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Radish harvest

Loriot’s Grosser Ratgeber, 1968
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Detection of estrogen-effective compounds

1 Parallel separation 2 Bioassay application 3 Mass spectrometry
Any estrogens =~ HPTLC-pYES : Estrogensare in! Which ones?
in samples? ) Immersion 5 5/ 28%¥ Bioautography 4 h Content ;

N T A B

Planar yeast estrogen screen (pYES)
— using human estrogen receptor hERa
— in Saccharomyces cerevisiae

1. Routledge & Sumpter, Environ. Toxicol. Chem.
15 (1996) 241

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

medium

yeast cell cytoplasm

— blue fluorescent 4-methylumbelliferone

Modified from draft of
PYES expert group
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Goodall & Levi, Nature 158, 675-676 (1946)

HPTLC-pYES

A. Schonborn, A. Grimmer, J Planar Chromatogr 26 (2013) 402-408

EE2 &k [ B3 BEa BFE a4 Trl 4-OaE-BF

S. Buchinger et al. Anal Chem 85 (2013) 7248-7256




JUSTUS-LIEBIG-

gNI;EERSITET
. . . IESSEN
Biological detection food science
r;—_\‘b ,J_:E#J#,} aH
o™ e E?}

HPTLC-pYES flusrescance signal intensity [AU]

Migration distance [mm]
pg/band
El 25-1000
EE2 05-20
E2 0.5-20

E3 25-1000

I. Klingelhdfer, G. Morlock, J Chromatogr A 1360 (2014) 288-295



http://commons.wikimedia.org/wiki/File:Nonylphenol.png
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Discovery in food

— Spices — Beer samples

+

Kostrizer Guinness Licher Porter Karlskrone

I. Klingelhdfer, G. Morlock, J Chromatogr A 1360 (2014) 288-295



Estrogen-effective compounds in beer?

Video

G. Morlock and I. Klingelhofer, 2016, JLU Giessen


https://youtu.be/Q7AGuljcFvQ
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I. Klingelhofer, G. Morlock, J Chromatogr A 1360 (2014) 288-295
G. Morlock, 1. Klingelhofer, Anal Chem 86 (2014) 8289-8295


http://commons.wikimedia.org/wiki/File:Estradiol.svg
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Discovery in surface/waste water

Substance 959

[ng/L] [ng/L]
E2 1.0 2.5
EE2 2.5 5.0
E1 4.3 15.0 ¢
E3 75.0 250.0 -
BPA 1.6 x 10° 5.0 x 10° 26
NP 15.0 x 10° 65.0 x 10° ]

50 100 150

I. Klingelhofer, G. Morlock, Anal Chem 87 (2015) 11098-11104
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Bioquantitation (by microorganisms’” response) .......g8

Content [ng/L] E2 El E3
STP influent 10.1 40.5 98
6.7 17.6 nd

3.1 12.4 nd

4.9 36.4 150

12.6 49.7 210

STP effluent (x5) nd nd nd
Liickebach 1.6 20.5 nd
8.3 12.7 nd

Flachsbach 6.6 16.6 nd
nd nd nd

Wetter (x2) nd nd nd
Weidgraben 2.1 11.6 nd
x 4.9 nd

Wieseck (x2) nd nd nd

I. Klingelhofer, G. Morlock, Anal Chem 87 (2015) 11098-11104
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Bioguantitation of CAPE in propolis ot 5e e B

CAPE content [pg/g]
CAPE content
Propolis sample referred to propolis
in sample [pg/mL]

weight (n=2)
P1(30 %) 481 2028
P2 (30 %) 476 2009
P3 (25 %) 471 2387
12000 -

P4 (62 %) 348 710 L

2 10000 -
PS5 (not specified) 380 380° g y = 56.495x - 1719.7

@ 8000 - R2=0.9956
P6 (250 mg/capsule) 3591 1435 % =

2= 6000 -
P7 (30 mg/lozenge) 22? 1089 El £

o 4000 -
‘ug/capsule, 2ug/pastille, *ug/mlL =

S 2000 -

'_

o

T

O T T T 1
20 70 120 170 220

Amount of CAPE [ng/zone]

