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Posttraumatski stresni poremecaj (PTSP)

» anksiozni (ili stresom uzrokovani) poremecaj koji nastaje nakon izlaganja ili svjedoCenja
teSkom traumatskom dogadaju kod nekih, ali ne svih osoba

depressed
commmedlcatlon

development assault Stress.,,
post traumatlc stress dlsorder
neuroendocrinolo

numbing_disturban sy." as h bac kS

veterans
Kriterioi DSM_V APA’ 2013 : .amuln;‘ symptom dlsot:Idkler eegl::l'lngx‘l.?lll’aldrus addiction
J ( : ,,'.t:.,.g fea LT s LA

dlstresslng dreams
emo tIonaI ....... ce mental health problems cuausted e ative help""" .....'

» postojanje traumatskog iskustva ot WSSTTTVIVOrs
o . e L dagneserisk
» ponovno prozivljavanje traume (eng. reexperiencing) = atraumatic

rauma"‘“"‘" ombatindicators psychological trauma alcohol abuseca

.« L . . hyperwgllance..,.... reducing
> izbjegavanje (eng. avoidance) gy iy avoris AN S LY e

accident

?g drgs AN XIOUS increas ..,aCCIdents death

treatments _PSychological I3y

» pojacana pobudenost (eng. hyperarousal) trigger “ciie a"g‘&&?'
» neosjetljivost (eng. numbing) i negativne promjene misljenja i raspoloZenja )
» trajanje (najmanje 1 mjesec)

» znatan poremecaj u radnom, socijalnom ili drugom funkcioniranju




PTSP u drustvu

Opc¢a populacija 7-12%

Hrvatski branitelji 25-30%

znacajno naruseno psihicko, socijalno i radno funkcioniranje
» agresivno ponasanje, zloporaba alkohola i droga, suicidalnost

Cesto Frlsutnl i drugi psihopatoloski komorbiditeti

» veliki depresivni poremecaj, anksiozni poremecaji, panicni poremecaj, poremecaj licnosti,
alkoholizam, suicidalnost...

Cesto prisutni somatski komorbiditeti

> kardlovaskularne bO|%StI koronarna bolest srca, endokrine bolesti, metabolic¢ki sindrom,
respiratorne bolesti, probavni poremecaji

40% oboljelih od PTSP-a ne pokazuje dobar odgovor na terapiju




Rizi€ni Cimbenici za razvoj PTSP-a

» dozivljaj traume

Moderators

Developmental Timing

> teilna I VrSta traume Type of Trauma

Gender/Sex
Comorbid Disorders

» spol

> komorbidne bolesti S EORER Stress

Regulation
(Coping)

factors

» genetski i epigenetski Cimbenici Genetic

Neurobiology

Trauma
Exposure

» neurobioloski i psiholoski Cimbenici

Prior Trauma
Stress

Personality Reactivity

> okolisni ¢imbenici (HPAJSNS,

affective)

> iZlOzenOSt ra an tra umi Fig. 1. Theoretical model of vulnerability to traumatic stress.

Michopoulos et al. 2015



Neurobioloske i neuroendokrinoloske promjene u PTSP-u

» kao odgovor na traumu amigdala stimulira simpaticki ziv€éani sustav i os HHN

Poremecena neuroendokrinologija i os HHN

I CRF
paradoksalno {, aktivnost osi HHN
J kortizol u 24h urinu

kortizol u serumu

hipersupresija nakon DST-a

J' mehanizam negativne povratne sprege
I broj receptora za GK u limfocitima

J' volumen hipokampusa

teskocCe pamcenja
—poremecaji neurotransmisije

Michopoulos et al. 2015




N-GlcNAC

Ribosome

Glikani

» oligosaharidni lanci kovalentno vezani E: |
na polipeptide i lipide 83"
» mijenjaju fizikalno-kemijska svojstva i =
biolosku ulogu proteina o
=
» modifikacija proteina u r
endoplazmatskom retikulumu i igs
Golgijevom aparatu =1
» poveznica geneticke upute i okolisnih %}
¢imbenika = adaptacija -
» N-glikani i O-glikani w\l

Plasma
membrane




Gotovo sve interakcije na povrsini stanice ukljucuju glikane

Glycans Permeate Cellular Functions

< iection g, biagnd-receptor Uloga glikana u:

Differentiation /

‘ ) » medustani¢noj komunikaciji
o, eeoiisdiston SRR L T T > signalizaciji
A ., | > smatanju proteina
Q. .. _. » regulaciji ekspresije gena
~ el - tachmem g dlfergnC|JaC|J !
--,@wa. o » razvoju

infection » upalnim procesima
» metastaziranju...

