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Inborn Errors of Metabolism
- purines a pyrimidines (LC/MS Dionex/AB Sciex)
- newborn screening

TDM (Dionex Ultimate 3000 RS / AB Sciex AP 4000)
- immunosuppressants

- antihypertensives

- tyrosine kinase inhibitors

- methotrexate

Metabolomics
Flow injection analysis / MS

Drug Metabolisation

v o

samples/year
500
30.000

4000
500
500
100
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Aplikace FIA-MS
1, Narodni program novorozeneckého screeningu DMP
2, Monitorovani hladin - tyrosinkindsové inhibitory u pacientd s CML
- imunosupresiva u pacientd po transplantaci
3, Online SPE/FIA MS — RapidFire
4, Turbulent flow chromatography
v o

Sample preparation

- Removal proteins / salts / phospholipids

- ESI => Matrix effects / lons suppression

- Elimination:

Precipitation (MeOH, AcCN, ZnS0O4, TCA...)
SPE (C18, modifications, zirconium) - online/offline
LLE (ether, hexane, ethylacetate)

Isotope dilution (deuterated internal standards)

Long term stability of the methods and instrument

Analytical parameters of the method

Time consuming!

=> price
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Narodni program novorozeneckého screeningu DMP

Véstnik ¢. 6, 2009, str. 7-14
METODICKY NAVOD K ZAJISTENI CELOPLOSNEHO NOVOROZENECKEHO
LABORATORNJIHO SCREENINGU A NASLEDNE PECE

Endokrinni onemocnéni (EO):
a) kongenitalni hypotyreoza (CH)
b) kongenitalni adrendlni hyperplazie (CAH)

Dédi¢né poruchy metabolismu (DMP):

c) fenylketonurie (PKU) a hyperfenylalaninemie (HPA)

d) leucinoza (nemoc javorového sirupu, MSUD)

e) deficit acyl-CoA dehydrogendzy mastnych kyselin se stfedné dlouhym fetézcem (MCAD)
f) deficit 3-hydroxyacyl-CoA dehydrogenazy mastnych kyselin s dlouhym fetézcem (LCHAD)
g) deficit acyl-CoA dehydrogendzy mastnych kyselin s velmi dlouhym fetézcem (VLCAD)

h) deficit karnitinpalmitoyltransferazy | (CPT I)

i) deficit karnitinpalmitoyltransferdzy 1l (CPT Il)

j) deficit karnitinacylkarnitintranslokazy (CACT)

k) glutarova acidurie typ | (GA )

1) izovalerova acidurie (IVA)

Jind onemocnéni:
m) cysticka fibroza (CF)

K

Laboratorni vySetreni NS DMP

Administrativa a logistika pfijmu materidlu
- 31 nemocnic s novorozeneckymi oddélenimi
- prijem 100 - 300 vz. denné v pracovni dny (9 h)
- kontrola ¢iselné rady odbérli u kazdé nemocnice

- vytvoreni denni Ciselné fady a zapis do INS

Ptiprava vzorku
- tercik (3 mm) z KS => 96ti jamkové platy
- extrakce organickym rozpoustédlem (IS)

- centrifugace
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Stanoveni AC&AMK (FIA-MS/MS)

(5AMK + 20AC) x 2 (IS)

