Materials and Methods
Echocardiography
Echocardiography in mice was performed using a Vevo3100 / Vevo770 high-frequency imaging system and the MX400 / RMV707 transducer (30 MHz, FUJIFILM VisualSonics, Toronto, Canada), respectively. Mice were anesthetized with isoflurane and monitored continuously during the procedure. Echocardiographic images were acquired along the parasternal short axis and long axis, following the guidance of the ESC Working Group on Myocardial Function 19. Left ventricular volumes were measured along the long axis using the LV trace tool and Simpson´s method of discs (EDV, ESV, SV, CO). Parasternal short-axis images were recorded at the level of the papillary muscles and the obtained M-Mode parameters were used to calculate the left ventricular mass (LVID; d = Left ventricular internal diameter; end-diastolic, LVPW; d= Left ventricular posterior wall; end-diastolic, LVAW; d= Left ventricular anterior wall; end-diastolic) and stroke volume (LV vol; d = LV trace end-diastolic, LV vol; s = LV trace end-systolic):  and . Blinded image analysis was performed using the Vevo LAB 3.2.6 software solution (FUJIFILM VisualSonics, Toronto, Canada). The results of at least three cardiac cycles per animal were averaged. Echocardiography in Figure 1A was performed in a blinded fashion by the echocardiography core laboratory of the Max-Delbrück-Center for Molecular Medicine, Berlin, Germany. 

Seahorse metabolic measurement
Mitochondrial function was assessed in DMEM-based assay medium supplemented with 2 mM glutamine and 10 mM glucose by evaluation of basal oxygen consumption. Assay medium for primary cardiomyocytes was supplemented with 2.5 mg/ml AlbuMAXTM II Lipid-Rich BSA. For primary cardiomyocytes, oligomycin (0.75 µM), FCCP (1 µM), and rotenone / antimycin A (0.75 µM each) were sequentially injected. For heart tissue biopsies, 5 µM FCCP and 2.5 µM rotenone / 2.5 µM antimycin A were used. The mitochondrial Oxygen Consumption Rate (OCR) was calculated in pmol/min. Maximal respiration was determined using the highest OCR after addition of FCCP, normalized to the protein content of the well. ATP production was calculated by subtracting the lowest value after addition of oligomycin, which reflects the proton leak, from the basal OCR. For glycolytic flux analysis, primary cardiomyocytes were cultured in low-glucose DMEM medium prior to analysis. Basal oxygen consumption and extracellular acidification rate were determined in DMEM-based assay medium supplemented with 2 mM glutamine. In the Extracellular Flux Analyzer, cells were treated with sequential injections of 10 mM glucose, 0.75 µM rotenone /1 µM myxothiazol, and 1 µM FCCP / 200 µM monensin. Total proton efflux rate (PERtot) was determined by multiplying the highest ECAR value after addition of glucose with the buffer factor of the medium (mmol/l/pH), geometric volume of the well (µL), and the volume scaling factor (Kvol). The PER contributed by respiration (PERresp) is determined by multiplying the difference of the lowest OCR value after addition of glucose and lowest OCR value after addition of rotenone / myxothiazol with the CO2 contribution factor (CCF). The glycolytic PER (PERglyc) is subsequently determined by subtracting PERresp from PERtot. All data were normalized to total protein content of each well, as measured by the Micro BCA Protein Assay Kit (Thermo Fisher Scientific). Outliers were determined after analysis by Grubbs’ test using GraphPad Prism 8/9.

