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Research in HPTLC is...

To reach the water source, you have to swim against mainstream.
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|dentification: Targeted

Bioassay: Untargeted

Novel effect-directed profiling
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From bioactive zone to sum formula

...in a single

hR, value

Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, in print



Effect-directed link to the

compound

Goodall, R. R.; Levi, A. A. Nature 1946, 158, 675-676

Microchemical derivatization

TLC/HPTLC-EDA

Microbiological detection

G. Morlock, in Instrumental Methods for the Analysis of

Bioactive Molecules, B. S. Patil, G. K. Jayaprakasha, F.
Pellati, Eds., ACS Books Publishing, in print

DPPH" reagent - radical scavenging test
ABTS reagent - radical scavenging test
Bleaching of B-carotene - antioxidant test

Tyrosinase oxidase assay
Xanthine oxidase assay

(Cholin)esterase assay
) ) Enzymatic assays
Biochemical assays @/B-Glucosidase assay

Immuno staining

Algae Pseudokirchneriella subcapitata

Candida albicans
Trichophyton rubrum
Cryptococcus neoformans

Fungi  Cladosporium cucmerinum
Apergillus niger
Colletotrichum
acutatum/gloeosporioides/fragaria

Bjok)gical assays Pseudomonas savastanoi
Bacillus subtilis
Aliivibrio fischeri
Escherichia coli

Bacteria
Pseudomonas syringae
Xanthomonas campestris
Erwinia carotovora/herbicola

Cryptococcus neoformans

Yeast Planar yeast estrogen screen (pYES)
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Liquid Yeast Estrogen Screen (L-YES) Food Science [

Screening for endocrine disrupting compounds (EDCs)

rornoler
Lac-Z
— blue fluorescent zones
(4-methylumbelliferone)
C- E. J. Routledge, J. P. Sumpter,
nucleus

Environ. Toxicol. Chem. 15 (1996) 241
cytoplasm

medium McDonnell, et al. J. Steroid Biochem. Mol.
Biol. 39 (1991) 291

— using the human estrogen
receptor hERa

— in yeast cells
Saccharomyces cerevisiae

yeast cell

Modified from draft of German expert
working group for pYES assay

Hyphenation with chromatography (planar YES, pYES)
— Reduced matrix interference

— Improved capability of detection

— Assignment of single bioactive compounds
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Challenge: Avoid zone broadening Food science D
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1. Parallel separation by HPTLC

' « Application

Ost, .
Sharply bounded zonesw/ G Socameatr
A 4

With optimized workflow
... even after aqueous incubation for 24 h
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First proof of cultivation of cells on the plate
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2. Bioassay application
2.1. Immersion into cell sus-
pension and incubation
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2.2. Immersion into substrate
solution and incubation

2.3 Densitometric measurement
of bioactive zones

3 High resolution mass
spectrometry
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Detection of estrogenic compounds

Amount [pg/zone]
100x103 — 25x103

500 — 100
50-5
25-2.5 - —
E3 impurity ”
12.5x103 — 2.5x103 | -
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Detection of estrogenic compounds Food Science D

EE2

HPTLC-pYES fluorescence signal intensity [AU]

Migration distance [mm)]

E1 E1/E3: 25 — 1000 pg/band
EE2 E2/EE2: 0.5 — 20 pg/band
E2

E3
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HPTLC-pYES: dose-response curves Food scierce
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HPTLC-pYES: enlarged working range Food scierce D

Substance Maximal working range LOD LOQ
(hR») ! Structure formula’ [pg/zone] E2Eq [pg/zone] [pg/zone]
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Untargeted — targeted link to effective comp. gf;fiif?n'

1 Parallel separation 2 Bioassay application 3 Mass spectrometry

fr f \ |
ol I !

