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What is the gain from hyphenated HPTLC?

The analytical cocktatll
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G. Morlock, JLU Giessen, Germany
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Superhyphenations as disruptive approach

Known knowns are up to 10% of a sample

= The majority of signals remains unclear. 5
= Low amounts can have high effect. Ay
: : S ,'#Z;.‘
= We can not elucidate each substance signal. A%t
.o :ﬁ:i °

= Toxicological assessment for each not possible. .
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Hyphenation: Chromatography + Effect detection

B-Glucuronidase
Acetyl-/butyryicholinesterase

a/i-Glucosidase
a/B-Amylase

T!l’oslnase
Xanthine oxidase | Bjochemical assay - Biological assay -

R-Secretase

Dipeplidyl peplidase 4
Glucose-6-phosphate isomerase
Glucose-6-phosphate dehydrogenase
Lipase

[ TLC/HPTLC-EDA ]

DPPH* reagent
ABTS reagent

R-Carotene bleaching '

Adhesive cell

G. Morlock Anal. Chim. Acta 1180 (2021) 338644

Suspension cell |

Algae _ Pseudokirchneriella subcapitata

Fungi

Bacteria

Aliivibrio fischeri
| Bacillus subtilis/cereus
Clostridium perfringens
Campylobacter fejuni
Enterococcus faecalis
Enterobacter cloacae
Erwinia amylovora/carotovora/herbicola
Escherichia coll
Klebsiella pneumoniae
Listeria monocytogenes
1 Methicillin-resistant Staphylococcus aureus
Micrococcus luteus/lysodeikticus
Mycobacterium aurum/avium/microti/scrofulaceum/smegmatis

Pseudomonas aeruginosa/iiuorescence/savastanoi/syringae
Raistonia sofanacearum

Salmonella paratyphi/fentericaltyphimurium

Shigelia flexneri

Staphyiococcus aureus/epidermidis/saprophyticus
Xanthomonas campestris/euvesicatoria

Apergillus fumigatus/pniger/arasiticus
Cladosporium cucmerinum

Colletotrichum acutatum/gloeosporioides/fragaria

Cryptococcus neoformans
Fusarium oxysporum/avenaceum

Microsporum canis
Penicillium expansum/anthinellum

Blood

" | Sporothrix schenckil

Trichophyton rubrum
Trichoderma harzianum

Arxula adeninivorans
Yeasts _ Candida albicans
| Saccharomyces cerevisiae

Chioroplasts

Chemical Activated LUciferase gene eXpression (CALUX) cells

<=1 Henrietty Lacks (HeLa) cells
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Prioritization strategy

Fusarium avenaceum bioassay X Planar SOS-Umu-C bioassay
\. wt

e Fungicide § genotoxin

= Aliivibrio fischeri bioassa 4
. — "'\ = Planar yeast estrogen bicassay

*» Bacillus subtilis bioassa
: Anti » Planar yeast androgen bioassay
nti-

. . Hormone
microbial

A EE—
- 4 :
Acetylcholinesterase assay

Enzy‘me Butyrylcholinesterase assay

Metabolization \
- S8 system
» Digestion

inhibitor Tyrosinase assay
= Agonist : a-Glucosidase assay

= Antagonist B-Glucosidase assay

= False positive Amylase assay

= Synergist B-Glucuronidase assay

Tousands of compounds reduced to few bioactive ones
Prioritization of important compounds

G. Morlock Anal. Chim. Acta 1180 (2021) 338644
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Prioritization strategy

Fusarium avenaceum bioassay X ' Planar SOS-Umu-C bioassay

e Fungicide § genotoxin

= Aliivibrio fischeri bioassa 4
. — ""\ = Planar yeast estrogen bicassay

*» Bacillus subtilis bioassa
: Anti » Planar yeast androgen bioassay
nti-

. . Hormone
microbial

A\ B
= y _
Acetylcholinesterase assay

Enzyme Butyrylcholinesterase assay

Metabolization \
- S8 system
» Digestion

inhibitor Tyrosinase assay
= Agonist d a-Glucosidase assay

= Antagonist B-Glucosidase assay

= False positive Amylase assay

= Synergist B-Glucuronidase assay

Tousands of compounds reduced to few bioactive ones
Prioritization of important compounds