G. Morlock, I. Klingelhéfer, Anal. Chem. 86 (2014) 8289-8295
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DPPH* reagent - radical scavenging test
. : . . ) ABTS reagen! - radical scavenging tast
Microchemical derivatization 9e vename
Bleaching of B-carotene - antioxidant test

Algae Pseudokirchnenielia subcapitata

Candida albicans

Trichophyton rubrum

Cryplococcus neoformans
Fungi  piedpsparium cucmerinum
Apergillus miger

Colletolrichum
scutatumsglososponioidesfragarna

Pssudomonas savaslanoi

TLC/HPTLC-EDA Microbiological detection Bacillus subtilis

Alivibrio fischeri

Escherichia coli

Bactena
Psaudomonas synngae
Xanthomonas campesins
Erwinia carofovorafherbicola
Cryptococcus neoformans

it Planar yeast astrogen screan (pYES)

{Cholinjesterase assay

wl-Glucosidase assay
J L l l Biochemical assays — xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, ACS Symposium Series 1185 (2013) 101-121
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Optimization of Bacillus subtilis bioassay T
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M. Jamshidi, G. Morlock, J Chromatogr A 1420 (2015) 110-118



Antibiotic compound in stored milk thistle

Vis

uv FLD A.fischeri B.subtilis

Knowledge is power!

Thrilling zone:

- not visible

- not UV-active

- not fluorescent

- but strongly
antimicrobial against
Bacilius subtilis!

Proof of principle:
Silibinin in milk thistle

Silibinin in milk thistle f’;ﬂ’ﬂ?"

,L ]

M.T.

oo 300 £00 30 mir 400

G. Morlock, The Analytical Scientist, 27-04 (2015) 42-43
Taha, M.B. Krawinkel, G.E. Morlock, J Chromatogr A 1394 (2015) 137-147
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Bacillus subtilis bioassay: antibiotics in Salvia

l= UV 264 nm

_= ' r=0,9908

B sdv=1.7%

ﬂ.lﬂ.l.'.lu.rfl-rlllgn‘n:b;ndl z

Biological detection

= of antibiotics

; : Vis 546 nm

2= r=0.993

& sdv=101%

Amoand |ng/band]

M. Jamshidi et al., in preparation
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Artificial neural network (ANN) for HPTLC e =

D. Fichou, G. Morlock, in preparation
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DPPH* reagent - radical scavenging test
. : . . ) ABTS reagen! - radical scavenging tast
Microchemical derivatization 9e vename
Bleaching of B-carotene - antioxidant test

Algae Pseudokirchnenielia subcapitata

Candida albicans

Trichophyton rubrum

Cryplococcus neoformans
Fungi  piedpsparium cucmerinum
Apergillus miger

Colletolrichum
scutatumsglososponioidesfragarna

Psesudomonas savaslanoi

TLC/HPTLC-EDA Microbiological detection Bacillus subtilis

Alivibrio fischeri

Escherichia coli

Bactena
Psaudomonas synngae
Xanthomonas campesins
Erwinia carofovorafherbicola
Cryptococcus neoformans

it Planar yeast astrogen screan (pYES)

{Cholinjesterase assay

wl-Glucosidase assay
J L l l Biochemical assays — xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, ACS Symposium Series 1185 (2013) 101-121
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Protoberberines and ephedrines in herbal drugs ..,......E8

... Phelodendron, Coptis, Tinospora and Ephedra

Y. Chen, G. Morlock, Chromatographia 79 (2015) 89-96




Quantitation of tanshinons in Chinese Salvia
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Confirmation, method comparison — more?