Any estrogens “y~*y~ HPTLC-pYES Estrogensare in! Which ones?

in samples? 517 Immersion5s

©) Bioautography4 h Content™@

4 [M-H]
w0 5
"o CAPE ’
o [
J

— LC-bioassay-MS workflow for 20 samples in parallel within 5 h (15 min per sample)

Effect-directed profiling (owed to sharply-bounded zones)
— comprehensive information taking raw samples

— identifying all compounds generating the effect

— support decisions

— join the international pYES expert group (contact C. Weins)
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Detection of EDCs (estrogenic activity)

— Propolis samples

1 1 2 2 K K B -

— Spices/tea JA
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Quantitation of CAPE Food science B

CAPE content [ug/g]
CAPE content
Propolis sample referred to propolis
in sample [ug/mlL]
weight (n=2)
P1(30 %) 481 2028
P2 (30 %) 476 2009
P3 (25 %) 471 2387
12000 -
P4 (62 %) 348 710 §
2 10000 -
P5 (not specified) 380 380° g y = 56,495x - 1719,7
8000 - R? = 0,99564
P6 (250 mg/capsule) 359" 1435 e
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P7 (30 mg/lozenge) 22° 1089 se
§ @ 4000 -
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Confirmation Food Science BB

Negative control:

A: UV 366 nm

B: pYES, but without the
yeast cells in medium

1 , 3 4 1 2 3 4
A B C D
A-C: Oversprayed application
D: Overlapped application
CAPE e—
J LU s 2 —
Explore the world
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Detection of EDCs (estrogenic activity) Food Science

— Beer samples

\ J ) 1 J
| | | | !

Kostrizer Guinness Licher Porter Karlskrone
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Morlock, G. HPTLC-MS.
In J. Reedijk (Ed.) Chemistry,

Molecular Sciences and Engineering,

Elsevier Science, in print
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GESELLSCHAFT DEUTSCHER CHEMIKER

Hyphenations in der HPTLC

HPTLC und Kopplungen
(in Zusammenarbeit mit der JLU GieBen)

Prof. Dr. Gertrud Morlock

B Kopplungstechniken

B Massenspektrometrie (MS)

M Wirkungsbezogene Analytik (Bioassays)
W ATR-FTIR und NMR

M Effektive Analytik

Q.

e

7 M n@
335/14
12. November 2014 - GieBen
T

ZFL 4451 oot s

o T (www.zefo.org)
Py o

P

p PROGRAMM

Mittwoch, 12. November 2014

9.00 BegruBung und Enfuhrung in die HPTLC (Mordock)
9.45 HPTLC erfahren — Experimente (Habe, Klingehofer)

Kaffeepause
11.00 Hyphenations in der Planar-Chromatographie — Teil 1
(Morlock, Schwack)
11.45 Gruppe 1: Expenment DC-HPLC/DAD-ESI MS
{Oellig, Schwack)
Gruppe 2: Expenment HPTLC-UV/Via/FLD-MALDI-TOF MS/MS
({Lochnit, Kroger)
12.30 Gruppe 1: Expenment HPTLC-UV/Via/FLD-MALDI-TOF MS/MS
({Lochnit, Kroger)
Gruppe 2: Expenment DC-HPLC/DAD-ESI MS
{Oallig, Schwack)
13.15 Mittagspause
13.45 Hyphenations in der Planar-Chromatographie — Teil 2 (Morlock)
14.00 Gruppe 1: Expenment HPTLC-UV/Vis/FLD-ATR FTIR
(Kingsthdier, Reisenauer)
Gruppe 2: Expenment HPTLC-UV/Vis/FLD-Bioassay-ESI MS
(Kruger, Kirchert)
14.45 Gruppe 1: Expenment HPTLC-UV/Via/FLD-Bioassay-ESI MS
(Kruger, Kirchert)
Gruppe 2: Expenment HPTLC-UV/Vis/FLD-ATR FTIR
(Kingsthdfer, Reisenauer)
30 Kaffeepause
15.45 Hyphenations in der Planar-Chromatographie — Teil 3 (Morock)
16.00 Gruppe 1: Experment HPTLC-UV/Vis/FLD-DART-MS
(Habes, Kruger)
Gruppe 2: Experiment HPTLC-UV/Vis/FLD-DESI-MS
(Kirchert, Morock)
16.15 Gruppe 1: Expenment HPTLC-UV/Via/FLD-DESI-MS
(Kirchert, Morock)
Gruppe 2: Expenment HPTLC-UV/Vis/FLD-DART-MS
(Habes, Kruger)
16.30 Diskussion (Morlock)