G. Morlock Anal. Chim. Acta 1180 (2021) 338644
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12 D hyphenation

5-25 min/sample

0.5-0.9 Euro/sample

Parallel HPTLC screening

Application of n
raw samples

Al ﬁ

NP-HPTLC .
separation o

Documentation

uv e

Vis e

FLD

G. Morlock Phytochem. Reviews, in submission

Multiplex bioassay detection

Application

of two stripes /.-_ '

Neutralization

for acidic plate
or mobile phase

Zone fixation

Bioassay
application

Documentation

Agonist
» Antagonist
» False-positive
» Synergist

HPLC-DAD-ESI-HRMS

Automated
heart cut
zone elution

Orthogonal
RP-HPLC
separation

DAD

ESI-
HRMS/MS

Data
Evaluation
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Multiplex bioassay

androgen antiandrogen
OH (0] OH

(e]

hAR

activating

Schreiner, T., Ronzheimer, A.,Friz, M., Morlock, G.E., Food Chem. in print doi:10.1016/j.foodchem.2022.133610
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Application of stripes \ \ Biological detection
o \
= \
c 1
= | | 3
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n / |
=) | | /
(@] | I [
o [ i u'
LL Ila' |
o Human estrogen receptor i 4-Methylumbelliferone Signal produced by yeast
(& I
o in Saccharomyces cerevisiae | galactoside (MUG) detected at FLD 366 nm
S |
= :
0 | MUG
- O
v, 1

Blue fluorescent

_J ]_ U 4-methylumbelliferone (MU)
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Application of stripes

E2 MU

Human estrogen receptor 4-Methylumbelliferone

in Saccharomyces cerevisiae galactoside (MUG)

K

Blue fluorescent
4-methylumbelliferone (MU)

Biological detection

Signal produced by yeast
detected at FLD 366 nm

E2 MU
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RP-HPTLC—pYAAS

parameters
improved

Multiplex bioassay detection

NP-HPTLC—pYAAS
NP-HPTLC®™_pYAAS

Neutralization

Rentaresas NP-HPTLC™—pYAVAS
for acidic plate

[
.. |
or mobile phase L/

Zone fixation

Application
of two stripes

Scheme

Bioassay
application |

| :'

Documentation

+ Agonist
 Antagonist g
o —9|§p nositive &
- bvne'gf\t t

T. Schreiner, J. Heil, D. Sauter, M. Friz, G. Morlock Front. Pharmacol. 12 (2021) 755941

/ 13 16 30 31 21 55 57 58 61 68
| | !

FLD 366 nm




Food Science JLU Giessen

© G. Morlock

Agonistic, antagonistic and false-positive effects

16

30

31

Known estrogen (E2)
proves anti-effect.

E2 MU E2 MU

41 55 57 53 G1 G2

FLD
366 nm

PYES

Antiestrogen

Estrogen

No antiestrogen

Plant sample

T. Schreiner, J. Heil, D. Sauter, M. Friz, G. Morlock Front. Pharmacol. 12 (2021) 755941

False-positive?
MU proves
physico-chemical
FLD reduction.

MU is formed,
if estrogenic
compound is

present.

Both lines
applied after
separation.
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Terms used for hormonal bioassays

HPTLCMx  plus zone fixation step

= PYES planar yeast estrogen screen

El2 PYAES plus stripe: agonistestogene —, gntagonist

I PYAVES plus stripe: endproductmetiumbeliierone —, false-positives or

E2 MU . .
verified antiestrogen

= pYAS planar yeast androgen screen
! PYAAS plus stripe: agonisttestosterone _, antagonist
Il pYAVAS plus stripe: endproductmethyl umbeliferone _, fa|se-positives or

T MU
verified antiandrogen
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NP-HPTLC"™*=pYAAS for screening ....versus status quo on NP and RP

A Before the bicassay

In comparison to status quo pYAAS on NP (Schreine

1

4 5 0-7 8 € 10 11 12 13 14 15 18 17 18 18 20 21 22

2 3 4 5 6 7 8 9 10 11 12 13 14

2 3 4 5 67 8 9 10 1 1213 14

2 8 4 5§ 87 8 010 1" 1218 14

15 18 17 18 18 20 21 22

15 18 17 18 18 20 21 22

15 18 17 18 10 20 291 22

23 24 25 20 27 28 20 30 31 32 33 34 35 30 37 38 30 40 41 42 43 44 45

23 24 25 268 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45
et al., 2021) and RP 18-W