Mitochondrial staining with MitoTrackerTM Deep Red
Primary cardiomyocytes were stained with 2 nM MitoTrackerTM Deep Red (Cell Signaling Technology, Danvers, MA, USA) in growth medium for 30 min at 37°C and subsequently trypsinized and spun down at 200 rcf for 3 min. Pellets were resuspended in PBS supplemented with 2% FCS and 2 mM EDTA and analyzed using a FACSCalibur (BD Biosciences, Franklin Lakes, NJ, USA) and the software FlowJo (version 10.6.1). For immunofluorescence analysis, primary cardiomyocytes were seeded onto 13 mm glass-coverslips and infected with CVB3 or treated with IFN-β as described above. Live cells were stained with 500 nM MitoTracker DeepRed for 30 min. A 4 hour FCCP (16µM) treatment prior to MitoTracker staining served as negative control. Cells were fixed and permeabilized in methanol for 20 min at -20°C, washed with ice cold PBS, and mounted onto coverslips with ROTI-Mount Fluoro-Care DAPI (Carl Roth GmbH & Co. Kg, Karlsruhe, Germany). Images were acquired on a Nikon Scanning Confocal A1Rsi+ using a Plan Fluor 40x Oil objective (NA=1.3). Immunofluorescence intensity distributions were compared quantitatively by analyzing confocal images in 8-bit grey scale using ImageJ. A region of interest not including the nucleus was defined within a cell and intensities of the MitoTracker Deep Red stain were normalized to 10% of its mean intensity. Intensity distributions were then represented as the percentage of pixels of a specific normalized intensity.

Proteomic sample preparation & di-glycine (GG)-enrichment
Hearts were homogenized in 10 ml lysis buffer containing 8 M urea, 20 mM HEPES, pH 8.0 and sonicated by three pulses of 10 s at an amplitude of 20% prior to debris-removal by centrifugation for 15 min at 15,000 rcf. Bradford assays were used to determine protein concentrations. For further analysis, 10 mg of total protein were used. Samples were reduced and alkylated sequentially by adding 5 mM Dithiothreitol (DTT) at 55°C for 30 min prior to 10 mM chloroacetamide for 15 min in the dark. Subsequent to sample-dilution with 20 mM HEPES, pH 8.0 to 4 M urea, endo-Lys C digestion (1/200, w/w) was performed at 37°C for 4 h under agitation. Samples were further diluted with 20 mM HEPES to 2 M urea for trypsin digestion (1/200, w/w) overnight at 37°C and under agitation. Immunocapture of GG-modified peptides was then performed using the PTMScanTM Ubiquitin Remnant Motif (K-ε-GG) Kit (Cell Signaling Technology) according to manufacturer’s instructions. Briefly, peptides were purified on Sep-Pak C18 cartridges (Waters Corp, Milford, MA, USA), lyophilized for two days and re-dissolved in 1.4 ml 1x immunoprecipitation buffer supplied with the kit. An aliquot of 100 µg was taken for shotgun proteomic analysis, while the remaining samples were used for immunoaffinity purification of GG-modified peptides rotating at 4°C for 2 h. Elution of the purified GG-modified peptides from beads was achieved by addition of 0.15% trifluoracetic acid (TFA). Eluates were dried in a SpeedVac (Eppendorf, Hamburg, Germany) and stored at -20°C until LC-MS/MS analysis.

