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ABSTRACT

Cardiovascular diseases, like dilated cardiomyopathy (DCM), are usually very complex
and the elucidation of pathogenic mechanismsis very difficult. Dilated cardiomyopathy
(DCM) is a severe heart disease leading to heart insufficiency and most heart transplantations
are indicated by DCM. We employed proteomics methods to analyze myocardial proteins
derived from DCM myocardium, particularly myofibril proteins. We successfully isolated
myofibril proteins using differential extraction method and then resolved them on a 2D gel
electrophoresis system. Theidentities of proteins are verified using liquid chromatography-
tandem mass spectrometry and specific modifications on these proteins can aso be identified.
Using myosin regulatory light chain 2 (mlc-2) as an example, we demonstrated that how
modification is mapped and quantitatively determined using selected ion tracing approach.
One patient in our reseach has 3.7% phosphorylation at Ser-14, while the other two both have
a phosphorylation percentage of ~16%. The significance of this difference will be validated as
more samples are analyzed.

Key word: dilated cardiomyopathy, proteomics, tandem mass spectrometry, two-
dimensional gel electrophoresis



Cardiovascular diseases, like dilated cardiomyopathy (DCM), are usually very complex
and the elucidation of pathogenic mechanismsis very difficult. Dilated cardiomyopathy
(DCM) is a severe heart disease leading to heart insufficiency and most heart transplantations
are indicated by DCM. We proposed to employ proteomics methods to analyze cytoskeletal
proteins derived from DCM myocardium, particularly the myofibril proteins. We aimed to
identify the proteins that are differentially expressed in and to identify the protein
modifications that are increased or decreased in DCM myocardium.

Asthe mgjor acting macromoleculesin cells, the proteome will be eventually altered by
amost all, if not al, of the pathological processes. Elucidation of these alterations will
greatly enhance our ability to understand how cellular functions are impaired and how these
impairments can be fixed to restore cellular function. The study of the proteomic change can
also help us to recognize what process causes the cellular changes and how a pathologic
processis evolved.

The major advantage of proteomics over genomicsisin the area of post-trand ational
modifications. It isnow clear that the activity of a protein often depends on its modification
state. While the expression of a gene may be the same at different situations, if its
modification status is different, the activity of a protein can be thus tuned on or off. Therefore,
the study of protein modifications through a proteomics approach is a crucial and integral part
to progress our understanding of living organisms.

Myofibril proteins are the major components of myocardial cytoskeleton. In order to
explore their change in dilated cardiomyopathy, we employed a proteomics approach to
monitor their expression as well as post-transational modifications.

First, we isolated the myofibril proteins by first extracting the non-myofibril proteins
using high salt solutions. The insoluble portion is then solubilized and homogenized in the
lysis buffer containing 0.1% of sodium dodecy! sulfate (SDS). Myofibril proteinsin this
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L Figure 1. Two-dimensional electrophoresis of
476_2 : myofibril proteins. Two hundred fifty micrograms of
purified myofibril proteins were loaded to PG IEF 3-10
32.5— gel, and were resolved overnight for 19,000 V -hr. The gel
B : was placed at the tope of a 11% polyacrylamide gel,
25— \ o which wasrun at 150 V until the dye front reached the
t — - bottom of the gel. The gel was developed using silver
1655 ) ’_ - - stain method. The arrow indicates the position of
. . regulatory myosin light chain 2.
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fraction were extracted using a methanol-chloroform method such that the detergents and salts
were mostly removed. These myofibril proteins were then analyzed using two-dimensional
electrophoresis, consisting of isoelectric focusing and SDS polyacrylamide gel electrophoresis
(SDS-PAGE).

Figure 1 shows atypical pattern of myofibril proteinsin a2D gel electrophoresis system.
The identities of these proteins were verified using liquid chromatography-tandem mass
spectrometry. The myofibril protein pattern was compared between donor and recipient hearts,
but showing no distinct difference in terms of protein species and their relative abundance. In
order to access whether the post-translational modifications were altered in DCM hearts, we
employed a newly developed method to gauge the modification states.

Figure 2. Theamino acid sequence of myosin

regulatory light chain 2. The recovered peptide

sequences were underlined with horizontal bars. The
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position of Ser-14 was highlighted. The coverage of the
entire polypeptide is about 94% (155 out of 165 amino

GEEKD acids).
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It has been reported that phosphorylation was incorporated at Ser-14 of cardiac myosin
regulatory light chain 2 (mlc-2), therefore we tested our method on this particular protein. On
the 2D gel, this protein has an isoelectric point of ~5.2 and an apparent molecular weight of 20
K. These are comparable to the corresponding parameters deduced from its amino acid
sequence, which are 4.92 for the isoelectric point and 18,640 for the molecular mass. The gel
spots containing the mlc-2 pol ypeptides were excised and subjected to in-gel trypsin digestion.
The digestion product was then analyzed vialiquid chromatography-tandem mass
spectrometry.
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phosphopeptide. The Ser-14 phosphopeptide was
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and the resulted fragment ions were resolved by a LCQ
ion trap mass spectrometer.
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Figure 2 shows the identification of peptides derived from mic-2 proteins. More than
90% of the amino acid sequence can be recovered, showing the good throughput of our
method. Mostly importantly, al the phosphorylatable amino acids can be verified. Selected
ion tracing method was used to identify potential phosphopeptides, which revealed only a
phosphorylated peptide. Tandem mass spectrometry was then used to map the
phosphorylation site.



In the tandem mass spectrum of this phosphopeptide, a predominant fragment ion of nvz
1158.2 was seen, which represented the parent ion with aloss of a charge-less phosphoric acid
molecule. This signature feature indicates that this peptide isindeed a phosphopeptide. Asy,
to y,; ions have no mass shift in the spectrum, this excludes the possibility that the phosphate
group ison either Ser-18 or Thr-23. Since Ser-14 is the only phosphorylatable residues
besides these two residues, this result strongly indicates that Ser-14 is the phosphorylation site.
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At last, we determined the Ser-14 phosphorylation states on mic-2 protein derived from
different patients. Asshown in Figure 4, mic-2 proteins carried a 3.7% Ser-14
phosphorylation for patient 1, while 16~17% of Ser-15 was phosphorylated in myocardium of
patients 2 and 3. These resultsindicate that it is feasible to monitor phosphorylation state
using our method

In this report, we showed that myofibril proteins could be isolated and resolved using a
2D gel system. Liquid chromatography-tandem mass spectrometry is an appropriate method
to identify the proteinsin the gel. If we are interested in the modification state of a particular
DCM-associated protein, it can be determined using this newly developed LC/M S method.
Currently, we have no definite conclusion on what modification is related to DCM. Thiswill
await the collect samples from more patients.

Nevertheless, we will use this approach to do more detailed analysis on modification
states of cardiac myofibrils at different disease conditions. Most of cardiovascular diseases
are very complex and this might be one of the better strategies to solve this kind of
biomedical problems. However, we also understand that it is more suitable for experiments
using alarger sample number. Currently, several possibilities are being evaluated.



	page1
	page2
	page3
	page4
	page5

