Cardiac Systems Biology
IN
Drosophila melanogaster

- Metabolomics of Hypoxia

- Molecular Algorithms and Cardiac Aging



Metabolomics of Hypoxia

Jake Feala
Laurence Coquin
Andrew McCulloch



Energy Metabolism in Hypoxic

Myocardium

Experiment

A
\ 4

] . ] v
Genetic perturbation

Beats per second

I

| oo o by
1 [ N | [ 1 [ | 1 A
- Tine )

cardiac phenotype

‘ | | I

i A ke 'I.".."_'a.'.' -_{'-_1?.}"'\_

NMR metabolomics

Candidate genes

o
B SAr s = g
B I e
)
~ Tk -1
L a" L BN
I & ey,
o R
=i L Jar g
L° — . Pt e
Lyl | J Ll P o G
‘-,"‘T. \‘7" ,;m,{,e -
o ! 4
¥ o
pb A
{- ¥ b i
VAL
" s
o e fr
1 BT %
o, NP > o
T W o
Es
Lo oot Fo L o 1
T 7



IH NMR
spectroscopy
of hypoxic fly

muscle

*0.5% O,
e 240 minutes

MAMMALIAN TISSUE:

hio

Control
gle
hi ghwe e
S et ot Lt e i e b ]
hano
4 hours hypoxia
gl
hi ghe te
L R e =il Aoh

gld

o i jac ala
p lh’l#" !‘ | . .‘*,:J t\\_,l'h
N P

pch

pch

i W{ 1

.gn'-l

l.-"\.-fﬁ‘-"\v! !'-

FIRATE O, SR . o |

B-aa

|gl |
"n-'\.l‘ LS
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Metabolites affected by hypoxia
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Reconstructing the metabolic network
In Drosophila

— 162 genes, 143 proteins and 158 reactions
— Includes glycolysis, TCA cycle, oxidative phosphorylation,
Beta —oxidation, amino acids

— Elementally- and charge-
balanced

Metabolic network reconstruction
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Substrates and products during hypoxia

Producing lactate, alanine, and acetate
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The fly heart




Fruit Fly Heart




High-throughput measurements
of heart function in Drosophila
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Perturbation Analysis of Energy
Metabolism in Hypoxic Myocardium
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Molecular Algorithms

for
Pharmacological Interventions
on Cardiac Aging

Andrew Viterbi
Jen Schofield



Interventions on hubs are
sufficient to restore function
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Automated detection of fly heart
wall displacement
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Human and fly cardiac changes

with age
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2-day-old fly

30-day-old fly

30-day-old fly
+ doxycycline




Climbing Velocity at 30 days of age Resveratrol




Number of drugs

Combinations

(Fully factorial)

Total number of
combinations

o=
2 31=3
4 4 3F=9
6 12 8 3=27
8 24 32 16 34=81
10 40 80 80 32 35= 243
12 60 160 (240 192 i 64 36=729
14 84 280 560 672 448 | 128 37=2187
16 112 {448 | 1120 : 1792 i 1792 i 1024 i 256 38 = 6561
18 144 672 {2016 : 4032 i 5376 | 4608 i 2304 i 512 | 3°=19683




[N Resveratrol 50 (R50)
[IResveratrol 25 (R25)
I Doxycycline 80 (D80)
NI Doxycycline 40 (D40)
N 7inc Sulfate 20 (Z20)
[CZinc Sulfate 10 (Z10)
[N Sodium selenite 0.5 (S0.5)
[—1Sodium selenite 0.2 (S0.2)

N.C. = not classified

0.3

-0.20

-0.25

-0.34

-0.36
-0.38

0.30
0.30
0.25

0.23

-047

-0.57

-0.58

-0.76
-0.82
-0.85
-0.85

M.C.
N.C

1.00
0.79

0.67
0.66
064
0.60
0.60
0.53
0.46

-016
-017
-018
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D40-S0.5-Z20-R50 0.41
DEO-Z10-R25 0.36
.s - DB0-S0.2-210-R25 0.36
pAts0.2-2420 P — D80-S0.2-Z20-R50
D40-50.2-Z10-R50 0.32
Z10-R50 0.30
D80-Z10 0.30
220-R50 0.25
D80-50.5-220 0.25
D40-R50 0.23
D40-50.2-220 0.19
D40-Z20 0.18
D40-50.5-Z10 0.15
DB0-R50 0.15
D40-Z20-R25 0.08
Z10-R25 0.08
DB0-S0.5-220-R50 0.05
D40-Z10 0.03
DB0-R25 0.02
D40-50.2-Z10 -0.01
DE0-Z10-R50 -0.03
D40-Z10-R50 -0.05
DB0-Z20-R25 -0.08
DB0-50.5-220-R25 -0.16
D40-50.5-210-R25 017
D40-50.5-Z20-R25 -0.18
DE0-Z20-R50 -0.18
D80-50.5-Z10 -0.18
D40 -0.20
Z20-R25 0.21
D40-Z10-R25 -0.21
DB0-50.2 -0.22
50.2 -0.25
§0.2-Z10-R50 03
50.2-Z10 -0.32
D40-Z20-R50 -0.33
D40-R25 0.34
21 -0.34
D40-50.2 -0.35
z20 -0.36
50.5 -0.38
DB0-S0.5-R25 -0.43
DB0-50.2-R25 -0.46
S0.2-R50 -0.47
$0.5-Z10-R25 -0.48
$0.5-Z10-R50 -0.48
$0.2-Z20-R50 -0.50
50.5-220-R25 -0.53
§0.2-Z20-R25 -0.55
S0.5-R25 -0.57
$0.2-Z10-R25 -0.57
50.2-220 -0.59
$0.5-Z20-R50 -0.61
S0.2-R25 -0.76
50.5-220 -0.82
D80-50.5 -0.85
D40-50.5 -0.95
DB0-50.5-R50 -1.43
50.5-Z10 NC
50.5-R50 NC
50.5-D40-R50 N.C
50.5-D40-R50 NC
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[ RSD__> 1.13
R25 0.3
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D40 -0.20
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Number of drugs

Combinations

(Fully factorial)

Total number of
combinations

o=
2 31=3
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Multivariate Analysis
Reduction of Dimensionality
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Molecular Algorithms for combining therapeutic
Interventions on aging

Multi-objective optimization - list of interventions
Fully factorial datasets

Robustness (reproducibility) between species
Integrating -omics data

Information theory - spread network pharmacology

www.paternostrolab.org
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