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Kimya Dalinda Nobel Bilim Odiilii (2002)
(Fenn J. B. ve Tanaka K)

ESI and MALDI

The RHoyal Swedish Academy of Sciences has decided to award the Nobel Prize
im Chemistry for 2002

macromolecules™

John B. Fenn, Virginia Commonwealth University, Richmond, USA, and

Koichi Tanaka, Shimadzu Corp_, Kyoto, Japan

“for their development of soft desorplion ionisation methods for mass specifromeiric
analyses of biological macromolecules™

Kurt Wiithrich, Swiss Federal Instiiute of Technology (ETH), Zanch, Switzerland and
The Scnpps Research Institute, La Jolla, USA

“for his development of nuclear magnetic resonance spectroscopy for determining the
three-dimensional struciure of biological macromolecules in solufion”.




Kutle Spektrometri (MS)

I Bilinmeyen bilesiklerin tanimlanmasi
1 Organik ve inorganik molekullerin
yvapisal ozelliklerinin belirlenmesi
I Her tipte bilinen bilesigin kantitasyonu
“yuksek duyarlilik ve ozgullukte”

analitik bir teknik




MS molekullerin kutlelerini tartar

Tek bir hidrojen atomu agirlig!

1.66 X 1024 g

C ok hassas molekil tarhisi




‘ MS molekullerin kutlelerini tartar \

Kutle Spektrometre dogrudan molekuler
kutleyi olgmek yerine molekulleri

kutle/yuk oraninina (m/z) gore ayristirir ve
olger

IMolekuller iyonlara donusturulmeli
(elektriksel olarak + ya da - yuklu olmali)

JGaz fazina gecirilmel




Kutle Spektrometresi

lyon — | Kutle | _ | Detekidr

kaynagi Analizori
Atmosferik Gaz fazindaki iyonlarin Ayrimlanan

basingta vakum altinda m/z e gore iyonlarin

molekulin ayrimlanmasi tespiti
gaz fazina

gecirilmesi ve

iyonizasyonu S Veri Analizi

Kutle Spekirumu



Kutle Spektrumu

+Q1:6.700 to 6.834 min from Sample 8 (MCF) of Data Q1 scans MC.wiff, subtracted (6.399 to 6.549 ...
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LC-MS/MS ile ozgul ve duyarli
kantitasyonun sirri ??7??




LC-MS/MS ile ozgul ve duyarli

kantitasvonun sirri1 ??7?7?

Liquid - to - gas
ion transfer

Sample extract LC separation

Kompleks biyolojik karigsimlarin analizinde

ilk boyut, kromatografik olarak

bilesenlerine ayrimlanma

First MS stage(selected
precursor ion)

Second separation stage

The detector

F 1

Second MS stage Collisional

(characterization of the
fragment ions

Third separation stage

Winnik ve Kitchin, Toxicology and Applied Pharmacology, 2008

Fragmentation of a
precursor ion




LC + MS
= LC—MS
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LC-MS/MS ile ozgul ve duyarli

kantitasvonun sirri1 ?7?7?7?

Liquid - to - gas
ion transfer

Sample extract > LC separation .

First separation stage

irst MS stage(selected
precursor ion)

iki asamali MS analizi
ile OZQUIIUK artar (MS/MS) Second separation stage

Ayrimlanan bilesiklerin r

Second MS stage Collisional
The detector ‘ (characterization of the Fragmentation of a

fragment ions precursor ion

Third separation stage

Winnik ve Kitchin, Toxicology and Applied Pharmacology, 2008



Tandem MS (MS/MS)
Sirali Kutle Analizoru

M Girisi

lon Guide Carpisma Hiicresi

molekuler iyon/
precusor ion

urun iyon/
product ion




Neden Tandem MS (MS/MS)

Trypsin digest

S:i:
S F -
1239 - o =
435 ‘1734 I i Y
m/z Molekuler iyon parcalanmasi m/z
proteinin helyumla
peptidlerinin dizilimi carpistinlarak peptidin aa dizilimi
amid
baglarinin
kopartiimasi




Bilesiklerin kantitasyonunun yuksek
duyarlilik ve ozgullukte yapildigi
hedefli bir tandem MS yontemi




PubMed
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"Multiple Reaction Monitoring"
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Multiple Reaction Monitoring (MRM)

532/335

- ‘ (] 923/765

Kantitasyonu yapilacak analit/lere 6zgu ve daha onceden tanimlanmig

b o g

v

hadbadhad

—

Precursor secimi Precursor Uran iyonu
Q1 Fragmentasyonu Belirlenmesi
Q2 Q3

m/z degerindeki ana iyon ve fragment iyon ikilisi (transition) izlenir.