@ O-Phosphorylation
[ O-GlcNAcylation

il

cell-cell Q'Z48 ' :
adhesion 7 / [ (li ﬁ Glycan-based receptors]

Cell 143, 672-676




Promjene u glikozilaciji

» u neuropsihijatrijskim poremecajima: ADHD, Alzheimerovoj bolesti, autizmu, shizofreniji...

JOURNALOFPROTEOMICS 75 (2012) 5123-5139

Available online at www .sciencedirect.com

“piaranis

SciVerse ScienceDirect

www.elsevier.com/locate/jprot

ELSEVIER

Review

Glycomics of pediatric and adulthood diseases of the central
nervous system

b, *

Rita Barone® ' 1, Luisa Sturiale® !, Angelo Palmigiano®, Mario Zappia®, Domenico Garozzo

Research

& 2011 by The American Socisty for Biochemisiry and Molecular Biclegy, Inc.
This paperis available on line at hitpoFfersw moponline.org

— Molecular & Cellular Proteomics 10.1

Human Plasma Glycome in Attention-Deficit
Hyperactivity Disorder and Autism Spectrum
Disorders*=

Nela Pivact,” Ana KneZevicg, Olga Gornik§, Maja Pu&iéy, Wilmar Igl|, Hilde Peeters**,
An Crepel**, Jean Steyaert**, Mislav HovokmetT], Irma RedZi¢§, Matea Nikolacy,

Vesna Novkovié Hercigonjatt, Katarina Dodig Curkoviégg, Mario Gurkoviét],

Gordana Nedi¢i, Dorotea Muck-Selert, Fran Boroveeki|, Igor Rudan,®

and Gordan LaucgT”

Alzheimer's Disease

Serum: decrease of digalactosylated core-«-1,6-fucosylated biantennary
glycan. Increase of o1,3-fucosylated trigalactosylated glycans. [patent
application publication, May 5, 2011].

CSF: altered levels of full-length Reelin and Reelin 180 kDa fragment.
Abnormal glycosylation pattern of 180-kDa reelin [26]. Increase of
sialylated O-glycans in Tyr10 of APF/AR glycopeptides [23]. Decrease of
TTR brain-specific isoform [76]. Quantitative changes of apolipoprotein
E, clusterin, a-1-g-glycoprotein and o«-1-AAT. Decreased glycosylation of
one specific a-1-antitrypsin isoform [80,82]. Decrease of WGA-reactive Tf
glycoforms [88,89].

Idiopathic normal pressure hydrocephalus

CSF: increase of Tf-2 (serum type)/Tf-1 (brain-type) glycoforms ratios
Multiple sclerosis

Serum: modification of plasma acute-phase proteins glyco-isoforms
Schizophrenia

Serum: increase in male patients of tetraantennary tetrasialylated
glycans bearing polylactosamine with A4G4Lac54 extension and
triantennary trisialylated containing the SLe* epitope [105].

CSF: decrease of bisecting and sialylated glycans levels.

ADHD Plasma: T in glycan groups GP11 and DG7 and ¥ in GP12

Serum: increased antennary fucosylation of biantennary glycans and
decreased levels of some complex glycans with three or four antennas

Barone et al. 2012 Pivacet al. 2011



N-glikani u PTSP-u

Citatior: Transl Psychiatry (2013) 3, e320; doi10.1038/tp2013.93 @

& 2013 Macmillan Publishers Limited All ights reserved 2158-3188/13

www.nature.comftp

ORIGINAL ARTICLE
N-glycosylation profiling of plasma provides evidence for
accelerated physiological aging in post-traumatic stress disorder

M Moreno-Villanuewva™?, J Morath®?, v Vanhooren™*, T Elbert®, 5 Kolassa®, C Libert™*, A Barkle! and I-T Kolassa®®

» testirali 9 N-glikanskih struktura iz plazme na
13 ispitanika s PTSP-om, 9 ispitanika koji su bili

Peak1=FA2 - agalactosylated core-a- izloZzeni traumi i 10 kontrolnih ispitanika
1,6-fucosylated biantennary

PTSP » koncentracija N-glikana se mijenja s dobi
Peak6=FA2G2 - bigalactosylated core-
a-1,6-fucosylated biantennary; NA2F

GlycoAge Test: = log,,(FA2/FA2G2)

daje predodzbu o stvarnoj dobi ispitanika

Moreno-Villanueva et al. 2013




HrZZ projekt : Genomski i glikanski biomarkeri PTSP-a
GlikoGenPTSP (voditelj: prof. dr. Nela Pivac)

%: GlikoGenPTSP

> ispitati razlike u glikozilaciji kod osoba s dijagnosticiranim PTSP-om (N=350) i zdravih
kontrolnih ispitanika (N=350) odredivanjem N-glikana u plazmi i vezanih na IgG

