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Label-free quantitative SWATH-MS proteomic analysis of adult myocardial slices in vitro 
after biomimetic electromechanical stimulation

Conclusion
This study demonstrated proteomic pattern shift between rat myocardial slices that were stretched and with fresh
myocardial slices cultured without electromechanical stimulation. Most prominent changes were observed in the
proteins related to mitochondria respiration and energy metabolism.

Fig. 1 Application of electromechanical stimulation to rat myocardial slices. Rat myocardial slices were
progressively stretched until a diffraction pattern equivalent to SL = 2.0 μm was achieved. The % stretch was
then measured using calipers. This was repeated at 0.1-μm intervals until SL = 2.4 μm. Top—rat myocardial slice
visualised using a macroscope. The slice is placed on a mm grid and the green rectangle highlights the aligned
portion of the myocardial slice. Bottom—custom-made 3D-printed plastic rectangular rings are attached to
opposite ends of the aligned portion of the myocardial slice using surgical glue. Rings are attached
perpendicular to myofibril orientation. Myocardial slice attached to the posts of a custom-made stretcher using
rings. Images show the different stretches required to achieve SL =1.8–2.4 μm in rat myocardial slices. e
Custom-made culture chamber. Myocardial slices are superfused with culture media. Media was oxygenated
directly in the culture chamber. Field stimulation was provided via carbon electrodes. Sixwell plate with
Transwell inserts. Unloaded myocardial slices placed on a porous membrane and each well filled with 1mL of
culture media.

Results
In order to visualize changes in the level of protein expression between group C and group
22, a SWATH MS analysis was performed. The protein library consisted of 393 proteins, 310
of which were successfully quantified. Based on statistical analysis using the student's t-test
and assuming a significance cut-off point with p <0.05, we selected a list of 77 proteins
whose concentration change between groups C and 22. These include for example: NADH-
ubiquinone oxidoreductase 75 kDa subunit, Ckmt2 protein, MICOS complex subunit,
creatine kinase M-type.
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Background
Conventional in vitro cell cultures are widely available. On the other hand results obtained with this model are not directly
applicable to the in vivo environment. An interesting solution could be use of tissue slices with a preserved architecture,
multi-cellularity and many physiological functions of the intact heart. This approach builds a bridge between the the
cellular and in vivo studies. The aim of this work was to characterize changes in the proteomic pattern of the cardiac slices
that occurs during its long term culture and electrical stimuli.

Table. 1 The level of protein
expression between group C
and group 22, a SWATH MS
analysis.

Name t-value p-value
Fold 

Change
Log (Fold 
Change)

NADH-ubiquinone oxidoreductase 75 kDa 
subunit, mitochondrial 7,3101453 0,0000009 1,2935791 0,1117930
Ckmt2 protein 6,1421519 0,0000084 1,5913701 0,2017712
Cofilin-1 -5,6879705 0,0000215 0,3802813 -0,4198950
MICOS complex subunit 5,5025751 0,0000317 1,6785608 0,2249371
Creatine kinase M-type 5,2444036 0,0000549 1,3633921 0,1346208
Dihydrolipoamide S-succinyltransferase (E2 
component of 2-oxo-glutarate complex) -5,1349365 0,0000694 0,8130547 -0,0898803
Peroxiredoxin 3 -5,0567719 0,0000821 0,7392663 -0,1311991
RCG32667 -4,9799055 0,0000970 0,3937879 -0,4047377
10 kDa heat shock protein, mitochondrial -4,5226136 0,0002600 0,7555911 -0,1217132
Alpha-crystallin B chain -4,4938458 0,0002800 0,7560200 -0,1214667
Isoform 2 of PDZ and LIM domain protein 5 -4,4652658 0,0003000 0,7847307 -0,1052794
Electron transfer flavoprotein subunit beta 4,1347209 0,0006200 1,3176933 0,1198143
Transitional endoplasmic reticulum ATPase 4,0551161 0,0007400 1,8278365 0,2619374
Elongation factor 1-alpha 2 4,0199358 0,0008000 1,3917214 0,1435523
Histone H3 3,8427737 0,0011900 1,7726821 0,2486309
Phosphatidylethanolamine-binding protein 1 3,7878966 0,0013500 1,4687831 0,1669577
Annexin -3,7287383 0,0015400 0,6044352 -0,2186503
Electron transfer flavoprotein-ubiquinone 
oxidoreductase, mitochondrial 3,7167210 0,0015800 1,2613367 0,1008310
Aspartate aminotransferase, mitochondrial -3,6618508 0,0017800 0,7764681 -0,1098764
Laminin subunit gamma 1 3,5641235 0,0022200 1,6469836 0,2166893
Alpha-1,4 glucan phosphorylase 3,5538785 0,0022700 1,5238375 0,1829386
Aldehyde dehydrogenase family 6, subfamily A1 -3,5150889 0,0024700 0,7372204 -0,1324027
NADH dehydrogenase (Ubiquinone) Fe-S protein 3 3,5069288 0,0025200 1,2257783 0,0884119
3-hydroxyisobutyrate dehydrogenase, 
mitochondrial -3,4870404 0,0026300 0,6915003 -0,1602076
Aconitate hydratase, mitochondrial 3,4802973 0,0026700 1,1945006 0,0771864
Myosin heavy chain 2 3,4080639 0,0031400 1,3577755 0,1328280
NADH dehydrogenase (Ubiquinone) Fe-S protein 5 -3,3487916 0,0035700 0,7288523 -0,1373605
Adenylosuccinate synthetase isozyme 1 3,2585954 0,0043600 1,4838077 0,1713776
Glycogen phosphorylase, brain form 3,2384492 0,0045600 1,6511758 0,2177933
Histone H3 3,1921654 0,0050500 1,4892582 0,1729700

Methods
Rat myocardial slices were stretched to sarcomere lengths (SL) within the physiological
range of 1.8–2.4 μm. Electromechanically stimulated slices were compared with slices
cultured without electromechanical stimulation (unloaded and nonstimulated - TW) on a
liquid–air interface and with fresh myocardial slices (0 h - C). Qualititative (relative)
proteomic pattern analyses were conducted in four groups: control (C) and three
investigated groups - TW, 1.8 and 2.2 using a label-free SWATH-MS technique on high
resolution microLC-MS/MS TripleTOF 5600+ system (SCIEX). The acquired MS/MS spectra
from IDA LC-MS/MS analyses of the rat heart samples were searched with use of UniProt
Rattus norvegicus database (version from 15.05.2018) using Paragon algorithm
incorporated in ProteinPilot 4.5 (SCIEX) software.


