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« Top down ECD and ETD mass spectrometry (MS) has been employed here
for characterization and quantitative determination of phosphorylation in
cardiac troponin | (cTnl) purified from human heart tissue.

«ECD of monophosphorylated cTnl localized Ser22, a well known
phosphorylation site, and Ser76/Thr77, a novel site with partial occupancy.

* ETD MS? of by, (both mono and di-phosphoryalted) generated from CAD of
diphosphorylated cTnl indicates Ser23 is occupied only in diphosphoryated
cTnl, suggesting an ordered/sequential phosphorylation.

* Top down MS of cTnl provides unparallel opportunity for characterization
and quantification of phosphorylated isomeric protein forms to explore
interdependencies between phosphorylation sites by different kinases .

Cardiac troponin | (cTnl, 24 kDa) is the inhibitory subunit of the key thin filament
troponin-tropomyosin regulatory complex playing a critical role in Ca?*-mediated
regulation of skeletal and cardiac muscle contraction and relaxation!2. Phosphorylation
of cTnl is a critical cell signal regulating contractility that is particularly important in
modulating cardiac function34. Altered phosphorylation of cTnl may contribute causally
to cardiac dysfunction in the transition from compensated hypertrophy to heart failure.
Regulated by protein kinase A (PKA), protein kinase C (PKC), p21-activated kinase
(PAK), protein kinase G (PKG), and protein kinase D (PKD), cTnl has five well-known
serine/threonine phosphorylation sites35 and potentially other unidentified sites. cTnl
has twelve serine, eight threonine and three tyrosine residues which makes it difficult for
determination of the specific phosphorylation sites especially due to its high pl (~9.5).
Here we applied top down electron capture dissociation (ECD)®® and electron transfer
dissociation (ETD)® mass spectrometry for characterization and quantitative
determination of phosphorylation in human cTnl.

Human cTnl, purified from human heart tissue, was analyzed using a hybrid linear ion-
trap/FTICR (LTQ FT) and a LTQ mass spectrometers (Thermo Scientific) after a quick
desalting step. Multiply protonated precursor ions were guided into the FTICR cell and
individual charge states were isolated and further fragmented using ECD, ETD,
infrared multiphoton dissociation (IRMPD), and collisionally activated dissociation
(CAD). ECD was performed via an electron dispenser operated at 1.1 A with an
electron energy of 0.1 to 0.3 eV. ETD used a 100 ms reaction time and 2e5 anions of
fluoranthene produced by a negative chemical ionization source attached to the back
of the linear trap. FTMS data was derived from an average of 50 - 500 transient
signals. All spectra were processed using Xtract (Thermo Scientific). Fragment mass
sequence assignments were made using ProsightPC software (Thermo Scientific) and
manually validated.
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Altered Phosphorylation of cTnl, a Possible contributing Factor in Heart Failure

- ¢Tnl is the inhibitory subunit of troponin/ 5 Known Phosphorylation Sites

tropomysin thin filament regulatory complex
- ¢Tnl becomes depleted in ischemic, infarcted and
failing myocardium
- cTnl is a useful serum biomarker for diagnosis of . Thri42
heart diseases. Tk & 59'22/23
PKA phosphorylation of cTnl
decreases Ca?* sensitivity
increases ATP hydrolysis by actomyosin
narrows twitch, faster re-lenthening
increases myofilament requirements for ATP & Ca?*

PKC phosphorylation of cTnl
increases Ca?* sensitivity
reduces ATP hydrolysis by actomyosin
prolongs twitch, slower re-lenthening
reduces myofilament requirements for ATP & Ca?*
Crystal Structure of Human cTn
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ESI/FTMS Analysis of Human cTnl
~ 20 different protein ions observed!
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Locating Monophosphorylation Sites in Human cTnl
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Quantitative Determination of Phosphorylated Isomers in ¢cTnl by ECD
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P occupancy of Ser22 = 45-55%

IRMPD/CAD of Di-phosphorylated Isoform <P
-Localized di-phosphorylation (2P) in Ser22-Glu31 region
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- Localized Di-phosphorylation (2P) Site at Ser23
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Potential Physiological Implication of the New P-Site

Mouse cTnl 61 EMEREAEERRGEKGRVLRTRCQPLELDGLG 90
Rat cTnl 61 MEREAEERRGEKGRVLSTRCQPLVLDGLGF 90
Rabbit cTnl 61 LEREAEERRGEKGRALSTRCQPLELAGLGF 90
Bovine cTnl 61 ELEREAEERRGEKGRALSTRCQPLELAGLG 90
Human cTnl 61 EREAEERRGEKGRALSTRCQPLELAGLGFA 90

1°Takeda et. al. Natlife

Bovine Ser78 is phosphorylated in vitro by PKCL.

« Top down ECD and ETD MS has been directly applied here for characterization and
guantitative determination of phosphorylation in cTnl purified from human heart tissue.
« High Resolution FTMS spectra of cTnl revealed high degree of heterogeneity: C-
terminal truncation, acetylation, oxidation and phosphorylation

» ECD of monophosphorylated cTnl localized Ser22, a well known phosphorylated site,
and Ser76/Thr77, a novel site with partial occupancy (45-55%). This is the first evidence
of identifying Ser76/Thr77 as in vivo phosphorylation site in human cTnl.
Phosphoryaltion of Ser76/Thr77 could potentially extend an alpha helix altering the
rigidity of a lever arm in the heterotrimeric protein complex.

* IRMPD/CAD data localized a double phosphorylation site between Ser22 and Glu31.
ETD MS? of b, (both mono and di-phosphoryalted) generated from CAD of
diphosphorylated cTnl indicates Ser23 is occupied only in diphosphoryated cTnl,
indicating an ordered or sequential phosphorylationt-12,

« Top down MS of cTnl provides unparallel opportunity for characterization and
quantification of phosphorylated isomeric protein forms thus allowing to explore
interdependencies between phosphorylation sites by different kinases and their
relevance to physiological function?3.
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