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Uvod
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A Kromatografskenetode i vezani sustavi

A LC (RPilIE)

A LGMS

A GGMS
A CEMS
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A Razvoj i validacija standardnih metoda koji se koriste za analizu
aminokiselina (AAA)



Metode kvalifikacije | kvantifikacije proteina

Hidroliza proteina:
A Temperatura, vrijeme i reagens
A Standardna metoda hidrolize proteifat 2 NP @ ZiBeNndry (BN)

A Uporabametansulfonskeiseline (CED,S)
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¢ S| dzbkkoyhatografija

A usporedba metoddPLC i UPl#@analizu aminokiselina

A Derivatizacijg YAY 21 A4St Ayl 2Y23dl O y2AK2ddz LI

kvantifikaciju _ | s
Tablica 1. Usporedba Pi¢d F wlilt QOv gt | 3

HPLC UPLC
Instrument Alliance 2695 Acquity (Waters)
2487 Apsorbancijski
Detektor 2996 DAD
detektor
PicoTagAAA kolona BEH C18, 10(
Kolona .
150A3.9 mnl, 4 OGm
Brzina protoka ml/min 15 0.7
Temperatura kolone 36 55
Vol umen i nj ¢ 10 1
valna duljina detekcije 254 260
Vrijeme kromatografije 235 10
LOD OM 1.32.5 0.41.6
LOQ OM 4.38.4 1.35.3
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¢ S| dzbkkoyhatografija

A HPLC/UPLC usporedba metodamalizu aminokiselina
A Derivatizacijmminokiselina2 Y2 3dz5 | @ L3 dzl R ydz { G YGAFA
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Slika 1. UPUCQomatogramAQCderivatiziranihaminokiselina iz uzorKaidrolizatakazeina.
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Vezani sustair S | dzokloyisioyrafijaspektrometrija masa
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A Razvoj instrumentalnih metoda o\ e

A HPLG> UPLC N 0
At2@gSslyasS 2aa8Sitarg@g2aiAa o NN\ HN““‘“
A Razvoplerivatizacijskireagensa \N/N = N
A Fenilizotiocijanati o-ftalaldehid
N+
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Slika2. 2,7-dimetil-3,8-dinitrodipirazolo[1,5a:1',5-d]pirazin4,9-dion (A)
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Slika3. Reakcijska shema DR aminokiselina



+ ST FyA adail @ oS jspktrametijh tasd

A Razvoj instrumentalnih metoda

A HPLG> UPLC

At2@gsSélyes 2aa28Gfarg2aiGh 6[h5 A [hvo
A Razvoj derivatizacijskih reagensa

A Fenil izotiocijanat o-ftalaldehid
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Slika4. Reakcijska shema DRO aminokiselina
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Tablica 2. Podaci o gradijentnatuiranjumetoda(A) ) cmin
DE+1C° B
t/min % (A) % (B)
0 8 92 4.0E+10°
10 32 68 33
25 50 50 .
30 8 92 2. 0E+10°7 |I~ o
1 3
4 .l \
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A Kromatografijaonskih parovd GMS/MS

A RRLC

A lon-pair (HFBAY; alkilsulfat alkilamonijevasol.
A ESIMS

A APCGIMS



Vezani sustav plinskaomatografijaspektrometrija masa

A Analiza hlapivih uzoraka
A Derivatizacijdsililiranje

metilklorformijato a / CU 0

strukturec LINS @2 SSy 2
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Slika6.MehanizamMCF reakcije u kojem se
aminokiseline prevode u ester&arbamatekoji se
mogu analizirati vezanim sustav@ddGCMS



5.751 2-0Oxopentanoic acid 13.786 Leucine 18.590 Methionine

6.041 Pyruvic acid 13.863 Isoleucine 18.756 L-f-Methyl-amino-alanine
6.150 Malomic acid 13.874 Tert-leucine 19.422 N-Acetyl-L-glutamic acid

6.354 3-Methyl-2-oxopentanoic acid 14.025 3-Oxoadipic acid 19.887 3-(2-Thienyl)-p-alanine