KS - ter¢ik (3 mm) => 96 well plates , extrakce (MeOH +IS), centrifugace

MF: MeOH + FA, 300/30 pl/min, 80/10 bar; celkovy ¢as analyzy: 43 s

MS: ESI+, 4500 V, 300 °C, 5-100 ms; LOD: AMK 0.9-2.9 uM, AC 0.02-1.07 uM

3.2¢5 Id Q1L Q3 DP CE
3,065 ALA 90,2 441 46 17
ALA-D4 94,1 482 41 17
2.8e5 LEU 132,0 86,1 51 15
2665 LEU-D3 135,1 89,1 46 15
PHE 1660 1201 51 19
2.4¢5 PHE-D5 171,1 1252 51 19
2265 TYR 182,1 136 56 19
TYRD4 1861 1401 51 19
o 2085 VAL 118,1 72 46 15
O 1ges VAL-D8 126,1 80,1 56 17
N Car 162,1 85 61 27
2 16e5 Car-D9 171,1 851 51 29
m
2 Laes cs 246,1 851 46 31
o C5-D9 255,2 85 66 29
T 125 Cc5DC 276,1 851 46 33
T Lo . csDC-D6 2823 849 66 33
08 c8 288,2 85 56 31
8.0e4 c8-D3 291,1 851 66 35
c1o 316,2 849 71 35
6.0e4 C10-D3 3192 85 81 39
4.0e4 c14 372,2 85 81 45
C14-D3 375,3 85 81 47
2.0e4 c16 400,3 85 76 47
0.0 = C16-D3 403,3 849 91 49
0.05 0.10 015 0.20 025 0.30 035 0.40 0.45 050  c18 428.3 851 111 59
Time, min C18-D3 4313 852 91 55
e v v e ‘
Laboratorni vySetreni NS DMP
rozhodovaci limity - Chemoview 2.0 (AB Sciex)
| D:\Analyst Data\Projects\NBS\Samples\Data\2010-05-03.wiff
PKU, HPA |MSUD IVA GAI |
No.  Result Phe Phe/Tyr Xle Xle/Ala Xle/Phe Val| C5 CS5/C2 C5/C8 C5DC C5DC/C8 C5DC/C16
Lower Decision Limit 0 000 O 000 000 0000 O 00 000 00 0,00
Upper Decision Limit 120 1,80 300 1,30 550 250|060 02 11,0 035 46 0,40
Levell 156 0,76 | 304 0090 210 237|079 0015 13| 021 5 0,06
Level2 495 1,11 562 0,78 1,14 440 1,76 0021 11 1,20 0,7 0,12
Levell 149 0,79 | 294 069 208 243 0,69 0017 15| 025 05 0,06
Level2 488108 | 542 0,76 1,11 437|169 002 10 | 1,13 07 0,12
3 71061 | 123 057 1,72 117, 0,12 0003 20 | 010 _ 17 0,03
4 45 1,16 | 97 050 214 79 | 0,11 0,002 1,1 008 _ 09 0,02
5 72089 | 197 084 2,75 158 0,17 0,003 20 | 017 19 0,04
6 51 0,53 93 057 183 82 0,08 0004 17 0,10 2,0 0,04
7 75 0,95 137 0,67 182 125 0,11 0,003 29 0,09 2,2 0,02
8 77 092 131 0,57 1,70 111 0,10 0,003 12 0,21 2,5 0,06
9 48 1,17 76 0,37 159 63 0,09 0002 17 0,07 13 0,02
| 10, 70 0,83 173 0,66 245 162 0,05 0,003 07 012 17 0,06 |
\ ‘ ‘ \ 3 .3l
MCAD VLCAD LCHAD CPTI,CPTI,CACT o8 £%
C6 C8 C8/C2 C8/C10 C10 C10:1 C14 Cl4:1 C14:1/C16 C160H C180H C18:10H CO C16 C18 C181 &% Q2 | T
000000 O 00 000 000 000 000 O 0 0 50 03 02 02 0 0,00 30000
020 050 005 30 040 020 050 030 015 | 007 005 005 400 80 20 30 25 045
051 042 001 08 042 003 038 003 0009 0007 0004 0022 537 43 21 12 8 014 90413
1,77 1,66 0019 09 185 003 1,69 006 0,006 | 0,008 0008 0018 880 99 59 05 6 0,12 113202
0,46 046 0,011 10 045 0,04 039 005 0011 | 0,007 0008 002 567 45 22 10 8 0,14 105849
1,77 1,69 002 1,0 178 004 1,61 005 0,005 | 0,012 0006 001 | 888 98 60 05 6 012 112076
0,07 0,06 0,001 07 009 003 026 015 0038 | 0025 0014 0019 201 39 10 16 4 0,12 100402
0,06 0,09 0,002 08 012 007 019 007 002 | 0012 00l 0018 248 36 08 17 6 0,11 101502
0,05 0,09 0,002 07 0,13 0,06 030 023 0058 0019 0015 0019 | 222 39 08 17 5 011 92471
0,02 0,05 0,002__09 006 0,04 014 006 0027 | 0011 0007 0007 11,9 24 06 10 4 016100702
0,04 0,04 0001 06 006 003 019 012 0,031 | 0012 0019 0014 | 121 38 10 15 3 0,15 95591
0,07 0,09 0,002 0,7 0,12 0,07 0,23 015 0,04 0,021 0013 0014 158 36 09 13 3 014 94144
0,05 0,05 0,001 _07 0,08 0,06 018 007 0023 | 0016 0006 0016 | 153 31 06 13 4 0,10 96969
[0,04 0,07 0,004 07 0,10 005|014 011 0,053 | 0,022 0,009 0015 | 60 21 05 08 2 015] 92491 |
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Zachyt déti s DMP v novorozeneckém screeningu

