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Analyza aminokyselin a p Fibuznych latek

oGY
NTRE

7.1.UvOD

Q Stale vyznamny ukol a vyzva v oboru analytické chem  ie organickych
latek

Q Prakticky kazda nov é vyvinuta technika vysokou €inné separace latek
je testovana na analyze aminokyselin

Q Popsano enormni mnozstvi metod ke stanoveni AA

0O Neexistuje jedina, universalni metoda pro  FeSeni konkrétniho problému
analyzy aminokyselin

Q Zvoleny postup analyzy vzdy odviji:
- konkrétni p Fistrojove vybaveni
- Zznalosti a zkusenosti resitele, jeho invence

- povaha samotného analytického problemu
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7.1.2. Prehled struktur a fy-che vlastnosti
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Aminokyseliny a p Ffibuzné latky
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7.1.2. Prehled struktur a fy-che vlastnosti
Asp (133) Glu (147)
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Aminokyseliny a p Ffibuzné latky

7.1.2. Prehled struktur a fy-che vlastnosti

Orn (128) Lys (146)
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Aminokyseliny a p Ffibuzné latky
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7.1.2. Prehled struktur a fy-che vlastnosti
Ser (105) Thr (119)
OH O
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Aminokyseliny a p Ffibuzné latky
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7.1.2. Prehled struktur a fy-che vlastnosti
Cys (121) Hcy (135)
SH
OH OH

o~ SH 0O =
NH; NH,
Met (147) CTH (222)
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Aminokyseliny a p Ffibuzné latky
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7.1.2. Prehled struktur a fy-che vlastnosti
Phe (165) Tyr (181)
OH OH
o O
NH,

NH,

bitter
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@ Aminokyseliny a p fFibuzné latky
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7.1.2. Prehled struktur a fy-che vlastnosti

Pro (115) His (155)

OH OH
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Arg (174)

CIT (175)

Aminokyseliny a p Ffibuzné latky

7.1.2. Prehled struktur a fy-che vlastnosti

OH

N
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Aminokyseliny a p Ffibuzné latky
oGY

NTRE 7.1.2. Prehled struktur a fy-che vlastnosti

Taurine (125)

NH.,

PSer (185)
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7.2. PRIPRAVA VZORKU K ANALYZE
NTR%GY
Zasobni roztoky

Realné vzorky

Matrice - komplexni, heterogenni smés anorganickych soli,
nizkomolekularnich latek (metabolitt) a biopolymerua (proteiny,

polysacharidy, lipidy a jejich kombinace)
Matrice negativh € ovliv Auje separa €ni proces

* ireverzibilni sorpci na povrch stacionarni faze ucpavanim, postupnou ,otravou*
separacniho systéemu

 zahlcovanim detektoru tvorbou nezadouciho Sumu, potlatovanima  prekryvem
signalu sledovanych analytu

Dobie promyslena a provedena pfiprava vzorku rozhoduje o celkove kvalité
vypracované metody ke stanoveni aminokyselin

v v/

krok celé analyzy aminokyselin 13



7.2. Extrakce aminokyselin

et a priprava vzorku k separaci

Hlavni praktické postupy extrakce aminokyselin

Naredit biologicky vzorek vhodnym meédiem, zpravidla pu frem
o definovaném pH a nadavkovat vzorek p  Fimo do vysokou ¢€inného
separa éniho systému, tzv. postup ,dilute and shoot";

Nadavkovani extraktu po vysrazeni polymernich struk  tur (bilkovin,
polysacharid ) do vysokou €inného separa €niho systému a nasledna
separace latek a jejich detekce;

Zachyt aminokyselin p Fimo s matrici vzorku nebo vodnéeho extraktu na
vhodném sorbentu, zpravidla silném katexu;

Derivatizace analytu, vtomto p Fipadé AA, vhodnym derivatiza €nim
¢inidlem na reak €ni produkt s vyhodnymi separa €nimi a detek €énimi
vlastnostmi.

14



7.2. Extrakce aminokyselin a p Fiprava vzorku

OGY i
LR k separaci

Hlavni postupy p Fipravy vzork U

7.2.1. Vysrazeni biopolymer G (deproteinace) vhodnym meédiem
kyselina 5-sulfosalicylova
kyselina chlorista
organicka rozpoustédla, acetonitril, ethanol, aceton

15



7.2. Extrakce aminokyselin a p Fiprava vzorku

OGY i
LR k separaci

Hlavni postupy p Fipravy vzork U

7.2.2. Kysela hydrolyza peptid 0 a protein G v inertni atmosféfe (vakuu)
6 M konstantné vrouci HCI v kapalné ¢€i plynné fazi

za presné urcenych podminek (110C / 20 — 24, 48 a 72 hod)

Trp — nutna pritomnost redukujici kyseliny k minimalizaci oxidace
indolového kruhu, nejastéji kys. thioglykolova,
merkaptoethansulfonova (MESA)

