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APLIKACE HMOTNOSTNIi SPEKTROMETRIE V MULTIMODALNIi ANALYZE
METABOLOMU ROSTLINNYCH MIKROVZORKU

PETRA KREJCiA, JANA NADVORNIKOVAA, ZBYNEK ZINGORA, STEPAN DOSTALA, DOMINIKA
VYSLOUZILOVAA, LUCIE KOBRLOVAB, PETR SMYKAL® A PETR BEDNARA

@Katedra analytické chemie, Pfirodovédecka fakulta, Univerzita Palackého, 17. listopadu 12, Olomouc, 771 46,
Ceska republika
bkatedra botaniky, P¥irodovédecka fakulta, Univerzita Palackého, Slechtitelti 27, 783 71, Olomouc, Ceska
republika

email: petra.v.krejci@gmail.com

Vyvoj nového spolehlivého protokolu pro multimodalni analyzu metabolickych zmén
rostlinnych mikrovzork(i byl stanoven jako hlavni cil zde prezentovaného studentského
vyzkumu. Nezastupitelnou roli v uréeni a identifikaci celych skupin metabolitl a pozorovani
zmén metabolomu v disledku pUsobeni externich faktor( (napf. UV zareni) méla hmotnostni
spektrometrie. Hmotnostni zobrazovani s vyuZitim laserové desorpce/ionizace (LDI-MSI)
umoznilo rychly screening povrchu studovanych mikrovzorkQi ve vztahu k degradacnim
procestim. Pokrocilé hmotnostné spektrometrické zobrazovani bylo umoZnéno vyuZitim
ionizace desorpcnim elektrosprejem (DESI-MSI). Pro ucely rychlé a pfimé analyzy pevnych
mikrovzork( byla laboratorné modifikovdna préba pro hmotnostni spektrometrii se sondou
pro analyzu pevnych vzork( za atmosférického tlaku (ASAP-MS). Soucasné bylo vyuZito spojeni
hmotnostni spektrometrie se separacnimi technikami - vysoko-uc¢innou kapalinovou
chromatografii (HPLC/MS) a plynovou chromatografii (GC/MS) za ucelem analyzy
pripravenych mikroextraktl a pyrolyzni plynovou chromatografii (PyGC/MS) pro pfimou
analyzu mikrovzorkd.

LDI-MSI analyza poskytla informaci o chemické odlisnosti hila (specificka oblast osemeni
s odliSnou strukturou a chemickym slozenim) izolovaného z hrachu setého oproti pfilehlému
pletivu. Na povrchu hila byly identifikovany rozmanité estery fenolickych kyselin a alkoholt
s dlouhymi fetézci (20 - 28 uhlik(), prikladem takové struktury je ester kyseliny kavové a
tetrakosanolu jehoz signal se ztraci v dusledku vystaveni vzork( vnéjsim vlivim. Pomoci rychlé
ASAP-MS analyzy byly identifikovany nejen vyse uvedené estery, ale i dalsi skupiny metabolitd,
které jsou zapojeny v obrannych procesech. Jedna se o mastné kyseliny s dlouhymi fetézci a
jejich hydroxylové derivaty (napr. oktakosanova, hydroxy- a dihydroxyoktakosanova kyselina).
Naopak mastné kyseliny s kratSim retézcem (palmitovd, stearovad atd.) byly ve vzorcich
pozorovany i po plsobeni vnéjsich faktort beze zmén intenzit signald. Soucasné bylo nalezeno
znacné mnozstvi steroidnich latek (B-sitosterol, stigmasterol atd.) vyskytujicich se v
mikrovzorcich osemeni a s vyuzitim cyklické iontové mobility (Cyclic IMS, Waters) byla
identifikovana cela rada fenolickych latek (katechin, sinapova kyselina, luteolin atd.).
Dosazené vysledky jsou v souladu s informacemi ziskanymi ze separacnich analyz. GC/MS
analyza polarnich mikroextrakt( navic poskytla dopliujici informace o pritomnosti cukernych
latek (napf. arabinosa, erythritol a glukonova kyselina), zatimco HPLC/MS analyza pomohla
odhalit latky jejichz normalizovana intenzita signdlu signifikantné narostla (myricetin,
xanthoxin atd.) nebo se naopak sniZila (camalexin, robinetidinol atd.) v dlisledku vystaveni
studovaného materialu vnéjsim stresovym faktorim. Pokrocilé DESI-MSI experimenty
umoznily zobrazit rozloZeni vybranych skupin metabolitd na povrchu studovanych
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mikrovzork(. PyGC/MS je v soucasnosti aplikovana ke studiu cukernych sloZzek bunécné stény
a dosazené vystupy jsou porovnavany s ASAP-MS technikou a GC/MS analyzou.

Vyuziti hmotnostni spektrometrie v kombinaci s odliSnymi ioniza¢nimi technikamia jeji
spojeni s technikami separacnimi se zda byt vhodnym pristupem pro sledovani metabolického
profilu v multimoddlni analyze zahrnujici vcelém svém konceptu mikromanipulaci,
mikroskopickou analyzu a neinvazivni a invazivni analytické techniky. Vystupy z jednotlivych
pristupll se vzajemné doplnuji a poskytuji ucelenou informaci o metabolomu studovaného
rostlinného materidlu. Soucasné jsou ziskavany cenné informace o ochranné funkci vybranych
metabolitd v plsobeni proti vnéjsim faktorim.

Podékovadni patfi OP RDE projektu DSGC-2021-0102: “Multimodal analysis of plant metabolites and their
degradation products in microsamples” (CZ.02.2.69/0.0/0.0/19_073/0016713).



LIPIDOMICKA ANALYZA INFEKCNIHO ZANETU V SYNOVIALNi TEKUTINE
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Synovialni tkan je hlavnim cilem zdnétu u revmatoidni artritidy, spondyloartropatii,
osteoartrdzy (OA) i infekénich artritid. Odpovida mimo jiné za tvorbu synovialni tekutiny, kterd
je tésném kontaktu se vSemi kloubnimi kompartmenty. Tim se stdvd mimoradné uziteCnym
materialem ke klinické diagnostice i vyzkumnym ucelim pro posouzeni aktudlniho stavu
postizeného kloubu, ale i stupné jeho poskozeni. Ve vypotku se s nardstajici intenzitou a
typem zanétu méni mnoZstvi a zastoupeni imunitnich bunék, synovialis hypetrofuje, dochazi
k proliferaci a hyperplazii bunék vystelkové vrstvy, k fibrotizaci a zvySené vaskularité
podkladové vrstvy, coZ byva spojené s invazi imunitnich bunék. Rychlé a presné odliseni
infekéniho od aseptického zdnétu je klicové pro spravny lé¢ebny postup.

S ohledem na komplexni patofyziologické zmény v souvislosti se zanétem v synovidlni tkani a
okolni tekutiné se nabizi studovat tyto procesy z pohledu lipidomiky. Lipidy jsou bioaktivni
molekuly, které se v bunikach podili na signalizaci a regulaci mnoha procest jako je bunécna
smrt, proliferace nebo pravé zanét. Dalsim faktorem je vliv rezidentnich nebo rekrutovanych
imunitnich bunék, které mohou v synovialni tkani vyluCovat bioaktivni lipidové mediatory.
Mimo zndamé zastupce pro- a proti- zanétlivych lipid( jako jsou oxylipiny, nebo volné a vazané
polynenasycené mastné kyseliny se vposledni dobé ubird pozornost také ke
glycerofosfolipidlim a sfingolipidim, které byly v souvislosti se zanétem doposud studovany
méné. V nedavnych studiich byly objeveny nékteré prozanétlivé glycerofosfolipidy, ale také
specifické ceramidy, které jsou pfi zanétlivych procesech zvysené, zatimco jiné ceramidy,
sfinganin a dihydroceramidy byly spojeny se snizenim zanétu.

Cilem nasi studie bylo vyhodnotit potencial lipidomické analyzy synovidlni tekutiny
v diagnostice infekéniho zdanétu a na zdkladé zmén v lipidomu popsat jeho patobiochemicky
mechanismus na urovni lipidQ. V pilotni studii bylo analyzovdno 14 vzork( s prokdazanym
infekénim zanétem a 96 vzork( synovialni tekutiny ziskané od pacientd s OA. Pomoci
pseudocilené lipidomické analyzy RPLC(C8)-MS/MS(QTRAP) se simultannim prepinanim
polarit bylo v synovidlni tekutiné identifikovdno a semikvantifikovano pres 650 lipidu
spadajicich do 20 lipidovych tfid a podtfid. Na zdkladé supervizovaného vicerozmérného
statistického modelu OPLS-DA byly vzorky sinfekénim zanétem klasifikovany se 100 %
Uspésnosti. Lipidom vzorkd sinfekénim zanétem vykazoval snizené hladiny specifickych
lysofosfatidylcholinl a hexosylceramid(i a naopak zvySené byly hladiny fosfatidylcholind a
lysofosfatidylcholinovych plasmalogen(. Ziskané vysledky napomohou lepSimu porozuméni
patobiochemické a patofyziologické povahy infekéniho procesu v synovidlnim kloubu.
V ptipadé replikace nasich vysledk( se nabizi zavedeni metody do klinické praxe, coz by mohlo
dale zpresnit diagnostiku a terapii infekénich artritid.

Grantovd podpora: MZ CR AZV NU20-08-00367 a AZV NU21-06-00370.



CHEMICAL DERIVATIZATION OF LIPIDS: INTERNAL STANDARD PER EACH
ANALYTE

PETERKA O., JIRASKO R., VANKOVA Z., HOLCAPEK M.

University of Pardubice, Faculty of Chemical Technology, Department of Analytical Chemistry, Studentska 573,
532 10 Pardubice, Czech Republic

Chemical derivatization of lipid functional groups can improve extraction efficiency,
chromatographic separation, and sensitivity. Benzoyl chloride is a non-hazardous
derivatization agent with high reactivity for several functional groups producing esters with
the hydroxyl group, amides with the amino group, and anhydrides with the carboxylic group.
The benzoylation method increased the sensitivity 2 to 10-fold for almost all investigated lipid
classes and even more than 100-fold for monoacylglycerols compared to the non-
derivatization approach. Moreover, it helps to easier identification and accurate quantitation
using H/D pooling, which means the mixing of non-labelled derivatives (H) and labelled
derivatives (D) in the same ratio. Reversed-phase liquid chromatography enables to resolve
isomeric lipids, such as the fatty acyl level and fatty acyl positions on the glycerol skeleton, but
for accurate quantitation must be used a large number of internal standards. Our
derivatization method creates an internal standard per each derivatized lipid and coelution of
analyte and standard (ART % 0.1 min), ensuring the same matrix effect and ionization
efficiency. Labeled derivatives are used as an internal standard mixture, producing the
identical lipidomic profile and corresponding concentration for all analytes. The created
doublets in the mass spectrum with known Am/z facilitate identification and bring the next
parameter for a high confidence level of the identification. The method was validated and
used for targeted quantitative analysis and lipidomic differences between healthy controls
and cancer patients were investigated.

This work was supported by Czech Science Foundation (GACR) project No. 21-20238S.