Pocet Kumulativni pocet
D zachyc%nych Prevalence |FPR (%) zachyc%nych Prevalenf:e’
pacientl v roce 2012 |2012 pacienti od r. (kumulativni)
v roce 2012 2010
PKU 20 1:5338 0,042 77 1:5729
MSUD 0 - 0,004 1 1:441 163
MCADD 6 1:17792 |0,005 26 1: 16 968
LCHADD 1 1:106 751 |0,001 8 1: 55 145
VLCADD 0 - 0,006 3 1:147 054
CPTI 0 - 0 0 -
CPT I/ CACT |0 - 0,001 0 -
GAl 0 - 0,003 3 1:147 054
IVA 0 - 0,010 2 1:220582
CF 18 1:5931 0,045 68 1:6488

K

Analyza 87 met+IS pro selektivni screening 50ti DMP

ALA Car €4DC,C50H
ALA-D4 Car-D9 €6DC, C70H
GLU [} c8-1
GLU-D5 C2-D3 c10-1
LEU c3 c12-1
LEU-D3 c3-D3 c14-2
MET ca c14-1
MET-D3 ca-p3 C140H
PHE cs c16-1
PHE-DS €5-D9 C16-10H
YR c5DC C160H
TYR-D4 C5DC-D6 c18-1
VAL c6 c18-2
VAL-D8 C6-D3 C18-20H
ARG c8 C18-10H
ARG-D7 c8-D3 C180H
ar c10 €10-2
CIT-D2 €10-D3 ca-1
GLY c12 CIT-NH3
GLY-C2N C12-D3 CIT-D2-NH3
ORN c14 PazPC
ORN-D6 C14-D3 lipid PC 01
TRP c16 PC 16-0-6
THR C16-D3 PC 16-0-8
ARGSUCC ci18 lipid PC 02
HIS c18-D3 PAPC
LYs €3DC,C40H PGPC
PRO C5-1 PoxnoPC
lipid PC 03
lipid PC 04
lipid PC 05

v o
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Tyrosinkinasové inhibitory
Lécba chronické myeloidni leukémie

Changed chromosome 9

=> inaktivni konformace proteinu
=> inhibice fosforylace Tyr
Normal => blokace signalnich drah
=> inhibice proliferace, apoptdza

chromosome 9 Chromosomes break
Changed
chromosome 22
Normal (Philadelphia
chromosome 22 | chromosome)
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Tyrosinkinasové inhibitory — LC/TMS

N,
o z CH,
e ~\ s HaC. HyC o gj
7\ M no—/" N N é( N
‘N\>~N\H H ‘Q\\N L \<\\(N H\N /\ ,\>‘N\ H/N
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\ i
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Vzorek: plasma + ZnSO4/MeOH/H20 => vortex, centrifugace

Interni standard:
Kalibrace, 1QC:

