Refinement of Absolute Quantification
Mass Spectrometry Method to Detect
and Monitor FMO levels in a Mouse
Model of Tuberculosis
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LPS 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.

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

* |tis generally used in combination with 5
other drugs.



Flavin containing monooxygenase

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

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

 There are 5 FMO protein products in
mammalian systems.



FMQOs 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.



[ At least one FMO2=1
allele
B No FMQO2=1 allele

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




Consequences of 2.1 Expression

e 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

* |n 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).



Overview of AQUA MS

Tissue i
g Excise band
1.
4,
N,
\ Homogenize .
«‘j.\u "I Add
. ks Labeled
3 Peptides
SDS Page
3.




Problems With Initial Technique

e 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/pl.

* Each peptide diluted down to 50 fmol/ul and
submitted to MS lab.

* Mixture of all 4 peptides submitted at
concentrations of 250 fmol/ul, 125 fmol/ul, 50
fmol/ul, 25 fmol/ul, and 12.5 fmol/pl.
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Calibration Curve Revisions
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Chromatogram of all samples

ﬁ:n-'ru;‘::u_num;—{_:ﬁ I_l:]'.ﬂ.lh:l:uﬂél_-. T—— I
T Foi n-mu_rm:muu-ut—nn-:—p- Il-"ll-ﬂl. TR [F ramaitions)
™ ::D-ulﬂu_m_mm:wﬁ + R 18 108 CHD, rm.l;u-rm
T} - Cradal87 12 AU wil] (gl 11) ¢ Smsple 13 W _P. +MERL 08 i
frovm DwialSdT LE_F0_AGUAL will [swnple 1E] - Senpln 1010wl L8, +500M (§ s}
;o [tk A FRIG ACHLAL WA (eempds 1Y) - Sanphe 10 (oSl L0, ¢MRM (8 asond|
T o D@07 12 PG AGUUAD il (eimmpbe 147 - Bamageds 10 1] <, < MRM {1 s
T e DislsGEF7T L2 FMI_AUUAL wall [wmmple 13 « Semple 09 fitiend, (R0 {1 i)
l':mli_mm:_t::-”:mmgm
hmummﬂ_ﬂm-ﬂ-hﬁ:ﬂiﬂ_ﬂl W (1 ok
o DiskalB0TH2 FEID AQUAD will imaphe 19 - Samphe 08 S LB, =MEU (1 Wt
e DislelETE2 FRID_AQUAL wall [emepde 30 < Renpls 0_6tmal I/, +300AE (F ransihens)
s DatadBOT1Y FRIC ACATAY wi¥ (umnple 21) - Senple 04 Sifmol LBr, #0010 (F et}
o vl B FRIG_ACELAS =il (gl LF) - Senphy of Mcksed O, v SHM (B e
m:wuﬁ_ﬂm#ﬂ-hﬂrmﬂ:m+£ﬂuh;ﬂm
S nul:m:l.;rl.l:_.l.uuuﬂ—lrm + Bl LEV ] 30, MERE B Wit
Fom DecadBOTIE P00 ACUAZ wis {emplc 180 - Samplel) 119Esal LH, <3 {3 bwetsni]
e DaraBBOTIE FREO i:-plrm-i-nllﬂl_'lr;;-l-:l_ ﬂnlllft:—i—h
hE-L
L
4 Zca
Tiled
i B
i FMO 1
& i
A bl
Afwd )
-
| i
e ol L] wa f-E K JET- [ AL




‘Regression ("No” weighting): y = 9.05 x + 1.44e+004 (r = 0.0272)
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Conclusions

* Loss of sensitivity

e FMO 1 and 5 lost at low concentrations

* Nano-spray nozzle
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