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Introduction

SYmM1...
* isan ortholog of human MPV17, whose mutation causes mitochondrial DNA depletion
syndrome [1]

* encodes a channel protein, which is located in the inner mitochondrial membrane [2,3]
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However, the function of sym1/mpv17 protein is still unknown. Their deletion or mutation
results in...
* impaired mitochondrial bioenergetics functions and morphological features [4]
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Introduction

SYM1...

* isan ortholog of human MPV17, whose mutation causes mitochondrial DNA depletion
syndrome [1]

* encodes a channel protein, which is located in the inner mitochondrial membrane [2,3]

However, the function of sym1/mpv17 protein is still unknown. Their deletion or mutation
results in...

* impaired mitochondrial bioenergetics functions and morphological features [4]
* insufficiency of deoxynucloetide and slow DNA replication in mitochondria [5]
Hypothesis about sym1/mpv17...

* Sym1 channel transports metabolic intermediates into and out of mitochondria [4]

 Mpv17 is a weakly cation-selective channel that modulates membrane potential[6]
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Introduction

Mitochondrial metabolomics

* Isolation of mitochondria and the rest of cytoplasm before metabolomics analysis

* Compartment-specific distribution and regulation of metabolites could be observed [7, 8]
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Introduction

Mitochondrial metabolomics

* Isolation of mitochondria and the rest of cytoplasm before metabolomics analysis

* Compartment-specific distribution and regulation of metabolites could be observed [7, 8]

Cell harvest

B Low-resolution forecast (Whole-cell metabolite profiling) We d t h er i n d Iffe re nt WhOIe ce | I .

Location  Forecast Precipitation Temp Severe Weather reg i ons Of a cou nt ry m etabo I IC p rofl I n g
United States Partly cloudy 20% Rain ~50°F Tornado warning
Chance of clouds ~ 20% Thunderstorm Hurricane warning
Chance of sun 20% Snow Blizzard warning
SR e VS Mitochondria
Location Forecast Precipitation Temp Severe Weather |SO|at|0n
Boston Cloudy 60% Rain/Snow 40°F Freezing rain H H i ff
Metabolites in different . - o
Chicago Windy 25% Rain 50°F Wind (>60mph) Ilrocnondria 0
Dallas Hot 40% Thunderstorms ~ 105°F Tornado warning pa rts of ce | IS < - o5 Q
Salt Lake City  Su 0% Rai 80°F Beautiful H h
Sente " Souty fooa Rain BT Soveocrowtoms metabolic profiling
Los Angeles Smog 0% Rain 90°F Air quailty

SCiforun‘\U [9] Van Vranken and Rutter, 2016
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Workflow

Mitochondria isolation

Cell wash and

4000 rmp Zymolase treatment 4000 rmp 12000 rmp Cvtoplasm (without
—> »> »>—> > Cytoplasm . yminochon(dria)
Nucleus and Mitochondria
| |
Yeast culture Cell harvest Cell disruption plasma membrane
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Metabolic profiling using LC/GC-MS
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Results and Discussion

Mitochondrial inner membrane was intact after the isolation

WT Asym1
Prot. K(ug/ml) 0 5 15 0 5 15
Tom70-"~ mw@
Tim23 - S - . o = =
MjT - o——— s o —

ACOl--‘-— '——‘

MANT - ————— -

After proteinase K incubation Tom70 were depleted, while Tim23 and other marker proteins
were maintained, indicating an intact mitochondrial inner membrane.

Tom: protein translocase of mitochondrial outer membrane
Tim: protein translocase of mitochondrial inner membrane

SC|forun-\l) Mdj: mitochondrial Dnal (HSP40) family

Aco: aconitase
Mdh1: mitochondrial malate dehydrogenase 9
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Results and Discussion

Impaired energy metabolism in Asym1 cells

Cyto_WT
Cyto_Asym1l
Mito_ WT
Mito_Asym1

* Upregulated/accumulated glycolysis
and TCA cycle intermediates

Mitochondrion
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Upregulated/accumulated glycolysis
and TCA cycle intermediates