23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45

23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 3B 30 40 41 42 43 44 45
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4647 48 40 50 51 52 53 54 55 50 57 58 50 60 61 62 83 84 65 60 67 68

48 47 48 480 50 51 52 53 54 55 56 57 58 50 60 61 62 63 64 65 686 67 68

48 47 48 40 50 51 52 53 54 55 58 57 58 50 60 61 62 83 84 65 06 67 68

48 47 48 40 50 51 52 53 54 55 56 57 58 50 60 61 62 63 64 85 98 67 68
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NP-HPTLC™*=pYAVAS for confirmation

A === {estosterone

== 4-methyl umbelliferone

botanical sample

« planar H

* Yeast //'

« Antagonist
 Verified

6 9 16 25

30

I
3

1

41

54

55

65

« Androgen
e Screen

Zone fixation: new zone sharpening protocol!

Schreiner, T., Ronzheimer, A.,Friz, M., Morlock, G.E.,

Food Chem. in print doi:10.1016/j.foodchem.2022.133610
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hR:
100
90 -
80
70
60 =
50 =
40 =
30-
20
10 =

O—

NP-HPTLCfix-pYAVAS-FLD

* planar

* anti-androgens
0 synergists

# false-positives
garlic no. 30

* Yeast

« Antagonist
 Verified

« Androgen

» Screen

kola no. 31 AhR:
=100
=90
=30
=70
- 60
=50
= 40
- 30
=20
=10
=0

Schreiner, T., Ronzheimer, A.,Friz, M., Morlock, G.E., Food Chem. in print doi:10.1016/j.foodchem.2022.133610
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Effect differentiation and synergy

T. Schreiner, J.

Heil, D. Sauter, M. Friz, G. Morlock Front.

Pharmacol. 12 (2021) 755941
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Effect quantification EC,

Dose response curve of E2

Signal intensity (AL
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How to calculate IC., calculation on surface?

Signal intensity (peak height,

AU)

225
200
175
150
125
100
75
50
25

Canniprene

0102 03 0507 1 2 4

0.1
0.2
0.3
0.5

oo h~DN

10

Amount (pg/band)

2,4011
5,7537
2,4351
3,979
14,738
33,5967
132,8351
195,2849
211,7194
233,5187
236,1207

6

8

10

238

226

1892

165.2

1424

- N3

355

7zl

483

254

www.aatbio.com/tools/ic50-calculator

» Both: IC50 at 1.9 pg/band

PO
LI 1 I 1 1
0.01 0.1 1 10 100 1107
ICs5p 1.8941
2325253 - 0.5091
Equation ¥ =-0.5091 +
140 X }—2.554]"
1.8941
Max — Min
Equation Form Y =Min +

) Hill coefficient

X
‘I+(@



Food Science JLU Giessen

© G. Morlock

Phytochemicals — synergy for estrogenic effects!

v' Few agonists
. 9 10 11 12 13 14 15 16 17 18 19 20 21

v' Many antagonists

v' Many synergists

v' One day

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

46 47 45 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 63

A. Ronzheimer, T. Schreiner, G. Morlock, Phytomed. 103 (2022) 154230

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

FLD 366 nm
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Identification

_ Estrogen
Zone |
hR: 96

Liguiritin apioside

H Liquiritigenin

Antiestrogen
Zone

He hR: 36

Daidzein

IS

HO

Total Scan DAD 30 FIELD microAL
AT 5.82-5.05 min ML: 2.80E4

8 ooy 225

£ a0 270

%E!D

s 315

R

m

B W B o AT L e

220 240 260 280 200 320 340 360 IBD 400

wavelength [rim]

ESI™ Full M52 miz 548.1625 @HCD40.00
RT: 5.84 min ML: 2.05EG

255.06835

112.05012
54016183

420.10440

Relative Abundance

100 200 300 400 500

ESI® Full M52 miz 551.1753 @HCD<40.00
AT 528 min ML 1.07ES

1 257.08121

Relative Abundance

100 200 300 400 500
miz

“OH

o -.'-"-'?"‘*J/_H
.-'T‘-.ﬂq'.'Jl\-\ ,—'L‘q_'.a

Total Scan DAD 30 FIELD microAU
RT: 6.65-6.88 min NL: 1.00E4

210

g

80
80
40
20
GI||IIII
200 220

Relative Absorbance

240 | TE0 | 280 300 320 3 0 380 400
wavelength [nm]