Multiple Reaction Monitoring (MRM)

. Ana iyon ile fragman ion ¢ifti olarak adlandirilan “transition” kantite
edilecek analite spesifik olup, bir ya da daha fazla urun iyon cifti
izlenerek spesifite artiriimis olur.

- MS analizi suresince tum m/z degerlerini taramak yerine sadece
belirli m/z araliklarina odaklanilir ve digerleri goz ardi edilir.

- Bir dizi transition ile birlikte hedef analitin tam retansiyon zamani
birlesince kesin bir 6lcum olur.

. Tek bir LC- MS/MS deneyi sirasinda birden ¢cok analitin 6lgimu
mumkundur.



Coklu Reaksiyon Izleme-MRM

kM MRM
889.45 m/z = 504.25 m/z
889.45 m/z 9 504.25 m/z 0.8 60mE

889.45m/z 2 761.39m/z




Triple Quadrupole MS/MS
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| Izotop Isaretli Internal Standart |

IMS oncesi (ekstraksiyon,

HPLC enjeksiyonu...)
IMS kosullarindaki

degisiklikleri standardize
etmek ve kesin,

tekrarlanabilir sonuclar icin

HO 2
/!:'"“““*nc:|-|2
clinecH ‘
D// \ __CH,

13C."*N-Proline, A 6 Da



| internal Standart Ozellikleri |

Hedef analit ile

Jkimyasal ozellikleri

I kromatografik ayrimlanma ozelligi
Jiyonizasyon etkinligi

Ifragment iyon dagilimi ayni olmalidir.

dTek farki analitten daha agir kutleye sahip

olmasidir.




MRM Yontemiyle Kantitasyon

Intensity (cps)
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MRM-LC-MS/MS ile

Kantitasyon Alanlari




llac Duzeyi Belirlenmesi

Adli Toksikoloji

J Tedavi etkinliginin, tedaviye uyumun ve ilaca bagl
toksisitenin belirlenmesi amaciyla biyolojik sivilarda ilac
dlzeylerinin olgimu

J yL ornek hacimlerinde ng, pg duzeyinde duyarlilikta
olcum

1 antiepileptik ilaclar
kardiyoaktif ilaclar
bronkodilatorler
antibiyotikler
antiretroviral ilaclar
antipsikotikler
antimetabolitler
Immunsupresan ilaglar vb.
alkol
|||ega| Ilag ve metabolitleri *Grebe and Sngh Clin. Biochem Rev Feb 2011 Mayo Clinic




Yeni Dogan Metabolik
Hastaliklari

] Yeni dogan metabolik hastaliklarinin taramasinda (NBS)
J Amino asit analizleri
1Yag asidi oksidasyon defektlerinde karnitin, acil karnitin
1 Organik asidemi, asidurilerde organik asitler
] Dogrulama
[ Tirozinemi l:Tirozin
J Propionik asidemi:3-OH-propionik asit
) Metil malonik asidemi:MMA
A MSUD:Dalli aa lerin analizi
(JCAH:17 OH progesteron

1 Lizozomal depo hastaliklari:Enzim substrat reaksiyon arunu

*Grebe and Sngh Clin. Biochem Rev Feb 2011 Mayo Clinic



Hormon/Vitamin/Biyolojik Amin
Analizleri

1 Steroid hormonlar
Ostrojen (E1ve E2)
Kortizol
Testosteron

1 25-hidroksi vitamin D
HPLC-UV, HPLC-EC
RIA
Otomatize kemiliminesans immunoasaay
1 College of American Patologists LC-MS/MS i referans yontem olarak onerdi

1 NIST kalite kontrol materyali (SRM 972)

(250HD,, ve 250HD , ve 3-epi izomerleri)

*Grebe and Sngh Clin. Biochem Rev Feb 2011 Mayo Clinic



Klinik Laboratuvarda LC-MS/MS
Diger Yontemler (immun Olgiim-HPLC-GCMS)