Cys/CC/Met — oxidace kyselinou peroxymravenci pfed vilastni
hydrolyzou

16



7.2. Extrakce aminokyselin a p Fiprava vzorku

OGY i
R k separaci

Hlavni postupy p Fipravy vzork

7.2.3. Zachyt aminokyselin na vhodném sorbentu

zpravidla silny katex v H cyklu, aminokyseliny jsou zadrzeny na ionexu a
eluovany bazickym roztokem amoniaku nebo NaOH

7.2.3. Zachyt biopolymer 0 na vhodném sorbentu

zachyt lipidu, proteinu na kolonce Sep-Pak C18 (Pico-Tag kit)

17



7.2. Extrakce aminokyselin a p Fiprava vzorku

et k separaci — hlavni postupy p Fipravy vzork u

7.2.4. Derivatizace aminokyselin a p Fibuznych latek a jejich transformace
na produkt se zadanymi separacnimi a detekénimi vlastnostmi

IEC - separace aminokyselin na ionexové koloné a postkolonova
derivatizace ninhydrinem

HPLC a CE - modifikace aminoskupiny na fluorofor ¢i chromofor pro
citlivou detekci (FD, LIFD, UVD) a lepSi separaci
PITC, OPA, FMOC, AQC......
GC - Giplné zablokovani protickych funkénich skupin a zvyseni
jejich tékavosti
Silylace

Esterifikace a acylace
18

Chlorformiaty



7.3. Hlavni metody vysokou ¢€inné separace

et aminokyselin a p fibuznych latek

7.3.1. lonexova chromatografie s postkolonovou deri vatizaci ninhydrinem

7.3.2. Techniky bez p redkolonové derivatizace
HPLC/MS prima separace aminokyselin bez derivatizace

CE/MS

7.3.3. HPLC a CE s p redkolonovou derivatizaci
7.3.4. GC s predkolonovou derivatizaci  vSech protickych funkénich skupin

7.3.5. Metody cilené metabolomickeé analyzy - analyza aminokyselin a
pribuznych latek po derivatizaci ITRAQ ¢i RCF paralelni GC/MS a HPLC/MS

19



7.3. Hlavni metody vysokou ¢€inné separace

et aminokyselin a p fibuznych latek

7.3.1. lonexova chromatografie s postkolonovou deri vatizaci ninhydrinem

O Puvodni prace z konce 50.let Spackman D.H., Stein W.H., Moore S., Anal. Chem.
1958, 30, 1190

O RozSifena v klinické praxi doposud

0O Kvantitativni stanoveni 80 aminokyselin a pfibuznych latek v télnich tekutinach
(serum, plasma, mo¢, moskomisni mok)

O Analyzator aminokyselin — napf. Beckman 6300, Hitachi L-8900, Biochrom
30, deska firma Ingos, AAA 400. http://instruments.ingos.cz/

20



7.3. Hlavni metody vysokou €inné separace

et aminokyselin a p fibuznych latek

7.3.1. lonexova chromatografie s postkolonovou deri vatizaci ninhydrinem

Postup analyzy 200-500 ul serum

l
Pufr pH=4.65 (pH<7) + 20% sulfosalicylic a. (300:200)

l
Centrifuge (5 min)

!

250 ul inject into an AAA analyser

or freeze and store at — 20° C (1 year)

21



7.3.1. lonexova chromatografie s postkolonovou

OGY . . 7 . .
NTRE derivatizaci ninhydrinem

Pufry

Ninhydrin

Kotoué davkovace

Ventily pro pfepinani NHD/H,O
Ventily pro pfepinini puiri

e fo B

Pumpa 2

s B

Pumpa 1

AAA analyser Ingos s.r.o., Praha

Odvzdusiiovact ventil pro ninhydrin
Odvzdusnovact ventil pro pufry
FPredkolona

. Kolona
. Heaktor
. Deteltor

22



7.3. Hlavni metody vysokou ¢€inné separace

et aminokyselin a p fibuznych latek

7.3.1. lonexova chromatografie s postkolonovou deri vatizaci ninhydrinem

'rn'r|1'rrr|1'|'rr|'rrn'l'rrn'rrrrrl'rn'rrrn'rl'rm'[rn'l'[rn1'|'m1'|'|'|'|1'|'m1'|1'n1'|1'n1'|'n11'|'n11'|'rrrr|'rrrr|1111'|1111'|11'rrrrrrrr
o W AW ™ 40 A B TO B EH 100 {10 1
Retention Time jmin)

Ukazka separace 50 fyziologickych aminokyselin a pribuznych latek technikou
IEC pomoci analyzatoru Hichai L8900, gradientova eluce citronanem sodnym.
UV detekce soucasné pii 440 a 570 nm. Zdroj, firemni materialy Hitachi. 23



7.3. Hlavni metody vysokou €inné separace

et aminokyselin a p fibuznych latek
7.3.1. lonexova chromatografie s postkolonovou deri vatizaci ninhydrinem

a

Q

Q

a

a

Q

Analyza na sklenéné ionexové koloné 3.7 x 450 mm trva do 156 min,
p < 40 bar, eluce gradientem Li pufru s rostouci iontovou silou a pH