Cilj istraZivanja:

> ispitati postoji |i povezanost odredenih genetskih polimorfizama i epigenetskih
modifikacija s glikomskim promjenama i shodno tome povecéanim rizikom za razvoj PTSP-a



2 ul blood

g Materijali i metode

&

S | Ispitanici: Klinika za psihijatriju Vrapce , Zagreb
- - » osobe s PTSP-om (N=204): DSM-IV (SCID, CAPS)
:}_‘;p > Dessten > zdrave kontrole (N=134)
[ IS — » ispitanici su muskarci (prosje¢na dob: 56 god.) hrvatskog podrijetla, koji

nisu U medusobnom srodstvu

"“ .pS: S Obrada N-glikana: Laboratorij za glikobiologiju, Genos d.0.0, Zagreb
e I o > visokotlatna  tekudinska kromatografija (HPLC) fluorescentno
I “ obiljeZzenih N-glikana za kvantitativhu analizu glikoma u plazmi i vezanog
: A N j"/ za I1gG
A > nasa studija obuhvaéa 39 N-glikanskih pikova iz plazme i 24 N-glikanska
¥, s i pika vezana za IgG
 :

| GlycoageTest = log[P1/P6] |




Rezultati

N-glikani u plazmi:

GP14, GP15, GP26, GP27, GP30,
GP32, GP33, GP34, GP35, GP36,

GP37, GP38, GP39

PTSP

GP4, GP5, GP10, GP13, GP16,
GP19, GP22, GP29

Plazma

GP1-GP39

PTSP
Kontrole

» snazan utjecaj dobi na razinu N-glikana = korekcija (p=0,05; korekcija na viSestruko

testiranje: p=0,001%*)
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Rezultati

N-glikani u plazmi:

GP32F A3F1G3S3 — triantennary,
trigalactosylated and trisialylated
with antennary fucose

GP15 = A2BG2S1 - biantennary
bigalactosylated and sialylated
with bisecting GIcNAc

GP34F A4GA4S3 - tetraantennary,
tetragalactosylated and trisialylated

Triantenarni i
tetraantenarni sijalizirani

- . p=l59E10 | & . p=6,39E-8 | 0=7,666-6 | N-glikani povecani kod
:- : T : upalnih procesa
5 : g T g ™ g (Gudelj et al. 2016) i
e = e = i e O hepatocelularnog
o { , | = i karcionoma
;] ; l 7 | ——— —— (Vanhooren at al. 2009)
@=A4S4-tetraantennary [GP38 } A4G454 - tetraantennary, GP39 [ A4F1G4S4 - tetraantennary,

tetragalactosylated and tetrasialylated with

tetragalactosylated and tetrasialylated
antennary fucose

tetragalactosylated and tetrasialylated

GIcNAC - N-acetylglucosamine
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GP4 = FA2[6]BG1 -biantennary
monogalactosylated with core fucose

and bisecting GIcNAC

p=9,85E-5

%Area
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—_—
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%Area

%Area

{p=2,55E-5

—

T T
PTSD Healthy controls

GP5 = FA2[3]BG1 -biantennary
monogalactosylated with core fucose
and bisecting GIcNAC

- 1p=0,001 |

[
1

'
——
I
——
T T
PTSD Healthy controls

Rezultati

N-glikani u plazmi:

GP10 = FA2G2, vrijednost
ovog N-glikana se drasti¢no
snizava s dobi

GP10 F FA2G2 -biantennary
digalactosylated with core fucose

GP22 = FA2G2S2 -biantennary digalactosylated
and disialyted with core fucose

GIcNAC - N-acetylglucosamine




Rezultati

N-glikani vezani za 1gG: ]

e IgG PTSP

e GP1-GP24 Kontrola
GP3, GPS5, GP6, GP7, GP13, -
GP17, GP22 =

2 0o

24 0o
T m ]
20 oo
1200
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400
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» snazan utjecaj dobi na razinu N-glikana = korekcija (p=0,05; korekcija na visestruko
testiranje: p=0,001%*)
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Zakljucak

Parekh et al., 1985, 10448,

Vanhooren &L al., 2007,
Rubaak et al.. 2011; Puclke el al, 2011

osobe oboljele od PTSP-a imaju
ik Alterations of the

*| glycosylation machinery

statisticki znacajno:
» povisSene razine N-glikana povezanih s
upalnim procesima (Kaneko et al.