Instrumentace: UHPLC Dionex Ultimate 3000 RS + TMS ABSciex API 4000
Kolona: Acquity BEH C18 (Waters) 1.7 pm, 2.1 x 50 mm + 2.1 x 5.0 mm
Gadient: A) 4mM NH,COOH, pH 3.2 => B) MeOH
Podminky: 0.5 ml/min (< 450 bar); 40 °C; 2 uL; ESI+, MRM, 50 ms
ID Q1 Mass Q3 Mass CE
IMA 494.4 394.0 40
IMA-d8 502.4 394.0 40
DAS 489.1 402.1 45
DAS-d8 497.2 407.0 40
NIL 531.2 290.0 40
/\ NIL-d6 5362 | 2950 40

50 ng/mL IMA-D8 / DAS-D8 / NIL-D6 / LAP-D4 v MeOH
Chromsystems; 3+1 kal / 2 qc
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Tyrosinkinasové inhibitory — DI-ID/TMS

Vzorek:

Interni standard:

plasma + MeOH => vortex, zmrazeni, centrifugace

IMA-D8 / DAS-D8 / NIL-D6 / LAP-D4

m/z, Da

Time, min

Instrumentace: UHPLC Dionex Ultimate 3000 RS + TMS AB Sciex 5500 Qtrap
Podminky: AcCN+H20+FA, 300/30 uL/min; 0.5 uL; ESI+, MRM, 50 ms
44657 ... 7859 e
i E R 529.9»289,;.'. .
3 3 o == NIL:529.9 - 259.1
s '_'_;:mf:g:g*;%“; g & — NIL-D6: 5363 -+ 259.1 6
" 2.4e5 — IM-D8: 502.0 - 394.1 4.0e5 . NIL’?G: 53632661 [w)
— — IM-D8: 502.0 > 225.2 =TT o
o = =
8¢ - w
- |
: =
0 555 625 Time, min a5 o 025 Time, min e g;
o
~
4804 126 y ?_,
z : ] Do LAP:580.9 - 365.0 [N
g ;- DAS:488.0-401.0 3 I =e- LAPI5809-350.0 4
z — .- DAS: ~ 232, = - —— LAP-D4:586.1366.0
28e4 i ey (2 I = = LAP-D4:586.1 - 3519 a
— — DAS-D8: 497.0 - 237.0 R S
: [
N S —e— e — = -~
o/ . 3
o N =
00 00 B T, N
Time, min — 025 fime, min 045
K
Dasatinib - MRM3
¢ =315/100 ng/ml; LOD: 0.29 / 45 ng/ml
DP =50V
™ N o ] . ] CE=41V
.33?1; ’ ‘?xg.u 1' 'H?_}J 3 1'
Ay 2 572 %% 2.0 e uT:
Sip—— Al R LA Tann LT
fglis® - ] i e _ .
al : o 8 PSS N fill time = dynamic, <250 ms
o A T Py H b excitation = 25 ms, 0.13 V
" - - mass window = 0.5 Da
cl CH,
2566 347 (260) /C 401.0
NW‘N N‘ Y ol
cH;éJ S)\NHMN/-'\’»F“
2.0e6 A
e 427&-'/-211 7.5e4
OH é
§ 1566 2322 482 2
=z 8
2 161.0 5
£ 1.0e6 N
17602
5.0e5 258.0 319.2 427.0
J‘ leog_o " J 360.0 l
292.0
. WA " | 00
160 200 240 280 320 360 400 440 480 0.05 025 045
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Srovnani LC/MSMS vs. FIA/MSMS

v o

12090 IM Median: -12.50 609 NIL Median: 0.02
SD: 39.22 SD: 21.73
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e, Patient compliance”
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Zmeéna terapie