Kalibrace se provadi po vyCerpani ninhydrinu

Validovana, urady uznavana metoda stanoveni aminokyselin a
pribuznych latek

LOD 10-50 pmol, Ize sledovat komponenty 20 — 500 pmol.
Zdlouhava, ne zcela provozné spolehliva technika
Cena pfistroje > 2 mil. K&

Pochopitelna snaha tento letity, zdlouhavy standard nahradit rychlejSi a

levnéjSi metodou
24



7.3. Hlavni metody vysokou €inné separace

et aminokyselin a p fibuznych latek

7.3.2. HPLC a CE nederivatizovanych aminokyselin

0 v souvislosti s diagnostikou novorozeneckych poruch je vénovana
velka pozornost sledovani AA technikou HPLC/MS/MS

0 40 diagnostickych komponent Ize sledovat semikvantitativné béhem 10
min a odhalit metabolickou poruchu novorozence v kapce krve
(ca 8 ul)

0 Reverzni system C18, extrakce vysusené kapky krve MeOH, pfimé
davkovani exktraktu na kolonu

0 Piraud M., et al., Rapid Commun in Mass Spec 19 (2006), 1587.
O Zoppa M., et al., J. Chromatogr. B 831 (2006), 267-273.

25



7.3.2. HPLC a CE nederivatizovanych aminokyselin

oGY
NTRE

Porovnani LOD souboru 12 aminokyselinr  tznymi detektory
[Petritis K., Elfakir C. et al, JCH A 961 (2002), 9-21]

Tékava mobilni faze 0.5 mM pentadekafluoroktanova kys  elina ve vod é

Detektor LOD [ ug/mL ]
Vodivostni detektor 1.0-5.0
NMR 100-500
MS/MS 0.05-0. 5
CLND 0.3-0.6
UV NA, 0.9-3
ELSD 1-7.5

26



7.3. Hlavni metody vysokou ¢€inné separace

et aminokyselin a p fibuznych latek

7.3.2. CE nederivatizovanych aminokyselin

Poinsot V. et al., Recent advances in amino acid analysis by
capillary electrophoresis, Electrophoresis 27 (2006), 176-194

Klampfl Ch. W., Determination of underivatised amino acids by

capillary electrophoreris and capillary electrochromatography, kap.

1.3.1. a kap. 2.3.1. v monografii Quantitation of amino acids and

amines by chromatography, Method and protocols, J. Chromatogr.

Library — Vol 70., Molnar-Perl |, ed., Elsevier 2005. Amsterdam.

27



7.3.3. DERIVATIZACE aminokyselin
NTRE ! pro HPLC/CE aplikace

0 Derivatiza €ni €inidla reaguji s primarni, a s vyjimkou OPA |
sekundarni aminoskupinou AA ve vysokych vyt  ézcich.

0 Kazde z €inidel ma ur €ité p fednosti a nevyhody.
0 Kritické faktory byvaiji:

- rusivy nadbytek derivatiza €niho €inidla

- rusivy vliv matrice vzorku

- nestabilita produkt G, tvorba vice derivat

- omezena rozpustnost ¢€inidel ve vodnych pufrovanych médiich,

coz snizuje reaktivitu €inidel a ovliv nuje celkov é separa €éni
procesy a kvantitativni stanoveni. 28



7.3.3. DERIVATIZACE aminokyselin pro HPLC separace

OGY
NTRE 7 3.3.1. Derivatizace phenylisothiokyanatem (PITC)

0 Reaguje s primarni i sekundarni aminoskupinou béhem 5 min

R
I _
@—N=c—-—s + NH,—CH—C00

Phenylisothiocyanate Amino acid
(PITC)

29



7.3.3. DERIVATIZACE aminokyselin pro HPLC separace

oGY
NTRE

Derivatizace phenylisothiokyanatem (PITC)

0 Reaguje s primarni i sekundarni aminoskupinou béhem 5 min

0 Vyborna stabilita derivatu

0 Detekce — staci binarni pumpa a UV detektor

Q 27 aminokyselin Ize separovat béhem 40 min

0 LOD (UV detekce) ca kolem 1 pmol, pracovni oblast 20 — 500 pmol

0 Nutne eliminovat nadbytek Cinidla

30



7.3.3. DERIVATIZACE aminokyselin pro HPLC aplikace

OGY
NTRE 7.3.3.1. Derivatizace phenylisothiokyanatem (PITC)

Postup analyzy 0.2 g protein food + IS (norleucine)
!
6 M HCI hydrolysis with 0.1 % phenol
!
( Sep-pak clean-up procedure )
!
Extract drying at 65 mtorr
!
Redrying with EtOH-water-TEA (2:2:1)
!
Derivatization with EtOH-water-TEA-PITC (7:1:1:1), 20ul, 20min
!
Excess reagent and by-products removal at 65 millitorr
!

