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NMR

MaplavOn AvépouAdkn?, OAya Mmniaddda !, EvayyeAia Keykou! Mavtedenuwyv Takng? kat Atpidtog AvSpikoc?

—— A -

1: Neppoloyikd Tunua Mevikov Noocokopeiov lwavvivwy “T. XATZHKQITA”
i152;T|1r'] Ko Avopyavng kot AvoAuTLkAG Xnpetag Navemotiuo lwavvivwy

10 9 8 7 6 5 4 3 2 1



Multiomics and systems biology

Environment, life styles, health status...

DATA INTEGRATION

SYSTEMS BIOLOGY
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Evpoc epappoywv tnc tH-NMR petafoAopikinc os
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MAZIMATOZKONIA *H-NMR - MEPITONAIKH KAGAPZH

Peritoneal Dialysis
Effluent Biomarkers

Current status of
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DAIMATOZKONIA *H-NMR — EQAPMOTrEZ X THN NEPITONAIKH KAGAPZH
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Uniqueness of the NMR approach to metabolomics
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H xprion tou NMR fingerprinting o€ kowva BLOAOYLKA LYpPA yLa YEVIKO MTANOUGULOKO €AEYXO
MTtopEL EMOMEVWG VoL eEEALXOEL O€ Eva LOXUPO epYaAEiLo TIPWLNG SLAyvwonG, TpoodEpovTag
ONMUOVTLKO 0dEANOG TOOO yLa TOUG acOeveic 600 Kal yLa To cucTAOTA SNUOoLOG LYELag.
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YNOOEZH
H kevtplki umoBeon mou SLEMEL TN LEAETN AUTH €lval OTL TA OTOMLKA UETOBOALKA OTTOTUTIWOTO OTO TIEPLTOVALKO
StaAhvpa epdavitovy emapkni otabepoTNTA KAl SLAKPLTOTNTA, WOTE VO ITOPOUV va Xpnolponolnouv wg
aélomiotol, aoBevo-eLdLkol BLodEIKTEC yLa TNV EEATOULKEVEVN TTApakoAoUONGoN TNC EPLTOVAIKN G KABapong LEoW
netaBoAlopkng avaivong pe *H NMR
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StaAlpatog YAuKOZng StaAupartog TepLTovaikou vypou
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StaAupatog YAukodng. To miepttovaiko iwypd cUANEXBNKe avd 15 NUEPEG, yla CUVOALKS dLdoTnua 2 Hnvwy,
anodidovtag 4 deiypata avd acbevr.
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MetaBoAikn @awvotumikn avaAvon pe 'H NMR

Dacpatika dedopéva
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Mn emuBAenopevec pEBodot : PCA Analysis

Scores on PC 3 (6.00%)
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Scores on PC 1 (49.39%)

Scores on PC 2 (25.80%)

PC2 (15.3%)

Mn emufBAenopeveg pEBodot
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eriBAentopevec pEBodot : PLS-DA Analysis
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ROC curves
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Violin plo

Concentration (a.u.)

Concentration (a.u.)

ts

FDR method to correct for multiple comparisons. An asterisk represents a “discovery” (g < Q), while
“nd” represents “not a discovery” (g = Q). [Q = 0.05]
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Metabolic Pathway

i )
@ GLUCOSE METABOLISM

analyses

Urinary Metabolites: Integrated Pathways and Functions (Urine-Focused)

Alterations in six urinary metabolites reflect changes in energy metabolism, amino acid metabolism, muscle energy buffering and renal handling.

Glucose
H o]
HO
OH

HO OH

m/z 179.056

Key functions

« Energy production (glycolysis)

+ Glycemic control

* Renal reabsorption

Urine relevance

Elevated urinary glucose indicates
excess filtered glucose or impaired

(T ™
© cGLycoLysis
Glucose
v
Glucose-6-phosphate
Filtered ¥
at glomerulus H
| —————> v
Phosphoenolpyruvate
Pyruvate
(] o}
o
o
Alanine

transaminase (ALT)
Glutamate

C a-Ketoglutarate

— =
© LACTATE (Cori cycle)

Lactate
H
o-
HO
o
Lactate m/z 89.024
dehydrogenase
> Key functions
+ Anaerobic ATP production

/ \ * Redox balance
NADH NAD+ * Lactate shuttle

Urine relevance
Elevated urinary lactate suggests

or mitochondrial stress.