A

Ile Karsilastirildiginda

DUYAw - 0zGULLUK
<>
SONUG VERME

SURESI




Klinik Laboratuvarda LC-MS/MS
Diger Yontemler ile Karsilastirildiginda

Otomatize immun olgcum yontemleri

Sonug verme suresi kisa
Sinirh manuel iglem gerekliligi

Ozellikle diisik konsantrasyonlarda analitik spesifitesi yetersizligi
Sinirli dinamik aralik

Monoklonal antikor gerekliligi

Tekrarlanabilirlik yetersizligi

Yuksek reaktif maliyeti

Radyoaktif atik uzaklasgtirilmasi, uzun inkibasyon suresi, capraz reaktiviteyi
engellemek igin organik ekstraksiyon/kromatografi gerekliligi (RIA)

GC-MS ve HPLC

a _GC-MS non-polar ugucu ve isitya dayanikli metabolit analizinde uygun
 Is akisinin daha uzun (Ozellikle GC-MS o6rnek derivatizasyonu gerektirmesi)
O Analitik spesifite daha dusuk (Ozellikle konvansiyonel HPLC)

pcodooD OO0



| LC-MS/MS ile Olgiim Sinirliliklar)

Ornek hazirhginda manuel islem gerekliligi

JAnalizin kompleksligi, kullanici egitimi,
deneyim gerekKliligi

JCihazin kurulum maliyeti, bakim ve
surdurulebilirligi
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PubMed

“Oxidative stress” “LC-MS/MS”
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Oksidatif stres degerlendirmesinde
LC-MS/MS kullanimi

Oksidatif stres biyobelirteclerinin coklu kantitasyonunda

1 ornek hazirlik asamasinda kimyasal derivatizasyon

iIslemine nadiren gerek duyulmasi

1 on ayrimlama islemleri ve ornek hazirligi ile ardisik

olarak (in-line) kullanilabilmesi

1 yuksek duyarlilik ve ozgullukte analiz

*Giustarini, D., et al., Crit Rev Clin Lab Sci, 2009.
*Winnik and Kitchin, Toxicology and Applied Pharmacology, 2008




LC-MS/MS ile izoprostanlarin Ol¢iimii

lipids
S0prostangs

Soprstanes
Mostofthe ipidome

Himan e

Human plsma

Hitan trine
Hihan urie

Human plasma

HepC cel
Motse Ler

004 plae Oais LB extactionpate Yo et (2007
ir

Admunisraion of anooxidentsand  Dietchetl (2002
Thacen smoking e tuded

SPE cartridge lenup (Oasis LB~ Zhang and Saku 2007
SPE cartidge clanup (Sep-pak C18)  Davies et (2006)

SPE (i Sk evtraction with ~ Talor o, (2006)

hefang
SPE cartridse cleanup (Sep-pak C18) Mg et el (2004
Chlorofor etacion used asceanup Hanetal (2004

s



LC-MS/MS ile

Tivol Biyobelirteclerin Olciimii

Genetal

(SH, G356 Wholeblood ~ IC-MS only, N-ethylmaleimide used to - Steghens etal, (2003)
deivatize GSH

(SH, GSSC Rat henatocytes  Iodoacetic acid used to derfvatize GSH,  Loughlin et al. (2001)
1on exchange chromatography

Thiols and carboxymethyl (M) thiols: cysine, CM-cyseing, homacystine Mouseliver ~— Todoacetic acid used to derfvatize GSH  Bouligand et al (2006)

CNE-homocysteing, CM-Cys-Gly, gamma-Gli-{CM)Cys, CM-GSH, G556



LC-MS/MS ile

Okside Aromatik Amino Asit Olciimii

Proteins and amino acids
Protein carbonylation Mouse brain 100 carbonylated proteins were Soreghan et al. (2003)
identified in a proteomic analysis
Protein carbonylation Mouse liverand ~ MALDI-TOF and LC-MS/MS Nabeshi et al. (2006)
brain
Albumin 4-hydroxy-2-nonenal adduct Human albumin 10 adducts found including histidine ~ Szapacs et al. (2006)
and lysine as targets
0,0'-Dityrosine, m-tyrosine, o-tyrosine, 3-chloratyrosine, 3-nitrotyrosine Human urine Method also determines §-OHdG Orhan et al. (2004)
0,0'-Dityrosine, o-fyrosine, o-nitrotyrosine Cat urine Butylation of o-fyrosine and Marvin et al. (2003)
0-nitrotyrosine increased M5 signal
by 6-fold
Sulphonation of cysteine Humanplasma  Cysteine 34 of human albumin is Musante et al. (2006)
sulphonated
Nitrotyrosine Humanexhaled  SPE cleanup Coen et al. (2003)
breath condensates
Nitrotyrosine Mouse liver Protein bound nitrotyrosine Ishii et al. (2000)
determined
3-Nitrotyrosine Humanplasmaand A review article on nitrotyrosine with 8 Ryberg and Caidahl

cerebrospinal fluid LC-MS/MS and 111 total references  (2007)



