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Chromatografia gazowa

Rodzaj — kolumnowa

Mechanizm sorpcji (technika) — podziat (gaz — ciecz GLC), adsorpcja (gaz — ciato
state GSC), wymywanie analitow w rosngcej temperaturze wrzenia

Nosnik — sciana kolumny, drobnoziarniste ciata state

Faza stacjonarna — wysokowrzgce ciecze, oleje, woski lub state drobnoziarniste
adsorbenty

Kolumny — dtugie, waskie rurki kapilarne (kolumny kapilarne) z fazg stacjonarng
pokrywajacag sciany lub krotkie rurki o wiekszej srednicy wypetnione sorbentem
(kolumny pakowane)

Faza ruchoma — obojetny gaz oczyszczany w adsorbentach, a dostarczany z butli
przez zawory regulujgce cisnienie i przeptyw, najczesciej stosowany jest hel
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Chromatografia gazowa

dozownik

¥
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Zb'.o il gazy piec chromatograficzny
nosnego
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Chromatografia gazowy

Automatyczny podajnik probek

Detektor

Dozownik

Kolumna kapilarna

Termostat kolumn

Spektrometr mas
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Chromatografia gazowy

Special High Temperature
i Polyimide Coalting

Fused Sihca

Stationary Phase with
Engineered Self Cross-linking™
(ESC) Technology
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Chromatografia gazowa
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Indeksy retencji

-
n-Alkane (Isothermal Analysis)
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Indeksy retencji

-
n-Alkane (Temperature Programming Analysis)
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GC-MS
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Procesy zachodzace w trakcie analizy GC-MS

Components

. . Carrier gas ﬁ
1. Rozdziat chromatograficzny e .!"F % T
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phase
@, %
L, o — oo®
2. Jonizacja zwigzkow ® 0 6 000
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. . . £ m > m, > m,
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| e @ @@ e
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5. Analiza i interpretacja wynikow o
. S
cul i Ml |
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Analizy GC-MS

Silanol, trimethyl-, phosphate (3:1)
MASS SPECTRUM
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Analizy GC-MS - Przyktady

OH OH
O

HO

OH| OH
O/ _OH

I

O

Mozliwos¢ oznaczania galaktozy-1-fosforanu na
poziomie stezen ponizej 10 pumoli/L
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Analizy GC-MS - Przyktady

. . Sucha kropla (3-4 krazki)
Krew + NaCl Wydtuzenie =30 vl e
Wirowanie 4°C H
J Czas 200 pL Metanol
: 10 uISTD y
Oddzielenie przygotowanie
supernatantu od osadu prébki 11
komolr kowego | Ultradzwieki, 30 min
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200 pL Metanol - N
10 ul ISTD irowanie i filtracja
”I 7
I Odparowanie do
sucha
L )
—
50 uL BSTFA L BSTFA
- 100 uL Woda S0 L BS

, \ 100 yL Woda
50 L Pirydyna

J J .
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| | l |

N A
90°C, 45 min | L= | 90°C, 45 min l GC }
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[
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Analizy GC-MS - Przyktady

Galaktoza-1-fosforna Galaktoza
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Analizy GC-MS - Przyktady

Avundance TIc: 108584,0
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Analizy GC-MS - Przyktady

OH OH

a1
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Analizy GC-MS - Przyktady

100

@
<]

Relative Intensity
@
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Compounds Limit of detection Limit of Retention time
Reagent analyzed (LOD) quantitation (LOQ) Caliberation range (min) Detection Reference
BSTFA 16 0.01-4.24 pmolA 0.02-7.07 pmoln 0.1-133 pmoli 17 GC-MS 21
Propyl chloroformate 18 0.5-1.0 pmaol/l 0.9-3.0 pmal/l 0.3-1072 pmol/ 20 GC-MS 28
FAA+ECF 19 0.1-0.3 pg/mi 0.31-0.91 pg/mi 1-10 pgémi 10 GC-FID 34
FAA+IBCF 28 0.06-0.2 pg/mi 0.18-0.61 pg/mi 1-10 pgémil 11 GC-FID Present
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Analizy GC-MS - Przyktady

o R—OH

Lo Yie 0
Step 1 - Esterification
i Magsgy — W Al R v o
R R
Amino acid Amino acid
ester

0
Step 2 - Alkylation

Amino acid
ester

TFA

O R

N-TFA alkyl ester
derivative

Capillary column Temperature program

MS conditions:

Rtx-5MS had 30 m x
0.25 mm 1.D., film
thickness of 0.25 pm;
split mode (10:1)

50°C for 1 min, 6°C/min to
100°C, 4°C/min to 200°C,
20°C/min to 300°C, 300°C
for 3 min. Carrier gas: He,
6.0; 1ml/min.