LC-MS/MS analysis
The purified peptides were processed as previously described 22. Briefly, samples were reconstituted in 30 µL loading solvent (0.1% trifluoroacetic acid in water/acetonitrile (ACN) (98:2, v/v)). Then, 15 µL of samples were injected into an Ultimate 3000 RSLCnano system in-line connected to a Q‑Exactive HF mass spectrometer (Thermo Fisher Scientific) at 10 µL/min for 4 min in loading solvent. Peptides were trapped on a 20 mm pre-column (100 µm internal diameter (I.D.), 5 µm beads, C18 Reprosil-HD, Dr. Maisch, Ammerbuch-Entringen, Germany) and loaded on a 400 mm analytical column (made in-house, 75 µm I.D., 1.9 µm beads C18 Reprosil-HD). Elution from the column was achieved by a non-linear gradient from 2 to 56% solvent B (0.1% FA in water/acetonitrile (2:8, v/v)) over 120 minutes at a constant flow rate of 250 nl/min, followed by a 10 min wash in 97% solvent B and re-equilibration with 98% solvent A (0.1% FA in water) for 20 min. The temperature of the column was maintained at a constant 40°C within a column oven (CoControl 3.3.05, Sonation). Data-dependent mode was used for mass-spectrometric acquisition, automatically switching between MS and MS/MS acquisition for the 16 most abundant ion peaks per MS spectrum. Full-scan MS spectra (375-1,500 m/z) were acquired at a resolution of 60,000 (at 200 m/z) in the Orbitrap analyzer after accumulation to a target value of 3E6 for a maximum of 60 ms. Above a threshold of 8.3E3, the most intense ions were isolated in the trap with an isolation window of 1.5 Da for maximum 120 ms to a target AGC value of 1E5 and a minimum AGC value 1E3. Precursor ions with a charge state ≤ 1 or >7 were excluded, as were isotopes with peptide matching set on “preferred”. Dynamic exclusion time was set to 12 s. A normalized collision energy of 28 % MS/MS spectra (200-2,000 m/z) was used for fragmentations, which were acquired at fixed first mass 145 m/z at a resolution of 15,000 (at 200 m/z) in the Orbitrap analyzer. MS/MS spectrum data type was set to profile. The polydimethylcyclosiloxane background ion at 445.12003 was used for internal calibration (lock mass). For the shotgun analysis, ~3 µg of peptides were injected on the same LC-MS/MS system with similar settings. Here, a threshold of 1,3E4 was set and the most intense ions were isolated in the trap with an isolation window of 1.5 Da for maximum 80 ms to a target AGC value of 1E5 and a minimum AGC value 1E3. 

Data Analysis for the cardiac proteome
Data analysis was performed with MaxQuant (version 1.6.1.0) 23 employing the Andromeda search engine and a default-setting false discovery rate set at 1% on the levels for peptide and protein. Separate searches were performed for analysis of GG-enrichment and shotgun samples, where spectra were interrogated against mouse proteins within the Uniprot/Swiss-Prot database (release version of January 2020 containing 21,982 mouse protein sequences, [www.uniprot.org]) and proteins from Coxsackievirus B Nancy strain (GenBank M33854.1, [https://www.ncbi.nlm.nih.gov/]). The mass tolerance was set to 4.5 ppm for precursor ions, and for fragments ions to 20 ppm. Enzyme specificity was set for C-terminal arginine and lysine residues (trypsin), allowing cleavage at arginine/lysine-proline bonds with a maximum of three (GG-enrichment) and two (shotgun) missed cleavages. Cysteine carbamidomethylation was set as a fixed modification, while oxidation of methionine and N-terminal acetylation were set as variable modifications. A minimum score for modified peptides was set at 30 and GG‑modification of lysine residues was defined as an additional variable modification in the GG-enrichment. Matching between runs was enabled for GG-enriched samples. The alignment time window was 20 min and the matching time window 1 min. In the shotgun samples, proteins with at least one unique or razor peptide were retained. Thus, 2,926 mouse proteins were identified. For the GG-enrichment, 668 potential GG-modification sites were identified at T1 and 791 at T2 of CVB3 infection.
Subsequent data analysis was performed with the Perseus software (version 1.6.2.1) 24. GlyGly (K) sites tables from MaxQuant were loaded into Perseus to filter out reverse hits and potential contaminants. Site table expansion and intensity log2 transformation was performed prior to intensity normalization by subtracting the median intensity per row. Replicates were grouped and sites with less than three valid values in at least one group were removed. To facilitate statistical calculations, missing values were imputed from the normal distribution with intensity values around the detection limit. Further sample groups were defined based on infection (uninfected vs. infection) and genotype (wt vs. ISG15-/- vs. USP18C61A/C61A) to reveal significantly regulated sites by a two-way ANOVA. Thus, p‑values for each site (-log p-value) for both, infection and genotype and the interaction between infection and genotype were calculated. At T1 and T2, 118 and 176 GG-modification sites with a p-value ≤ 0.05 in at least one of the three comparisons were considered to be significantly regulated and visualized on a heatmap after z-scoring and non-supervised hierarchical clustering (Figure 2, Supplementary Table T2). Samples from ISG15-/- mice allowed distinguishing between ubiquitination/NEDDylation and ISGylation, as signals observed in ISG15-/- mice can be considered to be derived from either ubiquitination or NEDDylation. Of note, the experimental setup does not control for NEDDylation, as NEDD8 C‑terminal LRGG motif is indistinguishable from that of ISG15 or ubiquitin. However, no influence of ISG15/ISGylation-deficiency on NEDDylation is known and NEDDylation-derived GG-remnants are likely misidentified as ubiquitination, not ISGylation. For the shotgun data, the protein groups table from MaxQuant was loaded into Perseus, reverse hits, potential contaminants, and proteins only identified by sites were removed. LFQ intensities were log2 transformed. Sample grouping, filtering, and imputation were performed as described above. Significantly regulated proteins were again determined by a two-way ANOVA. A total of 249 proteins with a p-value ≤ 0.01 in at least one group were considered to be significantly regulated and displayed in a heatmap after non-supervised hierarchical clustering (Supplementary Table T7). The clusters revealed by the heatmaps of GG-enrichment and shotgun analysis were subjected to Gene Ontology enrichment analysis using the Gene Ontology consortium bioinformatics resources 25-27. The results are listed in Supplementary Tables T3, T4, and T8. The identified K residues and surrounding sequences were analyzed by sequence alignment using the iceLogo web application 28. All mass spectrometry data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository (data set identifier: PXD032078) under the project name “Proteomics-based identification of ISG15 modification sites in vivo upon Coxsackie virus infection” 25-27. 

