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Supplementary Figures and Legends 

 

 

 

 

 

 

 

 

 

 

Suppl. Fig. 1. PCR detection of H3S28S or H3S28A transgene insertion. (Left) Verification on DNA 

level. Bands 1 (~ 600 bp) and 2 (~ 650 bp) show the insertion of the three Histone gene units on 

chromosome 3L (locus 86E) and 3R (lous 86 Fb). Band 3 (250 bp) confirms the H3S28A mutation 

within the transgenes. w
-
 flies were run as controls. (Right) Verification of the expression of the 

mutated Histone H3 on RNA level. Since the transgenes do not contain any introns, samples without 

reverse transcription were run as controls to prevent contamination with gDNA. 
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Suppl. Fig. 2. Female H3S28A mutants exhibit a prolonged median lifespan and an increased 

resistance to starvation and oxidative stress. (a) Median lifespan of female H3S28A mutants is 

increased about 39% (nH3S28S=60, nH3S28A=102). (b) Median survival during acute starvation is 

increased about 22% in female H3S28A mutants (nH3S28S=108, nH3S28A=141; 7–10 days old). (c) 

Median survival during acute exposure to 15 mM paraquat is increased about 50% in female H3S28A 

mutants (nH3S28S=77, nH3S28A=89; 7–10 days old). Each curve represents the average of at least 3 

separate experiments. 
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Suppl. Fig. 3: Unchanged arrythmicity index in H3S28A mutants. The AI is defined as the standard 

deviation of the heart periods normalized to the median heart period. It increases with decreasing 

rhythmicity. All measurements were performed at room temperature (RT) and following thermal 

stimulation (37 °C) for at least five minutes (nH3S28S=22, nH3S28A=24; 2 days old males). 
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Suppl. Fig. 4: Heatmap of the 25 most up- and down-regulated genes. The color code represents the 

row z-score, where a value over 0 (bright to dark red) corresponds to an increased and a value below 0 

(bright to dark blue) corresponds to a decreased expression compared to the arithmetic mean over all 

samples. The arrangement of the samples (columns) and genes (rows) corresponds to the hierarchical 

clusters (see dendrograms above an left) (nH3S28S,H3S28A = 3 samples à 15 heart tubes; 7 days old males). 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suppl. Fig. 5: Differentially expressed genes from hearts of H3S28S flies known to be involved in 

survival/aging/stress resistance and cardiac contractility/heart rate. FC: fold change. 
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Suppl. Fig. 6: Differentially expressed genes from hearts of H3S28S flies known to be located in the 

mitochondrial department. FC: fold change.  
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Suppl. Fig. 7: Western Blot analysis of Ac-H3K27 (a,b) and p-H3S10 (c,d) levels (normalized to total 

histone H3) in left ventricular (LV; a,c) and left atrial (LA; b,d) heart tissue of dogs with pacing-

induced heart failure (HF) and respective non-failing controls (NF). Asterisk marks NF sample which 

was excluded from analysis due to protein degradation. All samples were normalized to GAPDH. 
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Suppl. Fig. 8: Quantification of heart muscle area (blue) and luminal area (red). Parameters were 

measured in two serial cross sections (magnification of 40x) and results were averaged. 
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Suppl. Fig. 9: Original blots from Fig. 4. Asterisk marks NF sample which was excluded from 

analysis due to protein degradation. 
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Supplementary Material and Methods 

 

OCT measurement of heart rate and fractional shortening 

Cardiac function of two day old male flies was measured using a custom built OCT system (Clinical 

Sensoring and Monitoring, Technische Universitaet Dresden, 
1
). Animals were first anesthetized by 

exposure to Fly Nap® (Carolina Biological Supply Company) and then, with the dorsal side facing the 

OCT probe, immobilized on a plastic petri dish using double-sided adhesive tape. The conical 

chamber as the widest part of the heart tube was then imaged for five seconds in transverse direction. 

After data acquisition at RT, the stage was heated to 37 °C for at least five minutes prior to the second 

recording after thermal stimulation. Two-dimensional B-mode images were analyzed using custom 

made, LabVIEW-based software in order to determine heart rate, fractional shortening and the 

arrhythmicity (AI) index. Heart rate was detected between the first and the last beat within the 

recording time, fractional shortening was calculated in the horizontal axis as ((EDD-ESD)/EDD)*100. 

The arrhythmicity index was calculated as the heart period standard deviation normalized to the 

median heart period. The FD-OCT (fourier-domain) system had a center wavelength of 880 nm and a 

bandwidth of 130 nm at FWHM (full width at half maximum); an axial and transversal resolution of 

around 6 μm and 7 µm, respectively, in tissue; an A-scan rate of 12 kHz. For each measurement, 

around 512 frames (each covering an area of 0.38 × 3 mm², corresponding to 96 × 1024 pixels in the 

Y−Z direction) were obtained at 93 fps. 

 

Differential gene expression analysis 

Dissection of cardiac tubes: The cardiac tubes of seven day old male flies were dissected and exposed 

according to Vogler and Ocorr 
2
. After exposure, cardiac tubes were grasped with forceps at the 

conical chamber and quickly transferred to an Eppendorf tube containing 350 µl of lysis buffer 

(Qiagen buffer RLT + 143.35 mM 2-Mercaptoethanol) on ice. The hearts continued to beat 

immediately following their removal. Until RNA isolation, the Eppendorf tubes containing each 15 

cardiac tubes were stored at -80 °C. RNA isolation: Total RNA extraction and DNAse I digestion were 

carried out using the RNeasy Mini Kit (Qiagen) according to the manufacturer's instructions. 