Lactate was reduced in cytosol but
accumulated in mitochondria

Asp
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Results and Discussion

Impaired energy metabolism in Asym1 cells

Upregulated/accumulated glycolysis
and TCA cycle intermediates

Lactate was reduced in cytosol but
accumulated in mitochondria

Asp

Highly accumulated cytosolic malate .
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Mitochondrion

Cyto_WT
Cyto_Asym1l
Mito_ WT

Mito_Asym1
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Results and Discussion

Impaired pyrimidine metabolism
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Cyto_WT
Asp Cyto_Asyml
Mito WT
. Mita_Asyml
* Reduction of most of the A
pyrimidine biosynthesis T
o arbamo
intermediates Gln aspartatey Orotic acid . Uridine Uracil
;:|- m J.—-| 77777777 - :
Glu A A A A
P ? ? - ?
I # I
N- Carbamoyl o )
aspartate QOrotic acid Uridine - Uracil

oz oms T
- [T
o
oo
00s
ome
o
ose s
0se : oma

sciforum

13



3rd International Electronic Conference

on Metabolomics
15-30 November 2018

Results and Discussion

Impaired pyrimidine metabolism

Orotidine Cytidine
Cyto_WT
Asp Cyto_Asymil
Mito WT
. Mita_Asyml
* Reduction of most of the
pyrimidine biosynthesis N Carbamo |
-Carbamoyl-
aspartatey Orotic acid _/ Uridine Uracil

intermediates —gn
Accumulation of cytosolic uridine ;;-
* May be related to the mDNA Y ”
u

A A A A
deletion syndrome .‘ r | :
P ? ? - ?
Y Y Y ‘
N-Carbamoyl- . . - .
aspartate QOrotic acid Uridine - Uracil

. 022 ’
" s oo T
0
2 e
03 0
o1 | aom
oz 00t T
210 _ ooz
s
" = £ o am
an se0 o oo

sciforum

14



3rd International Electronic Conference

on Metabolomics
15-30 November 2018

Results and Discussion

Impaired lysine biosynthesis/metabolism Cyto_WT
Cyto_Asyml
Mito WT
Mito_Asym1
ATP Glu H20
-AAA Lys
2 NADPH NADPH . 58100 nap* y . bys
= 2-Aminoadipate - s Eg(gr_\qug_eb . "
-semialdehyde - soonao f:ytolMito i
> AMP,PP; HoO 2-0G
NADP* NADP* NADH

Accumulation of 2-amminoadipic acid (2-AAA) and saccharopine (Sarop) and
reduction of lysine indicate an interrupted lysine biosynthesis/metabolism.
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Results and Discussion

Impaired lysine biosynthesis/metabolism Cyto_WT
Cyto_Asyml
Mito WT
Mito_Asym1
ATP Glu H20
- Lys
2-AAA NADPH NADPH . 58100 nap* y . bys
= 2-Aminoadipate - s Eg(gr_\qug_eb . "
-semialdehyde - soonao f:ytolMito i
> AMP,PP; HoO 2-0G
NADP* NADP* NADH

Accumulation of 2-amminoadipic acid (2-AAA) and saccharopine (Sarop) and
reduction of lysine indicate an interrupted lysine biosynthesis/metabolism.

l

Given that cells can take up lysine from the medium, a drop test will be
investigated to prove the hypothesis.
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Results and Discussion

Asym1 yeast cells have a defective lysine biosynthesis

SCgal BY4741
-Lys Asym1
BY4741
SCgal
& Asym1
SCgal BY4741
-Arg Asym1

Serial dilution of yeast cells

SCGal (mimimal medium with galactose as carbon source) plates were incubated at 30 °C, 40 hours
Other plates at 19 °C and 23 °C showed the same effect. (data not shown here)
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Results and Discussion

Asym1 yeast cells have a defective lysine biosynthesis

SCgal BY4741
Lys Asym1 — Asym1 yeast failed to grow on plate without lysine,
supporting the hypothesis that the lysine
SCgal BY4741 biosynthesis is arrested.
Asym1 l
SCgal BY4741 Interestingly, sym1 protein is not correlated with
-Arg Asym1 lysine biosynthesis, so what can be the reason for

this fatal effect?