ESI” Full M52 m'z 255.2331 @HCD#0.00
RT: 6.68 min NL: 1.48E7

100 118.05017

3
[ =4
4 a0
[ =
5 &0 -
2 4 3500878 25508631
L 01.01280
=5 20
]
I o
a0 100 140 120 220 260
m'z

Total Scan DAD 30 FIELD microAll
RT: 6.82-5.88 min NL: 2.12E4

205
§ 10

Relative Absorba
o888

IS L N L L I L L B B LA LN e |
il iy

T
340 330

waugler'gih [mm)
ESI" Full MS2 miz 253.2175 @HCD40.00
RT: 879 min  NL: 1.3857
% 100 253.05068
3
[ =
2 80
<
T 4D
2 20
. 810153 119.05020 224.04785
& a0 100 140 180 220 260
iz

ESI* Full M32 m'z 255.0083 @HCD40.00
RT: 6.78 min  ML: 6.58E8

255.08560
100

18807578

181.08480 7 227.07059

Relative Abundaros
5888

A. Ronzheimer, T. Schreiner, G. Morlock, Phytomed. 103 (2022) 154230
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NP-HPTLC-UV/vis/FLD- RP-HPLC-DAD-MS

2. Scan ES-

. 100 no . . 25806
Orthogonal hyphenation ‘5 -
\ . 0 “ mz
. . 1:0 280 320 360 400 '2If .l‘:‘?usl(]' 480 520 560 600 640 - . 0 1;;?;155.
» HRMS directly from active zone i e

ESI-HRMS
s f

/ /__
}/ " RP-HPLC-DAD

L 7 7 7 7 Al 7 7 7 7 7 7 7 7 7 7 7

PULE

NP-HPTLC-UV/vis/FLD-bioassay

A. Ronzheimer, T. Schreiner, G. Morlock, Phytomed. 103 (2022) 154230
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NP-HPTLC-UV/Vis/FLD- RP-HPLC-DAD-MS

@ YouTube ™ Suchen  Introducing autoTLC LC MS a ¢

Orbitrap
HRMS system

" monolithic
N HPLC column

I Q |
| I
5 ’
»
| I —
| s

W autoTLC-LC-MS
! interface

»l o 0:58/743 o E' . []

A. Mehl, W. Schwack, G. Morlock J. Chromatogr. A 1647 (2021) 462154


https://www.youtube.com/watch?v=nVx9VL45JSY
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elution

oBAa8E

Relative Absorbance

83

[N
==

"=
£

Relative Absorbance

%)
=]

Relative Abserbance
585

HRMS/MS -
a
Heart cut ' : __l\ Lo
Orthogonal ’ %\
RP-HPLC DAD -
Total Scan DAD 30 FIELD microdll ESI" Full M52 miz 178.0575 @HCD40.00 ESI* Full MS2 miz 131.0480 @HCD40.00
AT 498502 min ML 85454 RT:5.00min  ML: 1.08E7 RT 488 min  NL 10528
o 410 179.05741 T 131.07214
" g 2
POL £ fe
o i 5 a0 Sen 124.05084
ZE T 2 4 184.03402 20
2 122 03585 2
g% pan4z | % o
200 250 300 250 ¢ = s 100 150 20 F =0 100 150 200
wavelength [nm] miz miz
Total Sean DAD 30 FIELD micradl ESI" Full M52 miz 401.3024 @HCD40.00 ESI* Full MS2 miz 420.1867 @HCD40.00
AT 556563 min ML 3.24E4 o, RT:568min ML 9.01E5 RT:5.86min ML 1.82E6
7101353 g, 9105482
’t(:‘ glo ¢
4 80| |101.02430 T e 9702285
Z80 11a0zaes 221021 agiaees1 Se
T a1 04558 <40 123.04a70
2 E
3 £ 20 £20 250.08142
2% | l 23209555 £ 42018735
250 = 200 300 400 = 100 200 300 400
wavela'»gth [nm] miz miz
Total Scan DAD 30 FIELD microall ESI" Full M52 miz 263.1283 @HCD40.00 ESI* Full MS2 miz 265.1200 @HCD40.00
AT 668572 min ML 18853 RT:673min ML 6.72E5 RTGTSmIn NLA4SES o e
260 219.13383 . 7.
£100 151.07842 §1 135.08073 187.11187
= o LR o 80 20111
g 2
280 280
E - 111 011%56'85073 ; pit
£ 263.12875 ]
I 1 g 3 0
L 250 0 : ® T80 b0 150 | 200 | 260 =
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® 225 HE