Creatine

NH

o
A 2\/L
HNT N7
L)

.

m/z 131.046

Key functions

o CREATINE METABOLISM

Phosphocreatine Creatinine

C;.ealim NH o ?- o

inase H
N -P—0"
S Spo—— Hz'.")\’f/ \/‘LO"’ |  gm—— N\
p

m Non-enzymatic >l o
ATP  ADP  m/z211.014  Syclization ;493037

« High-energy phosphate buffer
« Rapid ATP regeneration

le energy h

Urine relevance

Creatinine excretion reflects muscle mass and renal filtration.

Altered creatine/creatinine may indicate muscle turnover

WHAT THESE CHANGES MAY INDICATE

v

Excreted in urine

@ Energy metabolism & mitochondrial function

@ Muscle metabolism & turnover

2\
@ Amino acid & one-carbon metabolism

(major form)

gﬁ Renal handling & tubular function

@ Oxidative stress & redox imbalance

POTENTIAL BIOLOGICAL CONTEXTS

* Metabolic syndrome / Diabetes

+ Kidney di / Tubular dysfunction
* Mitochondrial dysfunction / Hyp

« Exercise / Muscle adaptation

« Inflammation / Sepsis

« Cancer metabolism
+ Liver dysfunction

renal reabsorption. 4 T or impaired renal handling.
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e /| @) ALANINE (Glucose-Alanine Cycle) (@ GLYCINE-SERINE-ONE-CARBON METABOLISM |
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+ Excreted in urine | xcreted in urine
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Urine relevance Key functions Urine relevance {
: {7777 | Elevated urinary alanine suggests « Methyl and id ith Altered urinary glycine/serine reflects H
: ! increased protein catabolism or . defence hi changes in one-carbon metabolism, | Excreted in urine
} Excreted in urine | enhanced glucose-alanine cycling. + Detoxification and redox balance oxidative stress, or renal tubular handling. H
H H + Collagen and connective tissue H
v v v v
URINE EXCRETION
All six bolites are ble in urine and integrate systemic metabolism with renal handling.
Lactate Alanine ) Glycine Creatine Creatinine
" \
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0 | o. n\)\
NO)\( o | | HZN/\/ u’p’*ﬁ’u o [ N
i
> o o ‘ \J‘ °
or secreted along \‘ LR u m/z 179.056 m/z 89.024 m/z 89.047 m/z 75.032 m/z 131.046 m/z 113.037
ilee
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——— Metabolic reaction

= === Transport / shuttling

= === Multiple steps

- Enzyme

@ Glucose @ Lactate @ Alanine

@ Glycine/Serine ) Creatine/Creatinine




2YMNEPAZMATA

H xapnAn evéoatouikn kat unAn Sta-aTtopkn HETABANTOTNTA TOU TTEPLTOVAIKOU LYPOU umootnpilel TNV UIApPEN
e€atoplkeEUUEVOU peTafoAkol «baseline» yia kaBe acBevr) katl autod armoteAel aflOTILOTO UTIOCTPWHLA YLO
pHetafoloplkn avalvuon He anwtepeC EPAPUOYEG....

€EOTOULKEVEVN
nopakoAovOnon
aoBevwyv UTO
nepltovaikn kabapon.

AvakaAuvn Blodektwv
TIPWLUNG OVETIAPKELOLG
NG HEUBpPAvNG .

Avixveuon SLoXpoviKwyV
OTIOKALOEWV .




H cuveyxela...

OAokAnpwon HETABOAOLLKAC avaAUONC 0TO OUVOAO TwV atcBevVwWVY TG LEAETNG
[evikeuon tng MoAumapayovTlkng avalvonc os mMAnpecg dataset

Tautomolnon Kol TTOCOTLKOTIOLNON TWV ONUAVILKWY LETABOALTWY

Alepevvnon SLaxpovikwyv LeTaBoAwv oto LeTaBoALkO MpodiA ava aocBevn

YUOXETLON UETABOALKWY TPOTUTIWV UE KALVIKEC Ttapapetpou (D/P, RRF, pAeyuovn)
AvVaTtuén MPOYVWOTIKWY HOVIEAWV yLa TNV aEloAOyNnaon NG EPLTOVALKNG LEUBPAVNG

Avadeltn vroPndwv Brodektwyv mpwipng SucAettovpyiag tTng LepUPpavng

1o be continued...