Mode: EI; electron energy:
70 eV, emission current:
100pA. Mass range: 50-500
a.m.u. Transfer line: 250°C,
injector: 200°C; ion source:
250°C.

0 w9
+ NH R —— FC N _.R + H,0
e on 2\,)j\o’ i j)ko g
R

Amino acids extraction [1]

Amino acids derivatization

cation exchange resin Dowex
50W-X8 100mesh, 40x2mm

column; Activation of resin; 1h, 110°C;

1. esterification: 100ul
butanol/HCI 3M for

2. acetylation:100ul
TFAA, 80°C, 20 min;
dry at 4°C; 1ml ethyl

sample+IS; Elution: 2ml 3M acetate
NH+OH; Evaporate
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Analizy GC-MS - Przyktady

RT: 10.53-39.42

Amino acid Regression curve r b G %‘Ew;:sm

Alanine (Ala) y =1.017x + 12.567 0.991 Z:: Ser . Pm";::; Lo Etalon_AAZ

Glycine (Gly) y = 1.0682x + 13.166 0.996 o] ™ e

Threonine (Thr) y = 1.1285x + 15.058 0.992 so] ama

Serine (Ser) y=1.1041x + 12.72 0.995 & I W e -

Leucine (Leu) y = 1.0044x + 16.09 0.995 i et i

Isoleucine (lle) y = 0.8507x + 12.37 0.994 ::: 2225 2708

Valine (Val) y =15124x - 13.434 0.980 g - Rk

Cysteine (Cys) y=0.1667x - 6.512 0.940 o]

Gama-aminobutiric acid(GABA) y =2.207x - 8.8747 0.980 § -

Proline (Pro) y = 1.0331x + 20.49 0.991

Hydroxyproline (Hy-Pro) y = 1.3504x - 4.257 0.993 ::

Ornitine (Omn) y = 0.7645x + 8.7581 0.997

Phenylalanine (Phe) y =0.6542x + 26.844 0.978 2°‘§ o e ce

Tyrosine (Tyr) y = 0.3209x - 5.2564 0.973 I %08

Lysine(Lys) y = 1.2868x - 10.384 0.978 ] I I . I

Histidine (His) y = 0.6916x - 10.196 0.957 Pl 222, “2”
12 14 16 18 20 22 24 26 28 32 34 36 38
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Analizy GC-MS - Przyktady

cat.
solvent:
O O
Ox_OH o _~~_-OH
> H
H,N IH * g )L 0 H ’
O
R -2 HCI /\/ j{ |
- CO, 3
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Analizy GC-MS - Przyktady
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Analizy GC-MS - Przyktady