380 o
éan
<4
= 2|
0T

0
0

Tatal Scan DAD 2D FIELD microAl) e, OH "
RT: 6.28-6.32 min ML 8.17E4 j\)::[

2 . L L e e e e

300 350
wavelength [nm]

ESI Full MS2 miz 579.1725 @HCD40.00
RT:G.20 min  ML: 3.30E6
151.00350

iy
3

271.08125
803,10 050hs 57217224

20 450.11533

Relative Abundan
s
=1

100 200 300, 400 500 600
miz

ESI Full MS2 miz 431.2286 @HCD40.00
RT:6.08 min  ML: 2. 30EG

#100

311.05518

232,081 431.00338

Tatal Scan DAD 2D FIELD microAl)
R'I" 7.38-7.20 min MNL:- 3.46E3

ESI Full MS2 miz 267.1241 @HCD40.00
RT:7.40min  NL: 1.31E7

ESI' Full M2 miz 531.1867 @HCD40.00
RT:8.31 min ML 27888

ESI* Full M2 miz 433.1131 @HCD40.00
RT:6.07 min  ML: 2.30E6

ESI* Full MS2 miz 260.2225 @HCD40.00
RT:7.31 min ML 27588

Relative Aburdance

Relative Aburdance

810 27307584

a0 153.01837 \[zam ple
80 no. 41
40

20

0

313.07074 43311322

oN&883

4, 252.04202— 207.06544 4 260.08083
g £

a0 210 R §a

4 a0 26 380

EPs E : 2 0401 § - 151.03886

220 B 132.02168 g0 . 213.08096

S0 2 20 oromesy 1 odkie 0 10?0-1945\

g T T e e s mu”E”‘ﬁd”‘b””ﬁd‘” &

wavdength [rvn]

Tatal Scan DAD 2D FIELD microAl)

RT: 6.02-5.07 min  MNL: 2.82E40, =

2

5 40

Z 20

]

o e e e e

£ “2bo 2k o 250 4bo
wavelength [nm]

Schreiner, J. Heil, D. Sauter, M. Friz, G. Morlock Front. Pharmacol. 12 (2021) 755941
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Hyphenation: Chromatography + Effect detection

B-Glucuronidase
Acetyl-/butyryicholinesterase

a/i-Glucosidase
a/B-Amylase

T!l’oslnase
Xanthine oxidase | Bjochemical assay - Biological assay -

R-Secretase

Dipeplidyl peplidase 4
Glucose-6-phosphate isomerase
Glucose-6-phosphate dehydrogenase
Lipase

[ TLC/HPTLC-EDA ]

DPPH* reagent
ABTS reagent

R-Carotene bleaching '

Adhesive cell

G. Morlock Anal. Chim. Acta 1180 (2021) 338644

Suspension cell |

Algae _ Pseudokirchneriella subcapitata

Fungi

Bacteria

Aliivibrio fischeri
| Bacillus subtilis/cereus
Clostridium perfringens
Campylobacter fejuni
Enterococcus faecalis
Enterobacter cloacae
Erwinia amylovora/carotovora/herbicola
Escherichia coll
Klebsiella pneumoniae
Listeria monocytogenes
1 Methicillin-resistant Staphylococcus aureus
Micrococcus luteus/lysodeikticus
Mycobacterium aurum/avium/microti/scrofulaceum/smegmatis

Pseudomonas aeruginosa/iiuorescence/savastanoi/syringae
Raistonia sofanacearum

Salmonella paratyphi/fentericaltyphimurium

Shigelia flexneri

Staphyiococcus aureus/epidermidis/saprophyticus
Xanthomonas campestris/euvesicatoria