LC-MS/MS ile

8-OHdG ve lligkili DNA Biyobelirtecleri Olgiimii

Oxidative stress parameter Biological matrix ~ Sample preparation or other aspects  Reference

DNA

3-(2-choxy-j3-d-erythropentofuranosyl jpyrinidol[1,2-a]putin-I0{3H)one; (M1dG) Urine Pharmacokinetic study of the Otteneder et al. (2006)
disappearance of M1dG in rats

Etheno-DNA adducts: epsilonAde, epsilondA, and epsilondC Human urine Dietary olive oil study Hillestrom et al. (2006a)

8-0xo-guanine (BoxoGua), 8-oxo-guanosine (8oxoGuo), 8-oxo-2'decxyguanosine Human urine Administration of free fatty acids to Hillestrom et al. (2006b)

(BoxodG), and 1,N6-ethenodenxyadenosine (epsilondA) healthy male volunteers

11 total indicators of DNA damage including 8-oxo-78-dihydropurine deoxynucleosides, Mouse fibroblast ~ No SPE step, negative ion mode used ~ Dawidzik et al. (2003)
four dinucleoside monophosphates bearing the formamido lesion, a double lesion and four cells
dinucleoside monophosphates having an apurinic site

Tobacco specific nitrosamine-derived DNA adduct with dG Human pancreas  SPE carfridge cleanup (strong cation  Ricicki et al. (2005)
tissue exchange)
1,N-2-ethenoguanine (1,N-2-£ Gua) Human urine SPE (cation exchange), an adduct Chen and Chiu (2005)

associated with tobacco smoking
8-Hydroxy-2'-deoxyguanosine (8-0HdG), 8-hydroxy-2'-deoxyadenosine (B-0H-dA), Salmon testes DNA  For thymidine glycol the negativeion  Hua et al. (2001)

2-hydroxy-2'-deoxyadenosine (2-0H-dA), thymidine glycol [TG), and 5-hydroxy-methyl- mode was 100-fold better in signal/
2'-deoxyuridine (HMDU) noise
8-0HdG Human urine Method also determines five oxidized  Orhan et al. (2004)
tyrosines

8-0HdG Human urine SPE cartridge cleanup (isolute Env) Sabatini et al. (2005)
8-0HdG Human urine SPE cartridge cleanup (Sep-pak C18)  Hu et al. (2004)
8-0HdG Human urine Study of 85 critically septic patients Cheng et al. (2007)
8-0HdG Marine mammal  SPE cartridge cleanup (Sep-pak C18)  Li et al. (2005)

liver and kidney

8-0HdG Urine Oxidative stress, tobacco smoking Renner et al. (2000)



8-Hidroksi-2’-deoksi-guanozin (80OHdG)

1 Oksidatif DNA hasarinin klasik bir biyobelirteci

1 80OHAG olcum yontemleri:

JHPLC-ECD H:J}f —OH
=N 0 3
- HN
JGC-MS /\‘H y FJQ*[}H
JLC-MS i N-’;\UH

8-hydroxy-2'-deoxyguanosine

JEnzimatik teknikler

JLC-MS/MS (Avrupa Oksidatif DNA Hasari Standartlar Komitesi (ESCODD)

onerisi)




DNA BAZ HASARI OLCUMU iCiN
LC-MS/MS-MRM YONTEMI
OPTiIMiZASYON VE
GEGERLI KILMA CALISMALARI




8OHdG (8-hidroksi-2‘ deoksiguanozin)

C4-OH-adduct radical

O oH
N N
HN .
J\)I \>—H + OH ——F—> HJN\)Jj: \>—H
HoNT XY N HoNT X~ N
H 2 N H
guanine

