharmacogenet Genomics. 2008 October; 18(10): 
877–886.  doi: 10.1097/FPC.0b013e3283097311 



Consequences of 2.1 Expression 
  

• FMO 2.1 expression could metabolize ETA to 
sulfenic acid so that less drug reaches its 
target. 

 

• The sulfenic acid is capable of redox-cycling 
with glutathione producing oxidative/nitrative 
stress and toxicity. 



Methodology  

• In order to study the effects of FMO 2.1 and 2.2 
there needs to be a method to discriminate 
between the different FMOs. 
 

• FMOs 1-3 have overlapping substrate specificities 
and antibody cross-reactivity. 
 

• Preliminary studies have been done using 
Absolute Quantification Mass Spectrometry 
(AQUA MS). 
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Problems With Initial Technique 

• The AQUA MS method successfully identified the 
mouse FMOs, but results were not quantitative 
for all of the FMOs. 

 
• AQUA results for FMOs 1 and 2 were not 

consistent with levels determined by RT-PCR and 
enzyme assays.  

 
• The methodology was time consuming and detail 

oriented. 



Current project goal:  
• To improve accuracy and sensitivity of AQUA MS. 

 

Steps:  
1) Identify strategies for improvement.  

2) Calibrate MS equipment. Create a standard curve 
from known quantities of over expressed FMOs. 

3) Perform in gel digestion with C57 mouse lung tissue. 

4) Evaluate results. 

5) Perform in gel digestion with FMO C57 1,2,4 knockout 
mouse tissue. 

6) Evaluate results. 

 

 

 



2) Calibration/standard curve 

• mFMO 1,2,3,5 standards used at a 
concentration of 5000 fmol/µl. 

 

• Each peptide diluted down to 50 fmol/µl and 
submitted to MS lab. 

 

• Mixture of all 4 peptides submitted at 
concentrations of 250 fmol/µl, 125 fmol/µl, 50 
fmol/µl, 25 fmol/µl, and 12.5 fmol/µl. 
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Y = 1.53e+004 x + .3.54e+005 (r=0.9683) 



Calibration Curve Revisions 
Tube # Concentration 

(fmol/µl) 

1 250  

2 175 

3 125 

4 100 

5 75 

6 50 

7 40 

8 30 

9 20 

10 10 

11 5 

12 2.5 
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Calibration Curve Results #2 
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Lo Bind Tube 
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Conclusions 

• Loss of sensitivity 

  

• FMO 1 and 5 lost at low concentrations 

 

• Nano-spray nozzle  
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