2006; Shibata-Koyama et al. 2009)
b
Inflammation Agalactosylated IgG
> povisene razine N-glikana povezanih s > Less Sayialec b
preuranjenim starenjem (Knezevic et . o
al. 2009, Dall'Olio et al. 2012) Complement | 1005
activation (MBL) bong et .
APC binding ::':::;n al., 2010
. . . DC-SIGN, MEP
osobe oboljele od PTSP-a imaju: { } .
Phagocyte a-:tivatiunL 2011 '
» vecu vrijednost GlycoAge testa [ (Forreceptors) | @@
Antibody aggregates [* ==

(trend! Tgrupe)

Dall'Olio et al. 2013




Daljniji ciljevi istrazivanja
> ispitati razine N-glikana na preostalim uzorcima PTSP-a i kontrola
> istraziti povezanost razine N-glikana i pojedinih fenotipova PTSP-a (agitacija, psihoza...)

» U bolesnika s PTSP-om i kontrolnih ispitanika potvrditi polimorfizme (12) odabranih gena (6)
(FUT8, HNF1A, FUT6/FUT3, SLC9A9, MGATS5 i B3GAT1) koji reguliraju glikozilaciju proteina,
odredenih GWAS studijama

» procijeniti utjecaj epigenetske regulacije (DNA metilacije) i genske ekspresije HNF1A u
bolesnika s PTSP-om i kontrolnih ispitanika

> ispitati nove modele predvidanja stvarne dobi na temelju koncentracije pojedinih N-glikana
u plazmii N-glikana vezanih za IgG

> istraziti promjene N-glikana u animalnim modelima PTSP-a (prof. dr. sc. Dora Zelena,
Madarska akademija znanosti)

» neovisna replikacijska studija (prof. dr. sc. Tanja Jovanovic, Emory University, USA) na 200
ispitanika s PTSP-om (muskarci i Zzene, civilne zrtve traume-nasilje, silovanja, nesrece...) i 200
zdravih osoba ukljucenih u Grady Trauma Project (crna i bijela rasa, hispano populacija)




offset project CRO_A-00033
"Technology & Know-how Transfer in Metabolomics and
Establishment of Latest Scientific Equipment in Zagreb",
financiran od tvrtke Patria, Finska
(voditelj: prof. dr. Neven Zarkovié)

Cilj istrazivanija

> ispitati razlike u metabolitima kod osoba s dijagnosticiranim
PTSP-om (N=350) i zdravih kontrolnih ispitanika (N=350) primjenom
neciljane viseplatformske analize metaboloma




Metabolomika

» proucava metabolom- niz spojeva
niskih molekularnih teZina
(metabolita npr. nukleotidi,
ugljikohidrati, aminokiseline, lipidi... )
koji su rezultat ili su ukljueni u
metabolicke procese vazne za
normalno funkcioniranje stanice i
cijelog organizma

» metabolicki biomarkeri iz urina, krvi i
sl. - wvazni u razjasnjavanju
mehanizama bolesti, predvidanju
odgovora na lijekove ili prehrambene
intervencije ili toksi¢nih ucinaka

DNA / Genes , -
Genomics y ‘
(" ) ' Amino
e

Endometabolome Nutribiome Microbiome Xenobiome

Phenotype
("‘o
Carbohydrates P ‘ﬁ\
Glycomics
Lipids
‘ Lipidomics
¢ Metabolomics l

RNA
Transcriptomics

Protein
Proteomics




INFLUENCE

GENETIC AND
EPIGENETIC FACTORS

STRESS/
OXIDATIVE STRESS

.
()

s —>
=T

/

REGULATORY
MECHANISMS

Epigenetics
Mutations
Allelic variants
Pseudogenes

Alternative
splicing
MicroRNAs
RNA editing,

stability, structu

Posttranslational
modifications
Conformation

Activation
Secretion
Degradation

Enzyme kinetics
Degradation
Transport
Inter-conversion
Secretion
Accumulation

Exogenous intake

PHENOTYPE

“ugars, nuglaciides, amiio |
;acids,organic acids jids;
3 L R AT

RESEARCH
LEVEL

-OMICS
METHOD

e
(o ey (EEGESD)

TRANSCRIPTOME ]- |TRANSCR|PTOMICS,Z|

PROTEOME ‘ PROTEOMICS

N
; METABOLOME METABOLOMICS,
.| LIPIDOME, GLYCOME LIPIDOMICS, GLYCOMICS
% _

PERSONALIZED
MEDICINE

INDIVIDUAL
RISK

INDIVIDUAL
THERAPY

INDIVIDUAL
THERAPY
RESPONSE

» razine metabolita -
vrlo  osjetljive na
genetske, epigenetske
i okoliSne cimbenike
npr. dob, stres, bolest,
lijeCenje, prehrambeni
status...