Following elution in 30 µl of nuclease free water, RNA was stored at -80 °C. RNA integrity: RNA 

integrity was evaluated using an RNA 6000 Pico assay on an Agilent 2000 Bioanalyzer according to 

the manufacturer's instructions. Since the 28S rRNA of most insects contains an endogenous "hidden 

break", which is disrupted upon heat-denaturation and thereby makes it impossible to calculate a 

reliable RNA integrity number 
3
, RNA quality was determined by visual inspection of the 

electropherogram. RNA sequencing: Complete cDNA was synthesized from 10 ng of mRNA with 

SmartScribe reverse transcriptase using a universally tailed poly-dT primer and template switching 

oligo (SMARTer® Ultra™ Low Input RNA Kit for Sequencing - HV, Clontech). This was followed 
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by amplification of the purified cDNA with the Advantage 2 DNA Polymerase (15 cylces). After 

ultrasonic shearing of the amplified cDNA (Covaris LE220) samples were subjected to standard 

Illumina fragment library preparation using the NEBnext chemistries (New England Biolabs), in brief: 

fragments were end repaired, A-tailed and ligated to indexed Illumina Truseq adapters. Subsequently 

the NGS libraries were finalized by a universally primed PCR amplification doing 15 cycles. Libraries 

were purified using XP beads (Beckman Coulter), quantified by qPCR (KAPA Biosysytems) and 

subjected to Illumina 75 bp single end sequencing on the Illumina HiSeq 2500 (v3 chemistry) platform 

providing on average 38 Mio reads per sample. Statistical quality control was carried out using RNA-

SeQC 
4
, differential gene expression analysis was performed using DESeq2 

5
. Dmel R6.12 

(FB2016_04) served as reference genome/ annotation 
6
. 

 

Mitochondrial function: 

Mitochondrial function analysis was performed as described before 
7
 and as detailed below 

Isolation of mitochondria: 7- to 10-day-old male flies were anesthetized for 5 min at -20 °C. Twenty 

flies were collected and transferred to 1 ml of isolation buffer (pH 7.4) containing 250 mM sucrose, 10 

mM HEPES, 1 mM EGTA with 0.5 % (w/v) bovine serum albumin (BSA). Flies were homogenized 

using a Teflon pestle. The homogenate was centrifuged at 300 × g for 5 min and the supernatant 

containing the mitochondria was collected. The supernatant was centrifuged at 6,000 × g for 10 min. 

The pellet was washed with isolation buffer without BSA and centrifuged at 6,000 × g for 10 min. The 

pellet was re-suspended in isolation buffer and protein concentration was determined using the 

LOWRY assay (Biorad). All procedures were performed at 4 °C. Mitochondrial respiration was 

measured as described before 
8,9

. In detail we used a Clark-type electrode (Strathkelvin) at 37 °C 

during magnetic stirring in respiration buffer containing 125 mM KCl, 10 mM MOPS, 2 mM MgCl2, 5 

mM KH2PO4, 0.02 mM EGTA, with 5 mM glutamate and 5 mM malate as substrates for complex I. 

The oxygen electrode was calibrated using a solubility coefficient of 217 nmol O2/ml at 37 °C. For the 

measurement of complex I respiration, suspended mitochondria (corresponding to a protein amount of 

50 µg) were added to 500 µl of incubation buffer. After 2 min, 1 mM ADP was added and ADP-

stimulated respiration was measured for 3 min. 

  

Hereafter, mitochondria were used to either measure maximal uncoupled oxygen uptake in the 

respiration chamber, or respiration buffer containing mitochondria was taken from the respiration 

chamber to measure ATP production or ROS production, respectively. Maximal uncoupled respiration 

was measured by adding 30 nM FCCP (Carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone) and 

was analyzed for 30 sec. Respiration was calculated as nmol O2/min/mg protein using the Stratkelvin 

analysis software. For every sample, two measurements were performed, results were averaged and 
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normalized to maximal uncoupled respiration. Mitochondrial ATP production: After measurement of 

ADP-stimulated respiration, the incubation buffer containing mitochondria was taken from the 

respiration chamber and immediately supplemented with ATP assay mix (diluted 1:5). ATP 

production was determined immediately and compared with ATP standards using a 96-well white 

plate and a Cary Eclipse spectrophotometer (Varian) at 560 nm emission wavelength. Mitochondrial 

ROS production: ROS concentration in the extramitochondrial space was determined using the 

Amplex Red Hydrogen Peroxide Assay (Life Technologies). Amplex Red reacts in a 1:1 stoichiometry 

with peroxides under catalysis by horseradish peroxidase (HRP) and produces highly fluorescent 

resorufin. The incubation buffer containing mitochondria was removed from the respiration chamber 

and immediately supplemented with 50 µM Amplex UltraRed and 2 U/ml HRP. The supernatant was 

collected after 120 min of incubation in the dark. ROS concentration was determined and compared 

with H2O2 standards using a 96-well black plate and a Cary Eclipse fluorescence spectrophotometer 

(Varian) at 540 nm emission and 580 nm extinction wavelengths. 
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