7.3169 3-Hydroxyisovaleric acid 14.156 Norvaline 19.968 p-2-Aminoadipic acid

7.533 Fumaric acid 14.193 2-Oxoadipic acid 20.228 10,13-Dimethyltetradecanoic acid
7.7937 Methylthioacetic acid 14.234 5-Hydroxymethyl-2-furaldehyde 20.676 Phenylalanine

8.041 Succimic acid 14.372 Citraconic acid 20.886 Cysteine

8.180 Lactic acid 14.394 4-Amino-N-butyric acid (GABA) 22.082 Cumaric acid

8.207 Malic acid 14.669 3-Hydroxydecanoic acid 22.517 Vanillic acid

8.857 Caprylic acid 14.705 Proline 22.959 2, 4-Diaminobutyric acid

9.282 Ttaconic acid 15.192 Oxaloacetic acid 23.0816 Hexadecanoic acid (palmitic acid)
9.312 2-Hydroxybutyric acd 15.390 Norleucine 23.285 4-Aminobenzoic acid

9.690 Nicotinic acid 15.390 as-Aconitic acid 24857 Ornithine

9.722 Oxaloacetic acid 15.415 Phthalic acid 24.995 2-0xobutyric acid

9.7319 Levulinic acid 15.530 Cinnamic acid 25.074 Oxaloacetic acid

9.913 Citramalic acid 15.584 Threonine 256.4227 (E)-9-0ctadecenoic acid (oleic acid)
9.928 Glutaric acid 15.603 Serine-main peak 1 256.427 Glutamine

10.147 NADP/NADPH 15.747 0-Acetyl-L-serine 25.6608 Octadecanoic acid (stearic acid)
10.266 Glycerol 16.009 Adenosyl-L-methionine 26.000 Coumarin-1-carboxylic acid
10.380 Benzoic acid 16.284 Pyroglutamic acid 26.590 Histidine

10.414 Alanine 16.370 Citric acid 27.283 Lysine

10.466 Glyoxylic acid 16.450 Aspartic acid 27.430 Dehydroabietic acid

10.836 Glycine 16.639 Asparagine 28.165 EDTA

11.372 NADH,/MNAD + 16.658 S5-Adenosyl-L-homocysteine 28.304 Guanine

11.404 2-Aminobutyric acid 16.661 Creatinine 28.378 Ferulic acid

11.665 d,-Alanine (internal standard) 16.882 2-Phosphoglyceric acid 29.581 Tyrosine

11.827 3-Hydroxyoctanoic acid 17.414 Serine-main peak 2 29.688 2, 6-Diaminopimelic acid

11.859 Adipic acid 17.596 Myristic acid 30.358 p-Citryl-L-glutamic acid

11.904 Caprinic acid 17.788 trans-4-Hydroxyproline 31.467 Sinapic acid

11.988 2-Isopropylmalic acid 17.811 L-2-Aminoadipic acid 32.003 d-Hydroxylysine

12.349 Valine 18.702 2-Hydroxyisobutyric acid 33.461 Thiamine

12.369 2-Phosohoenolpyruvic acid 18.155 2-Phenylaminoacetic acid 35.334 Tryptophan

12.930 Glyceric acid 18.186 Hydroxybenzoic acid 35.677 Cystathionine

13.194 Pimelic acid 18.402 Glutamic acid 41.980 Methoxytryptophan

13.461 B-Alanine 18.452 Isocitric acid

13.664 2-0Oxoglutaric acid 18.476 Pentadecanoic acid

N~ ~
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Vezani sustav plinskeomatografijaspektrometrija

masa
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Abundance/intensity

Averaged ion chromatogram: 38-547 m/z
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Slika8. GCMSkromatogrami MCFderivatiziranihuzoraka

Averaged ion chromatogram: 38-506 m/z
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Vezani sustav plinskeomatografijaspektrometrija
masa

ARazvoy SUlF 62t 2YAG6 1 AK
metoda 0 0

A Eventualni problemi: L MCF dervatizaciiy_
ol I dzail @t 2k yasS NBF1ORESE i
pomicanjeretencijskog CH;OH N

vremena, osjetljivost
metode.