HPLC gradient (0.14 M NaAc, pH=6.4, MeCN-water), UV:ZSﬁ nm
Waters PicoTag kit



7.3.3. DERIVATIZACE aminokyselin pro HPLC separaci

OGY
NTRE 7.3.3.1. Derivatizace phenylisothiokyanatem (PITC)

a) Standard mix @

A
A PRO
TYR
Lrs

ARG
WAL
MET

— ASP
— GLU
SER
GLY
HI%
—_—————— T
—_— .
m— CYs
T —

b) Syrovéatka b
- hydrolyzat

Zdroj, White J.A. et al., J. M !J\J
Automatic Chem. 8, (1986), 170. —




7.3.3.1. Derivatizace fenylisothiokyanatem (PITC)

NTR(%GY PITC/HPLC analyza sojove melasy

Composition Composition Apparent
¥ A from from composition
Presnost a Spievi oSt IEC system Pico-Tag  from Pico-Tag
1 after sample
stanoveni ? Amino-acid [Mg/g] clean —ug
ASP 60 55 73
GLU 8-0 87 10-7
SER 1-7 1-8 23
GLY 1-9 1-9 24
HIS 1-4 1-9 2-7
ARG 2-9 3-5 4-5
THR 1-8 2-0 2-6
ALA 2-0 2:1 2-6
PRO 2-0 2-1 26
TYR 2-2 2.2 2-9
VAL 1-4 1-4 16
MET 0-9 1-8 2-2
CYS 1-3 0-4 0-5
ILE 1-3 1-4 1-3
LEU 19 1-9 19
PHE 2-2 23 1-7
LYS + ++ 1-4

+ impossible to quantify as co-eluted with other ninhydrin
positive compound.

++ cannot be guantified due to shoulder on peak.

Zdroj, White J.A. et al., J. Automatic Chem. 8, (19 86), 170.



7.3.3.2. Derivatizace o-ftaldialdenydem (OPA)

oGY

NTRE

Reaction scheme

S-CH; CHOH

CHO 2-mercapto-
@ . H N-R ethanol N = N R
CHO = pH =95 ==

Mgy =340 nm
A gm =450 nm

ok
b

Pouzivane thioly - 2ME, NAC, MPA

34



7.3.3.2. Derivatizace o-ftaldialdenydem (OPA)

oGY
NTRE

Q Vysoce fluoreskujici, avSak nestabilni isoindolové derivaty
a Velmi jednoduchd, dostupna metoda

0 Vyborna separace komponent

0 Nutno provést analyzu ihned po derivatiza  €ni reakci

O Sekundarni aminoskupina nereaguje, postkolonova oxi dace
chlornanem ¢€i kombinace derivatizace s FMOC

0O Neékteré ( zejména bazické ) AA tvo Fi vice derivat U
0 LOD ca 50 fmol, pracovni oblast 1-500 pmol
Q Detailni studium vlastnosti OPA derivat G |. Molnar-Perl:
- molarni pomér OPA/SH/AA 20:60:1
- ¢inidla uchovavana pfi 4°C by méla byt stara 90 min — 9 dnu

- reakéni médium se nesmi okyselit pfed davkovanim na HPLC kolonu -



7.3.3.2. Derivatizace o-ftaldialdenydem (OPA)

oGY
NTRE

Q Vysoce fluoreskujici, avSak nestabilni isoindolove derivaty
0 Nutno provést analyzu ihned po derivatiza  €ni reakci
0O Sekundarni aminoskupina nereaguje, n  ékteré AA tvo Fi vice derivat G
0 LOD ca 50 fmol, pracovni oblast 1-500 pmol
0 Vyborna separace komponent
0 Detailni studium vlastnosti OPA derivat  u |. Molnar-Perl:
- molarni pomér OPA/SH/AA 20:60:1
- ¢inidla uchovavana pfi 4°C by méla byt stara 90 min — 9 dnu

- reakéni médium se nesmi okyselit pfed davkovanim na HPLC kolonu

36



7.3.3.2. Derivatizace o-ftaldialdenydem (OPA)

oGY
NTRE
Physiological Amino Acids
1. CA 6. SER 12. ARC 20. TRP
2. ASP 7. HIS 14. ALA 21. VAL
3. CMC 8. GLN 15. B-ALA 22. AM
1. GLU 9. HSER 16. TYR 23. PHE
5. ASN 10. CLY 17. v-ABA 24. ILEU
11. THR 18. c-ABA 25. LEU
100 — 12. METSO 19. MET 26. LYS
1
20 - |2 24
60 — 4
5 1112
o 1ﬂ| |13 16
40 . 7 14
20 — 8 !
I_,.rl..l. |-|-|L|II|\JllLI I. |-.|||. |._-
1

I
0 5 10 15 20 25 30 35 40 Min.