» metabolomika -
nadopunjuje "starija" -
omics polja kao sto su
transkriptomika,
proteomika i genomika

» personalizirani pristup
u medicini




Pristupi u metabolomici: neciljana i ciljana analiza
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Tijek rada u metabolomici

i Sample collection and metabolite extraction ’
ﬂ.]\

Vrsta uzorka
Odabir pristupa

Odgovor
Hipoteza

NMR
LC-MS
GC-MS
CE

K

¢ AU o
i Metabolomics platforms for data acquisition I ;

s i

: /
.
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Dekonvolucija

ILJ Sravnjenje
Hf%« 41'4‘ — JoE
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AnalitiCke metode u metabolomici

Magnetska
svojstva
atomskih
jezgara
(1H, 13C, 31P)

Princip
detekcije

Priprema uzorka

Reproducibilnost/
robustnost

Osjetljivost

Vrsta komponenti

Polarne i
nepolarne

Odnos mase i naboja ioniziranih Cestica

Polarne
nabijene
molekule




etabolomska istrazivanja u
sihijatrijskim poremecajima

Redox Biology 14 (2018) 178-186

Contents lists available at ScienceDirect

Redox Biology

ELSEV

[ER journal homepage: www.elsevier.com/locate/redox

PSYCHIATRIC DISEASE

METABOLOMICS

Increased levels

Decreased levels |

Review article

Short overview on metabolomic approach and redox changes in psychiatric
disorders

Gordana Nedic Erjavec™”, Marcela Konjevod”, Matea Nikolac Perkovic”, Dubravka Svob Strac?,
Lucija Tudor®, Coral BarbasP®, Tilman Grune®, Neven Zarkovic®, Nela Pivac™*

PSYCHIATRIC DISEASE METABOLOMICS

Increased levels 1 Decreased levels |

Depression Lysophospholipids Acyl carnitine Molecules

Monoglycerophospholipids Stearic amide

Schizophrenia Alanine Glucose
Glycine Phosphatidylcholine
Valine (urine) HDL
Glycine (urine) LDL
Lactate VLDL
Lysophosphatidylcholines Unsaturated fatty acids
Ornithine Lipids
3-Indolebutyrate (microflora) Citrate
Phenylalanine a-KG
Tyrosine Creatine
Proline Creatinine
Glutamic acid Acetoacetate
Pyruvic acid 3-Hydroxybutyrate
Saturated triglycerides Arginine
Glutamine
Histidine
Ketone bodies
Hippurate (microflora)
Trimethylamine-N-oxide (microflora)
PTSD Glycerophosphoethanolamines (serum) Citric acid (mice) Isocitric acid (mice)

Glycerophospholipids

7a,12a-dihydroxy-3-oxocholest-4-en-26-oic acid

Aconitic acid (mice)

Succinic acdid (mice)

Oxalacetic acid (mice)
N-acetylglucosamine-6-Phosphate,
Palmitoylethanolamide

Palmitic amide

Guanosine

Inosine

Pantothenic acid
3a-hydroxy-5p-cholan-24-Oic acid
Glycocholic acid

Phosphatidylethanolamines
Glutamate (serum)
Aspartate (serum)
Alanine

Taurine

Citrate

Formate

Glycine

Isobutyrate
Nicotinate

a-KG

Succinate

Malonate
Methylmalonate
Succinyl-CoA
y-aminobutyric acid

Palmitic amide

Lithocholic acid
Deoxycholic acid
Glycodesoxycholic acid
Glycoursodeoxycholic acid
Taurochenodeoxycholic acid
Glucose

Lactate

Pyruvate

Tryptophan

Tyrosine
5-Hydroxyindoleacetic acid (CSF)
Homovanillic acid (CSF)
N-methylnicotinamide
Isoleucine

Valine

Dopamine

Ribulose 5-phosphate

Malic acid

Fumaric acid

Common metabolites altered in schizophremnia, depression and PTSD.

METABOLITES PSYCHIATRIC DISEASE

Schizophrenia Depression PTSD
Alanine - - ™D
o-KG - -+ ND
Citrate - -+ - (mice)
Glucose - - ™D
Glutamate -+ -+ ND
Glycerophospholipids -+ ™Dy -+
Glycine -+ -+ ND
Lactate -+ - ™NID
Palmitic amide - -+ -+
Pyruvate -+ - ND
Succinate ™D -+ - (mice)
Tyrosine -+ - ™ND
Valine —+ - ™D