Computational modeling of cardiac metabolic capacities 
For computational metabolic modeling, the CARDIOKIN1 platform 29 was employed. CARDIOKIN1 comprises all pathways involved in catabolism of the energy-delivering substrates glucose, lactate, fatty acids, ketone bodies (KBs) and branched-chain amino acids (BCAAs) as well as the synthesis of endogenous energy stores (glycogen, triacylglycerol), taking into account regulation of metabolic enzymes and transporters by substrate affinities, allosteric regulations as well as short-term regulation by the hormones insulin and catecholamines. Model instantiations are based on protein abundances, obtained from individual cardiac proteomic profiles. Cardiac proteomes were generated from the protein discs made available by the Bligh & Dyer extraction for metabolomics, described above. Further information is provided in the described in the Supplemental Material. The protein disks were dissolved in 200 µL lysis buffer containing 7 M urea and 0.1 M ammonium bicarbonate (ABC) by 15 min mixing at 1400 rpm, 4°C in an Eppendorf Thermomixer C (Eppendorf) and 15 min sonication at 35 kHz using a BANDELIN Sonorex (BANDELIN electronic GmbH & Co.KG, Berlin, Germany). The solutions were cleared of debris by centrifugation for 10 min at 14,000 rpm at 4°C, and the supernatants were transferred to an Eppendorf twin.tecTM PCR Plate 96-well plates (Eppendorf). The amount of protein in each sample was quantified with the PierceTM BCA Protein Assay Kit 23225 (Thermo Fisher Scientific) and each concentration was adjusted to 2 µg/µL. Semi-automated sample preparation was performed on a Biomek i7 (Beckman Coulter, Brea, CA, USA) as described previously with slight modifications 30. In brief, 30 µL of lysates (60 µg) were topped up with denaturation/reduction solution (25 µL/well 8 M urea, 0.1 M ABC, 5 µL 55 mM DTT), resuspended and incubated at 30°C for 60 minutes. After addition of 5 µL of 100 mM iodoacetamide, the plates were incubated in the dark at room temperature for 30 min and subsequently diluted with 450 µL of 100 mM ABC buffer. The solution was transferred to trypsin/LysC stock solution plates containing 1 µg Trypsin (V5111, Promega, Madison, WI, USA) and 40 ng LysC (125-0506, FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) and incubated at 37°C for 17 h using an Incu-Mixer MP4 (Benchmark Scientific, Sayreville, NJ, USA). The digestion was quenched by adding formic acid to 0.1% (v/v) prior to solid phase extraction using BioPureSPE Macro 96-Well, 100mg PROTO C18 (The Nest Group, Ipswich, MA, USA). Samples were dried and reconstituted in 60 µL 0.1% formic acid. Insoluble particles were removed by centrifugation and the samples were transferred to a new plate.