Amino acid R-square® Lop® Range of Regression line Retention
(uM) quantification time (min)
(T
Alanine 0.9997 0.03 0.3-2000 1.507 *x +0.011940 4.35
Sarcosine 0.9969 0.3 0.9-270 1.611 * x +-0.008277 4.43 Relative standard deviation [%]
Glycine 0.9998 0.03 3-2000 1.238 * x + 0.068277 4.49
a-Aminobutyric acid 0.9984 0.12 0.3-270 2.521*x+0.001067 4.62 Human  Human Urine Mice urine  Plasma Media
Valine 0.9996 0.18 0.3-2000 1.174 * x + 0.001163 4.73 Urine (n=11) (n=10) (n=11) (n=10)
R-Aminoisobutyric acid 0.9970 027  0.9-270 0.613 * x +-0.003078 4.83 Amine acid® | rf?r:égy Inter-day Intra-day  Intra-day  Intra-day
Leucine 0.9992 006  0.3-2000 1.102* x +0.005131 4.98 .o 50 TE 3 0 55
allo-Isoleucine 0.9985 0.3 0.9-270 1.252 * x +-0.005865 5.02 sarcosine 5.6 57 46 nd. n.d.
Isoleucine 0.9996 0.12 0.9-2000 1.122 * x + -0.002333 5.05 Glycine 3.1 2.2 2.1 17 2.0
Threonine 0.9988 0.18 0.3-2000 1.03* x + -0.001590 5.29  a-Aminobutyric acid 7.9 4.2 3.9 5.6 3.5
Serine 09975 3.0 12-2000 1.22*x +0.443377 534 Yaline 24 21 13 0.8 3.4
. R-Aminoisobutyric acid 57 5.6 8.9 n.d. n.d.
Proline 0.9960 0.27 0.3-2000 0.623 *x +-0.010681 543 Leucine 30 28 24 09 30
Asparagine 0.9986 3.0 12-270 1.125* x +-0.036928 553 L0 soleucine 36 g 1e P T
Thiaproline 0.9900 0.3 0.9-270 4.349 * x +-0.006387 5.93  |soleucine 25 27 23 13 26
Aspartic acid 0.9997 0.3 3-2000 1.251 " x +-0.018064 6.11 Proline 3.2 3.0 3.1 0.9 3.0
Methionine 0.9958 0.9 3-1000 1.177 * x +-0.028463 6.16  Asparagine 3.5 22 5.4 3.0 4.0
Hippuric acid 0.99 3 12-2000 0.062 * x +-0.003033 6.28  Aspartic acid 8.1 14.1 6.9 20 3.8
Hydroxyproline 0.9758 0.9 3-270 0.334 * x +-0.004975 6.30 L“f‘";‘;’:"; y ;; 1;? ‘T‘g ﬁ; :3
Glutamic acid 09999 09  3-2000 1.249 " x +-0.023798 6.49 g PPuricactd o IV e s 7o
Phenylalanine 09997 03 0.9-2000 1.191*x +-0.005860 6.55  phenylalanine g . e by .
a-Aminoadipic acid 0.9982 09 3-270 1.089 * x +-0.033340 6.81  g-Aminoadipic acid 43 25 43 36 nd.
a-Aminopimelic acid 0.9925 0.9 3-270 2.351 " x+-0.131996 7.09  Ormnithine 37 48 32 27 8.2
Glutamine 0.9940 12.0 30-270 1.197 *x +-0.012232 7.58  Glutamine 8.7 4.2 9.1 4.4 3.9
Ornithine 0.9971 0.3 0.9-270 1.526 *x +-0.018075 7.18 hsi’:tii:l?ne i; gg :ng ;g gg
E}Iyt_:yl-prollne 0.9840 0.9 3-270 0.161 ; x +-0.006280 7.65 Tyrosine 40 25 g 23 a7
ysine 0.9960 0.3 0.9-2000  1.122*x+-0.024828 7.85 YORRE 25 e 4 e 3o
Histidine 0.9987 3.0 12-2000 0.372 *x +-0.043117 8.06 Cystathionine 8.8 25 n.d. nd. n.d.
Hydroxylysine 0.9976 3.0 12-270 0.208 *x + 0.006536 8.26  Cystine 7.1 113 8.0 nd. 14.3
Tyrosine 0.9984 0.3 0.9-2000 2.449* x + -0.001631 8.35
Proline-Hydroxyproline 0.9906 12.0 12-270 0.047 * x +-0.002474 8.61
Tryptophan 0.9987 0.03 0.3-270 1.44 * x +-0.003679 8.69
Cystathionine 0.9930 3.0 12-270 0.133 " x+0.001518 9.20
Cystine 0.9950 3.0 12-1000 0.186 *x + 0.012430 955
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Analizy GC-MS - Przyktady

a-Aminobutyric acid

o 3.5 1
e 5 y = 1.0836x - 0.0059 .
° R? = 0.9464
2 25
= Sarcosine
o
® 2 \
=
8 15 Tyrosine
c
©
® 1
Q
3
» 057 Glycine
0 T T T T T 1
0 0.5 1.0 1.5 2.0 2.5 3.0
Slope calibration curve (aqueous standards)
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Analizy GC-MS - Przyktady

Abundance a - Ala
55000 :
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5000 ) c A i 1 | . 5 A ;..r ﬂh k—PrO
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30000 d s —GlIn
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Analizy GC-MS - Przyktady

SATURATED UNSATURATED

(o]
OLEIC ACID (C18)
o HO 7R monounsaturated
Ho/u\/\/\/\/\/\
LAURIC ACID (C12) 2
HO x LINOLEIC ACID (C18)
polyunsaturated
9 Z
MYRISTIC ACID (C14) HO X X ALPHA-LINOLENIC ACID (C18)
o ~ polyunsaturated
HOJK/\/\/\/\/\/\/\
0 S
PALMITIC ACID (C16) GAMMA-LINOLENIC ACID (C18)
HO Z F polyunsaturated
0
/u\/\/\/\/\/\/\/\/\ 0
HO
HO = RICINOLEIC ACID {C18
STEARIC ACID (C18) monouns:luta!(ed )
H i =
labmuthin
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Analizy GC-MS - Przyktady