HYDROGEN-DEUTERIUM EXCHANGE: THE EFFECT OF DOMAIN ORDER ON
MODULATION OF FUSION TWO-DOMAIN PROTEINS STRUCTURE AND ITS
DYNAMICS

JAKUB SYS%2, KRISTYNA BOUSOVA3, MARTIN HUBALEK?, JIRI VONDRASEK3

! Department of Biochemistry and Microbiology, University of Chemistry and Technology Prague, Technicka 5,
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The properties of the majority of proteins are determined by protein domains embedded in their
sequences and hypothetically, each domain structure or function could be more or less influenced by
close domain neighbours. To address this hypothesis, we used hydrogen-deuterium exchange
structural method (HDX-MS) to investigate possible perturbations in structure of PDZ3 domain of
Zonula occludens-1 protein (PDZ3). This domain has a natural peptide ligand with known binding site.
We took PDZ3 domain and fused with TrpCage, in silico designed artificial domain, in both forward
(PDZ3-TrpCage: PsLT) and reverse (TrpCage-PDZ3: TILP) version of protein sequence. Our aim was to
determine peptide regions directly influenced by TrpCage presence and find the differences between
PsLT and TILP proteins. Using HDX-MS we identified the PDZ3 regions with increased accessibility in
PsLT and TILP showing that TrpCage destabilizes the PDZ3 structure. Moreover, the PDZ3 peptides with
different behaviour in PsLT compared to TILP were localized in ligand binding site suggesting that
TrpCage affects also function of PDZ3. Subsequently, it was confirmed by further experiments
with JAMAPG6 ligand, which, surprisingly, counteract the effect of TrpCage more effectively in TILP
compared to PsLT. According to our results, we suggest the methodology how to study the domain
structural differences in the context of other domains using HDX-MS.



ANALYZA STEROIDNICH HORMONU V LIDSKE PLAZME, PROSTATICKE A
TESTIKULARNI TKANI

MARKETA SIMKOVAAB, LUCIE KOLATOROVAA, PAVEL DRASARB, JANA VITKUA

2Endokrinologicky Ustav, Narodni 8, 11694, Praha
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Vyvoj robustni a rychlé metody s jednoduchou pfipravou vzorkd pro analyzu Cis-, Cig-, Caa-
steroidi je prfedmétem zdjmu mnoha vyzkumnych skupin. Je zndmo, Ze koncentrace
steroidnich hormonU v krvi pIné nereflektuji aktudlni situaci v misté svého ucinku. Analyza
intraprostatickych a intratestikularnich steroidli tak hraje zasadni roli v mapovani
patofyziologickych stavli muzského reprodukéniho systému

Cilem studie bylo vyvinout a validovat robustni LC-MS/MS metodu pro analyzu steroidnich
hormonu v lidské plazmé, a nasledné ji optimalizovat pro analyzu v prostatické a testikularni
tkani.

Vyvinutd metoda umoznuje kvantifikaci 22 steroid(i bez nutnosti jakékoli derivatizace a dalSich
10 steroid( derivatizovanych 2-fluor-1-methylpyridinium p-toluensulfonatem. Separace
analytl bylo dosaZzeno na reverzni fazi s vyuzitim kolony Kinetex C18 (100 mm x 3.0 mm, 2.6
pum) pfi gradientové eluci v systému methanol-voda s pfidavkem 0,1% kyseliny mravenci pro
podporu pozitivni ionizace molekul.

Validace v plazmé prokazala, Ze metoda je pouZitelna pro kvantitativni analyzu dvou C18-
steroid(i (estron, estradiol), devatenacti C19-steroid(i (testosteron, epitestosteron,
dihydrotestosteron, 11-ketodihydrotestosteron, 11p-hydroxyandrostendion, 11p-
hydroxytestosteron, 11-ketestosteron , dehydroepiandrosteron (DHEA), 7a-hydroxyDHEA,
7B-hydroxyDHEA, 7-ketoDHEA, androsteron, epiandrosteron, androstendion, androstendiol,
5a-androstan-3a,17B-diol, 5a-androstan-3B,17B-B-diol 3a,17B-diol, 5B-androstan-3[3,17-
diol) a jedenacti C21-steroid(l (kortizol, 21-deoxykortizol, 11-deoxykortizol, kortizon,
kortikosteron,11-deoxykortikosteron, pregnenolon, prognenolon, prognenolon,
prognenolon, prognenolon, 17-hydroxyprogesteron, 5a-dihydroprogesteron). Dolni limity
kvantifikace v plazmé se pohybuji od 0,017 do 7,32 ng/ml. Validaéni parametry (specificita,
reprodukovatelnost, opakovatelnost, vytéZznost) a vysledky stabilitnich testl jsou v souladu se
smeérnicemi FDA.

Byly testovany rlizné zpUlsoby preanalytického zpracovani tkani, optimalizované podminky pro
analyzu prostatické a testikularni tkané budou diskutovany.

Simkova, M.; Kolatorova, L.; Dragar, P.; Vitkd,J., An LC-MS/MS method for the simultaneous quantification of 32 steroids in
human plasma. Journal of chromatography B, Volumes 1201-1202, 2022.

Podporeno granty AZV CR NU21J-01-00040 a MZ CR — RVO (Endokrinologicky tstav - EU, 00023761).



LIPIDOMIC PROFILING OF BIOLOGICAL SAMPLES: REVERSED-PHASE
UHPLC/MS AS A TOOL FOR QUANTITATIVE ANALYSIS

ZUZANA VANKOVA, ONDREJ PETERKA, ROBERT JIRASKO, MICHAL HOLCAPEK

University of Pardubice, Faculty of Chemical Technology, Department of Analytical Chemistry, Studentska 573,
532 10 Pardubice, Czech Republic

Lipidomics is a subgroup of metabolomics aimed at the analysis of lipid species. Lipids play
important roles in cells, and their dysregulation is related to serious diseases, e.g., various
types of cancer. Mass spectrometry is the primary technique for lipid analysis, and the
connection with separation methods enables the identification and quantification of a large
number of lipids from various lipid categories. This work aimed to develop a robust and high-
throughput quantitative method for the analysis of serum samples of pancreatic ductal
adenocarcinoma (PDAC) patients. The experiments were performed using reversed-phase
ultrahigh performance liquid chromatography coupled with high-resolution mass
spectrometry (RP-UHPLC/MS). The regular retention behavior of logical series differing in the
number of carbon atoms or double bonds in RP mode supports highly confident identification.
Moreover, this methodology can distinguish isobaric molecules and thus provide more
comprehensive coverage of lipidomic quantitation in comparison to the lipid class separation
approaches. For the quantification of individual lipids, a mixture of 29 internal standards from
14 lipid subclasses was used. Data were processed utilizing Waters tools. Simca software was
applied for multivariate data analysis, where statistical projection methods (e.g., PCA, OPLS-
DA, S-plot, VIP values, and box plots) were applied to visualize the results. A simplified lipid
metabolism network (created in Cytoscape software) presents the T-test results used to
compare healthy controls and cancer patients.

This work was supported by the Czech Science Foundation (GACR) project No. 21-20238S.



SEKCE PLAKATOVYCH SDELENI

Sdéleni s lichymi poradovymi Cisly budou prezentovana v Utery 6. zari 2022, 13:00 - 13:45 a ve Ctvrtek
8. z4ari 2022, 18:30 - 19:15. Sdéleni se sudymi pofadovymi Cisly budou prezentovana v uUtery 6. zafi
2022, 18:15 - 19:00 a ve Ctvrtek 8. zati 2022, 13:00 - 13:45. Tti nejlepsi plakatova sdéleni budou
ocenéna ,,Cenou za nejlepsi plakatové sdéleni” . Vyherci ziskaji hrazeny registracni poplatek na pristi
Skolu hmotnostni spektrometrie v roce 2023. Sponzorem soutéZe je spole¢nost Pragolab s.r.o.

1. Bednafrik A., Koktava M., Valasek J., Bezdekova D., Prysiazhyi V., Adamova B., BeneS P.,
Navratilova J., Hendrych M., VI¢ek P., Preisler J.

Zobrazovaci hmotnostni spektrometrie mastnych kyselin a jejich izomer( metodou laserové ionizace
za pomoci oxidu kovu.

2. Bilkova A., Knapova P., JirouSova D.
Stanoveni captanu metodou LC-MS/MS v jablkach

3. Crha T., Pazourek J.

Determination of carbohydrates profile in milk and special infant’s formulas by HPLC with ELS and MS
detection

4, Hladik P., Péncik A., Petfik I., Zukauskaite A., Novak O.

Kvantitativni analyza novych indolovych sloucenin v rostlinach

5. Hoftejsi K., Chunsheng J., Vankova Z., Jirdsko R., Strouhal O., Melichar B., Teneberg S., Hol¢apek
M.

Comprehensive Characterization of Glycosphingolipids in Human Pancreatic Cancer Tissues Reveals
Different Lipid Profiles

6. Chmelarova H., Catapano M. C., Novakova L.
Porovnani profild necistot v ptipravcich levothyroxinu s vyuzitim UHPLC-DIA-HRMS

7. lvanovova E., Piskldkova B., Friedecka J., Krystynik O., Friedecky D., Karasek D.

LC-MS/MS analyza mastnych kyselin s kratkym fetézcem a jejich derivat(i v plasmé Zen s gesta¢nim
diabetes mellitus

8. Kaleta M., Oklestkova J., Novak O.
Simultaneous determination of neuroactive steroids in human serum by UHPLC-MS/MS

9. Koktava M., Bednarik A., Preisler J.

Porovnani dvou technik stanoveni tékavych latek: ionizace pomoci iontl kovl a ionizace
nizkoteplotnim plazmatem

10. Kolarova D., Peterka 0., Jirdsko R., Holcapek M.

Hydrophilic Interaction Liquid Chromatography - Mass Spectrometry for Distinguishing Isomeric
Classes of Sphingolipids in Human Plasma
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11. Kuéera L., Moos M., Stétina T., Korbelovd J., VodraZzka P., Des Marteaux L., Grgac R., Hila P.,
Rozsypal J., Faltus M., Simek M., Sedlacek R., Kostal V.

A mixture of innate cryoprotectants is key for freeze tolerance and cryopreservation of a drosophilid
fly larva

12. Machova L., Svarcova M., Jasica A., Awokunle Holla S., Grasserova A., Semerad J., Cmokova A.,
Kolarik M.

Solving the mystery of the intriguing odor of dermatophytes

13. Meledina A.

Vyvoj proteomickych technik pro rozliseni Zivo¢isného plvodu recentnich a historickych kosti
14. Novotny O., Pejchar P., Pleskot R., Kfenkova A., Hubalek M., Ku¢kova S., Potocky M.