Peptide separation was accomplished in a 117 minute water to acetonitrile gradient on an Ultimate 3000 RSLnanoHPLC (Thermo Fisher Scientific) coupled to a Q‑Exactive Plus mass spectrometer (Thermo Fisher Scientific) operating in data independent acquisition (DIA) mode. 1.25 µg tryptic peptides were concentrated on a 5 mm x 300 µm x 5 µm, 100Ǻ PepMap C18 trap column (Thermo Fisher Scientific) in buffer containing 2:98 (v/v) acetonitrile/water containing 0.1% (v/v) trifluoroacetic acid at a flow rate of 20 µL/min and separated on an Acclaim PepMap C18 column (2 µm; 100 Å; 75μm (Thermo Fisher Scientific)) in a linear gradient from 3-25% buffer B in 90 min followed by 25‑40% buffer B in 30 min before increasing to 98 % B in 1 min and washing for 9 min with 98% buffer B before equilibration for 15 min with initial conditions with a flow of 300 nl (buffer A: 0.1 % formic acid, buffer B: 80 % ACN, 0.1 % formic acid). Total acquisition time was 145 min. The Orbitrap worked in centroid mode with 12 m/z DIA spectra (12 m/z precursor isolation windows at 17,500 resolution, AGC target 1E6, maximum inject time 60 ms, 27 NCE) using an overlapping window pattern. Precursor MS spectra (m/z 400-1000) were analyzed with 35,000 resolution after 60 ms accumulation of ions to a 1E6 target value in centroid mode. Mass spectrometric settings were as follows: spray voltage, 2.1 kV; no sheath and auxiliary gas flow; heated capillary temperature, 275°C; normalized HCD collision energy 27%. Additionally, the background ions m/z 445.1200 acted as lock mass. Raw data were processed using DIA-NN 1.8 31 with scan window size set to 11 and MS2 and MS1 mass accuracies set to 20 and 10 ppm, respectively. A spectral library free approach and mouse UniProt (UP000000589, Reviewed, Canonical, downloaded 20210127) 32 were used for annotation. The output was filtered at 1% FDR on the peptide level.

Employing the metabolic model CARDIOKIN1, individual model instantiations were obtained by using the protein intensity profiles delivered by quantitative shotgun proteomics to scale the maximal activities of enzymes and transporters, thereby exploiting the fact that the maximal activity of an enzyme is proportional to the abundance of the enzyme protein according to the relation: . The maximal activities  for the normal were obtained from Berndt et al. 29.  denotes the mean protein abundance in the control group, and  denotes the protein abundance of enzyme E in the samples. Individual plasma profiles of glucose, fatty acids, and lactate (Figure 8, 5) were used to assess cardiac energetic capacities. Maximal metabolic capacities were defined by flux-magnitude in response to changes in plasma metabolite concentration. Non-varied plasma metabolites were kept constant (Valine 0.2 mM, Leucin 0.15 mM, Isoleucine 0.06 mM, β-hydroxybutyrate 0.08 mM, acetoacetate 0.04 mM, catecholamines 0.75 nM, insulin 100 pM. 
[bookmark: _GoBack]The metabolic response of the heart to an additional workload (pacing) was evaluated by computing the temporal changes of the metabolic state elicited by an increase of the ATP consumption rate above the resting value. The ATP consumption rate was modeled by a generic hyperbolic rate law  . The parameter  was increased in a stepwise manner until the ATP production rate converged to its maximal value. Resting and maximal energy expenditure corresponds to  and , respectively. For further details see [1]. Total cardiac capacities were obtained by scaling individual capacities with the corresponding heart masses. 