—+ (increased levels); - (decreased levels): ND (not detected).
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Sample Name Fie Name  Components Hi ~ ||QC2(QC2_R1.0)
ac2 QC2.R1D | | *8)
HZ038 HZ038.D 380 084
HZ039 HZ039.0 384 0.7
HZ053 HZ053.0 37 0564
ac3 Qc3D 378 054
HZ123 HZ123D 47 044
HZ156 HZ156.D | . 034
< 0 T 024
0.1
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- 04 —
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9.6926 | 5951) Lserne 109... & 04 4819941 Phernjalanine 1[13.5451 63912 CoHIINO2 9999 12261300
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05 - 10 510 80 oo 1220 1360 66.0
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-
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(8871 [1060]. (107689 [757) [6287). [58]. | [5950) Glyo 2-Hy_ Pena_ [5283_| [70)_| [P91)_ | [14574_| Unk_ [0} 2. [6287)_ [1176] —" 1575870 1451322 1458537 748087 2120118 982129 1738529 24I0RET 840521 1457335 1509552 538335 405756 48B1147 1425218 781524 1271505
v] TypeLevdl] hves | fees | pees | heen | peos | Aees| Ares | fees | es | hees | Aees| I hees s | seen | hees [] glycalic scid 51155 55013 42143 28857 7E7SB 43505 54150 sS4 23512 53822 51273 22053 4333 58343 527EL 2808 55525
»[OTF [Samle %72) O] _20918] o] 3153 fX17) M) MER) =10 [) il 1068 738] & . S, S - . P - p— . . PR— P . — P e —
e 9863| 91659] 1746157] 64106] 80454| 2052| 229868 62| 28030] 1706| 4361] 27673] 5248| 47 19857| 55622| 118307| 8183| 8183] 18102] 2537 262466| 7941383 Valingsum 320200 275214 238150 202437 484117 1848586 325509 483233 125350 255080 173382 101205 35784 238081 287155 131504 254324
- . b W b R B BT TR I E e BT AL B B ) M T B o m ) i euel e Z-ketabutyri &27 ] 21 7z 218 357 1088 1853 47 320 251 314 &0 35 571 7683 1524
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() e e e o et o2y s Bl A aa ma A . 5014 7825 2553 3544 3550 3661 12130 10524 4063 5370 2548 7307 84 1120 2205 5083 10780 5224
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et Az Hd EATae LiIZA S2AAAAGA 25702 34357 25835 70976 134377 52132 13S0 153TE 73313 51170 33ME 33375 BI7ED 100404 7ISEs
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Threanic add 1353 72z 270 5905 ey 4mm 42 1721 438 478 ERES 1521 zE 423 EE=
Phanylslzning sum maET 33533 25213 47345 35083 48301 45E44 17 23405 2373 21741 14385 15083 0SS 25357
Crestining 22445 20202 1327 IE44 17313 MTEL 15005 14700 23337 18580 14215 13M4E 12554 13331
Fhnyl 7570 24881 20733 11345 30534 33835 18050 1438 13737 13087 187S3 10073 =544 21308
tartari 5351 4577 2470 £330 4483 51 5508 E s4sg 5015 4409 2135 057 4553
Pantass (D-lyxasylamina /lyxass) 3135 g8z 5550 113s3 7075 10883 11843 53 734 3857 74 430 3sn =07 10110
Unknawn 3 5577 7285 4535 s151 4738 5513 I3z 155 EC TR s7az 755 7345 g253 5318
xylital 1503 3230 2083 155 =7s 4103 2055 1332 s 414 2235 755 233 E EELE]
glutzminz 3 g285 4457 1535 5557 zETd 720 5010 1578 57 083 4312 7 e
Unknawn 4 13052 1133 B33 13654 aamR e 757 1:E2  1EEE3 11835 333 1348 13311
citricaci 237806 2850132 553851 1256453 1068033 353137 856181 838733 755035 1420953 834285 825473
Furmnaszsum 4332 32752 25052 43075 27755 40471 40304 20712 45087 13524 7131 406 7577 47723 41582 3515
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I d e nt I fl C I ra n a 8 1 ko m O n e nta 1877 1z sl 1180 233 1 500 2853 82 13; 1030 155 185 028 1301 18RS 178 1104
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25353 35753 80630 30009 33851 48332 31407 55431 38389 41333 13037 15435 17854 27381 40488 31842 35558 74821
5530 7543 555 ss38 5033 3553 8531 ErIENN E=X1 3251 2203 224 g73 3811 2112 7310
3153 31382 7309 12802 8258 4583 35572 10835 5511 13852 10007 15870 12532 u3 31951
15472 17023 11333 173 13033 5423 21508 10853 11302 7853 5498 11375 84 Wm0 451 3530
5533 15443 14453 B35S 1403 204837 15705 13355 1433 5431 4202 s4s2 13133 1303 3147 34mE
7821 30750 45505 45355 55355 20034 33135 24815 2 13715 443 574 24811 38TOR s344 33
4447 20481 10374 1S4 15352 1345 10 133 4555 3381 5573 19534 370 13355 30885
12213 17715 10368 12173 a753 14350 13774 1 7 7315 5858 39434 13035 10438 13313 27774
chalastzral 35782 50245 34255 45305 23310 SEL7L 5MIl 57 21000 41737 52233 52355 5488 2330 s2871
Mathyl Stezrste 185255 145101 13536 223085 137137 207135 214138 121859 213861 153133 1s4EES 112315 127333 184700 188580 175352 112355 135731