C5-OH-adduct radical

(o) (0]
— ; e -H* PN
HN OH | >~OH
| H H NJ% N
N 2 N
HNT X~ N I
H DNA

C8-OH-adduct radical 8-hydroxyguanine



ScdA (8,5'-siklo-2‘ deoksiadenozin )

2'-deoxyadenosine

oxidation
—_—>

e, -H*

(5'R)-8,5'-cyclo-2'-deoxyadenosine (5'S)-8,5'-cyclo-2'-deoxyadenosine



Gerec ve Yontem




LC-MS/MS

JHPLC (Shimadzu LC-20AD)

J Triple Quadrapole lon Trap LC-MS/MS (Applied
Biosystems 4000 Q-TRAP)

1 Elektrosprey iyonizasyon (Turbo V iyon kaynagi)
dMRM-pozitif iyon modu

1 Analyst Software Version 1.5




LC Kosullar

1 Kolon Ozellikleri: RP C18, 2.1 mm x 150 mm, 3.5 ym
J Guard kolonu: 2.1 mm x 12.5mm, 5 um

J Mobil faz: %2 Asetonitril, %95 dH,O

- Akis hizi: 0.3 mL/dk

J Enjeksiyon hacmi: 10 — 20 pL




Kaynak bagimli parametreler

) curtain gas: 10 psi

) ion spray voltage: 5.500 V
) temperature: 500 °C

) ion source gas 1: 50 psi

) ion source gas 2: 50 psi

] duration time: 26 dk

Bilesik bagimli parametreler
JDP: 61

JEP: 10

JCE: 25

JCXP: 10

Jdwell time: 150 ms




MRM Ana lyon/Uriin lyon Ciftleri

MRM Retansiyon
Transition Zamani
(m/z) (dk)

ScdA SN,  255/169 4.7

80HdG 5N,  289/173 5.3



Sonuclar




-cdA Fragmantasyonu

Intensity, cps

+MSZ2 (250.27) CE (S3) 26 MCA scans from Sample 1 (TuneSampleName) of Scd&_InitProduct Fos.wiff (Turbe Spray)
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8-OH-dG Fragmantasyonu

Intensity, cps

+MS2Z (254.05) CE (53 25 MCA scans from Sample 1 (TuneSampleMame) of SOHAS _InitPraduct_Poswitf (Turbe Spray)
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-cdA lyon Kromatogrami (0-26 dk)

Bl C of +MRM (1 pair: 2500016340 Da ID: Scdi from Sample 8 (SedA 50 fmol) of DataSeda 120011 witf (Turbo Spray), & Smoothed (23
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8-OH-dG lyon Kromatogrami (0-26 dk)

Bl G of +hiRhd (1 paify 284016230 Da ID: S0OHdS from Sample 234 (GE0HAdS 100 fmol 0602920411) of DataS0OHd & kalibrasyon grafigi OS09201 1 wiff (Turbo hdax. 3380 2 cps
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8-OH-dG Standart Grafigi

y=2747,3x + 256,42
r*=0,9994
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ScdA Standart Grafigi

y = 12540x + 956,66
r’=0,9996

250.000

200.000

pik alani
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100.000
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Idrar S-cdA lyon Kromatogrami

B i of +MRM (3 pairs) 250.0/164.0 Da 1D SedA fram Sample 11 (idrar 449091 1sabah) of Gataldrar gunlerarasi tekrar anabilirlik 090911 .wiff (Turbe Spray) Max. 1.524 ops.

Irtensity, cps

3.4ad -
3 el -
3 2ed -
R
3024+
2.0a4 -
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2 Ted
2 Gad -
2 5ad -
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1.8e9 4
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1509 -
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1089 -
2000.0 -
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3000.0 -

2000.0 -4

1000.0.

R-cdA

m/z 250.0 - 164.0 S-cdA

m/z 250.0 > 164.0
R-cdA™N,

m/z 255.0 - 169.0
RT: 4.02 dk

S-cdAN,
m/z 255.0 - 169.0
RT: 4.84 dk

0.0
2

uj
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Idrar 8-OH-dG lyon Kromatogrami

Intensity, cps

8-OH-dG

m/z 284.0 > 168.0
8-OH-dG5N,

m/z 289.0 - 173.0
RT: 5.38 dk

Time, min

Retansiyon zamani (dk)




Gun-ici Tekrarlanabilirlik

Ortalama SD
(pmol/mL)
(n=10)