Supplemental Figures 
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Figure S1: HA-immunoprecipitation of ISGylated HK2 and PFK
HeLa cells were co-transfected with a four-plasmid combination (HA-ISG15, Ube1L, Ube2L6, Herc5) and FLAG-tagged (A) HK2 or (B) PFK. HA-ISG15 was immunoprecipitated and samples were analyzed by Western blot analysis. Arrows point toward enriched target and modification sites, as indicated. Data are representative of three independent experiments.
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Figure S2: Biochemical validation of ISGylation for ALDOA, GAPDH, and LDHA
HeLa cells were co-transfected with a four-plasmid combination (HA-ISG15, Ube1L, Ube2L6, Herc5) and FLAG-tagged (A) ALDOA, (B) GAPDH, or (C) LDHA. FLAG-target and HA-ISG15 were subjected to immunoprecipitation with both, anti-FLAG agarose beads and magnetic anti-HA beads. Total cell lysates and immunoprecipitates were immunoblotted using antibodies against FLAG and HA. Data are representative of three independent experiments.
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Figure S3: Validation of experimental immunoprecipitation setup with GFP.
HeLa cells were co-transfected with HA-ISG15, the ISGylation machinery (Ube1L, Ube2L6, and Herc5), and cDNA encoding GFP. Immunoprecipitation with anti-GFP magnetic beads was performed and samples were analyzed by Western blot. Data are representative of two independent experiments.


[image: ]
Figure S4: Analysis of the cardiac proteome in CV infection.
CV-infected wild-type (WT), USP18C61A/C61A, and ISG15-/- hearts were analyzed by LC‑MS/MS at T0 (n=6), T1 (n=3), and T2 (n=3). (A) Principal component analysis of infected and control samples. Color code used to differentiate between genotype and infection time point as indicated in the legend. (B) Heatmaps displaying all differentially regulated cardiac proteins. Relative abundance is based on z-scored log2-transformed LFQ intensities. Red indicates proteins with positive z-score, blue indicates proteins with negative z-score. Missing values are colored in grey. Clusters are defined according to up- and downregulation of proteins at T1 and T2, or T2 alone. The number of proteins per cluster is indicated in brackets.
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Figure S5: MitoTracker Deep RedTM (MTDR) live cell staining in cardiomyocytes to analyze mitochondrial integrity. FCCP pre-treatment for 4 h served as a control. Cells were analyzed by confocal microscopy. Autocorrelation-based image correlation spectroscopy of MTDR fluorescence in 2D plots, displaying autocorrelation of confocal images shifted on the x/y axes. Size-assessment of clusters collapsed into a 1D-Pearson correlation coefficient plot (n=24). Autocorrelation-based ICS was applied to confocal images in order to compare cluster sizes. Regions with MitoTracker Deep Red signal were automatically selected by Otsu’s method. Images were then auto-correlated after shifting them pixel-wise against themselves along the x and y axes. Pearson coefficients were calculated for each shift and plotted against the shift. In this analysis large and small structures can be readily distinguished by the broad or narrow distribution of their auto-correlation values, respectively. The python script is available as a Jupyter Notebook: https://github.com/ngimber/ImageCorrelationSpectroscopy. It was initially developed for Voss et al. 2022 38 and applied to the dataset displayed in Figure 7D.

Code availability
The custom written python script for autocorrelation-based ICS is available as a Jupyter Notebook: https://github.com/ngimber/ImageCorrelationSpectroscopy.
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Figure S6: Complete unedited gels for each representative cropped gel shown in Figure 3B (A), Figure 3C (B), Figure 3D (C), Figure 3E (D), Figure 5C (E).
. 
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Figure S6: Complete unedited gels for each representative cropped gel shown in Figure 3B (A), Figure 3C (B), Figure 3D (C), Figure 3E (D), and Figure 5C (E).
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Figure S7: Complete unedited gels for each representative cropped gel shown in Supplemental Figure S1A (A), Supplemental Figure S1B (B), and Supplemental Figure S2 (C). 
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Figure S8: Complete unedited gels for each representative cropped gel shown in Supplemental Figure S2A (A), Supplemental Figure S2B (B), and Supplemental Figure S2C (C). 