Voraussichtiiches Ende der Veranstaltung
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Confirmation by MS Food Science
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Bioactive compounds

Caffeic acid phenethyl ester (CAPE)

283

Fragmentation

179

161

135
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CAPE standard
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Effect-directed link to the
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Fcod Science

compound

Goodall, R. R.; Levi, A. A. Nature 1946, 158, 675-676

Microchemical derivatization

TLC/HPTLC-EDA

Microbiological detection

G. Morlock, in Instrumental Methods for the Analysis of

Bioactive Molecules, B. S. Patil, G. K. Jayaprakasha, F.
Pellati, Eds., ACS Books Publishing, in print

DPPH" reagent - radical scavenging test
ABTS reagent - radical scavenging test
Bleaching of B-carotene - antioxidant test

Tyrosinase oxidase assay
Xanthine oxidase assay

(Cholin)esterase assay
) ) Enzymatic assays
Biochemical assays @/B-Glucosidase assay

Immuno staining

Algae Pseudokirchneriella subcapitata

Candida albicans
Trichophyton rubrum
Cryptococcus neoformans

Fungi  Cladosporium cucmerinum
Apergillus niger
Colletotrichum
acutatum/gloeosporioides/fragaria

Bjok)gical assays Pseudomonas savastanoi
Bacillus subtilis
Aliivibrio fischeri
Escherichia coli

Bacteria
Pseudomonas syringae
Xanthomonas campestris
Erwinia carotovora/herbicola

Cryptococcus neoformans

Yeast Planar yeast estrogen screen (pYES)
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Detection of esterase inhibitors Food Science BB

Cholinesterase inhibiting pesticides by esterases

— detectability down to 2 pg/zone

— using an esterase and substrate (1-naphthylacetate/fast blue salt B) solution

— White zones on a pink background

N 2500
g 2008
1500
N 100.0
N 500
sonn ] ‘f\' 0.0
| m \ 100,0
[aU] [mm]
4000 800
3500 100
600

3000

2500 \,_,__,w——«v‘\—«——m\_,_ 500
2000 : \ 400
- L
SN
1. Paraoxon-methyl, 2. malaoxon, 3. paraoxon, -, -
4, ethiofencarb, 5. chlorfenvinfos, 6. dichlorvos Absorption measurement at 533 nm

R. Akkad, W. Schwack, J Planar Chromatogr 21 (2008) 411-415
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Focod Science -

Detection of esterase inhibitors in Rosaceae

1 Parallel separation 2 Bioassay application 3 Mass spectrometry
Il ‘n
Bioautography 7] Biomarkers are in! Which ones?

( Il
Any biomarkers “~o HPTLC-enzyme
in samples? Y, E

inhibition (El)

[M-H)

= LC-EI-MS workflow for 20 samples in parallel within 2 h (6 min per sample)

H L] § study iife
- AW R [ xplore the world

S. Hage, G. Morlock, in preparation
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Detection of a- and 3-glucosidase inhibitors Food Science D

Extract of leaves of Annona cherimola

J3 J X -
R, . 3

ois

AN Mﬁ.‘“-?ﬁ
Vis UV366 nm a-/B-glucosidase
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Effect-directed link to the
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compound

Goodall, R. R.; Levi, A. A. Nature 1946, 158, 675-676

Microchemical derivatization

TLC/HPTLC-EDA

Microbiological detection

G. Morlock, in Instrumental Methods for the Analysis of

Bioactive Molecules, B. S. Patil, G. K. Jayaprakasha, F.
Pellati, Eds., ACS Books Publishing, in print

DPPH" reagent - radical scavenging test
ABTS reagent - radical scavenging test
Bleaching of B-carotene - antioxidant test