Columin: Adsorbosphere® OPA-HE, S5pm.
150 x 4 6mm Cartridge

37



7.3.3.3. Derivatizace aminoskupiny chlorformiaty

: $_ 2

o~ >
Aryl O
/
D
@)

AEOC (9-anthrylethyl CF)

oGY
NTRE

Derivatiza €ni ¢€inidla (chlorokarbonaty, oxykarbonyl chloridy) reag uji s
aminoskupinou ve vodn é-bazickem prost fedi na karbamaty (urethany)

FMOC AminoTag kit (Varian Inc.)
FLEC chiralni
AEOC 38
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oo G0

7.3.3.3. Derivatizace aminoskupiny chlorformiaty

Reaction scheme with FMOC

H H
|
CHrO-G—Cl + HEN-JIE-GDD'-) Oy —0~G~N~-G ~C00™+H'+ O
R 0 R
FMOC Amino Acld Derlvative
00 + o8 = @.@
CH;
|
OH
Hydrolysls Product

FM-OH

39



7.3.3.3. Derivatizace aminoskupiny chlorformiaty

oGY
NTRE

Charakteristiky metody

0 Reakce probiha v min. za laboratorni teploty

0 Vyborna HPLC separace a selektivita

0 Automatizace metody

0 FD detekce (exc/emise 265/345 nm)

0 Stabilni nulova linie chromatogramu

a LOD 400 fmol

0 UVD pri 265 nmol pro koncentrace > 100 pmol

0 His a Tyr tvo Fi 2 derivaty v zavislosti na podminkach reakce

40



7.3.3.3. Derivatizace aminoskupiny chlorformiaty

oGY
NTRE

HPLC separace FMOC derivat a ( 200 pmol )

5
1. Phosphoserine 14. Proline 2
2. Phosphothreonine 13. Methionine %
3. Cysteic Acid 16. Valine
4. Arginine 17. Norvaline ¥
5. Methionine Sulfoxide  18. Statine (4-Amino-3-hydroxy- s
6. Hydroxyproline B-methylhydroxy-heptanoic acid) 2 L 18
7. Serine 19. Phenylalanine
8. Aspartic Acid 20. Isoleucine
9. Glutamic Acid 21. Leucine A 92
10. Threonine 22 Cystine i e el 112
11. Carboxymethyl 23. Hydroxylysine 12
cystine 9 910" 13 5
12. Glycine 24 Histidine 113 "
13. Alanine 25. Lysine
26. Tyrosine | ¥
:
| 2
| l LU
SV U UL P T VA

Varian AminoTag chromatogram 41
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7.3.3.3. Derivatizace aminoskupiny chlorformiaty

Postup analyzy

Blood serum 1:50

!
Sodium borate buffer pH =7.8 - 8

l

Mixing for 1 min

!

Pentane/ethyl acetate 9:1 extraction of the reagents or the reaction
scavenging by ADAM or heptylamine

!
HPLC gradient with sodium acetate buffers and THF additive at the end

42



7.3.3.3. Derivatizace aminoskupiny chlorformiaty
QGY
NTRE
Kombinovany postup analyzy OPA/FMOC — Aminoquant (Agilent ™)

Blood serum 1:50

!
Sodium borate buffer pH = 10.4

l
OPA - 3MPA

!
FMOC

!
HPLC gradient with sodium acetate buffers and THF additive at the end

340/450 nm: primary amines (OPA)
266/305 nm: secondary amines (FMOC)

Linear response: 5 — 250 pmol inj. into col., LOD ca 500 fmol

Total analysis time 25 min, RSD < 6%. 43



7.3.3.4. Derivatizace dansyl nebo dabsyl chloridem

OGY
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(|3I
O= S =0
Dansyl chlorid

E ety x

//L 2z

H3C’N“CH3

5-(Dimethylamino)naphthalene-1-sulfonyl chloride

N .
O
Dabsyl chlorid H3C

4-(Dimethylamino)azobenzene-4 ‘-sulfonyl chloride

44



7.3.3.4. Derivatizace dansyl nebo dabsyl chloridem

oGY
NTRE

Charakteristiky derivatiza €ni metody

O Reaguji v bazickem prostredi (pH 9.5) s primarni a sekundarni
aminoskupinou

0O Reakce je provadéna za zvysené teploty 60°C/30 min
0O Dansyl/dabsyl exc./emise = 320/559 nm /[ 270/473 nm.
0 Jednoducha pfiprava, velmi dobra stabilita produktu

0 Obdobna oblast aplikaci
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7.3.3.5. Derivatizace 6-aminochinolinyl

et -N-hydroxysukcinimidem (AQC)

Charakteristiky derivatiza €ni metody
NH O
O@’ 19's

1°or 2° Amino Acid

R1
|
NN ' HO, ..?D
S SR RN
N
Derivatized Amino Acid NHS

Scheme 1. Derivatization reaction of primary and secondary
amino acid with AQC.
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7.3.3.5. Derivatizace 6-aminochinolinyl

et -N-hydroxysukcinimidem (AQC)

Charakteristiky derivatiza €ni metody

O Reakce probiha pH=8.5-10 v sekundach
Q Tyr, Orn, Lys, Cys — reaguji 2 funkeni skupiny
O FD exc./emise = 248/395 nm, AMQ hydrolyticky produkt emituje pfi 395 nm slabé