Proteomic analysis of phospholipid-binding proteins in the regulation of plant cell polarity

15. Pecinka L., Moran L., Bfezina A., Vessela T., Gabrielova V., Havel J.,
Marchetti-Deschmann M., Hampl A., Vaiihara P.

Derivatization strategies for sensitive monitoring of small molecules on tissue samples

16. Pilafova, V., Plachk3, K., Gazarkova, T., Novakova, L.

Make-Up Solvent Effect on SFC Response Using Single and Triple Quadrupole

17. Ulehloval., Pisklakova B., lvanovova E., Prochazkova J., BradacovaP.,
Kvasnicka A., Friedecky D., Slavik L.

LC-MS/MS stanoveni pfimych peroralnich antikoagulans v plasmé lupus pozitivnich pacientd

18. Plachkaj, K., Pilafova, V., Gazarkova, T., Novakova, L.

The Effect of Make-Up Solvent Composition on SFC-MS Responses: Electrospray vs Unispray

19. RehulkaP., Vozandychova V., Viykydalova I., Rehulkova H., Klimentova J., Pudil R.,
StulikJ.

LC-MS analyza proteinovych profill plasmatickych vzork( pacientl s dilatacni kardiomyopatii pomoci
isobarického znaceni peptidd

20. Sedlackova S., Hubalek M., Vrkoslav V., Blechova M., Cvacka J.

Bottom-Up Proteomics by High-Performance Liquid Chromatography Atmospheric Pressure Chemical
lonization and Photoionization using Diethyl Ethoxymethylenemalonate Derivatization

21. Selicova H.

Vyvoj metody pro sledovani nespecifickych proteinovych markerd porusené strevni integrity u
pacientd s IBD pomoci uHPLC-ESI-QqQ-MS/MS
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1. ZOBRAZOVACIi HMOTNOSTNi SPEKTROMETRIE MASTNYCH KYSELIN A
JEJICH 1IZOMERU METODOU LASEROVE IONIZACE ZA POMOCI OXIDU KOVU

BEDNARIK A.1, KOKTAVA M.1, VALASEK J.1, BEZDEKOVA D.%, PRYSIAZHYI V.1, ADAMOVA B.2,
BENES P.2, NAVRATILOVA J.2, HENDRYCH M.3, VLCEK P.4, PREISLER J.1

1 Ustav chemie, Pfirodovédecka fakulta, Masarykova univerzita, Brno
2 Ustav experimentalni biologie’ P¥irodovédecka fakulta, Masarykova univerzita, Brno
3Prvni Ustav patologie, Fakultni nemocnice u sv Anny v Brné&, Brno
4Prvni ustav chirurgie, Fakultni nemocnice u sv Anny v Brné, Brno

e-mail: buhbedna@gmail.com

Lipidy predstavuji jednu ze zékladnich sloZek Zivych organism( a slouZi jako stavebni prvky biologickym
membran, zdsoba energie a podilejici se na celé rfadé biochemickych procesli véetné bunécné
signalizace a exprese gend. SloZeni lipidl, véetné jejich izomer(, odrazi aktudlni stav organizmu a
detailni charakterizace lipidomickych profild mUzZe byt klicova pfi studiu nddorovych onemocnéni. K
objasnéni struktury izomer( lipidd se v dnesni dobé pouZivaji rdzné derivatizacni metody (Paterno—
Blchi reakce, ozonizace, epoxidace) nebo specialni disociacni techniky (fotodisociace ultrafialovym
svétlem UVPD, elektronova disociace El). Velky vyznam ma také studium rozloZeni jednotlivych lipidd
v tkdnich, které umoznuje zobrazovaci hmotnostni spektrometrie (MSI).

Vtéto praci prace jsme vyvinuli techniku MSI mapovani mastnych kyselin a jejich izomer(
v biologickych tkanich. Technika vyuZiva laserovou desorpci a ionizaci za ucasti oxidu kovu (MOLI),
konkrétné nanoprasku oxidu cericitého, v kombinaci s off-line ozonizaci ke stanoveni mastnych kyselin
a jejich izomer(. Katalytické vlastnosti CeO, umoZiiuji Stépeni esterovych vazeb fosfolipid( pfi ozareni
UV laserem, cozZ vede k produkci iontd mastnych kyselin, které lze pfimo sledovat v negativnim MS
modu. BEhem MOLI procesu po ozonizaci dochazi také ke Stépeni vzniklych ozonidd nenasycenych
mastnych kyselin za vzniku specifickych iontld umoziujicich urcit polohu dvojné vazby.

MOLI MSI bylo provedeno ve dvou krocich. Nejdfive byly fezy studovanych tkani (mysi mozek a lidské
stfevo s adenokarcinomem) presprejovany suspenzi CeO,. Nasledné byla provedena prvni MOLI MSI
analyza, ktera ukazala rozloZzeni mastnych kyselin ve vzorku. Nasledni byl vzorek vystaven plsobeni
ozonu produkovaném v mnoZstvi 7 g/h po dobu 2 min. Po reakci sozonem, ktery reaguje
s nenasycenymi mastnymi kyselinami za vzniku ozonidd, byla provedena ze stejné tkané druhé MOLI
MSI analyza. Vzniklé ozonidy byly béhem MOLI procesu fragmentovany za vzniku 4 specifickych iontd
pro jednotlivé izomery liSici se polohou dvojné vazby. Nasledné byly rekonstruovany mapy ukazujici
pomeér specifickych iontl izomerni kyseliny olejové FA 18:1 (A9) a kyseliny vakcenové FA 18:1 (A11) a
na zadkladé modelovych vzork( byl vypocitan procentudini obsah téchto izomer( ve vzorcich. Obsah
kyseliny vakcenové v mysim cerebellu byl 20 + 3%, v Sedé hmoté 18 + 3% a v bilé hmoté 13 + 2%. Ve
zdravé tkani lidského stfeva byl vypocitan nizsi obsah vakcenové kyseliny (3.3 + 1.1%) v porovnani
s adenokarcinomem (4.3 + 1.1%).

Za finanéni podporu dékujeme Grantové agenture Ceské republiky (19-20927Y) a Evropskému fondu pro
regiondlni rozvoj (projekt ENOCH CZ.02.1.01/0.0/16_019/598 0000868).
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2. STANOVENI CAPTANU METODOU LC-MS/MS V JABLKACH

BILKOVA A., KNAPOVA P., JIROUSOVA D.

VYZKUMNY A SLECHTITELSKY USTAV OVOCNARSKY HOLOVOUSY s.r.o.

e-mail: Aneta.Bilkova@vsuo.cz

Screening vzorkl potravin na kontaminujici latky, jako jsou pesticidy, vyZzaduje pouziti technik GC-MS
a LC-MS. Mezi problematické analyty pro GC-MS analyzu rezidui pesticidi patfi thioftalimidové
fungicidy. U¢inna latka captan patii pravé mezi fungicidy ze skupiny ftalimid@, ktera potlacuje réist
mycelia a sporulaci houbovych patogen. Legislativné je definovan jako ,captan (suma captanu a THPI,
vyjadreno jako captan)”. KdyzZ je captan vystaven urcitym fyzikdlné-chemickym podminkam, napfiklad
vysoké teploté nebo nahlé zméné pH matrice, je degradovan na metabolit tetrahydroftalimid (THPI).
Pfi GC-MS nebylo mozné stanovit captan, nebot pravdépodobné dochazelo k rychlé degradaci v
prostoru inletu za podminek solvent vent ndstfiku pouzZivanych pro multirezidudIni analyzu rezidui
pesticidl. Byla tedy optimalizovana a validovana metoda LC-MS/MS pro stanoveni captanu a THPI. Pro
pripravu vzork( byla pouZita extrakéni metoda QUEChERS. Identifikace a kvantifikace bylo dosazeno
pouzitim ionizace elektrosprejem v reZimu MRM v pozitivni (captan) a negativni (THPI) ionizaci.

Limit kvantifikace (LOQ) byl pro captan 0,005 mg/kg a pro THPI 0,010 mg/kg, coz je velice hluboko pod
MLR pro jablka (10 mg/kg). Vytéznosti pfi rGznych koncentracich (0,005; 0,010 a 0,080 mg/kg) se pro
captan pohybovaly v rozmezi 91 aZz 97 % a pro THPI 93 aZ 101 % v jablkach. Opakovatelnost vyjadifena
jako relativni smérodatna odchylka byla do 5,3 %. Pro kompenzaci matricnich efektd byla pouZita
matriéni kalibrace. Z dosavadnich zkusenosti a vysledkd mezilaboratornich porovnavacich zkousek je
zfejmé, Zze LC-MS/MS je vhodnou metodou pro analyzu rezidui captanu v ovocnych extraktech.

Tato studie vznikla za podpory projektu Ministerstva zemédélstvi Ceské republiky (RO1522).
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3. DETERMINATION OF CARBOHYDRATES PROFILE IN MILK AND SPECIAL
INFANT’S FORMULAS BY HPLC WITH ELS AND MS DETECTION

TOMAS CRHA %, JIRI PAZOUREK 1

1Department of Chemical Drugs, Faculty of Pharmacy, Masaryk University

Key words: HILIC; ELSD; MS; lactose; carbohydrates; milk; infant’s formulas

Lactose is a disaccharide, commonly called "milk sugar", composed of galactose and glucose subunits.
This disaccharide, present in a higher content among milk carbohydrates, is the most important
carbohydrate for infants. When digested it is cleaved by lactase (a hydrolase) into the
monosaccharides. The aim of this work was mainly to develop and apply an HPLC method for lactose
determination. If the sample contains other sugars such as glucose, galactose, sucrose or
maltodextrins, they can also be identified and quantified.

Lactose was determined in commercially available whole cow's milk samples and selected neonatal
dairy diets. Milk treated with high temperature (UHT, ultra—high temperature; special types of milk)
could contain lactulose, a synthetic isomer of lactose.

Today, HPLC in the HILIC mode (hydrophilic interaction liquid chromatography) is relatively often used
in the pharmaceutical research. In HILIC mode polar analytes (in our case carbohydrates) can be
retained and separated, which is not easy with normal reverse phase chromatography. The stationary
phase used in the HILIC mode is silica, typically modified with polar groups (hydroxy, amine, amide,
zwitterionic). The mobile phase is usually a mixture of water (or aqueous buffer) and excess of
acetonitrile. After optimizing the composition of the mobile phase (acetonitriie—ammonium formate
buffer, which is an MS—compatible mobile phase), carbohydrates can be quickly separated. However,
since carbohydrates do not contain any suitable chromophore in their structure, a conventional UV—-
detector (without derivation) is unusable and thus, except an MS detection, an evaporative light-
scattering detector (ELSD) can be advantageously used.

A HPLC-ELSD method was developed on a Dionex UltiMate 3000 HPLC system (ThermoFisher
Scientific, USA) with a HALO Penta—HILIC 4.6 x 150 mm column (AMT, USA) with a stationary phase of
modified silica particles with a maximum size of 2.7 um and an ELS detector Varian 380—LC (Varian,
USA). Chromeleon and MS Excel software were used to evaluate the obtained data.

The optimized conditions of the method were as follows: the column thermostat temperature was 10
°C, the mobile phase was acetonitrile mixed with 30 mmol/l ammonium formate buffer, flow-rate was
2 ml/min (gradient elution was used). Detection conditions ELSD nitrogen flow was 1 slm, temperature
of the nebulizer and evaporator were 40 °C.

Under these conditions, the method can determinate lactose in 13 minutes with lactose—lactulose
resolution 1.70; peak area repeatability 2.7%; lactose retention time repeatability 2,2%; LOD 60 mg/mi
(LOQ 109 mg/ml), recovery (method of externally standard addition) 96,7-107,1%.

Detection sensitivity of the HPLC-ELSD method was compared to an alternative system of HPLC-MS
(Agilent 6224 Accurate-Mass TOF LC—MS). Also a MALDI-TOF MS Autoflex Speed (Bruker, Germany) in
positive linear and reflector modes and were used for maltodextrin profiling.