Food Science
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Mass spectra recorded after detection with bioassay — salt adducts are pronounced!
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DPPH* reagent - radical scavenging test
. : . . ) ABTS reagen! - radical scavenging tast
Microchemical derivatization 9e vename
Bleaching of B-carotene - antioxidant test

Algae Pseudokirchnenielia subcapitata

Candida albicans

Trichophyton rubrum

Cryplococcus neoformans
Fungi  piedpsparium cucmerinum
Apergillus miger

Colletolrichum
scutatumsglososponioidesfragarna

Pssudomonas savaslanoi

TLC/HPTLC-EDA Microbiological detection Bacillus subtilis

Alivibrio fischeri

Goodall & Levi, Nature 158, 675-676 (1946) Escherichia coli

Bactena
Psaudomonas synngae

Xanthomonas campesins
Erwinia carotovoraferbicola
Cryptococcus neoformans

Planar yeast estrogen screan (pYES
Yeast y i i ]

{Cholinjesterase assay

wl-Glucosidase assay
J L l l Biochemical assays — xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, ACS Symposium Series 1185 (2013) 101-121
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EDA of 68 botanicals (#47-68)
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JLU

EDA of 68 botanicals

Ginkgo
Guarana
Kola
Pfefferminze
Oregano
Zichorie
Weinblatter
Kardamom
Zitronenschale

. Hagebutte

. Wacholderbeere

. Honigbusch

. Schafgarbe

. Passionsblume

. Hibiskus

. Gelber Fruchtetee

. Brombeerblatter

. Acerola

. Holunderbeere

. Griner Matetee

. Spitzwegerich

. Schwarzes Johannis-
beersaftkonzentrat

. WeilRdornblatter #1

(ORCCE NI S RCORIDEE

Heidelbeere
Rosmarin
Lemon verbena
Eukalyptus
Melisse
Kimmel

Salbei

Hopfen

Majoran
Orangenschale
Liebstockelwurzel
Traubenkerne
Fenchel
Ginseng
Holunderbliten
Roter Friichtetee
Zimtrinde
Schachtelhalm
Sternanis
Orangenbliten
Basilikum
Weilldornblatter
Charge 2
Kamille

JUSTUS-LIEBIG-
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Food Science H

. Sanddorn

. Bockshornklee
. Thyme

. Ingwer

. Andorn

. Brennnessel

. Artischocken

. Nelken

. Gerosteter Matetee
. Jasmin

. Sonnenhut

. Koriander

. Licorice

. WeilRdornextrakt
. Apfelschalen

. Sellerieknolle

. Galgant

. Knoblauch

. Taigawurzel

. Himbeersaftkonzentrat
. Traubenschalen
. Rooibos
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Characterization of bioactive compounds
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S. Krlger, R. Fornasari, I. Scainelli,
L. Husken, G. Morlock, in preparation
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B.00 Bagrifung und Obarblick dber dis wirkungsherogena Anahytik
[effect-directed analyai=, BDA) unter besondersr Baricksichtiogung
dar planar-chromatographischen Moghchkeiten Morock]

GDCh course 338/16

G U(ﬂ h Dwrchiuhrung von Experimenten
~—_—_7 (in 2 Gruppen paralsl 4 5-8 Parsonen)
BESELLSCHAFT DEUTSCHER CHEMIKER 8.15 Gruppe 1: EDA won antimikrotisll-wirkenden inhaltzstofen:

Expariment HFTLC-UNA=FLD-Bacilkes subdiis-[HFLC-)ES-HRMS
[Jarme=hidi-Aldy Stiefal)

Gruppe 2: EDA von estrogenartig-wirkendsn Inhaltestofien mit

dam planar Yeast Estrogen Screan {pYES): Expariment HFTLC-LWY

Wirkungsbezogene Analytik mit Via/FLD-pYES-HPLCES-HRMS (Kingelhdfar

HPTLC-Bioassay-HRMS 10115 Grupps 1: EDA von o/f-Glucosidasshemmer: Expariment

{in Zusammenarbeit mit der JLU GieBen) HPTLC-LA Vs FLD-Ensym-{HFLC-)ES-HRMS
[Jamshidi-Aldyirchert)