0 Jednoducha pfiprava, velmi dobra stabilita produktu.

O Waters AccQ ‘Tag™ Ultra kit
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7.3.3.5. Derivatizace 6-aminochinolinyl

et -N-hydroxysukcinimidyl karbamatem (AQC)
POSTUP ANALYZY

80 ul buffered sample (0.2 M sodium borate,pH=8.8)

l
20 ul 10mM AQC < MeCN

l
Mixing for 10 s

l
Heating 55°C/10 min for Tyr single product

l

HPLC gradient with sodium acetate buffers and MeCN modifier

Ukazka UPLC separace 10 pmol 27 fyziologickych amin  okyselin pomoci UPLC na
kolon é Xbridge C18, 2,1x100 mm, sorbent 1,7 um, UVD =260 nm.
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NTRE

7.3.3.5. Derivatizace 6-aminochinolinyl

OGY -N-hydroxysukcinimidyl karbamatem (AQC)

UPLC separace aminokyselin po derivatizaci AQC

ANMQ AABA | | Om | lys Trp
Tyr Vel Leu
s Yt | NVa lle | Phs
Cys
HyPro TQU G|U Thr A|Cl Pro
His an Asp GABA Hylys]
Ser Arg Gly Hylys2

. k“UUU\_JL}\JULJL l JUL___JUUL.JLJLLL—JLJJL——-“UJUL

I I I
1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 750 8.00
Minutes

Ukazka UPLC separace 10 pmol 27 fyziologickych amin  okyselin pomoci UPLC na
kolon é Xbridge C18, 2,1x100 mm, sorbent 1,7 um, UVD =260 nm.

Zdroj, Waters, ASMS 2006, Seattle
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7.3.4.Plynova chromatografie aminokyselin

oGY
NTRE

Derivatizace je nezbytnou podminkou pro separacite  chnikou GC

Hlavni metody

1. Esterifikace karboxylu bezvodym alkoholem v HCI a nasledna
acylace dalSich protickych skupin

Hlavni oblast aplikaci — chiralni separace AAs
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7.3.4.Plynova chromatografie aminokyselin

oGY
NTRE

Derivatizace je nezbytnou podminkou pro separacite  chnikou GC
Hlavni metody

2. Silylace protickych funkénich skupin

Trimethylsilyl nebo terc.butyldimethylsilyl derivat y

FOrBSTFA,
X= CFg_C =N _S|(CH3)3

CHy CH
A GO

sampe —0: + O, =5i=X = [Sample—0—5i—X] = Sample—0—i—CHy + HX

| | |
H CHy H CH; OHs V

Nutnost bezvodého prostredi a zahfivani vzorku
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7.3.4.Plynova chromatografie aminokyselin

oGY
NTRE

3. Derivatizace alkylchlorformiaty

O

Cl
. —Alky

Jednoducha cCinidla schopna reagovat s protickymi funkénimi skupinami ve
vodnem prostredi v sekundach

CICOOCH,CH;, Ethyl chloroformate  (ECF)



@OGY Alkyl Chloroformate Reactions
NTRE

1. AMINO GROUP

COOCH,CH;
CICOOCH,CH, It
—
R R
Aqua, pH> 8
Amine + ECF —

Ethyl carbamate
(primary, secondary) derivative
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@OGY Alkyl Chloroformate Reactions
NTRE

2. HYDROXY GROUP
NHCOOCH,CHj NHCOOCH,CH;

COOH ECF COOH

S
O Aqua, pH>9
O
N
@ COOCH,CHj,

OH + Ethyl chloroformate —
(phenolic, activated aliphatic)

Ethyl carbonate
derivative >



@OGY Alkyl Chloroformate Reactions
NTRE

3. THIOL GROUP

NH; NHCOOCH ,CHj
COOH o COOH
>/S
NCOOCH,CH,
Aqua, pH > 8

SH thiol + Ethyl chloroformate — Ethyl thiocarbonate

@l derivative
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@OGY Alkyl Chloroformate Reactions
NTRE

4. CARBOXY GROUP P. Hugek, FEBS Letts 1991

NHCOOCH,CHj NHCOOCH,CHs

ECF, EtOH
@ S COOCH,CH,

Aqua, pH > 8, pyridine
catalysis

Alcoholysis by ROH

Carboxyl + ECE — Ethyl ester

(aromatic, aliphatic) derivative
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Derivatization with alkyl chloroformates

oGY
NTRE
DERIVATIZATION SUMMARY — what does work ?

Functional Derivative Application

Group Product field

NH, Carbamate Amines (aliphatic)
NHR Carbamate Amino acids

N- heterocyclic Carbamate Imidazolyl

OH (phenolic) Carbonate Phenols

SH Thiocarbonate Thiols

COOH Ester Carboxylic acids

Hu3ek P., Simek P., Current Pharmaceutical Analysis 3 (2006), 23-43.