Serial dilution of yeast cells

SCGal (mimimal medium with galactose as carbon source) plates were incubated at 30 °C, 40 hours
Other plates at 19 °C and 23 °C showed the same effect. (data not shown here)
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Results and Discussion

Yeast lysine biosynthesis

o) AcCoA
/u\/\ i COH i CO,H
HO,C CO,H HOQC/\F TSR %- HO,C™ X 2
COH H,O COzH
1 w-ketoglutaric acid H3-CoA 2 homocitric acid 3 cis-homoaconitic acid H,0
ATP i
NADPH L-Glu NAD*
CHO vi /‘</\/CO H % )-L/\/CO H v CO:H
HO.C HO,C ‘ HO,C 2 HO-C ’ ?
H “cosH
7 L-e-aminoadipic acid-  AMP, PP, -KG CO. NADH
o-semialdehyde N ADP*I 6 L-u-aminoadipic acid “ 5 u-ketoadipic acid = 4 homoisocitric acid
L-Glu, NADPH
vl
NADP™.HO ™y /<NH/2\/\ H OO NAD", HO H, N
HO,C Ek\L % HOzCWNHz
8 L-saccharopine COH NADH, -KG 9 L-lysine

Scheme 1 Enzymes of the fingal a-aminoadipate pathway to lysine: 1. homoeitrate synthase EC 4.1.3.21: i1 & iii homoaconitase EC 4.2.1.36: iv.
homoisocitrate dehydrogenase EC 1.1.1.87: v, aminoadipate aminotransferase EC 2.6.1.39: vi, aminoadipate reductase EC 1.2.1.31; vi1 saccharopine
reductase EC 1.5.1.10; viii, saccharopine dehydrogenase EC 1.5.1.7.
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Results and Discussion

Potential reasons for the defective lysine biosynthesis in Asym1 cells

o) AcCoA
/u\/\ i COH COH
‘ ! i
HO,C CO,H HOQC/\F e %- HO,C™ X 2
* Accumulated intermediates COH H:0 CO,H
. . . 1 wketoglutaric acid HS-CoA 2 homagitric acid 3 cishomoaconitic acid 14 o
and reduced lysine indicates
a defect in the last step ATP i
NADPH L-Glu o NAD*
H )<NH/2\/ H, NHz HO, H
CHO vi MCO H v )-L/\/co H w CO:H
HO.C HO,C ‘ HO,C 2 HO-C ’ ?
H™ co,H
7 L-e-aminoadipic acid-  AMP, PP, -KG CO. NADH
o-semialdehyde N ADP*I 6 L-u-aminoadipic acid “ 5 u-ketoadipic acid = 4 homoisocitric acid
L-Glu, NADPH
Wil
NADP™.HO ™y /<NH/2\/\ H OO NAD", HO H, N
HOLC Ey\L T viii HozoWNHZ l
8 L-saccharopine COH NADH, -KG 9 L-lysine

Scheme 1 Enzymes of the fingal a-aminoadipate pathway to lysine: 1. homoeitrate synthase EC 4.1.3.21: i1 & iii homoaconitase EC 4.2.1.36: iv.
homoisocitrate dehydrogenase EC 1.1.1.87: v, aminoadipate aminotransferase EC 2.6.1.39: vi, aminoadipate reductase EC 1.2.1.31; vi1 saccharopine
reductase EC 1.5.1.10; viii, saccharopine dehydrogenase EC 1.5.1.7.
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Results and Discussion