Acknowledgement: IGA project MUNI/A/1236/2021 of Masaryk University Brno, Czech Republic
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4. KVANTITATIVNI ANALYZA NOVYCH INDOLOVYCH SLOUCENIN
V ROSTLINACH

P. HLADIK :, A. PENCIK %, I. PETRIK 1, A. ZUKAUSKAITE 2, O. NOVAK !

!Laborato¥ rlstovych regulatord, Ustav experimentalni botaniky, Akademie véd Ceské republiky & Univerzita
Palackého, Prirodovédecka fakulta — Olomouc
20ddéleni Chemické biologie, Univerzita Palackého, Pfirodovédecka fakulta — Olomouc

Rlst a vyvoj rostliny je stejné jako v Zivocisné FiSi fizen hormony. Nicméné zasadnim rozdilem mezi
rostlinnymi (fytohormony) a Zivoc¢isnymi hormony je specifita jejich ucinku. V rostlindch kazdy hormon
ovliviiuje obrovské mnozstvi vyvojovych a fyziologickych procesi v zavislosti na jeho koncentraci, misté
ucinku a interakci s ostatnimi hormony. Jednou z nejvyznamnéjsich skupin fytohormon( jsou auxiny,
konkrétné kyselina indol-3-octova (IAA), ktera v rostliné zodpovida jak za reakce na vnéjsi podminky,
tak i za jeji spravny vyvoj. Pro kontrolu téchto proces( je nezbytné v burikdch a pletivech udrzovat
stdlou koncentraci IAA, jez je pfevazné regulovana biosyntézou de novo, transportem a metabolismem.
PFi metabolismu dochazi ke vzniku biologicky neaktivnich molekul, které slouzi jako skladovaci,
transportni nebo degradacéni formy IAA. Molekula IAA mUZe byt metabolizovana nékolika drahami, a
to oxidaci za vzniku 2-oxo-indol-3-octové kyseliny (oxIAA) nebo konjugaci s glukosou nebo
aminokyselinami (IAA-AMK). Tyto amidové konjugaty mohou byt ddle oxidovany za vzniku takzvanych
oxlAA-aminokyselinovych konjugatll. Zatimco IAA-AMK bylo objeveno velké mnozstvi, jejich oxidace
byla dosud popsana pouze u IAA-aspartatu a IAA-glutamatu. Identifikaci dalSich téchto molekul stéZuje
rostlinnd matrice, kterd obsahuje velké mnoiZstvi sekundarnich metabolitli, které jsou v rostlinach
v fadové vyssich koncentracich nez tyto metabolity IAA. Sledované analyty casto nepresahuji
koncentrace vy$3i neZ pmol.g? Eerstvého rostlinného materidlu. Pro analyzu je tedy nutna velmi
selektivni purifikace vzorku a detekce zaloZend na citlivé hmotnostni spektrometrii. Pfesnou
kvantifikaci umoznuje poufZiti izotopicky znaéenych standardi téchto latek.

V této praci byla vyvinuta a validovana novd HPLC-MS/MS metoda pro veskeré dosud zndmé a
potencionalni pfirozené metabolity IAA, ze kterych byl v rostlinach prvné identifikovan a kvantifikovan
oxlAA-leucin a oxIAA-fenylalanin. Cely metabolicky profil IAA byl poté zméfen v kofenech,
kotyledonech a stoncich husenicku rolniho, psSenice seté, hrachu setém a kukufici seté. Profily byly
poté porovndany v kazdém organu pro identifikaci hlavnich metabolickych drah IAA.

Nase vysledky ukazuji, Ze oxlAA-aminokyseliny jsou dulezZitou soucasti metabolismu auxinl a IAA je
metabolizovana rozdilnymi drahami napfic rostlinnymi druhy a jejich jednotlivymi organy. Nicméné
stale z(istava dllezZitou otazku, zdali tyto latky slouzi pouze jako docasné skladovaci formy a degradacni
produkty IAA nebo pfispivaji k regulaci rostlinného vyvoje jinymi, dosud nepopsanymi cestami.

Tato prdce byla realizovdna za podpory Interni grantové agentury Univerzity Palackého (projekt
IGA_PrF_2022_016).
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5. COMPREHENSIVE CHARACTERIZATION OF GLYCOSPHINGOLIPIDS IN
HUMAN PANCREATIC CANCER TISSUES REVEALS DIFFERENT LIPID PROFILES

HOREJSI K.12, CHUNSHENG J.3, VANKOVA 2.1, JIRASKO R.}, STROUHAL 0.4, MELICHAR B.4,
TENEBERG S.5, AND HOLCAPEK M.!

tUniversity of Pardubice, Faculty of Chemical Technology, Department of Analytical Chemistry, Studentska 573,
532 10 Pardubice, Czech Republic
2 University of South Bohemia in Ceské Budé&jovice, Faculty of Science, Department of Chemistry, Brani$ovska
1760, 370 05 Ceské Budé&jovice, Czech Republic

3 University of Gothenburg, Sahlgrenska Academy, Proteomics Core Facility, S-405 30 Géteborg, Sweden

#palacky University Olomouc, Faculty of Medicine and Dentistry, Department of Oncology, I. P. Pavlova 6,
77520, Olomouc, Czech Republic

> University of Gothenburg, Sahlgrenska Academy, Institute of Biomedicine, Department of Medical
Biochemistry and Cell Biology, P.O.Box 440, S-405 30 G6teborg, Sweden

Pancreatic ductal adenocarcinoma (PDAC) is one of the most common causes of cancer-related deaths
worldwide with an average 5-year survival rate of less than 10%. PDAC exhibits aggressive biology
resulting in the majority of PDAC patients having unresectable, locally advanced, or metastatic disease
at the time of diagnosis, and even traditional treatments are highly resistant. Comprehensive lipid
profiling and screening of potential biomarkers currently appear to be an auspicious way to allow early
detection of PDAC or other cancers. In this study, we isolated, purified, and characterized complex
glycosphingolipids (GSL) from tumor and surrounding normal pancreatic tissues of PDAC patients using
a combination of thin-layer chromatography with chemical staining, carbohydrate-recognizing ligand
binding assay, and liquid chromatography coupled with electrospray tandem mass spectrometry
(LC/ESI-MS?). We identified GSL with terminal blood group A, B, H, Le?, Le®, Le*, LeY, P1, and PX2
determinants together with globo- (Gbs, Gbs), neolacto-series GSL (nlcs, nlcg), sulfatides, GMs;
gnagliosides, and sialyl-nLca/nLces and sialyl-Le?/Le*. The comprehensive analysis of GSL in human
pancreatic cancer tissues presented in this study illustrates the differences in lipid profiles between
normal and tumor pancreatic tissues, extends the coverage of GSL that are not routinely analyzed, and
provides an important platform for further studies of GSL alterations, therefore, it might contribute to
the development of new cancer biomarkers.

This work was supported by the Czech Science Foundation (Grant No. 21-20238S); the Czech Health Research
Council (Grant No. NU21-03-00499); and the Swedish Cancer Foundation (Grant No. 20 0759 PjF 01 H to S.T.).
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6. POROVNANI PROFILU NECISTOT V PRIPRAVCICH LEVOTHYROXINU
S VYUZITiM UHPLC-DIA-HRMS

HANA CHMELAROVA?, MARIA CARMEN CATAPANO, LUCIE NOVAKOVA!

! Katedra analytické chemie, Farmaceuticka fakulta v Hradci Kralové, Univerzita Karlova

e-mail: chmelarha@faf.cuni.cz

Levothyroxin je synteticky hormon, ktery se pouziva pfilécbé pacientl s hypofunkci stitné Zlazy. Jelikoz
je to lék s uzkym terapeutickym rozmezim, i mala zména jeho koncentrace mizZe mit vyznamny vliv na
terapeutickou aktivitu. Terapeutickd aktivita mlize byt ovlivnéna i moZnymi interakcemi levothyroxinu
s pomocnymi latkami (tzv. excipienty) 2. Existuje zde proto riziko nezadoucich u¢ink po prechodu
z jednoho pfipravku levothyroxinu na jiny & po zméné sloZeni vyrobcem 3.

Cilem této studie bylo vyvinout analytickou metodu pro srovnani rliznych levothyroxinovych pfipravk
a pro odhaleni moZznych chemickych zmén. Pro tento ucel byl pouzit necilovy ptistup vyuzivajici ultra
vysoko ucinnou kapalinovou chromatografii spojenou s vysokorozliSovaci hmotnostni spektrometrii
(ultra-high performance liquid chromatography with high-resolution mass spectrometry; UHPLC-
HRMS) s akvizici nezavislou na datech (data-independent acquisition; DIA). Tato technika poskytuje
hmotnostni spektra vSech ionizovatelnych sloucenin a soucasné jejich prislusna fragmentacni spektra.
Kombinace téchto dat je pak uzite¢nym nastrojem pro identifikaci necistot a reakénich produktl z MS
i MS/MS spekter.

V ramci prezentované studie bylo analyzovano celkem 46 vzork( levothyroxinu od Sesti rlznych
vyrobcl. Data ziskand metodou UHPLC-DIA-HRMS byla zpracovdana pomoci analyzy hlavnich
komponent (principal component analysis; PCA) a ortogondlni diskriminacni analyzy castecnych
nejmensich ¢tvercl (orthogonal partial least squares discriminant analysis; OPLS-DA) se zamérenim na
vybér dilezitych marker( pro klasifikaci vzorkd a vyhodnoceni rozdili mezi tabletami s rlznym
slozenim pomocnych latek a také mezi jednotlivymi Sarzemi. Mezi identifikovanymi markery byly
skute¢né produkty reakce mezi pouzitymi excipienty v tabletach ¢i mezi excipientem a aktivni latkou.
Pozornost byla vénovana také screeningu degradacnich produkt( levothyroxinu.

Zavérem lze konstatovat, Ze technika UHPLC-DIA-HRMS kombinovana s multivariacni analyzou dat je
vhodna pro komplexni hodnoceni vzork(l a pro detekci zmén, ke kterym v tabletdch dochazi. Tento
pristup, a¢ neni ve farmaceutické analyze bézny, mlze byt uziteény pfi kontrole kvality a zlepSovani
bezpecnosti 1€k ¢i nutraceutik.

1 1. Ledeti, M. Romanescu, D. Circioban D., et al., Pharmaceutics 58 (2020) 12.
2 H.-P. Lipp, U. Hostalek, Current Medical Research and Opinion 35:1 (2019) 147-150.
3E.Fliers, B. Demeneix, A. Bhaseen, T. H. Brix, Eur. Thyroid J. 7 (2018) 238-242.

Tato prdce vznikla za podpory projektu EFSA-CDN (No.CZ.02.1.01/0.0/0.0/16_019/0000841) spolufinancovaného
z ERDF.
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7. LC-MS/MS ANALYZA MASTNYCH KYSELIN S KRATKYM RETEZCEM A JEJICH
DERIVATU V PLASME ZEN S GESTACNIM DIABETES MELLITUS

ELISKA IVANOVOVA!, BARBORA PISKLAKOVA?, JAROSLAVA FRIEDECKA?!, ONDREJ KRYSTYNIK?,

DAVID FRIEDECKY?, DAVID KARASEK?