Imatinib
dr::a;; [200mg | 800 mg |

2500

/ 2320
2000 / 2040

1500

- /n 0

614 —IPL

500 ¥ 507

ng/mL

e Managment terapie

Months

v o

I 400 mg |600 mal
1460
1400 ——IAQ—HQWO
1200 /
1000

SR a8
800

00 649 661

1600

—+|PL

200
ng/mL

6 12 18 24 30 33 36 42 48 51 54 60  Months

$patna CR/MR & nizka hladina IM & dobra snasenlivost lécby
dobrd CR/MR & vysoka hladina IM & adverzni reakce

Multiple FIA

e 1.20e6
6.0e5.
6.00e5
3.0e5.
0.0] u m U 0.00
00 10 20 30 40 50 60 70 9.0 100 110 120 130 140
Time,
1.00e6 4000
5.00e5 2000
0.00 0
. J

10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time, min

A
02 04 06 08 10 12 14_16 18 20 22 24 26 28 30 32
Time, min

02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32
Time, min
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Imunosupresiva

Vzorek:

Interni standard:
Kalibrace, 1QC:
Instrumentace:
Kolona:
Gadient:
Podminky:

/
plna krev + ZnSO,/MeOH/H20 => vortex, centrifugace
10/100 ng/mL CYA-d4, TAC-d2, SIR-d3, EVE-d4 v MeOH
Chromsystems; 6+1 kal / 3 qc
UHPLC Dionex Ultimate 3000 RS + TMS ABSciex API 4000
Acquity BEH C18 (Waters) 1.7 um, 2.1 x 50 mm + 2.1 x 5.0 mm
A) 25mM NH,COOH, pH 3.0 => B) MeOH
0.4 ml/min (< 350 bar); 50 °C; 5 uL; ESI+, MRM, 50ms

5

172 1D Q1 Mass Q3 Mass CE
CYA-NH3 1219.8 1202.7 23

CYA-NH3-d4 1223.8 1206.7 23

TAC-NH3 821.4 768.5 29

TAC-NH3-d2 824.4 771.5 29

SIR-NH3 931.5 864.4 23

SIR-NH3-d3 934.5 864.4 23

EVE-NH3 975.5 908.4 25

EVE-NH3-d4 979.5 912.4 25

Imunosupresiva FIA-MS/MS

PIna krev - deproteinace (MeOH+IS+NH4FA), vortex, zamraZeni, centrifugace
MF: MeOH + FA, 200 ul/min, 30 bar; celkovy ¢as analyzy: 50 s
MS: ESI+, 4500 V, 300 °C, 200 ms; LOD: 1.6 ng/ml

10054 Cal3 = 297 ng/ml

Bland-Altman

100
80
60
40

20
50004

-20
-40
-60
-80
-100
-120

700

800

=1.1245x - LCx FIA
1200 y X - 21.339 - 800

R?=0.9868
1000

0 200 400 600 800 1000 1200

800
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Online SPE/FIA MS

RapidFire

RapidFire Mass Spectrometry

Ultra-fast autosampler &
online SPE system

» Replaces LC in LC/MS
» Reusable SPE cartridge

+ Integrates with standard ESI MS
instruments

» Cycle time = 7-13 s/sample
Compatible with biological matrices
+ Serum
+ Plasma
» Whole blood

« Urine

3.10.2014
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Extraction Method

RapidFire Features * S0 uL serum
« Crash with 200 pL acetonitrile containing deuterium
labeled IS
Ultra-fast Autoinjector + Vortex/Centrifuge
+ Standard 96 or 384-well plates - Remove 30 pL of supernatant and dilute with
* 10-pL injection loop 600 pL of mobile phase A.
Online SPE g X - * Done on a Hamilton Starlet — 96 well plate format
« SPE purification of protein precipitated
samples
« Fast & efficient cycling
« Cartridge changer (6 slots) o

- Cartridge packing material

+ C4, C8, C18, Phenyl, Cyano

« HILIC

» Custom
— Automatic or programmed switch
- 24-hour unattended runs

Vlastnosti

* Matrix effects: 0,33 (Cocaine metabolite in urine,
same for IS — compensation)