Tyrosinase oxidase assay
Xanthine oxidase assay

(Cholin)esterase assay
) ) Enzymatic assays
Biochemical assays @/B-Glucosidase assay

Immuno staining

Algae Pseudokirchneriella subcapitata

Candida albicans
Trichophyton rubrum
Cryptococcus neoformans

Fungi  Cladosporium cucmerinum
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acutatum/gloeosporioides/fragaria

Bjok)gical assays Pseudomonas savastanoi
Bacillus subtilis
Aliivibrio fischeri
Escherichia coli

Bacteria
Pseudomonas syringae
Xanthomonas campestris
Erwinia carotovora/herbicola

Cryptococcus neoformans

Yeast Planar yeast estrogen screen (pYES)
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Detection of antibiotics with Bacillus subtilis gfifiifgh'

Antibiotics in plant extracts

— dipping in Bacillus subtilis bacteria suspension and incubation
— dipping in tetrazolium salt as substrate
— white zones on a pink background
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Effect-directed analysis of Salvia officinalis

J LU Study life
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C. Stenfert Kroese, M. Jamshidi, G. Morlock, in preparation
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C. Stenfert Kroese et al., in preparation
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compound
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Microchemical derivatization
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Microbiological detection
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Immuno staining
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Quantitation of tanshinons in Chinese salvia Food Science
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Food Science

Confirmation by MS and method comparison
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Bioactivity of single compounds
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Fcod Science
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Vis
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Bioactivity of single compounds Food Science

«Nach 3 min

J LU Study life
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Unknown bioactive compound (below CT) Food Scierice D
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G. Morlock, T. Sung, B. Honermeier, in preparation
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Unknown bioactive compound (below CT) Food Scierice D

Mass spectra recorded after detection with bioassay — salt adducts are pronounced!

Vs i
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Bioactive compounds in Basidomycetes

Bioluminescence of Aliivibrio Fischeri after 3 min
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J LU Study life
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Fingerprint of phenolic compounds in propolis  reesscenc. il

— Screening of >100 samples showed
characteristic marker compounds

— Mainly 2 types of German propolis

G. Morlock et al., in preparation
J I_ U Study life Cooperation with Wala and Apicultural State Institute, Stuttgart
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Fingerprint of phenolic compounds in propolis  resscenc. il

Fast characterization of
samples by HPTLC
(chemical derivatizations)

Natively fluorescent
zones (366 nm)

Visible zones

Study life
Explore the world

Lipophilic zones — Flavonoids — Flavonoids — Flavonoids — Neu/
berberine (366 nm)  AICI; (366 nm) Neu (366 nm) PEG (366 nm)

Carbohydrates — Amino acids — Phenolics — Antioxidatives —
DPA Ninhydrin Fast blue salt DPPH*
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S. Hage, G. Morlock, in preparation
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Confirmation of marker compounds by MS
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ESI-MS full scan spectra EIC of DART-MS
Spectra of standard Spectra of sample
F 179 | m [M_H]_
Caffeic acid +12 mDa
T Im+CIy
+71 mDa =
Lach P ) - ! ' A A4 :
253 . 253 [M_H]-
Chrysin +11 mDa 33
NN
M9 )0 — N
| [M+CI- o &
B . +24 mDa ? ?
- - o I I
o 9
T mecy 5 5
o @,
1 9o,
o

J LU Study life 'R |
Explore the world R ‘




JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN J

Plant origin of O-type? reoa scionce il

Pinocembrin

Galangin p-Cumaric acid

CAPE

Naringenin
Caffeic acid

Chrysin
Kaempfero!

Quercetin Ellagic acid

Apigenin

Chlorogenic
acid

Sample Birch Sample

J L U Study life Mix 1 Black poplar Horse chestnut Mix 2

Explore the world




JUSTUS-LIEBIG-

UNIVERSITAT
GIESSEN
Fcod Science ﬁ

P
Salicaceae bud extract samples OSter P~6‘4/
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S. Hage, G. Morlock, in preparation
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From bioactive zone to sum formula

...in a single

hR, value

Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, in print
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