! LaboratoF dédi¢nych metabolickych poruch, Oddéleni klinické biochemie, Fakultni nemocnice Olomouc a
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Kontakt: eliska.ivanovovaOl@upol.cz

Gestacni diabetes mellitus (GDM) predstavuje heterogenni skupinu hyperglykemickych metabolickych
poruch, které jsou spojeny se zdravotnimi nasledky pro matky a jejich potomky. V soucasné dobé,
diagnostika GDM je zaloZena na opakovaném méreni zvysené plasmatické glukosy nala¢no (FPG) nebo
na zakladé vysledk( ukazujicich zvysenou posprandidlni plasmatickou glukosu (PPG). Posledni vyzkumy
se vSak zaméruji na studium zmén ve stfevnim mikrobiomu zen béhem téhotenstvi. Metabolické
zmény mohou u téhotnych Zen zpUsobit stfevni dysbidzu, a tim i rozvoj GDM. Produkty stievnich
bakterii, mastné kyseliny s kratkym fetézcem (SCFA) a jejich derivaty, mohou hrat v ramci diagnostiky
GDM nezastupitelnou roli. Soucasné studie zabyvajici se duleZitosti mastnych kyselin pfi monitorovani
GDM vyuZivaji klasifikace Zen s GDM zejména podle tydne/trimestru téhotenstvi. Tato prace vsak
porovnava skupiny Zen s GDM podle zpUsobu diagnostiky onemocnéni. V ramci nasi studie byla pro
analyzu SCFA a jejich derivatl optimalizovana LC-MS/MS metoda na zdkladé dvou validovanych
protokolll od Jaochico et al. (2019) and Shafaei et al. (2021). Plasmatické SCFA a jejich derivaty byly
derivatizovdny a separovany na kapalinové chromatografii sreverzni fazi (RPLC) a detekovany
hmotnostnim spektrometrem s trojitym kvadrupdlem (QgQ). Mastné kyseliny byly hodnoceny spolu
se zakladnimi charakteristikami télesného sloZeni a biochemickymi parametry u Zen se tfemi rlznymi
fenotypy GDM, zdravych téhotnych a netéhotnych Zen. 3-hydroxybutyrat (3-OH-BA), 4-methylvalerat
(4-MVA) a isovalerat (IVA) byly hodnoceny jako statisticky vyznamné v(ci vybranym parametrim.
3-OH-BA, odrazejici ketogenni stav GDM, byl zvysen u vSech tii skupin Zen s rdznymi fenotypy GDM.
Ve vsech skupinach téhotnych Zen byly zjistény zvySené/snizené koncentrace 4-MVA/IVA. Kromé
signifikantnich zmén SCFA, byly u Zen s GDM pozorovany rozdily také v zakladnich charakteristikach
télesného sloZeni a biochemickych parametrech. Ve srovnavni s dfive publikovanymi studiemi jsme
nasli nové potencidlni biomarkery pro GDM, 4-MVA a IVA.

Tento projekt byl podporen Agenturou pro zdravotnicky vyzkum Ceské republiky (NV18-01-00139).
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8. SIMULTANEOUS DETERMINATION OF NEUROACTIVE STEROIDS IN HUMAN
SERUM BY UHPLC-MS/MS

MICHAL KALETA2, JANA OKLESTKOVA?, ONDREJ NOVAK?

!Laboratory of Growth Regulators, Institute of Experimental Botany of the Czech Academy of Sciences &
Faculty of Science, Palacky University, Slechtiteld 27, 783 71, Olomouc, Czech Republic

ZDepartment of Neurology, Faculty of Medicine and Dentistry, University Hospital, Palacky University, I. P.
Pavlova 6, 775 20, Olomouc, Czech Republic

e-mail: michal.kaleta@upol.cz

Steroid hormones are mainly involved in human sexual development and reproduction or in the
regulation of mineral, protein and carbohydrate metabolism. A lesser-known role of steroids is the
ability of some of them to modulate nervous system function. Therefore, the group of these
endogenous and exogenous substances has been named neuroactive steroids (NASs). Furthermore,
steroidogenic tissues and organs such as the gonads and adrenal glands also include skin, adipose
tissue, intestinal tissue, gut microbiota, as well as nervous tissue. This specific subgroup of NASs
produced in the nervous system by neurons and glial cells is referred to as neurosteroids. The
physiological levels of some NASs can be altered by a variety of pathological processes that affect the
nervous system. These changes have been observed in diseases such as Alzheimer's disease,
Parkinson's disease, multiple sclerosis, Huntington's disease, and in some nervous system injuries. This
research presents a high-throughput method based on time-saving sample preparation and sensitive
detection by ultra-high performance liquid chromatography combined with tandem mass
spectrometry (UHPLC-MS/MS) that enables metabolic profiling of target neuroactive steroids in
human bood serum. The selected analytes include nine steroids classified as androgens (testosterone,
S5a-dihydrotestosterone, androstenedione, dehydroepiandrosterone and epiandrosterone) and
progestins (pregnenolone, progesterone and 5a-dihydroprogesterone). The availability of new
analytical methods that allow high-throughput and reliable determination of steroid substances could
contribute to a deeper understanding of many diseases associated with changes in NAS levels. The
acquired knowledge could be used to discover biomarkers for prevention, diagnosis, or monitoring of
disease progression and to improve therapeutic approaches.

This work was supported by the student project IGA_PrF_2022_016 of the Palacky University in Olomouc and by
ENOCH project "Molecular, Cellular and Clinical Approach to Healthy Aging" with registration number
C€Z.02.1.01/0.0/0.0/16_019/0000868.
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9. POROVNANI DVOU TECHNIK STANOVENI TEKAVYCH LATEK: IONIZACE
POMOCI IONTU KOVU A IONIZACE NiZKOTEPLOTNIM PLAZMATEM

KOKTAVA M., BEDNARIK A., PREISLER J.

Ustav chemie, Ptirodovédecka fakulta, Masarykova univerzita, Brno

e-mail: koktava.monika@gmail.com

Tékavé organickeé latky se vyznacuji vysokou tenzi par a nizkou rozpustnosti ve vodé, za bézné pokojové
teploty se snadno odparuji. Bézné metody jejich stanoveni vyuzZivaji plynové chromatografie di
hmotnostni spektrometrie.

V této prdci predstavujeme metodu pro analyzu tékavych organickych latek pomoci hmotnostni
spektrometrie vyuZivajici reakci mezi ionty kov( v plynné fazi a tékavymi latkami. Z nanovrstvy kovl
byly pomoci laserové desorpce v komerénim dualnim subatmosferickém MALDI/ESI zdroji generovany
ionty kovl (Au, Ag, Cu) v plynné fazi. Standardy tékavych latek (alkoholy, ketony, diony, aldehydy,
karboxylové kyseliny, uhlovodiky a terpenoidy) byly umistény v permeacnich trubickach uvnitf vialek
se septem promyvanych proudem dusiku, ktery ved| tékavé latky do ESI vstupu hmotnostniho
spektrometru.

Stejné standardy tékavych latek byly stanoveny druhou metodou s vyuZitim komeréniho ionizacniho
zdroje SICRIT, ktery byl pfipojen na vstupni ESI kapilaru. SICRIT vyuZiva k ionizaci studeného plazmatu.
Tékavé latky byly do zdroje privadény stejnym zplsobem, tedy proudem dusiku vedenym pres vialku
s permeacni trubickou.

Porovnanim vysledk( poskytnutych obéma metodami bylo zjisténo, Ze kazda z technik je vhodna pro
napfiklad sekundarni ionizace elektrosprejem (SESI) ¢i hmotnostni spektrometrie v proudové trubici s
vybranymi ionty (SIFT MS).

Dékujeme za finanéni podporu Grantové agenture Ceské republiky (21-122625).
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10. HYDROPHILIC INTERACTION LIQUID CHROMATOGRAPHY - MASS
SPECTROMETRY FOR DISTINGUISHING ISOMERIC CLASSES OF
SPHINGOLIPIDS IN HUMAN PLASMA

DENISA KOLAROVA, ONDREJ PETERKA, ROBERT JIRASKO, AND MICHAL HOLCAPEK

University of Pardubice, Faculty of Chemical Technology, Department of Analytical Chemistry, Studentska 573,
532 10, Pardubice, Czech Republic

Lipidomics is an individual area of metabolomics that focuses on the analysis and description of lipids
isolated from cells, body fluids, tissues, and other biological samples. Lipids are important endogenous
biomolecules, and they are involved in many biochemical processes in all eucaryotic organisms.
Sphingolipids contain a sphingoid base and, depending on the polarity of other substitutions, they are
divided into polar and nonpolar classes. Recently, altered metabolism of sphingolipids has been
observed in cancer, and their analysis is becoming increasingly popular with the aim to find potential
cancer biomarkers. However, the application of a robust and high-throughput method is required to
separate individual sphingolipid classes and generate reliable data within the measurement of large
clinical cohorts.

In our work, hydrophilic interaction liquid chromatography — mass spectrometry (HILIC/MS) has been
developed for the identification and quantitation of a wide range of sphingolipids in human plasma
samples. Optimization of chromatographic conditions included selection of the column, composition
of the mobile phase, suitable gradient, flow rate, and concentration of a buffer with the goal of
achieving the best chromatographic resolution. The best resolution provided the column Acquity UPLC
BEH HILIC (150 x 2.1 mm; 1.7 um). Special attention was paid to distinguish isomeric classes, such as
glucosylceramides from galactosylceramides and lactosylceramides from digalactosylceramides.
Optimized and validated method was used to quantify sphingolipids in the standard reference material
NIST SRM 1950 (NIST plasma). More than 100 sphingolipids from 8 lipid classes were quantified within
12 min run in the NIST plasma based on their retention time in the HILIC mode, high mass accuracy,
and MS/MS fragmentation behaviour.

This work was supported by the project No. 21-20238S sponsored by the Czech Science Foundation (GACR).
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11. A MIXTURE OF INNATE CRYOPROTECTANTS IS KEY FOR FREEZE
TOLERANCE AND CRYOPRESERVATION OF A DROSOPHILID FLY LARVA

LUKAS KUCERA!, MARTIN MOOS2, TOMAS STETINAZ, JAROSLAVA KORBELOVA?, PETR

VODRAZKA2, LAUREN DES MARTEAUX2, ROBERT GRGAC3, PETR HULA23, JAN ROZSYPAL?,
MILOS FALTUS?, PETR SIMEK?, RADISLAV SEDLACEK?, VLADIMIR KOSTAL?2

1 Czech Centre of Phenogenomics, Institute of Molecular Genetics, Czech Academy of Sciences, 25250 Vestec,
Czech Republic.
2 Institute of Entomology, Biology Centre, Czech Academy of Sciences, 37005 Ceské Budéjovice, Czech Republic.
3 Faculty of Science, University of South Bohemia, 37005 Ceské Budéjovice, Czech Republic.
4 Crop Research Institute, 16106 Praha, Czech Republic.