* Linear range: 25-5000 ng/ml (amphetamines in
urine)
* 1-100 ng/ml (antiepileptics in serum)
* Carry over: not significant (or inject blank after
high-conc. Sample)
* Accuracies: <10%

* Stability for >2000 injections (cartridges, precision
<3%)

3.10.2014
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Projects done

* Benzodiazepines in urine (app. note)

* Antiepileptics in serum (app. note)

* Amphetamines in urine (app. note)

* Tricyclic antidepressants in serum (app. note)

* Voriconazol (antimycotic) in serum

* Metabolites of cocaine and midazolam in urine

(app. note)

e Tacrolimus in whole blood

Mass Spec Time Savings: 97%

QQQ Run Time

Turbo-flow Method Rapidfire Method

Estimated consumables annual cost savings: $205,000

[[[[[

3.10.2014
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TKI — Online SPE/FWA MS

W XIC of +MRM (16 pairs): 494.000/394.000 Da ID: Ima from Sample 1
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TKI - Online SPE/FIA MS

W XIC of +MRM (16 pairs): 488.900/401.000 Da ID: das1 from Sample 1 (sequencel) of batch0929143

5.0e4
4.8e4-
4.6e4-
4.4e4- 5.06
4.2e4-
4.0e4-
3.8e4-
3.604-

3.4e4-
© 324
o
© 3.0e4+

> 2.804]
i 2604
© 2.4e4]
= 22e4
2.0e4-]
1.8¢4
1.6e4
1.4e4]
1.2e4
1.0e4
8000.0] '

6000.0
4000.04 ’

2000.0Y

[

7

i

8.

0|

0

il

562
15.86

0.
0.0 1.0 2.0 3.0 4.0 5.0

7.0

8.0

9.0
Time, min

13.0 14.0

150 16.0 17.0

3.10.2014

14



TKI - Online SPE/FIA MS

Response (Ax/Ais)

imatinib Dasatinib
3 A 100 »
y=1.2352x 2 y = 23.272x
R? = 0.9997 < R? = 0.9948
< /
A 2 16
0.01 j’l// 1 5 /
2
7
3
['4
’ 0001 001 01
1 .
Concentration (Cx/Cis) Concentration (Cx/Cis)
Nilotinib
y =0.8814x
: R2=0.9999;
0.01 0.1 10
o
< =3
%
< /
@
3
H 1
5 1
2
2
3
o
C (Cx/Cis)

Turboflow chromatography

- Optimized turbulent flow — high flow rates

- Size exclusion/inclusion

- RP chromatography

10 i’
x

,. -
T - SPE
»

be " T TNE T T T e e e e

—

Large molecules
flow to waste
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Turboflow chromatography

Liquid-Liquid Extraction (LLE) Solid Phase Extraction (SPE) Protein Precipitation (PPT) TurboFlow Method

7 0|

1. Aliquot of sample 1. Aliquot of sample 1. Aliquot of sample 1. Aliquot of sample
2. Spike with IS 2. Spike with IS 2. Spike with IS 2. Spike with IS
3. Add buffer 3. Add0.1N HCL 3. Add acetonitrile 3. Centrifuge
4. Add MTBE 4. Condition sorbent 4. Centrifuge 4. Inject onto column
5. Shake 10 min 5. Add sample to sorbent 5. Remove supernatant
6. Centrifuge 6. Wash 6. Reconstitute
7. Remove organic 7. Evaporate 7. Transfer to plate
8. Evaporate to dryness 8. Reconstitute 8. Inject onto column
9. Reconstitute 9. Transfer
10. Transfer to plate 10. Inject onto column
11. Inject onto column
s
I A S W AR » M ) “Wn MA,,‘ mp‘lv" VY
o W 1200
- [ MWL “
o w N ® v || @
3 ow HEO
E x g | I
o £ o y
Time (min) Time (min) 2 [ime (min) E
TurboFlow Method Rat Plasma PPT Rat Plasma SPE " Rat Plasma
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