Potential reasons for the defective lysine biosynthesis in Asym1 cells

o) AGCoA
/u\/\ P COH i CO.H
HO,C CO,H HOQC/\F TSR %- HO,C™ X 2
* Inhibited or down-regulated COH H;0 CoH
. 1 wketoglutaric acid HS-CoA 2 homagitric acid 3 cishomoaconitic acid 14 o
saccharopine dehydrogenase
ATP i
NADPH L-Glu NAD*
CHO vi MCO H v )-L/\/co H w CO:H
HO.C HO,C ‘ HO,C 2 HO-C ’ ?
HY “couH
7 L-e-aminoadipic acid-  AMP, PP, -KG CO. NADH
o-semialdehyde N ADP*I 6 L-u-aminoadipic acid “ 5 u-ketoadipic acid = 4 homoisocitric acid
L-Gilu, NADPH
vl
R H:’<N.H/2\/\ o s H‘/QNizf\/\
HO,C ﬁy\L @ HOLC NH;
8 L-saccharopine COH NADH, -KG 9 L-lysine

Scheme 1 Enzymes of the fingal a-aminoadipate pathway to lysine: 1. homoeitrate synthase EC 4.1.3.21: i1 & iii homoaconitase EC 4.2.1.36: iv.
homoisocitrate dehydrogenase EC 1.1.1.87: v, aminoadipate aminotransferase EC 2.6.1.39: vi, aminoadipate reductase EC 1.2.1.31; vi1 saccharopine
reductase EC 1.5.1.10; viii, saccharopine dehydrogenase EC 1.5.1.7.
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Results and Discussion

Potential reasons for the defective lysine biosynthesis in Asym1 cells

Changed redox state in cytosol
results in reduced NAD* and
accumulated NADH

This is correlated with the
accumulated glycolysis and
reduced lactate

NAD* is regenerated by reducing
pyruvate to lactate, which is
apparently inhibited in Asym1
cells
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o) AcCoA
/u\/\ i COH COH
‘ ! .
HO,C CO,H HOQC/\F e %- HO,C™ X 2
COH H,O COzH
1 w-ketoglutaric acid H3-CoA 2 homocitric acid 3 cis-homoaconitic acid H,0
ATP i
NADPH L-Glu NAD*
CHO vi /‘</\/CO H % )-L/\/CO H v CO:H
HO.C HO,C ‘ HO,C 2 HO-C ’ ?
HY “couH
7 L-e-aminoadipic acid-  AMP, PP, -KG CO. NADH
o-semialdehyde N DP*I 6 L-u-aminoadipic acid “ 5 u-ketoadipic acid = 4 homoisocitric acid
L-Glu, NADPH
Wil
NADP', 1,0 W NH, . GOyl 20 HoONH

HOQCAN\Ek\L T % HOzCWNHz l
H
€0 O@ +KG 9 Lysine

Scheme 1 Enzymes of the fingal a-aminoadipate pathway to lysine: 1. homoeitrate synthase EC 4.1.3.21: i1 & iii homoaconitase EC 4.2.1.36: iv.
homoisocitrate dehydrogenase EC 1.1.1.87: v, aminoadipate aminotransferase EC 2.6.1.39: vi, aminoadipate reductase EC 1.2.1.31; vi1 saccharopine
reductase EC 1.5.1.10; viii, saccharopine dehydrogenase EC 1.5.1.7.
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Results and Discussion

Altered glutahione metabolism indicates a imbalanced redox state

GSH/GSSG GSH GSSG Glu-cys
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* Increased cytosolic GSH/GSSG ratio

* Reduced mitochondrial GSH/GSSG ratio

* Overall upregulated/accumulated glutathione fluxes
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Outlook

NAD(P)H assay to identify the Redox state in the mitochondria and cytosol

* Application of proteomics to interesting candidates

* Application of isotope-labeled metabolites to track the altered pathways

* Screening of about 50 unknown mitochondrial membrane protein knockouts

* Automatization the search of candidates by python script to find out significant altered
metabolites from the screening

sciforum

25



JJI\WI 3rd International Electronic Conference

on Metabolomics
[I={®J\/fl 15-30 November 2018

Acknowledgements

Prof. Dr Bernd Kammerer
Prof. Dr Nils Wiedemann
Prof. Dr Stefan Gunther

Caroline Lindau

European Research Council

Established by the European Commission

sciforum

CF Metabolomics:
Simon Lagies
Michel Karther
Christoph Bauer
Mannuel Schlimpert
Johannes Plagge

Lukas Braun

26