Apergillus fumigatus/pniger/arasiticus
Cladosporium cucmerinum

Colletotrichum acutatum/gloeosporioides/fragaria

Cryptococcus neoformans
Fusarium oxysporum/avenaceum

Microsporum canis
Penicillium expansum/anthinellum

Blood

" | Sporothrix schenckil

Trichophyton rubrum
Trichoderma harzianum

Arxula adeninivorans
Yeasts _ Candida albicans
| Saccharomyces cerevisiae

Chioroplasts

Chemical Activated LUciferase gene eXpression (CALUX) cells

<=1 Henrietty Lacks (HeLa) cells
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Adherent human cells as on-surface biodetector

Passive events Active events

Contact Early spreading Late spreading Crawling

Suspension cells Adherent cells

Current Biology

B
RP-18W plate without cells RP-18W plate with HeLa cells

C HelLa + MTT on RP-18W plate

e

Neutrophil

CellCartoons.net

Similar use of the stripe technique....

Mugge, F., Morlock, G.E. in submission

jau'suoope)||ed
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HPTLC combined with human cultured reporter cells

First report of adherent human cells as on-surface biodetector
Adherent human cells grow on planar chromatogram

Non-target screening of cytotoxic substances in natural samples

Light

CALUX activity

. O Add luciferine e

Luciferase
Translation
< ; AN
W

‘ Transcription
UL
i L gene

Ligand
binding

Element

Nucleus
Ligand-Receptor
complex

Cell membrane Cytosol
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RP-HPTLC-Cytotox CALUX cell bioautograms

Saussurea costus, KG, RGViJ Cytotoxicity is lost during
~y  Steam-treatment and

drying (2 versus 3),

making RG, less cytotoxic.f‘

incubation 3.5 h 24 h negative control

2-10 pL per well

Negative control A @ @ @ (. (@)

Proof of Cytotox CALUX® cell S. costus, B O © C
' i @ @ @ @
.0 BOO

Klingelhofer, 1., Pham Ngoc, L., Burg, B.v.d., Morlock, G.E. Anal. Chim. Acta 1183 (2021) 338956

viability by MTT in microtiter plate
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Prioritization strategy

Fusarium avenaceum bioassay X ' Planar SOS-Umu-C bioassay

e Fungicide § genotoxin

= Aliivibrio fischeri bioassa 4
. — ""\ = Planar yeast estrogen bicassay

*» Bacillus subtilis bioassa
: Anti » Planar yeast androgen bioassay
nti-

. . Hormone
microbial

A\ B
= y _
Acetylcholinesterase assay

Enzyme Butyrylcholinesterase assay

Metabolization \
- S8 system
» Digestion

inhibitor Tyrosinase assay
= Agonist d a-Glucosidase assay

= Antagonist B-Glucosidase assay

= False positive Amylase assay

= Synergist B-Glucuronidase assay

Tousands of compounds reduced to few bioactive ones
Prioritization of important compounds

G. Morlock Anal. Chim. Acta 1180 (2021) 338644
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Comparison of genotoxicity assays

Genotoxin 4-nitroquinoline 1-oxide (4-NQO, 0.53 nM, LOBD 20 pg/band)

MUG as substrate » MU

™

-y
-]
1

-
3]
1

12+

0 0.5 1 2 3 4 8 12 16 20 24 100

- e - -

-------------------------------

Fold Induction (to control)

OO =NNMMMO
CO0COT~NMTNWON [I'IM]

=l=l=l=l=]l=]
T OWOWNT O
-moN coocococococooconNy

TA98 TA100

Umu-C AMES-MPF HPTLC-SOS-Umu-C

v

200

NP-HPTLC-SOS-Umu-C
176 times more sensitive
than microtiter plate

counterpart

Meyer, D., Marin-Kuan, M., Debon, E., Serrant, P., Cottet-Fontannaz, C., Schilter, B., Morlock G.E., Alternatives to animal experimentation 38 (2021) 387-397
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Effect differentiation in complex samples

Behaviour

Morlock, G.E.,

FLD 366 nm

Effect detection

~d

e

Bioassay with MUG as substrate
Substance > MU

assignment

s o CaHO;
T M16eNs)

C;M,0,
[2M16eNa)*

S CtOy
| CauMuO, M16+0-H)
M O-H)

G10 L8 S10 G11 L13 S13

Ziltener, A., Geyer, S., Mehl, A,, Schreiner, T., Kamel, T., Tersteegen, J., Brimmer, iScience (2022) 104271