128 x 81 tablica B




Obrada podataka

60000000

50000000

20000000

20000000

20000000

10000000

o
IFIIS I ST TS F SIS

I
RN

Eﬁﬁn

=

e IR

¥ 4 \

Joe
V\I#V\ rl |

i

*

G

—A—AVEIIge  mmAVISD —=—AVSD —8—AVIZSD ——AV-2SD

——TUs

Signal changes with injection. Only IS

—
-
-
e
o0
oo

R HEH O H R T

e,

129811147596
2340 2233
18280 13402
25244 22344
1884 1667
4009 4379
201266/ 249359

84 289
438 sa7

12529
1557 1158

10487|
3398 1462

3039
1831 2783
3085 3144
3805,

60601 64028
2680 A2
2863 1214
3716,

20877 11517

21384 24929
2688|

11441 26
3218 4334
8899 9515
6720 6621
3635 3829
7007|

17104

Normalizacija, skaliranje

Matrxfor MatLab nomalizationM1 (PCA-X)
Colored according to Obs ID (CLASS)

[ [oh

A

0

[

[ [

v
.Qqﬁ&‘lh 0
010

. »MQ.‘""

R[] = 0.9 R = 0,111 ETipse: Hotelling's T2 (95%)

IS normalization all samples 2.M1 (PCA-X)
Colored according to Obs ID (CLASS)

@ Hz314

7743 6423 8742 7445 7420 11229 7837 8603
1647 1599 1598 1761, 2537 2045 1387 2114 1987
12118 10165 12252 13956 10468 10905 25091 10759 10849
13087 10902 15492 24763 23495/ 14054 16228 19593
1203 1498 1352 1161 2149 1455 1501
3159 3104 3114 3093 2668 2083 538 3707 6 3654
107630 121726 104391 116551 135144- 15435 132239 131355
4369147 4826638 4360441 4526513 4761697 5262977 4955477 4926808
3829 3414 3990 4728 8873 3529 3586 1
88467 99178 81835 95779 108720) 210952 131003 115240 112877
108682 123138 123536 1069% 93100 70001 78380 77612 81466
37187 44416 35375 40404 106367 131442 62357 63273 54915 b
36804 40845 34142 40529 44219/ 55028 44347
3904 3094 3871 300 4371 6393 3616 §
84703 105873 84098 101362 107950 133286 112120 117423
17956 pt 18270 19¢ 2 38469 34463 263: 27179
70 105 149 66 1880 746 270 3070 4
2708 2550 2872 2868 5776 3805 2052 3388
6375 11536 7063 10969 10992 19198 14577 11989 13524 -
1192 1261 1254 846 980 893 1384 ;2
6070 8051 5633 7043 8049 14925 10751 8632  8M8
19707934 20060 10m 2198 3%0 1308 12520006l 927 0
1606 2865 1854 2684 2518 1540 3517 2842 2568
87 514 o11 784 1835 2580 1345 1545 1135
2081 2093 074 285 640 2619 2375 2
2355 4234 2263 3647 2650 4330 3836
40828| 30740 45211 38163 41083 38684 53206 51276 49684
2052 2237 1714 1781 2313 3614 2624 2721 3102 4
430 140 65 1187 3095 746 6% 745
3385|1445 1937 1829 2535 1863 2455 2649 2268 2325
8860 6865 8084 8290 8291 11892 7126 11348 7891 9791 8787 4
20976 16448 15395 16804 16805 14350 17245 16820 18953 15409 5413 433
4566 233 2197 297 1843 3101 4686 5664 4637 5400 4801 3776 3
15845 11680 9639 16531 8168 14749 12477 20630 14424 15439 18289 13387 17208
4133 2259 2442 2324 3090| 2804 2751 2820 2966 2140 3474 A
6953 5454 5200 6088 5916 6030 6498 710 6642 6364 6902 5763
5137 4262 3726 4138 4196 4918 4956 5254 5786 4669 4689 3969 4337 7628 5713, 8248
3529 2327 2469 2023 2137 4553 3048 23% 2697 2598 2026 2694, 2986 3839
85 1866 3725  399% 5364 4530 4495 9031 G535 6779 6612 6399 5893 5284 6375 6341 6861 5307 5766
1493 9348 13032 10671 13375 11317 11540 15529 20047 14735 17115 16326 15341 14035 15616 17639 15383 14903
45000000
P S R R A R R R R S R VR VA R A VR S R R VA RV
40000000
:SI*IIIAI&IIIIIIIIIIIIII A
35000000 % — V
30000000 - 10
73000000 e e
\ 51
20000000
5
15000000 =
0
10000000
5000000
5
o T T T T T T T T T T T T T T T T T T T T T T T ]
FESEEELE ISP I PSS E TSI
o o7 O o o o é_.} ’ o o 210
-15
—4=TUS =f=Average =—dr=AV4SD =se=AV-SD =—=AV+2SD =8=AV-25D
1 =0.231