Prof. Dr. Gertrud Morlock Grupps 2: EDA von Cholinesterasshemmer: Experiment HPTLC-

LN/Vis/FLD- Enzym-[HPLC-JESH-HRMS (Hags)

B Direkter Link zur wirkenden Substanz 110U Kafespause

B Chromatographie verbunden mit Bioassay 11.15 Fortfihnung des Baclius subiils-Biossesys und dier Enzymassays
B HPTLC-UV/Vis/FLD-biocassay-HRMS
B Non-target Analytik

B Effektive Analytik

13.00 pYES-Fortfihnng

13,30 HPTLC-HPLC-IES-HRMES von bioaldieen Verbindungen
[Shiafel, Habs)

1415 pYES-Forthihnung

1500 Gruppe 1: EDA von Tyrosinase- und Xanthinowidzsshammer:
Expariment HFTLC-UWVAG=FLD-Ereym-HPLC-1ES-HRMS sowie
Expariment HFTLC-UWAG=FLD-DPPH*-ES-HRMS (Hage, Xingmiei)

Grupps 2: EDA won bicektiven Verbindungen (gensmsller Hinvsia
auf Bioakiniiat): Expenment HPTLC-LNA=FLD-Afibno fischan-
DART-HRMS (KnigenHébe)

1615 Zussmmentessung und Diskussion der unterschiedichen Bioasssys

—
ZFL *‘ﬁl mmrl;;& Punktan

et 7 A e e
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GDCh course 335/16

GDCh
~—~

GESELLSEHAFT DEUTSCHER CHEMTIKER

Hyphenations in der HPTLC

HPTLES und Eopplungsn
(in Zusammenarbait mit der JLU GiaBen)

Prof. Dr. Gertrud Morlock

B Kopplungstachnikan

W Massenspektrometrie (MS)

W Wirkungsbezogena Analytik (Bioassays)
B ATR-FTIR und NMR

W Effeldive Analytik

EFL ! *.;,I mm%1ﬂ PurkiEn

! PROGHAN
mlﬁ Nov.

2.45

11.00

11.45

12.30

13.45

14.00

14.45

15.45
16.00

16.30

2016

00 Begrifung und Einfilhrung in die HPTLS (Morock]
HFTLE erfahiren — Experiments (Hbe, Kingslhofar)

L =

Hyphensations in der Planar-Chromatographis - Teil 1
[Morlock, Scheack)

Ginuppe 1:; Expeniment DC-HPLCYDAD-ESI MS
[Cedlig, Schweack)

Ginuppe 2: Expariment HFTLC-UNMAGZFLO-BAL DH-TCF MEMS
[Lochm, Kriger)

Ginuppe 1: Expariment HFTLC-UMAG2FLO-MAL DH-TOF MSMS
[Lochnit, Kriger)

Gnuppe 2: Experiment DC-HPLC/DAD-ESI MS
[Dedliq, Schwack)

Hyphenationa in der Planar-Chromatographie — Teil 2 dMonock)

Ginuppe 1: Expeniment HPTLC-UVAGSTFLD-ATH FTIR
[Kingelhdfer, Gerbig)

Ginuppe 2: Expeniment HPFTLC-UVASFLD-Bios=say-E5] MS
[Kriger, Kirchesrt)

Ginuppe 1: Expenment HPTLC-UVASFLD-Bios=say-E5] MS
[Kriger, Kinches)

Ginuppe 2: Expenment HETLC-LWAGFLO-ATR FTIR
[Kingelhdifer, Gerbig)

L =t

Hymhenationa in der Planar-Chromatographie — Teil 3 donock)

Ginuppe 1: Experiment HPTLC-UVAGSFLOD-DART-MS
[Hébs=, Kriiger]