Insects that naturally tolerate internal freezing produce complex mixtures of multiple cryoprotectants
(CPs). Better knowledge on composition of these mixtures, and on the mechanisms of individual CP
interactions, could inspire development of laboratory CP formulations optimized for cryopreservation
of cells and other biological material. Here, we identify and quantify (using high resolution mass
spectrometry) a range of putative CPs in larval tissues of a subarctic fly, Chymomyza costata, which
survives long-term cryopreservation in liquid nitrogen. The CPs proline, trehalose, glutamine,
asparagine, glycine betaine, glycerophosphoethanolamine, glycerophosphocholine and sarcosine
accumulate in hemolymph in a ratio of 313:108:55:26:6:4:2.9:0.5 mmol I-1. Using calorimetry, we show
that artificial mixtures, mimicking the concentrations of major CPs in hemolymph of freeze-tolerant
larvae, suppress the melting point of water and significantly reduce the ice fraction. We demonstrate
in a bioassay that mixtures of CPs administered through the diet act synergistically rather than
additively to enable cryopreservation of otherwise freeze-sensitive larvae. Using matrix-assisted laser
desorption/ionization mass spectrometry imaging (MALDI-MSI), we show that during slow
extracellular freezing trehalose becomes concentrated in partially dehydrated hemolymph where it
stimulates transition to the amorphous glass phase. In contrast, proline moves to the boundary
between extracellular ice and dehydrated hemolymph and tissues where it probably forms a layer of
dense viscoelastic liquid. We propose that amorphous glass and viscoelastic liquids may protect
macromolecules and cells from thermomechanical shocks associated with freezing and transfer into
and out of liquid nitrogen.
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12. SOLVING THE MYSTERY OF THE INTRIGUING ODOR OF
DERMATOPHYTES
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Dermatophytes are a phylogenetically related group of filamentous fungi. This group is specialized in
the degradation of keratin in skin and skin derivates such as hair, claws, or horns. As such,
dermatophytes are frequent skin pathogens of mammals including pet animals or men. During their
growth, dermatophytes produce a whole range of secondary metabolites. Some of them can be
characterized as volatile organic compounds (VOCs) and are responsible for a very strong and specific
odor of these fungi. In various microorganisms, spectra of VOCs can be used for chemotaxonomy and
species determination. Subsequently, they can be used for rapid recognition by gadgets referred to as
“electronic noses”. However, a comparative database has not yet been created for dermatophytes. In
our study, we use gas chromatography-mass spectrometry (GC-MC) for the separation and
measurement of VOCs from more than 14 taxa of dermatophytes. Using this method, we found more
than one hundred compounds, from which some are common for other filamentous fungi or yeasts,
some were found for the first time to be produced by fungi and therefore might be dermatophyte
specific. Certain compounds also show potential biological activity. By subsequent bioassays, we are
trying to uncover the role of those compounds in infection and thus their role in the pathogenicity of
dermatophytes.

This project (START/SCI/092) was supported by the project “Grant Schemes at CU” (reg. no.
CZ.02.2.69/0.0/0.0/19_073/0016935).
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13. VYVOJ PROTEOMICKYCH TECHNIK PRO ROZLISENI ZIVOCISNEHO
PUVODU RECENTNICH A HISTORICKYCH KOSTi

ALENA MELEDINA

Vysoka gkola chemicko-technologickd v Praze, Fakulta potravinafské a biochemické technologie, Ustav
biochemie a mikrobiologie

Kosterni pozUstatky obratlovcl (véetné jejich fragmentl) patfi mezi nejcastéji zastoupené organické
nalezy na archeologickych lokalitach. Uréeni zvifeciho druhu, ze kterého pochdzi nalezeny kostni
vzorek, je dlleZité napriklad pro vysvétleni postupl chovu v daném misté a historické dobé, odhaleni
klimatickych podminek v minulosti, pro zjisténi vlivu ¢lovéka na Zivotni prostfedi nebo stavu
ekosystému. Identifikace Zivocisného plvodu kostnich materialll je také velmi potfebna pro forenzni
zkoumani a bezpecnost potravin (napf. kontrolu dodrZzovéni obchodnich norem pro masokostni
moucku).

Bilkoviny jsou slibnym prostiedkem pro identifikaci Zivoc¢isného plvodu kosti. Zejména kolageny, které
jsou dominantnimi proteiny v kostech obratlovc(, jsou znamé svou dlouhovékou stabilitou mezi
ostatnimi kostnimi proteiny. Kolagenova vlakna na rozdil od molekul DNA udrZuji svou strukturu a
vlastnosti pod vlivem rlznych drastickych podminek (vysoké teploty, vlhkosti, ¢asu atd.) diky
minerdlnimu obalu tvofenému krystaly fosfore¢nanu vapenatého a hydroxyapatitu.

Cilem této prace bylo pokusit se vyvinout novy proteomicky pristup vhodny pro identifikaci Zivoc¢isSného
plvodu kosti na zakladé jejich proteinového sloZeni. Bylo vybrano devét recentnich kostnich vzorkd
zvitat, ktefi patfi mezi nejéastéjsi kosterni nalezy na archeologickych lokalitdch v Ceské republice: kapr,
krava, kruta, kiepelka, ovce, pes, pstruh, slepice a vepr. Také byly zkoumany archeologické vzorky
(krava, pes, slepice a vepr) pochazejici ze stfedovéku (16. stoleti).

V ramci projektu byly kostni vzorky analyzovany pomoci dvou technik hmotnostni spektrometrie —
MALDI-TOF (Matrix-Assisted Laser Desorption/lonization — Time of Flight) a LC-ESI-Q-TOF (Liquid
Chromatography — Electrospray lonization — Quadrupole — Time of Flight). Vzorky rozemletych kosti
byly enzymaticky Stépeny trypsinem a purifikovany pomoci reverzni fazi ZipTip C18. Hmotnostni
spektra ziskana z MALDI-TOF MS byla nejprve zpracovana analyzou hlavnich komponent (PCA) a
nasledné byly ve spektrech hledany unikdtni markery v podobé m/z hodnot pro kazdy druh.
Charakteristické markery predstavuji spolehlivy nastroj umoZiujici rychlou identifikaci ZivocisSného
pavodu kostnich vzork(l. Diky datiim z LC—ESI-Q-TOF byly identifikovany konkrétni proteiny a jejich
peptidové fragmenty v podobé aminokyselinovych sekvenci, ze kterych v budoucnu budou také
vybrany specifické markery pro kazdé zvire.

Ze ziskanych vysledk( Ize usoudit, Ze pomoci téchto dvou technik hmotnostni spektrometrie Ize urdcit
Zivocisny plvod vzork( kosti na zakladé rozdil(i v jejich proteinovém sloZeni. Tyto informace lze vyuZit
k urceni Zivo¢iSného druhu, ze kterého nalezeny archeologicky kostni material pochazi. Na zakladé
nalezenych charakteristickych markerl lze vytvofit databazi, kterd umoini provadét identifikaci
zviteciho plvodu neznamych vzorku rychleji a spolehlivéji, nez soucasné vyuzivané techniky (napf.
analyza DNA).

Tento vystup vznikl v ramci projektu Specifického vysokoskolského vyzkumu — projekt ¢. A2_FPBT_2022 042 a ¢.
A1l _FPBT 2022 001.
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14. PROTEOMIC ANALYSIS OF PHOSPHOLIPID-BINDING PROTEINS IN THE
REGULATION OF PLANT CELL POLARITY
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HUBALEK3, STEPANKA KUCKOVA2, MARTIN POTOCKY*
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Praha 6 — Lysolaje
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3 Mass Spectrometry, Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences,
Flemingovo namésti 542/2, Praha 6-Dejvice

Specific protein-lipid interactions regulate wide variety of biological functions, such as responses to
pathogens, reproduction, growth and morphology. These interactions have not been satisfyingly
described yet. Our laboratory has already proved that distribution and relative amount of anionic
phospholipids, such as phosphatidylinositol phosphates, phosphatidylserine, and phosphatidic acid, on
plasma membrane are affecting plant cell polarity and that exocytosis and endocytosis are enormously
affected by the polarity of cell. We hypothesize that distinct combinations of anionic lipids are
responsible for regulation of vesicular transport processes. Aim of this project is to identify peripheral
membrane proteins interacting with anionic phospholipids and to analyse comparatively the specificity
of these interactions towards distinct anionic lipids. We are reaching this aim by binding the proteins
to prepared liposomes with various composition. After the binding, we isolate and analyze the proteins
on LC-MS/MS. Sets of analysed proteins are suggesting that presence of anionic phospholipids are key
to understanding targeting of the signal proteins and thus liposomes at least in endocytosis.

Julkowska M M, et al. (2013). In Munnik T., Heilmann I. (eds) Plant Lipid Signaling Protocols. Methods in Molecular Biology, vol 1009.
McLoughlin F, et al. (2013). Biochemistry Journal 450:573-581

Potocky M, Pleskot R, Pejchar P, Vitale N, Kost B a Zarsky V (2014), Live-cell imaging of phosphatidic acid dynamics in pollen tubes visualized
by Spo20p-derived biosensor. New Phytology, 203: 483-494. doi:10.1111/nph.12814

Grant support from Czech Science Foundation 19-21758S and VSCHT grant A2_FPBT_2022_51
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15. DERIVATIZATION STRATEGIES FOR SENSITIVE MONITORING OF SMALL
MOLECULES ON TISSUE SAMPLES
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Study of small molecules (mostly known as metabolites) for biomarker discovery consists of a complete
set of metabolites in complex biological systems (databases contain ~ 115000 metabolites).
Metabolome is much smaller than proteome (1.8 million different proteins) making it relatively simple
for data analysis. On the other hand, metabolites are chemically diverse compounds that occur at vide
range of concentrations (ten orders of magnitude) which makes metabolomics analysis challenging.
Gas/Liquid Chromatography-Mass Spectrometry (GC/LC-MS) has become the gold standard for
metabolome analyses of clinical samples. However, these approaches require tissue homogenization
prior to analysis and they are only hardly able to provide information concerning the spatial localization
molecules of interest. MALDI MSI offers a label-free, unbiased visualization of the spatial distributions
of biomolecules without almost any sample preparation prior to analysis. This method easily correlates
with different histopathological features of the tumor tissue, allowing further insights into the tumor
environment.

Various chemical derivatization procedures have been extensively studied to enhance ionization
efficacy, modify retention time, and shift molecular mass to a higher value. Functional groups including
aldehyde, primary amines, carboxylic acid, and hydroxyl group have been targeted using derivatization
strategies. Derivatization process can differ regarding sample types: in-solutions derivatization for the
MS homogenous biological solutions (cell/tissue extract, plasma, and other biological fluids) or on-
tissue derivatization concerning the spatial localization of biological markers - Matrix Assisted Laser
Desorption/lonization-Mass Spectrometry Imaging (MALDI-MSI).

Herein, the method for the on-tissue derivatization of various small molecules has been tested and
optimized for the salivary gland tissue. Three derivatization reagents have been used: Girard reagent
T (GirT) — carbonyl group, coniferyl aldehyde (CA) — primary amine group, and 2-fluoro-1-
methylpyridinium p-toluenesulfonate (FMP-TS) — hydroxy group. Spatial distribution of
derivatized/non-derivatized molecules detected in MALDI-MSI has been visualized using commercial
software as well as using in-house developed script in R and Python programming language. Mass
spectra processing and exploratory analysis using commercial software were compared with in-house
developed pipelines. MALDI-MSI spatial segmentation maps were compared with the
histopathological annotation. These results underline the potential of on-tissue derivatization MALDI-
MSI for sensitive detection of metabolite’s spatial distribution on tissue samples.

Supported by the Masaryk University: project no. MUNI/A/1421/2021, MUNI/IGA/1208/2021,
MUNI/A/1398/2021, and MUNI/11/ACC/3/2022.
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16. MAKE-UP SOLVENT EFFECT ON SFC RESPONSE USING SINGLE AND
TRIPLE QUADRUPOLE

PILAROVA, V., PLACHKA, K., GAZARKOVA, T., NOVAKOVA, L.
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The make-up solvent composition as a key parameter of ultra-high performance supercritical fluid
chromatography (UHPSFC) hyphenated with mass spectrometry (MS strongly affects MS response. As
the optimization of the make-up solvent composition is time-consuming and includes testing of variety
different solvents, we proposed prediction equations simplyfing this process in our previous study.!
The original study focused on the results obtained by triple quadrupole (QgQ) with electrospray
ionization (ESI). In this study, we aimed at symplifing of the optimization process and description of
the correlation between MS responses when single quadrupole (Q) MS with ESI and various make-up
solvents is used. Indeed, the effect of the make-up solvent can be different when the same ionization
technique is used as the capillaries, splitting ratio, and MS set-up differ.