Derivatization with alkyl chloroformates

oGY
NTRE

DERIVATIZATION SUMMARY - what does not work 7

Functional Group Compound Class

OH (aliphatic) Polyhydroxylated, sugars

Indolyl Indoles (Trp)

Guanidino Guanidino (Arg)

Ureido Ureido (Cit)

Amide Amino acids ( GIn )

Keto Ketocarboxylic acids

Strong inorganic acids Phosphate, sulphate

Strong RCOOH TFA, PCA, salicylic a.
RCOOH with pKa < 3.5




Derivatization with alkyl chloroformates

oGY
NTRE

CHARACTERISTICS of the REACTION

Aqueous environment
Completed in seconds with high reaction yields

The analyte polarity is significantly decreased and is easily transferred
to immiscible organic phase

The reaction and liquid extraction are performed si multaneously
in the same time (“phase-transfer” or “extractive alkylation”)

The cleaning step removing inorganic salts and other polar interferences
otherwise deterioring subsequent separation and MS detection steps

The reaction is not affected by commonly used buffers  (borate, carbonate,
saline)

The alcoholysis of carboxylic groups requires primary alcohol and pyridine

catalysis
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ocy !-3-9- Nove metody pro cilenou metabolomickou
NTRE  analyzu aminokyselin a p Fibuznych latek

Ukazka recentnich novych p Fistup U

A. Paralelni GC a HPLC analyza aminokyselina p Fibuznych
metabolit U po derivatizaci alkylchlorformiaty

P. Simek, P. Hu3ek et al.
B. HPLC/MS analyza aminokyselin po ITRAQ derivatizaci
Applied Biosystems
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Ukéazka paralelni GC a HPLC separace

oGY
NTRE
IS1
r Y 8,41E6
GCIMS we
8 Yo 32 amino acid
© 3 D -
=8 AG DAB O CTH
Q cC
iE sy || [ W
A Ll J H |PHP VF-17, 15 x 0.25x 0.25
Q M
(0] (o] 1 (0]
LUMLJJJLM&ML SO°C, 15°C/min, 300°C
2 4 6 8 rimdfniny 12 14 16
CC w
HPLC/MS " SR B
GSH
S ﬂv
§ C
5 STH [PHE HCC
0
< | ﬂ
g L ..
= M Gemini C18, 200 x 2
D
as \} 50 — 100 % MeOH/12 min
10 12 14 16 ol

Time (min)



oy GC Properties of the N,O,S Alkoxycarbonyl Esters
NTRE

. Thermally stable (carbonates, thiocarbonates, carbamates, esters)
to be analysed by GC technology

. Excellent GC separations _ are accomplished on capillary columns of
medium polarity

. Diagnostic El and PCI mass spectra for characterization and
identification of metabolites in biological material

PRINCIPAL METABOLITE CLASSES amenable to GC/MS

Fatty acids, ketocarboxylic acids, polycarboxylic a cids,
hydroxycarboxylic acids, amino acids, most biogenic amines,
dipeptides
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ocy HPLC Properties of the N,O,S Alkoxycarbonyl
NTRE Esters

The derivatives are stable in commonly used organic solvents and in
aqueus HPLC mobile phases to be separated by HPLC technologies

Very good ionization efficiency of the arising carbamate group in
positive ESI and APCI

Diagnostic CID MS/MS and MS " product ion mass spectra
for characterization of metabolites in biological material

Organic acids are hardly ionized in the ESI process and not detectable

PRINCIPAL METABOLITE CLASSES amenable to HPLC/MS

N-containing compounds such as amino acids , biogenic amines , small
peptides and other extractable analytes with basic functional groups,
nonvolatile, termally labile functional groups
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y Parallel GC and HPLC Analysis of Biofluids

NTRE

GC/MS

Human urine

BG
5.37E7
CIT EI
HV HIA
— ACA y
MM

o - LAC g || 3HP) A}\ ‘ v/ |
o -
2 KIV |cgal A 1SIL' CIT | IS2 CC
g 1 I o s %2 MMJM AT
c 9.49
=] 2.67E6
Q0
< —
2
3 7 PICI
o

] 8.11 ‘

7.86 12.82
5.12 1
] 14, 80
Oiu.\u\\uuk ldeLmMW‘\.u“')u :M\\‘L"\"’TJVTJ‘T\ A?ML’uuu P
2 3 4 5 7 8 9 10 11 12 14 15 16 17