S-cdA 0,25 0,0121 4,94

8-OH-dG 0,20 0,0106 5,24




Gunler-arasi Tekrarlanabilirlik

Ortalama SD
(pmol/mL)

(n=10)

S-cdA 0,15 0,0137 9,25

8-OH-dG 0,14 0,0031 2,31




S-cdA 1,1x103 pmol/mL 4,4x10-3

(S/N =3.5) pmol/mL

(SIN=12.6)
8-OH-dG 1.8x10-4 pmol/mL 5,8x10
(S/N=3.6) pmol/mL

(SIN =11)




Internal Standart Kullanarak idrar Orneklerinde

S-cdA Kantitasyonu

e o - 15

idrar S S L *S.cdA | S-cdA | Kreatinin | S-cdA (nmol/

2 <. Ana lyon | Analyon |164/169 .
Ornegi 164 169 (pmol/mL) | (nmol/L) | (mmol/L) | mmoL kreatinin)
1.0rnek 14000 53300 0,26 0,24 0,24 6,26 0,04
2.0rnek 18500 130000 0,14 0,13 0,13 14,23 0,01
3.0rnek 16900 42100 0,40 0,37 0,37 18,25 0,02
4.0rnek 23700 138000 0,17 0,16 0,16 3,56 0,04

a: 164/169 pik alanlarinin orani

b: internal standart konsantrasyonu
c: Eklenen internal standart miktari
d: yL’den mL’ye donlisum faktoru
e: Internal standart diliisyon faktorii

*S-cdA (pmol/mL)= (0,26)?x(0.076 mM)°x(24uL)°x(1000)9/(2000)¢




Internal Standart Kullanarak idrar Orneklerinde
8-OH-dG Kantitasyonu

. 8-OH-dG | 8-OH-dG"*N, . .. 8-OH-dG nmol/
ddrar | ana iyon| Anaiyon | 168/173 8-OH-dG | 8-OH-dG | Kreatinin | ) "y e atinin
Ornegi (pmol/mL) | (nmol/L) | (mmol/L)

168 173
1.0rnek | 108000 2380000 0,05 0,20 0,20 6,26 0,03
2.0rnek| 398000 5320000 0,07 0,33 0,33 14,23 0,02
3.0rnek| 284000 2910000 0,10 0,43 0,43 18,25 0,02
4.0rnek| 359000 9110000 0,04 0,17 0,17 3,56 0,05

*8-OH-dG (pmol/mL)= (0,05)?x(0.092 mM)®x(2.4uL)°x(1000)°/(50)¢
a: 168/173 pik alanlarinin orani

b: internal standart konsantrasyonu
c: Eklenen internal standart miktari
d: yL’den mL’ye doniisum faktoru

e: Internal standart diliisyon faktorii




Normal Akciger Dokusunda S-cdA ve 8-OH-dG

B of +MRM (4 pairg): 250.0/164.0 Da ID: Scdd from Sample 2 (Mormal Doku 01120147 of Datafkeiger Doko DMA O 1201 1wiff (Turbo Spray), 5% Smoothed (33
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B of +MRM (4 pairs): 255.0/169.0 Da ID: ScdA1SNS from Sample 2 (Mormal Doku 041120417 of Datadkciger Doku DMA 011204 1.wiff (Turbo Spray), 5% Smoothed (2)
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B i of +MRM (4 pairs): 284.0/1G8.0 Da ID: S0OHAG from Sample 3 (Normal Doku 0441201 1) of Dataskeiger Doku DNA QD1 12011 awiff (Turbo Spray), 5% Smoothed (3)
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B i of +MRM (4 pairs): 289.0/173.0 Da ID: SOHAG15NS from Sample 3 (Mormal Doke 04112044 of Dataskeiger Dok DHA 0D 12011 awiff (Turbo Spray), 5% Smoothed (3)
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Tumorlu Akciger Dokusunda S-cdA ve 8-OH-dG