A Interni standardg Y
cijena i potreba za - 0 7+ i 0 T

sintezom - N
A Metoda s izotopno oon, | = ocry | +m
21 yI 6 Sy-dmy a/ C w SN

A Uzociurina i krvnog L e - : _
seruma

A Derivatizacijau 3 koraka o g o
Slika 9ShemaM CFderivatizacijealaninauz pozitivhu kemijsku ionizaciju i MS/MS detek

COOCH;

2. PCI




Vezani sustavi plinskeomatografijaspektrometrija

masa

A Detekcija trostrukimkvadrupolom(QqQ

A PCI

Aazf&1df a1 A
A Usporedba PGIEI

A2YVA A

Y2t S dAf a1 A

FNF AYSYdA

te derivatiziranis MCFom ilideuteriranimMCFom

alanin

2,

5,

5,

Prekursori Mw Cl MRM prijelaz
MCF-alanin 161,1 162,1 162, 1Y10
MCF-d, alanin 164,1 165,1 165, 1Y10
d;MCF-alanin 164,1 165,1 165, 1Y10/2,
MCF-d;MeOH-alanin 164,1 165,1 165, 1Y10
d;MCF-d;MeOH- .

167,1 168,1 168, 1Y10/|5,

GA O,

Tablica 2. PCI MRM prijelaininai deuteriranogalaninaotopljenih ili u metanolu ili Wieturiranommetanolu



Vezani sustaplinskakromatografijaspektrometrija

masa

A Detekcija
trostrukim
kvadrupolom

(QaQ
A PCI

A Molekulski ioni
| molekulski

FNF IAYSYdA

masa

A Usporedba PCI
| El

20.7.2020.
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Slikal0.PCI (A) i El (B) spektarivatiziranogalanina
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Vezani sustav kapilaresektroforezaspektrometrija masa

A Neproteinske aminokiselinpokazatelj kvalitete hrane
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Kapilarnaelektroforezaanalizaaurina

A Nesencijalna .
aminokiselina koja se )
ylreosSoosS LiZ2cl gt 2dze
aat 202 RYy |
FYAY21AaStAYy!l € :

A CEED (kapilarna pi
elektroforeza
elektrokemijska
detekcija)

A Primjena napona za
optimalni omjer S/N
8.4 8.8 9.2 9.6

A+l Oyzal LI ONR2SRY »
A Koncentracija pufera Slika1l.! 12S0l 2 LI Yyl @pda&sre® YA DN OA

A Utjecaj napona na
razdvajanje (20 kV)
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Kapilarnaelektroforezaanalizaaurina

l A B, C
o] ﬁ\
1
2nAI
m.l
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Slikal2. ElektroferogrambLyciumBarbarumL. kapsule (A), LIPOVITAN (B), mlijeko u prahu (C); pik pod brojem 1
21 y I Gurigd |



Kapilarnaelektroforezaanalizaaurina

Tablica 3.Rezultadi I R Niifin@U uzorcima kapsula i biljkeyciumBarbarumL., LIPOVITAN napitku te mlijekprahu

Deklarirana
Uzorak B Koncentracija RSD (%)
vrijednost
Lycium Barbarum L
/ 2.82 mg/g 4.9
kapsule
Lycium Barbarum L.
- / 3.63 mg/g 3.5
biljka
LIPOVITAN napitak 10 mg/ml 9.86 mg/ml 4.4
Mlijeko u prahu 40 mg/100g 41.7 mg/100 g 2.8
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Awll @22 dz aYe2SNdz LR YSolyel 2agSufergz2aidir YSi
FYAY21AAStAYLE LR2SRyz2adl gtasSyes Al gzs$syal
A Razvoplerivatizacijskiteagensec2 STUAYA2A T adl oAt yA2AxE S12ft2

A Robusnostrepetibilnost osjetljivost i selektivnost

A Izazovraznolikost uzoraka kao predmeta analize

A lIzolacija
Ah6dzol yesd AGNHZl GdzNB A 12yOSYiNI OA2S | YAY2]1AASEAY

A Razvoj novitkromatografskiny S G 2 Rl 6 LINB R X SriezatndvigNd OA @I y 2|
derivatizacijskogeagensa

At2dzZ Ry yI6AY (12YUNRES NBIFIfYAK dzZl 2NF 1 61 2y
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analize uz stroge kriterije prihvatljivosti
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