Gnuppe 2: Experiment HPTLC-UVAGSFLO-DESI-MS
[Kirchart, Stiefel

Ginuppe 1: Experiment HPTLC-LUVAGFLO-DESI-AS
[Kinchert, Stiedel])

Gnuppe 2: Experiment HPTLC-UVAGSFLD-DART-MS
[Hzbe, Kriiger)

Diskusz=aon (Maoriock]
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HPTLC profiling of organic pigments fs'fif:ﬁJ

— usable in packaging inks

R — — —
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8 9 10 11 12 13 14 15 16 17 18

C. Stiefel, G. Morlock, in preparation
Cooperation with Siegwerk Druckfarben AG & Co. KGaA
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HPTLC profiling of pigment PB 15:4 food science

Commercial pigments Reference Lab-coated pigments
A A

f 1 & 1

o8
0.7
0.6
05

04

3
—
0.2
0.1
2

TR - - & -
B an I
: .

- - —
8

9 10 11 12 13

C. Stiefel, G. Morlock, in preparation
Cooperation with Siegwerk Druckfarben AG & Co. KGaA
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@ ienimunissising find solvent - separation - isolation

characterisation .................................................................... e
1 2 3 4
UVNis/FLD spectra
L=t sum formula,
:c": ions, isotopes
@ l = | |
é . TLC interface | ; ,
‘ ool ‘ ‘ - s structure
chemical ‘—{;xtractlon ¥ E} “== | e [E‘JPLLP] | elucidation
‘ : 2| =22 . NMR! F——
formulation 1| 222 | —— structural skeleton
=
. extraction IR spectra
. ATRFTIR '
> polarity, hRr value

I. YlUce,G. Morlock, in preparation
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HPTLC-UV/VIS/ATR FTIR of unknown

fnlet

FlaeFonl 1 I

Cutting edge | |

Zone at hRg = 49

Intensity 251 m/z 269 Janies
" :
| aega
Ll l l
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C. Stiefel, G. Morlock, in preparation

200 250 300 350 400 450 500 550 600 650 700
Wavelength [nm]
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HPTLC-HRMS and -MS/MS of unknown

F:.‘:".l_-ilmll
Polarity Negative -
Measuring range [m/z] 50-210 cuttingedge T ] T
Spray voltage [kV] 3.3 Hacis
Capillary temperature [°C] 320
. Gas Nitrogen -
100 1e7.04007 [M-H]™ oy gas temperature [°C] 30 ‘005 14308019 [M-CO,-H]
905 Collision energy [eV] 35 g0
] Inclusion list 187.04007 1
807 80
g 60—% eo{
3 507 - _C02 -
£ o] C11H703 C10H70
g 7
30 30
20§ 75.00850 20
1 187.04008
107 10 129.53664
OE | | Tes08017) B o, 85.09106 96.81517_115.05527 | 158.03749 ‘
1 '\160| TH \260\ T ‘3(‘]0‘ T |4[‘]0‘ T |560\ T |6c|]0\ T |76O\ T B‘O 8|0 160 150 1‘\‘0 1é0 1é0 2[\)0
m/z m/z

OH
®) OH

mm) 3-Hydroxy-2-naphthoic acid 8

C11HgO3
I. Ylce, G. Morlock, in preparation 188.04734




LC/MS

| TLOHPTLC-MS |—*——{  HPCLOMS
 Elution-based inferfaces — Desorption-based inferfaces
Thermal : .
desorpfion | TD
Adsorbent-free seal | Elution '
. . head-based _ _
X \MA Atom or ion SIMS
| Pressed cutting edge bobardement .