Lipid Name Lipid Name in Compound

(Detected as TMS Abbreviated Form Molecular Weight Reter;;:[c'm)ﬂme Quat{m?e}r fon Qua{hf}e;' fon
Derivative) (TMS Derivative) (Underivatized) n "= e
Myristic acid C14:0 228.37 11.28 285.2 300.3
Palmitoleic acid Cl16:1 254.41 13.72 311.1 129.0
Palmitic acid Cl16:0 256.4 14.00 313.3 328.3
Linoleic acid C18:2 280.45 16.49 73.1 337.3
Oleic acid C18:1 282.47 16.58 73.1 339.3
Linolenic acid C18:3 278.43 16.61 75.1 335.2
Stearic acid C18:0 284.48 16.97 3413 297.3
Nonadecanoic acid (IS) C19:0 298.5 18.47 117.0 370.3
Squalene C3pHsp 414.71 25.98 117.0 355.3
Cholesterol (IS) Ca7Hy460 386.65 28.33 129.1 458.4
Ergosterol CasHu O 396.65 28.88 253.2 363.3
B-Sitosterol Ca9HzO 414.71 29.61 129.1 396.4

*
* 4k

o
E E‘d?gggjzsekie — ggtlesflfa;)ospolita N [nstytut Euro:.:j?ljiquzljul; ?Sgﬁtjeix il
Matki i Dziecka

Wiedza Edukacja Rozwdj




Analizy GC-MS - Przyktady

Fatty Acid Chain AMR/Linearity’ LOQ LOD Precision (CV%) Method
(nmol/ml) (nmol/ml) (nmol/ml) Comparison
Intra-day Inter-day” Slope R
Lauric (Dodecanoic) C12:0 2-300 1 0.6 <84 <102 (11.1) 087 0967
Myristic (Tetradecanoic) C14:0 15-700 8 4.5 <3.1 <54 (4.1) 0.82 0991
Palmitic (Hexadecanoic) C16:0 150-6000 45 45 <33 <7.8 (6.2) 1.10 0983
Stearic (Octadecanoic) C18:0 50-2500 50 50 <56 =9.7 (8.8) 0.87 0971
Arachidic (Eicosanoic) C20:0 4-200 2 1.2 <3.0 <6.2 (6.8) 0.92 0.970
Palmitoleic (9-Hexadecenoic) Cl16:107 20-2000 10 6 <3.6 <7.5(5.3) 0.83 0.985
Hexadecenoic (7-Hexadecenoic) C16:1m9 10-400 5 3 <48 <11.5(7.3) 0.79 0.965
Vaccenic (11-Octadecenoic) C18:107 40-2000 12 12 <3.1 <110 (5.8) 0.77 0.946
Alpha-Linolenic (9,12,15-Octadecatrienoic) C18:3m3 3-600 2 09 <4.7 <6.7 (5.3) 0.85 0.967
EPA (5,8,11,14,17-Eicosapentaenoic) C20:5m3 2-2000 2 1 <9.0 =104 (7.9) 1.01 0.992
DPA®3 (7,10,13,16,19-Docosapentaenoic) 22:503 4-500 2 12 <48 <5.6 (5.2) 1.10 0.965
DHA (4,7,10,13,16,19-Docosahexaenoic) (22:603 10-2500 10 3 <32 <6.2 (5.4) 1.08 0.989
Linoleic (9,12-Octadecadienoic) C18:206 40-8000 12 12 <42 <5.9 (5.6) 1.09 0.963
Gamma-Linolenic (6,9,12-Octadecatrienoic) C18:3m6 2-400 2 0.6 <4.0 <7.8(6.1) 0.79 0.946
Homo-Gamma-Linolenic (8,11,14-Eicosatrienoic) C20:3w6 2-500 1 0.6 <3.0 <6.4 (4.4) 1.48 0.954
Arachidonic (5,8,11,14-Eicosatetraenoic) C20:406 70-3500 70 21 <2.7 <6.3 (5.5) 1.19 0961
DTA (7,10,13,16-Docosatetraenoic) C22:406 1-200 1 1 =4.0 <7.1(4.5) 1.01 0.955
DPA®G (4,7,10,13,16-Docosapentaenoic) C22:506 1-200 1 1 <6.1 <5.8(5.2) 1.01 0974
Oleic (9-Octadecenoic) Ci8:1m9 150-5000 75 45 <3.6 <7.0(4.3) 1.15 0.970
Mead (5,8,11-Eicosatrienoic) C20:309 1-200 0.5 0.5 <89 <13.2(12.2) 1.20 0.965
Docosenoic ( 13-Docosenoic) 22:109 2-100 1 0.6 <58 <129 (3.6) 0.70 0.907
Nervonic (15-Tetracosenoic) C24:109 8-250 24 24 <52 <53 (7.1) 099 0934
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Analizy GC-MS - Przyktady
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