UHPSFC-ESI-Q-MS and UHPSFC-ESI-QqQ-MS were used for the analysis of a set of approximately 100
analytes using a generic gradient elution method, diol stationary phase, 2 organic modifiers: methanol
and 10 mmol/L ammonia in methanol, and 24 different make-up solvent compositions including pure
alcohols and methanol in combination with commonly used additives with variable concentrations.
The obtained MS responses were corrected using QC samples to mitigate inter-day variability of MS
instrumentation and adjusted to 100 uL methanol entering the MS source to enable direct comparison.
The obtained data were statistically evaluated using Pearson correlation test and regression analysis
enabling to describe the correlations between used chromatographic conditions, physicochemical
properties of analytes, and MS response and to define the differences between optimal conditions on
the two tested analyzers.

1 Plachka et al., Analytical Chemistry 2022, 94 (11), 4841-4849.

The study was supported by the STARSS project (Reg. No. CZ.02.1.01/0.0/0.0/15_003/0000465) co-funded by
ERDF and by the Czech Science Foundation project GACR n. 21-27270S.
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PFfima peroralni antikoagulancia (DOAC) jsou cilené inhibitory koagulacnich faktor(, které se béiné
pouzivaji pro antikoagulacni terapii. Pro jejich stanoveni se pouZzivaji funkéni testy, u kterych je ovSem
podezieni na moznou interferenci s pritomnymi protilatkami, zejména u pacient(, u nichZ se vyvinuly
lupus antikoagulans (LA). Alternativni moznosti stanoveni DOAC je pomoci LC-MS, kterd by méla
poskytovat spravné vysledky nezatizené interferencemi. Za ucelem vyhodnoceni ucéinnosti lé¢by DOAC
u lupus pozitivnich pacientd bylo do této retrospektivni studie zafazeno 31 vzorkd plasmy. VSechny
vzorky pacientl byly obohaceny o tfi typy DOAC (dabigatran, rivaroxaban a apixaban) v koncentraci,
kterd vyznamné ovlivnila screeningovy test na LA, a miZe tak maskovat pfitomnost LA. Stanoveni
hladin DOAC bylo provedeno jednak rutinné pouzivanymi funkénimi testy a jednak ndmi vyvinutou LC-
MS/MS metodou. Pro LC-MS/MS analyzu byl pouZit kapalinovy chromatograficky systém UltiMate
3000 RS (Dionex, Sunnyvale, Kalifornie) ve spojeni s tandemovym hmotnostnim spektrometrem na
principu trojitého kvadrupdlu Triple Quad 6500 (Sciex, Foster City, Kalifornie). Separace byla
provedena pomoci polarni kolony Luna Omega C18 (Phenomenex, Torrance, Kalifornie) béhem 3
minut. Tyto vysledky ukazaly vyznamné rozdily mezi obéma pouzitymi metodami. Pfi jejich porovnani
pfed a po navazani DOAC se poméry medianl u funkcnich testl pohybuji v rozmezi 1,4-1,7, zatimco u
LC-MS v rozmezi 62-183. Z této prace vyplyva, Ze pritomnost protilatek typu LA zdsadné ovliviiuje
stanoveni DOAC funkcnimi testy a v tomto pfipadé je nutné pouZit pro jejich stanoveni metodu LC-
MS/MS.

Grantovd podpora: MZ CR —RVO (FNOI, 00098892), MZ CR AZV NU20-08-00367, doktorsky studentsky grant UPOL
DSGC-2021-0098.
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18. THE EFFECT OF MAKE-UP SOLVENT COMPOSITION ON SFC-MS
RESPONSES: ELECTROSPRAY VS UNISPRAY
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The optimization of the make-up solvent composition is integral but time-consuming part of method
development of supercritical fluid chromatography-tandem mass spectrometry (SFC-MS/MS) methods
using triple quadrupole. In our previous work, we proposed prediction equations simplyfing this
process.! However, the original study focused solely on the results obtained using electrospray
ionization (ESI). An alternative ionization technique, UniSpray (US), has been introduced by Waters.
Although it is close to ESI, their ionization mechanisms differ as a high voltage is applied on emitter
capillary in ESI, while this voltage is applied onto cylindrical stainless-steel rod in US. Thus, this study
aimed to describe the differences in the effect of make-up solvent composition on MS response using
US contrary to ESI and to propose a possibilities for the simplification of the optimization process.
UHPSFC-UniSpray-QqQ was used for the analysis of a set of approximately 100 analytes using a generic
gradient elution method, diol stationary phase, 2 organic modifiers: methanol and 10 mmol/L
ammonia in methanol, and 24 different make-up solvent compositions including pure alcohols and
methanol in combination with commonly used additives with variable concentrations. The obtained
MS responses were corrected using QC samples to mitigate inter-day variability of MS instrumentation
and adjusted to 100 puL methanol entering the MS source to enable direct comparison. Subsequently,
the correlations between physicochemical properties and the responses were calculated using the
Pearson correlation test and the multi-linear regression analysis was carried out using 5 descriptors
and stepwise selection of terms. The final models were validated using the determination of
correlation coefficients between predicted and experimental values, the R?-predicted coefficients, and
several probes. In the last step, the differences in the results obtained using UniSpray contrary to ESI
were described in detail.

1 Plachka et al., Analytical Chemistry 2022, 94 (11), 4841-4849.

The study was supported by the STARSS project (Reg. No. CZ.02.1.01/0.0/0.0/15_003/0000465) co-funded by
ERDF and by the Czech Science Foundation project GACR n. 21-27270S.
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Vv

v souCasné dobé. Mezi tato onemocnéni patfi i dilatacni kardiomyopatie, kterd byva casto
diagnostikovana a jejiz véasné zjisténi je velmi dlilezité pro zahdajeni vhodné lécby.

V této praci byla aplikovana metoda isobarického znaceni peptidd s naslednou LC-MS/MS analyzou
plasmatickych vzork( pacientl s dilatacni kardiomyopatii za i¢elem relativni kvantifikace proteinovych
profil(i téchto vzorkl ve srovnani s kontrolni skupinou zdravych jedinc(.

Vzorky plazmy od pacientl s dilatacni kardiomyopatii a pfrislusnych kontrol byly odebrany do
odbérovych zkumavek, depletovany od nejzastoupenéjsich plazmatickych protein(, redukovany,
alkylovany, enzymaticky nastépeny na peptidy a chemicky znadeny isobarickymi hmotnostnimi
znackami. Peptidické smési byly smichany do jednoho vzorku, frakcionovany pomoci manudlni
gradientové chromatografie peptidd (reverzni faze v bazickém pH, popf. iontoménicova
chromatografie nebo HILIC) a jednotlivé frakce byly méfeny v nanoLC-MS/MS maddu na reverzni fazi
v kyselém pH pomoci vysokorozliSovaciho tandemového hmotnostniho spektrometru. Ziskana data
byla bioinformaticky zpracovdna pomoci pfislusného programového vybaveni. Timto zplsobem byly
identifikovany proteiny, jez byly vyznamné zménény u pacientd s dilatacni kardiomyopatii.

Tato prace byla podporena grantem & NV19-02-00297 Ministerstva zdravotnictvi Ceské republiky.

31



20. BOTTOM-UP PROTEOMICS BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY ATMOSPHERIC PRESSURE CHEMICAL IONIZATION
AND PHOTOIONIZATION USING DIETHYL ETHOXYMETHYLENEMALONATE
DERIVATIZATION
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In the common approach of bottom-up proteomics, proteins are enzymatically cleaved to create
peptides, which are separated by reversed-phase HPLC and detected by electrospray (ESI). One of the
main limitations is the insufficient separation of hydrophilic peptides. These peptides have a low
affinity for reversed phases and often elute in the void volume. The insufficient ionization of some
peptide species is also a problem.

Many methods have been developed to increase the retention of polar substances in reversed-phase
chromatography. In this study, a strategy using the pre-column derivatization performed with diethyl
ethoxymethylenemalonate DEEMM ! was chosen. DEEMM reacts with a free amino group of peptides
and introduces a hydrophobic group into the peptide structure to increase reversed-phase retention.
Furthermore, its structure contains ionizable groups with electronegative oxygen to facilitate proton
transfer in the gas phase. Atmospheric-pressure chemical ionization (APCI) and atmospheric-pressure
photoionization (APPl) mass spectrometry were selected to detect derivatized peptides. Both
ionizations proved to detect peptides that are not efficiently ionized in ESI 2.

Peptide standards of various sequences were derivatized and subjected to fragmentation. In full scans,
neutral loss of ethanol typical for DEEMM derivatives was observed in APCI-MS. While the MS? spectra
of the native peptides provided abundant b and y fragments and rarely a ions, the DEEMM derivatives
yielded different types of fragments. Since the charge is fixed at the N-terminus of the derivatized
peptides, a, b, and c ions are easily formed. Abundant y ions and moderately abundant x and z ions
were also observed. With increasing probe temperature, higher intensities of [M — C;HsOH + H]* were
detected, providing structural information in the MS? spectra. The composition of the mobile phase
has an essential effect on the intensities of the individual ions as well as on the separation. The best
results were obtained in agueous methanol with buffer at high pH values.

1 Alaiz, M. et al. Journal of Chromatography 1992, 591, 181-185.
2 Sedlackova, S. et. al Separations 2022, 9, 42.
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21. VYVOJ METODY PRO SLEDOVANI NESPECIFICKYCH PROTEINOVYCH
MARKERU PORUSENE STREVNI INTEGRITY U PACIENTU S IBD POMOCI
UHPLC-ESI-QQQ-MS/MS
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Prevalence i incidence zanétlivych stfevnich onemocnéni (IBD), mezi neZ patfi i Crohnova choroba a
ulcerdzni kolitida, celosvétové neustéle narusta. V roce 2020 témito nemocemi v Evropé trpélo zhruba
0,2 % lidi. Jejich diagnostika je v soucasné dobé dosti pokrocila. Problém nastavd u sledovani stavu
stfeva jiz diagnostikovanych a lé¢enych pacientt a tim monitorovani Uspésnosti lé¢by na hojeni zanétu.
Vhodnym ukazatelem probihajicich IBD by mohly byt proteiny zanétu sledované ve stolici pacienta a
proteiny charakterizujici integritu stfeva, kterd byva v pripadé aktivniho zanétu vyrazné narusena.
Cilem prace je rozsifeni multiplexové metody analyzy protein( zanétu (A1AT, CAL1, CAL2, MPO, IGHA1,
IGHA2, ECP, EDN) ve stolici pomoci uHPLC-ESI-QqQ-MS/MS o proteinové markery integrity stfeva
(ZON, OCL, iFABP). Vyvinuta metoda byla aplikovana na skupinu celiakt, kvUli charakteru onemocnéni
blizkému IBD, a skupinu zdravych dobrovolnikd. Metoda byla vyuZita ke sledovani lé¢by pacienta s IBD.
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22. VYUZITI HMOTNOSTNIi SPEKTROMETRIE PRO NALEZENi PANELU
POTENCIALNICH BIOMARKERU PRO ODHALENi ALZHEIMEROVY CHOROBY
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Alzheimerova choroba (AD) je degenerativni mozkové onemocnéni, které Casto postihuje osoby ve
véku nad 65 let. Charakteristickymi znaky AD je tvorba amyloidnich plak( a neurofibrilarnich klubek v
mozku, které zplsobuje destrukci a smrt nervovych bunék spojenych s paméti a dalSimi kognitivnimi
funkcemi.