Plate Express
2015 Advion FAB

p\c!e'

|__(ELDD)

e.press T e e ‘ '-—--—__-; __________
! I Micro capillary probe ) junction | Plasma beam FAPA (FA-APGD)
| | | Towr)
| A ( ‘
f Flowinehs Surface sampling probe | i DART --~gE.:E\ T
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T. Habe, G. Morlock, Rapid Commun Mass Spectrom 30 (2016) 321-332



DB-DART-MS
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T. Habe, G. Morlock, in preparation




DB-DART-MS
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EDA by HPTLC

Single compound(s)
— chromatography-(bio)assay

Parallel screening
— mostly 20 extracts separated in parallel
under identical chromatographic and environmental conditions

Streamlined analysis

— skip all the different methods (SPE, GPC, prep. HPLC)
for fractionation, isolation and purification of substances,
always followed by the bioactivity test — cost-effective

Matrix-robust detection
— (bio)assays not interfered by solvents and matrix

Modular hyphenations
— targeted coupling with HRMS, NMR...

Image/derivatizations
— additional helpful information
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Novel layers
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UTLC HPTLC
First report | 2001 [5] 2001 [47] 2007 [49] 2008 [28] 2009 [56] 2011 [60] 2011 [63] 1975 [3]
Layer type Monolithic Monolayer on Ordered (non)po- Nanostructured | Electrospun Carbon-nano- Submicrometer | Particulate layer
layer channel bottom rous pillar arrays layer mat tube-templated | particulate layer
microfabrication | with cross
(CNT-M) linked polymer
brushes

Technigue of | Polymerization | DRIE of Si-wafer Mid/Deep-UV GLAD of Electrospinning | Coating CNTs Slurry overlay Slurry overlay on various

fabrication

Layer icon

on glass plate
(sol-gel pro-

cess) and opt.
photografting

surface and
coating

Monolayered

lithography, DRIE of
Si-wafer surface
and coating

inorganic oxides
on glass plates

of (composite)
polymer
solutions on
aluminium foil

Spun mat of

with silica by
(pseudo) atomic
layer deposition
plus second
coating

on Si-wafer and
brush coating by
polymerization

carriers (glass plate,
aluminium or polymer foil)

and coatings

Irregular

Layer struc- Monolayer coa-ting | Column array of Silica coated Non-porous Spherical
ture texture with porous silicon or monolithic silica | verticals, posts, | nanofibers (@ (20-60 nm) particles coated particles of @5 - 7 pm
1-2 pm bottom of a shell of cylindrical helices, zig-zags | 200-400 nm, herring-bone with a polymer
macropores nanochannel (0.7 | pillars (@ 4 pm, 10 | or blades cm to m long) hedge array (3-4 | brush layer
pm wide, 0.3 pm | pm high, spaced (spaced 2 - 50 forming um wide, spaced
deep) 0.3-1.7pum)ina nm) with cylindric 4-7 um) forming
70 pm (an)isotropic channels channels (50-
nanochannel structure 100 pum long)
Layer thick- 10-50 Monolayer Monolayer or 0.5 1.3-7 15-25 50 15 50-200
nesses (um) 0.05-0.3 um porous shell
Adsorbent Silica gel, poly- | C8, C18 C8; Silica, zirconia Glassy carbon, Silica, Polyacrylamide; | Silica, amino, cyano, diol, C2,
types (4-methyl- C18 [50] alumina, polyvinyl amino poly(GMA-co- C8, C18, cellulose, etc.
styrene-co- titania, C18 alcohol, DEGDMA-NH;)
chloromethyl- polyacrylonitrile [64]
styrene-co-
divinylbenzene)
Layer geome- | 60 x 36 or 0.7 x 20 0.14 x 40; 25 x 25 or 30 % 60, indivi- 12 x 60 25 x 25 200 = 100,
try (mm) 30x33 10 x 30 [50] 100 x 20 dually sliceable individually sliceable

G. Morlock, J Chromatogr A 1382 (2015) 87-96




Office chromatography
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T. Habe, G. Morlock, J Chromatogr A 1413 (2015) 127-134
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To reach the water source,

you have to swim

Konfuzius
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