Supplemental Table Legends
Table T1: Echocardiography in WT and ISG15-/- mice controls prior to infection and 8 day after CV infection (n=11 per group). Data shown are mean values ± SEM. Statistical analysis was performed with a two-way ANOVA and Sidak’s multiple comparisons test.
	
	Wild-type
	ISG15-/-

	
	baseline
	day 8
	baseline
	day 8

	Heart rate [bpm]
	462 ± 14
	448 ± 20*
	440 ± 11
	312 ± 13§,*

	Trace EF [%]
	52.8 ± 2.2
	47.2 ± 2.4
	43.8 ± 3.9
	43.3 ± 4.8

	Cardiac output [mL/min]
	11.1 ± 0.4
	9.6 ± 0.9*
	8.5 ± 0.9
	5.0 ± 0.6§,*

	Stroke volume [µL]
	24.4 ± 1.3
	21.0 ± 1.3
	19.2 ± 1.9
	16.0 ± 1.9

	Vol d [µL]
	46.1 ± 1.5
	45.1 ± 3.0
	43.6 ± 1.4
	37.1 ± 1.7§

	LVID-d [mm]
	3.9 ± 0.1
	4.0 ± 0.1
	3.8 ± 0.0
	3.5 ± 0.1§,*

	LV mass [mg]
	77.7 ± 3.7
	82.7 ± 5.6
	77.5 ± 2.4
	65.5 ± 3.5§


* indicates significant differences in the respective treatment group at day 8 compared to this groups' baseline measurement; § indicates significant differences between WT and ISG15-/- mice. There were no differences regarding to gene deficiency for ISG15. EF = ejection fraction; bpm = beats per minute; Vol d = end-diastolic left ventricular volume; LVID-d = left ventricular inner dimension at diastole. LV mass= 1.053* ((LVID;d + LVPW;d + IVS;d)3 – LVID;d3)

Table T2: Results of the LC-MS/MS analysis of cardiac di-Gly immunprecipitated peptides in CV infection.
Log2-transformed LFQ intensities of identified and quantified di-Gly modified cardiac peptides of wild-type (WT), ISG15‑/‑, and USP18C61A/C61A mice at T1 and T2 of CV infection. Significantly regulated proteins are depicted as they appear in the heatmap.
Table T3: di-Gly modification sites identified at T1 and T2 of CV infection and cluster changes of sites.
All di-Gly modification sites that were found at both, T1 and T2 of CV infection are listed together with their respective clusters at each time point. A list of all sites that change clusters is provided as well.
Table T4: ISGylation target and di-Gly modification site comparison with literature.
A comparison of di-Gly modified proteins with Zhang et al. 36. List of previously reported target proteins of ISG15.
Table T5: Gene Ontology enrichment analysis of ISGylome, ubiquitylome, and basal ubiquitylome at T1 of CV infection.
Heatmap-based clusters of ISGylome, ubiquitylome and basal ubiquitylome at T1 of CV infection were analyzed by Gene Ontology enrichment analysis with Fisher’s exact test and FDR correction.
Table T6: Gene Ontology enrichment analysis of ISGylome, ubiquitylome, and basal ubiquitylome at T2 of CV infection.
Heatmap-based clusters of ISGylome, ubiquitylome and basal ubiquitylome at T2 of CV infection were analyzed by Gene Ontology enrichment analysis with Fisher’s exact test and FDR correction.
Table T7: Results of shotgun proteome analysis by LC-MS/MS of CV-infected hearts.
LC-MS/MS based proteome analysis of CV-infected hearts of wild-type (WT), ISG15‑/‑, and USP18C61A/C61A mice at T0, T1 and T2. List of transformed identified, quantified and significantly regulated proteins as depicted in a heatmap.
Table T8: Gene Ontology enrichment analysis of shotgun proteome heatmap clusters.
Proteins of heatmap-based cluster 1 (upregulated in CV infection), cluster 2 (upregulated at T2 of CV infection), cluster 3 (downregulated at T2 of CV infection), and cluster 4 (downregulated in CV infection) of shotgun proteome analysis were analyzed by Gene Ontology enrichment analysis with Fisher’s exact test and FDR correction.
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