V soucasné dobé maiji velky potencidl proteinové biomarkery krevni plazmy, coZ je spojeno s tim, ze
progrese AD generuje korelované koncentraéni zmény nebo strukturdlni zmény zplsobené
posttranslacnimi modifikacemi proteind zapojenych do procesu vyvoje onemocnéni. Jejich analyza
metodami hmotnostni spektrometrie (MS) je cennym nastrojem hlavné diky své vysoké selektivité a
rychlosti, coz umoznuje pak jejich vyuZiti v rutinnim screeningu. Tyto biomarkery jsou uzitecné nejen
pfi hodnoceni rizika onemocnéni, ale jsou také neocenitelné v diagnostice procesu jeho vzniku, proto
sestaveni panelu biomarkerd by mohlo umoznit dfivéjsi detekci AD.

Pfi analyze krevni plazmy nasim tymem bylo zjiSténo, Ze odstranéni albuminu vede ke zlepsSeni rozliseni
mezi skupinami pacientd (AD vs. zdravé kontroly (CS)) s analyzou pomoci hmotnostni spektrometrie
Matrix-Assisted Laser Desorption/lonization — Time of Flight (MALDI-TOF) s naslednym
vyhodnocovanim pomoci analyzy hlavnich komponent. U takto pripraveného vzorku pacienta bez
anamnézy po Stépeni trypsinem se podafilo zjistit AD, a tuto diagndzu pozdéji potvrdil i poskytovatel
vzork( — Ustfedni vojenska nemocnice v Praze.

Také nami bylo zjiSténo, Ze odstranéni lipidl z krevni plazmy vede k potlac¢eni Sumu spekter pfi méreni
vzorkli pomoci MALDI-TOF, ale ke sniZeni Uspésnosti jejich klasifikace z 87 % na 67 % u vysledkd
ziskanych pomoci Liquid Chromatography Electrospray lonization Quadrupole Time-of-Flight v
kombinaci se zpracovanim vysledkd metodou nejmensich ¢tvercl diskriminaéni analyzy.

Tento vystup vznikl v ramci projektu Specifického vysokoskolského vyzkumu — projekt ¢. A2_FPBT_2022_041 a ¢.
A1_FPBT_2022_001.
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Laserova desorpce za Ucasti substratu (SALD) spojena s hmotnostni spektrometrii ICP MS je vhodnou
technikou pro prvkovou analyzu vzorkd nanesenych na vhodnych povrsich?. Imunostanoveni je
univerzalni metodou pro kvantitativni stanoveni fady biologicky vyznamnych molekul (antigen(), na
které je mozna vazba vhodné protilatky. Toto stanoveni vyuzivd enzymatické nebo citlivé luminiscencni
detekce imobilizovanych imunokomplex( na vhodny nosic.

V této praci zaménime enzym v imunostanoveni proteinu S1 RBD pochdzejici z viru SARS-CoV-2 za
nanocdastici a bude zkoumana mozZnost detekce jednotlivych znacek, tedy i jednotlivych biomolekul
pomoci ICP MS. Klicovym ukolem je desorpce neposkozenych nanocastic pomoci laserové ablace do
plazmatu. Vhodné zvoleny materidl pro imunostanoveni a laser pro ablaci tohoto materidlu bude
klicem ke spojeni imunochemické analyzy s vysoce citlivou detekci pomoci ICP MS s niz§im limitem
detekce. Oproti komercni ELISA soupravé bylo v pocatecnich fazich experimentu dosazeno poklesnuti
limitu detekce z 0,34 ng.ml* na 0,32 ng.ml™.

1 Pes, O. et al. Off-Line Coupling of Capillary Electrophoresis to Substrate-Assisted Laser Desorption Inductively Coupled Plasma Mass
Spectrometry. Anal. Chum. 80, 8725-8732 (2008).
2Benesova, |. et al. Direct Analysis of Gold Nanoparticles from Dried Droplets Using Substrate-Assisted Laser Desorption Single Particle-ICPMS.

Anal. Chem. 88, 2576-2582 (2016).

Dékujeme za finanéni podporu Grantové agenture CR (21-12262S), Ministerstvu zdravotnictvi (NU22-05-00042)
a Ministerstvu $kolstvi, mlddeze a télovychovy CR (MUNI/A/1192/2020).
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Gradient elution can significantly enhance the separation in terms of the run time and peaks’ shape in
HPLC. However, optimizing a gradient elution method can be a laborious process, especially if a larger
number of compounds, significantly differing in the chromatographic behavior, needs to be separated.
Multiple approaches are employed in order to obtain an ideal gradient composition over time — ranging
from the “trial and error” methods to complex mathematical models. These models often rely on the
Snyder’s equation and its modifications. In a typical setup, two or more separations are initially
performed, and the results are fed to a software analysis tool, which tries to predict ideal conditions
for the current system. Up to date available software tools for gradient run optimization lack either
financial affordability or a feature-rich interface. A software tool developed in Python was developed,
tested, and will be presented.

The work was supported by funds from the Specific University Research Grant of Medical Faculty Masaryk
University (MUNI/A/1090/2021).
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Sféroidy jsou 3D bunécéné modely simulujici prostfedi nddorové tkané. Ve vnéjsich vrstvach sféroidu se
nachazi primarné aktivné proliferujici buriky. Jadro naopak tvofi pfevainé bunky nekrotické, které
odumiraji kvali snizenému prisunu Zivi a kysliku do vnitfnich ¢asti sféroidu.

V tomto pfispévku bude popsdn vyvoj metody pro imunohistochemické znaceni proliferac¢niho
markéru Ki-67 sféroidu adenokarcinomu tlustého streva z linie HT-29. Misto nami dfive pouZivaného
konjugacniho systému streptavidin-biotin pro navazani protilatky na 20nm zlatou nanocastici, bude
zkoumana ptima konjugace protilatky a nanocastice pomoci N-hydroxysukcinimidu. Jednodussi
schéma konjugace potencialné nabizi nizsi nespecifické interakce a otevird moznost simultanni analyzy
vice proteind v jednom vzorku.

Dékujeme za finanéni podporu Grantové agentufe CR (GA21-12262S) a Grantové agentufe MU
(MUNI/A/1539/2021)
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Proteomickd analyza je jednou z nejdilezitéjSich metod umoznujicich rychlé a presné stanoveni
aktivity a koncentrace protein( v biologickych vzorcich, umoznujici véasnou diagnostiku onemocnéni
souvisejici s tvorbou specifickych proteind, jako je naptiklad nadorové onemocnéni. Nejvice vyuZzivana
metoda nano-flow LC-MS se vyznacuje vysokou citlivosti, avSak za cenu niZsi robustnosti a tim spojenou
obtiznou aplikaci v klinické analyze. Vhodnou alternativou muizZe byt vyuZiti vyznamné robustné;jsi
mikrokolonové LC-MS za pouziti matematického planovani pro optimalizaci chromatografického a
spektrometrického systému.

Vyuziti Boxova-Behnkenova modelu a regresni analyzy experimentadlné ziskanych dat pomoci
kvadratického polynomu umozZnilo porovnani jednotlivych experimentélnich faktorld na vybrané
odezvy. Z chromatografického hlediska byl sledovan vliv pritoku mobilni faze, teploty a doby trvani
gradientu na intenzitu signdlu, pocet MS/MS spekter a informaci tykajici se pokryti sekvence
jednotlivych proteint. Pro optimalizaci elektrospreje byl sledovan vliv napéti, teploty a pozice kapilary.
Optimalizované matematické modely byly nasledné vyuZity k pfedpovédi testovanych parametrd pro
experimentalni podminky, které nejsou soucasti ptivodniho modelu.

Dékujeme za financni podporu Grantové agenture Ceské republiky (20-21903S) a také prof. Preislerovi a Dr.
Bednarikovi.
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Amyloid beta is widely accepted as one of the main causes of Alzheimer’s disease (AD). Amyloid beta
(1-42) and (1-40) are major components of senile plaques typically present in the grey matter of AD
patients. AB(1-42) in B-sheet conformation forms a nucleation seed and promotes further aggregation
of AB(1-40). Neurotoxic early stage oligomers aggregate into protofibrils and further prolongate to
form mature fibrils and plaque deposits. Thorough characterization of soluble AB(1-42) oligomers is
vital to comprehensive understanding of the oligomerization process. Native mass spectrometry can
be utilized for such analysis as it combines using non-denaturing conditions with soft ionization
techniques, therefore maintains non-covalent interactions. Optimization of experimental and
instrumental conditions was preformed enabling detection of AB(1-42) oligomers formed in vitro.
Moreover, ion mobility was used and optimized for separation of commonly occurring isobaric
oligomer ions. Lower molecular weight oligomeric species up to hexamer (9 kDa — 27 kDa) were
detected alongside the monomer.

This work was conducted in collaboration with Alzheon, Inc.
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Introduction:

The commercial production of chickens dramatically differs from chickens raised in the backyards. This
difference in their lifestyle influences also their gut microbiome. In commercial production, chickens
are held without any contact with parent birds and the outdoor environment for their whole life.
Missing vertical transfer of microbes from parents to offspring leaves an open niche for pathogenic
bacteria. Higher susceptibility of commercially hatched chicks to infections leads to extensive use of
antibiotics. The administration of probiotics can compensate for the lack of parents’ microbiota,
however, the development of optimal probiotic composition is still in progress.

Methods:

Commercial chicks (ISA-Brown egg-lying hybrid) were inoculated by individual strains from the set of
19 anaerobic bacteria isolated previously. By the use of 16S rRNA gene sequencing and Qiime2
analysis, we observed successful colonisation of inoculated bacteria in the chicken caecum. Protein
sequences originated from the whole-genome shotgun-sequencing of tested bacteria and were
annotated by Prokka using the Swiss-Prot and the HAMAP databases. Purified caecal proteins isolated
from 8-day-old chicks were digested and their mass spectra were analysed by LTQ-Orbitrap VelosPro
hybrid mass spectrometer. Protein data were processed in ProteomeDiscoverer and R statistical
software. Metabolic pathways of detected proteins were searched in iPATH and MetaCyc.

Results:

Bacterial strains representing phyla Actinomycetota, Bacillota, Bacteroidota and Pseudomonadota
were able to successfully colonize chicken caecum, however, they differed in overall abundance. The
most effective colonisers belonged to the phylum Bacteroidota. Of tested bacteria, Bifidobacterium
(Actinomycetota) strain expressed mostly proteins of fructose 6-phosphate pathway thus degrading
saccharides to lactate and acetate. Dominant was also the capture of vitamin B12 from the
environment in exchange for the release of vitamin B1 into the environment. Protein expression in
Pseudomonadota differed for different strains. Sugar metabolism was suppressed and aminoacid
degradation served as a source of carbon. Byproducts entered the Krebs cycle as fumarate. Bacillota
expressed mainly oxidoreduction flavoproteins and proteins responsible for fatty acid production.
Bacillota also imported sugars from the environment. High production of transport proteins for sugars
and aminosugars were observed for Bacteroidota which were coupled with degradation machinery for
saccharides. Proteins for fatty acid modifications also belonged among the most abundant.

Discussion:

A combination of next-generation sequencing and proteome analysis can be applied to the analysis of
potential probiotic strains as well as particular strains found in complex samples. This approach based
on an analysis of metabolism enables us to predict candidate strains suitable as chicken probiotics and
shed light on how to cultivate yet uncultivable bacteria.
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