1141 492
1000 H d
.o S-cdA
= i 4.80
= i
5 R-cdA
o 400 4
=
200 4
D’ T T T T T T T T T T T T
0.5 10 1.5 2.0 248 3.0 3.4 4.0 4.5 5.0 5.5 6.0
Time, min
B :c of +MRM (4 pairs): 255.0/M169.0 Da ID: SedA1SHS from Sample 8 (Tumor Doku 0411204417 of Dataskciger Doku DHA 0311204 1 aniff (Turbo Spray), & Smoothed (30 M ax. 2483.0 cps.
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B C of +MRM (4 pairs): 284.0M58.0 Da ID: 80HdG from Sample G (Tumor Doku 044 12011) of DataAkeiger Doku DA 0 1209 1 wiff (Turbo Spray), 5& Smoothed (3 Max. §.5e4 ops.
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B c of +MRM (4 pairs): 289.0/173.0 Da ID: 80Hd G155 from Sample G (Tumor Coku 041120117 of Datafkeiger Doku DHA 04112091 wiff (Turbo Spray), S& Smoothed (3) Maz 2.8e6 ops.
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AKCIGER KANSERINDE
OKSIDATIF HASARIN
DOKU VE iDRARDA

DNA BAZ HASARI VE 8-IZOPROSTAN
DUZEYLERI ILE GOSTERILMESI




DIYET ALAN
FENILKETONURILI

COCUKLARDA
FONKSIYONEL
B12 VITAMIN
EKSIKLIGININ
INCELENMESINDE
MMA VE
HOMOSISTEIN
DUZEYLERININ
BELIRLENMESI

d

N, Wy

|
HS-CH,-CH, CH CH,-5-CH,-CH, CH

methionine

Q\ 77

Vitamin B12

A\

|
HOOGCHO S0k HOOC0H, CH, S

0 0
methylmalonyl CoA

homocysteme

succinyl CoA






Insan genom projesinin
sonlanmasi

] Insan Genom Projesinin
ilging bir sonucu: MRNA
ve protein sayilarinin
arasindaki zayif
korelasyonun ortaya
konmasi

- Insan genomunda

25-30 000 protein
kodlayan gen

- Insan proteomu >
500 000 protein

White House Press Release, June 26, 2000



Proteomiks &MS (PubMed)

3500 g 1 Biomarker AND mass spectrometry
M Proteomics OR proteome AND mass spectrometry
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e
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Figure 1

Number of publications as a function of publication year (1994—-2007) found through the Web of Science
database using the search terms biomarker AND mass spectrometry and proteomics OR proteome AIND
mass spectrometry. Geometric growth in this field can be clearly attributed to the introduction of
matrix-assisted laser desorption/ionization (MALDI) and electrospray ionization (ESI).



Proteomiksde MRM uygulama alanlari

EKSPRESYONEL PROTEOMIKS

Protein Protein Ekspresyon R i
Tanimlama Analizi (goreceli & Protein Biyobelirteg
Doku hiicre, mutlak kantitasyon) _ _
organel vb Bir duruma 6zgi Kesif (Discovery)

proteinleri proteinler tanimlanmasi | | Pogrulama (Verification)
(diferansiasyon, evre, Gecerlilik onaylama
ilac yaniti vb) (Validation)

FONKSIYONEL PROTEOMIKS

Proteinler arasi Protein modifikasyon
etkilesim analizi haritalamasi
Biosentez yollari, (PTM analizi
sinyal yolaklari, fosforilasyon,glikozilasyon,
multiprotein oksidasyon vb)
karisimlar