Time (min)

ca 150 components detected, > 45 AAs
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Parallel Analysis of Biofluids

oGY
NTRE )
Human urine
E AR E E :
: - ] THR : GLU : NK ETH
] . ;M i
; N BG HIA : MET ;J”\ TRP
] J B ] J o ] W\/MWWMJ\MWM\»M ] -
E aHp | © AsP #‘"‘x\ : - VAL J‘ | ] | PHE
3 [ - ‘ =N b B '
J “\; g WWWWWW‘W'WJ MW\J‘J\W‘HW EJ‘ \“'JW,,\/JL«/V sl ool W‘ W)WM‘ mhwﬁwﬁq\ :WVM\%WWJ ‘\‘\Mm pltons
S 6Ly /k 1 PRO 5 CTH m : JTYR
: PLP J‘/\“ © HIS “\ E ﬁcvs\. E ’ HCﬁt
| b \ | b
7\\\\\{{5\\\\\\\\\\\\ 7\\\\\!!!\\\\\\\\\\\. 7\\\\\{&5\\\\\\/\\%\\\\\ :\\lww\{\{w;?%ﬂwj\%‘\u%{w
4 6 6 8 8 10 10 12

ca 150 components detected



Parallel Analysis of Biofluids

oGY
NTRE _
Beer (Czech Budweiser, fresh lager)
P
_ 1.20E8
GCIMS
El
b LAC L
- |
- EMA A
i \m}a | C\?a\j D F  TRA Y
. | H W
% d‘ JMUJJJU UJLUN\ " ﬂ n\n ALJ 1
2 7 6.22E6
3
<
2
E _|
2 4.91 PICI
7 4.04 ]5'351'76
B ’4 10 ‘ ’ 6.98 764812 952 11.71 " 3312.92
§ 314382 L N 1.86 14.00
. T T h “U“L‘_““J'\‘ \ IQML UM\ \ 8?57L1(?~3&~ T LJ%”#‘ T T e T T 177
2 4 6 8 10 12 14 16
Time (min)

ca 170 components detected
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Parallel Analysis of Biofluids

oGY
NTRE

Beer (Czech Budweiser, fresh lager)

HPLC/MS

: GLN ; ALA ; Lvs ;

| o MET

1 N j L TRA ] Wr\w : M/\ TRP

: SER - ORN M : GSH ] NEUHLE
9 ) 3 ]
= E J“‘ “\ -
/‘ “L

4HP M ASP VAL | ‘ﬂw\‘ PHE
E f‘ ! u”“mm \ E E | ‘\‘ E /|
1 PPN i v - - / 3 J
: GLY /\ : PRO : CTHNJL : /\ =
E | E E | ] J
E | PP © His f‘ . Jors ] | e R
Y A A o~ Il j WW\ 4\ ! W” i,

T T T [T T T T T I T rT111] T T T T [ T T T T [T T I TTrri] T T T [T T 1T [T T T [T I
4 6 6 8 8 10 10 12

ca 150 components detected 67



Metabolomicka analyza

10LOGY paralelni GC/MS a HPLC/MS

. funguje pro razneé typy biologického materialu
. Jednoducha, rychla, robustni

Univerzalni, paralelni analyticky workflow:

SAMPLE

DERIVATIZATION EXTRACTION

| |
GC HPLC

| ] |

| | ]
El CI FID .... ESI APCI




7.3.3.5B. Derivatizace 2-(N-methylpiperazinyl)-
OGY -N-hydroxysukcinimidyl acetatem (iTRAQ ™)
NTRE
ITRAQ reagent (Applied Biosystems ) — hlavni uplatnéni v
proteomické analyze

Isobaric Tag
(Total mass = 145)

A
[ \

Reporter Amino acid
(Mass = 114 thru 117) |  AMINO
A Peptide Reactive
4 \ — —- Group
| |
| |
! = PBG
L
Y Y, =_= MS/MS Fragmentation Site
\lllr’ —
Balance

(Mass = 31 thru 28)
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7.3.3.5B. Derivatizace 2-(N-methylpiperazinyl)-
-N-hydroxysukcinimidyl acetatem (iTRAQ

ITRAQ reagent (Applied Biosystems )

Amino acid + ITRAQ reagent —>

miz 114 (+1) %C 13C 180 (+3)
miz 115 (+2) 3C, 80  (+2) / \/ <
N N O

Valine
ITRAQ der.

NH

m/z116 (+3) C, SN 13C (+1) \ /

TM)

OH
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7.3.3.6. Derivatizace 2-(N-methylpiperazinyl)-

NTR%GY -N-hydroxysukcinimidyl acetatem (iTRAQ ™)

Full scan spectrum generates MH™* signal with the identical mass for
particular reagent

MS/MS spectrum generates diagnostic isotopic shifts

Valine ITRAQ der ;

244.2

< 7o)
- @ « &
1-"-1—'

Full scan spectrum

111.0 1128 1146 116.4 118.2' 12&1
Mass (m/z) o

Diagnostic applications



Analyza aminokyselin a p Fibuznych latek

oGY
NTRE

7.4. ZAVER

Q Stale vyznamny ukol a vyzva v oboru analytické chem  ie organickych
latek

Q Prakticky kazda nov é vyvinuta technika vysokou €inné separace latek
je testovana na analyze aminokyselin

Q Popsano enormni mnozstvi metod ke stanoveni AA

QO Neexistuje jedina, univerzalni metoda pro  reSeni konkrétniho problému
analyzy aminokyselin

Q Zvoleny postup analyzy vzdy odviji:
- konkrétni p Fistrojove vybaveni
- Zznalosti a zkusenosti resitele, jeho invence

- povaha samotného analytického problemu
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