-10 -5 0 S 10

t[1)
R2X[2] = 0.131 Ellipse: Hote]]/‘ing's T2 (95%)

SIMCA 141 -7/1 17 39 PM (U

[ Default
M




PCA

PLS-DA

Statisticka analiza

Multivarijantna statisticka analiza (SIMCA 14.1)
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R2x[1] = 0.373 R2x[2] = 0.0986 Ellipse: Hotelling's T2 (95%)
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R2Xx[1] = 0.292 R2X[2] = 0.122 Ellipse: Hotelling's T2 (95%)



Univarijantna statisti¢ka analiza (MATLAB R2015a)

Compound pvalue  pvalue after pBH
2-Deoxy-arabino-hexonic acid, 1,4-lactone 1.25x10°¢ 8.12x 105
Aminomalonic acid 0.026192277 0.388454062
pyruvic acid 0.032976896 0.272873017
phosphoric acid 0.041030902 0.388454062
Methionine sum 0.057476969 0.388454062
Unknown sugar 1 0.063492937 0.388454062
Unknown sugar 2 0.068442229 0.388454062
citric acid 0.071976143 0.388454062
lactic acid 0.07418802 0.388454062
Glutamic acid sum 0.087389936 0.388454062
alanine 1 0.091604064 0.388454062
cholesterol 0.10112804 0.388454062
Glycine sum 0.103865585 0.388454062

2-ketoisocaproic acid sum
Tyrosine sum
Phenylalanine

Isoleucine sum

Pentose (D-lyxosylamine / lyxose)
myo-inositol

Proline sum

Leucine sum

palmitic acid
Phenylalanine sum
Pyranose sum

glycerol

Valine sum

oleic acid

glyceric acid

linoleic acid

stearic acid

threonine 2

0.108403445
0.110793438
0.118693867
0.119859363
0.121903834
0.123995121
0.133468588
0.135414432
0.137452976
0.141902131
0.147377706
0.162293708
0.206933683
0.218482358

0.23215539
0.273901801
0.306115525
0.308842991

0.369878546
0.388454062
0.388454062
0.388454062
0.388454062
0.388454062
0.388454062
0.388454062
0.388454062
0.369878546
0.399147955
0.421963641
0.498173681
0.507191189
0.520348288
0.593453903
0.627337325
0.627337325

Compound

Nonanoic acid
3-Hydroxybutyric acid
Serine sum

tartaric acid

urea

2-ketobutyric acid
Threonine sum
p-cresol

acetoacetate 2
2-hydroxybutyric acid
tryptophan 2

threitol

Unknown 1
pyroglutamic acid
Unknown 2
Creatinine
N-methylalanine
3-indolelactic acid 2
trans-4-hydroxy-L-proline 2
uric acid 1

xylitol

Unknown 4
glutamine 3

oxalic acid

citramalic acid
2-hydroxypyridine
Threonic acid

glycolic acid
Hydracrylic/Propanoic acid
gluconic acid 2

Furanose sum

2-Hydroxy-3-methylbutyric acid

2-furoic acid

p value

0.33243156
0.382868003
0.410894139
0.446060843
0.446156214
0.469261482
0.471514279
0.484681689
0.498747586
0.528852169
0.539227347
0.563890353
0.57324981
0.57477267
0.603222438
0.608008541
0.616213278
0.616364287
0.628834559
0.642153093
0.670371542
0.705349038
0.736285412
0.755963561
0.791087446
0.8155264
0.8158919
0.866455272
0.868387835
0.889298145
0.908669948
0.979095359
0.98163448

p value after pBH
0.654789436
0.731953534
0.763089116
0.783787944
0.783787944
0.785857131
0.785857131
0.787607744
0.790697393
0.812178773
0.812178773
0.812178773
0.812178773
0.812178773
0.829581137
0.834168292
0.834168292
0.829581137
0.834168292
0.834799022
0.854395102
0.881686298
0.886269478
0.893411481
0.898863957
0.898863957
0.898863957

0.9253313
0.9253313
0.9323287
0.937516613
0.98163448
0.98163448
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