‘MRM Yontemiyle Protein Kantitasyonu \

Hedef proteinlerin secilmesi

Proteotipik peptidlerin secilmesi

Transition secilmesi

Internal standartiann belilenmesi

MRM ile kantitasyon

Metot
Gelistirme
Basamaklari



Q1 oncul iyvon m/z
Hedef Hedef U Q2 trans’t};n m//
: : U iti z
Protein Peptid Kutle
T
Protein Source Mw Signature Peptide MH MRM Transitions oncul / urun
(kDa) (mono} (Q@1) Q1 Q3 ( iyon cifti
. bovine AGL CarncQTFVYGGCamR? 14887 2 744.8 8.3, 050.4 ’
Aprotinin 6.4 :
lung AGLCamQTF[PCsIVYGBCmR® 14937 2 m?.am. 744.8/959.4
Leptin mouse 10 NDISHTQSVSAK 13007 3 4672 5432, 586 A
INDISHTQS[C5]VSAK 14047 3 468.0 543.2, 5803, 646.
Myoglobin Enrie i LFTGHPETLEK {97y & 4246  506.2, 579.7.716.3
ea LFTGHPET[ " Cs]LEK 12777 3 4266 509.2, 5828, 7224
Mol HGFLPR 7264 2 363.7  385.2, 5323, 589.3
velin 13
i — 15 HGFIPCGILPR 7324 2 366.7  391.2, 5383, 595.3
Protein YLASASTMDHAR 13226 3 4415 4882, 5237,817.3
Y[ “CLASASTMDHAR 13286 3 4435 4882 5237.817.3
5 IVGGWECamEK® 10775 2 5303 R08.3 8653, 064.4
rostate 13 a
Spociic numan 30 [ CsIVGGWEC.nEK 10825 2 541.7  808.3, 865.3,969.4
Antigen LSEPAELTDAVK 12727 2 636.7 775.4, 8464,043.4
LSEPAE["C4]LTDAVK 12787 2 630.7 781.3, 8525,049.4
DTIVNELR 9595 2 480.3  531.2, 630.3,743.4
13
e H{:ir'si 4 DTIVNE["GELR 955 2 483.3  537.3, 636.3,7494
radis SSDLVALSGCGHTFCK 14757 3 4926  703.3, 7903,0745
SSDLVA["*C¢]LSGGHTFGK 14818 3 4946  703.3, 790.3,980.5




MRM Yontemiyle Protein Kantitasyonu

Unknown samples
- light

Mix

i
i

>4 Peptide — stable i3
TSNS isotope - heavy




MRM Yontemiyle Protein Kantitasyonu

Unknown samples
- light

[ ] 1 !
[ ] i i
=2 MRM |
© i s
Lo e i - Light Peplice

Heawy Pepline

— | Peptide —stable |
T isotope - heavy




MRM Yontemiyle Protein Kantitasyonu

Lilii: & % s
WER
I .

Unknown samples
- light

Mixlzg: MRM

Light Peptide
Heavy Peptide

]

eauy

— 4 Peptide -stable |
TR isotope - heavy




MRM Yontemiyle Protein Kantitasyonu

o — — — —

Unknown samples
- light

€3 =l MR
—"+ Peptide - stable | :
TR S isotope - heavy




MRM Yontemiyle Protein Kantitasyonu
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Insan Plazmasindaki Proteinlerin

“Dinamik Araligi”

1,000,000,000 * < Albumin, IgG
100,000,000 .. Apolipoprotein E
L 2
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Plazma Proteinleri

60

Anderson, N.L. and Anderson, N.G., Molecular & Cellular Proteomics, 2003, 2(1): 50.




Ornek Hazirlama Yaklasimliari

Serumfplasma Serumiplasma Serumfplasma Serumfplasma Serumiplasma
sample sample sample sample sample
v ¥
depletion high depletion high
abundant prot. abundant prot.
Digest Digest Digest Digest Digest
Labeled pept. | | | |
stand. \. \‘ \ \ \
Feptides | | FPeptides Peptides | | Peptides | | Peptides
| ,
¥
| SCX fractionation | Anti-peptide Ab N-glycopeptides
[SISCAPA) hydrazide chem.
v L4 ¥ ‘L l
Reverse phase Reverse phase Reverse phase Reverse phase Reverse phase
HFLC HPLC HFLC HPLC HPLC
| MSIMS (MRM) MSIMS (MREM) MSIMS (MREM) MSMS (MRM) MSMS (MRM)
2.5 ng/mi 25 ng/mi 1 pgfmi 1-10 ng/ml 5 ng/ml
Keshishian et al., Keshishian et al., Kuzyk et al.. Mol Cell Kuhn et al., Stahl-Zeng et al., Mol
Mal Cell Proteomics, Mal.Cell Protzomics, Proteomics 2009 Clin Chem 2009  Cell Proteomics 2007
2009 2007 ]




MRM-Metabolomiks (<1500 Da)

Hedefli oilmayan Hedefli
- Hucre, doku ya da 5 J Belirlenmis metabolitlerin
organizmada bulunan tum (10-100 lerce) kantitasyonu

bilinen ve bilinmeyen

(100-1000 lerce) metabolitin

incelenmesi J Hucresel metabolik olaylar

O Amino asitler ve tiirevleri 1 Hastalik metabolizmasi

Seker fosfatlar |
Nukleotidler 1 Terapotik hedefler

Koenzim A ve turevleri : _ _
Karboksilik asitler - llaclarin etki mekanizmalari

Lipidler ve turevleri.....

. Var olan biyobelirteclerin
validasyonu
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