Impossible via microtiter plate assay » sum parameter only
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W\ A oo .
1. Rehydrate . n 4“_ o Mix and |ncul:?ate at 2. Measure absorption g . .
ey Q : / v 37°C overnight of 600 nm + 20 nm ,r—. 3. RE.:—lnoculate.S n'_1L of
. E light. The absorption s _'ﬂ T bacterlalsuspenm_on in new
& A = (0D should be =0.5. | growth medium.
4. Prepare Plate A during Add 70 pl to all appropriate wells R
o bacterial suspension incubation I
Tt etat ot i\ by performing serial dilutions for ~——————— ) ‘ . q
1.2 3 4 5 6 A all samples. Plate A will also 8::8 %\B&i—;\—i\-}): Incubate at 37°C for [ ‘y Al [c
[P R e e A include all controls (positive, c-m..i' U& ) © . 1.5 hours
allcl ol [E | [F| Ik '% negative, solvent) and blanks. ! < A
' e After incubation, dispense 70 pL Ggmqmgma 5 mL B
of bacterial suspension to all HEBBRLBOLLUU
Incubate Plate A at appropriate wells. |

37°Cfor 2 hours

5. Prepare Plate B during Plate A incubation. Add 270 plL growth medium to
each well. After incubation transfer 30 pL from each well of Plate A to the
corresponding well in Plate B.

6. Measure absorption Incubate Plate B at 7. Measure absorption
at 600 nm = 20 nm. 37°C for 2 hours at 600 nm + 20 nm.

200 pl Add 270 pl to each well — = —_— > — ,"r_ —

|
n 12 3 45 & r‘{s DTN [ = . F B a—-——\
A T e g ) E% k%K XK X% KN \ r %
. . e' lﬁ:;%jx"ﬂ 399991 [ / e 5™
. statatate s I (O TUR
c A ji v o "
:$3388880888:
H b 9. 9. 9. 9L - o P ot e e o
rd bt | M AN AN Add 120 pL to all wells
Incubate 8. Prepare Plate C during
10. Measure . .
b . Plate C at Plate B incubation. Add
4;0 ic:;p:';:; ::ﬂ 37°C for 30 120 plL reagent | to each 30 pL
~ ’ minutes well. After incubation
r . < €— | transfer 30 pL from each |.50
FETOW wellof Plate Btothe |"V55% %5 Vv amn _
o o | corresponding well in \ [ I
L - 9. Add 120 plL reagent L to all wells Plate C. Add 30 uL Add 30 pL to all wells L=
| chromogen to each well. |
Entire

11. Analyze results using EBPI's bioinformatics spreadsheet. www.biotoxicity.com contents
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Effect differentiation in complex samples

Behaviour

Morlock, G.E.,

FLD 366 nm

Effect detection

~d

e

Bioassay with MUG as substrate
Substance > MU

assignment

s o CaHO;
T M16eNs)

C;M,0,
[2M16eNa)*

S CtOy
| CauMuO, M16+0-H)
M O-H)

G10 L8 S10 G11 L13 S13

Ziltener, A., Geyer, S., Mehl, A,, Schreiner, T., Kamel, T., Tersteegen, J., Brimmer, iScience (2022) 104271



G. Morlock, A. Ziltener, S. Geyer, A. Mehl, T. Schreiner, T. Kamel, J. Tersteegen, F. Brimmer in iScience 2022, 104271
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Dolphins’ beauty secrets




How do you treat your skin?

Be as intelligent as dolphins!

How do you discover the secrets of nature?

HPTLC steps

« Sample preparation

» Sample application

| — 1

* Development

« Aliivibrio fischeri 5ioéssay ﬂ Minimum input...
f R Gih %\ The gorgonian coral Rumphella aggregata, leather
o coral Sarcophyton sp. and sponge Ircinia sp. were
Maximum output... specifically accessed by the dolphins — small
Lab tests for bioactive compound screening quantities were collected not to disturb nature.

via straightforward hyphenated HPTLC



17 active compounds found

via bioprofiling

“' . | HRMS"
Zone 2
» elution E
. Pu TP l'*l Biological &
T ! enzymatical

~he, . ) |

Yative) A fischeri d
. Physico-
< chemical

D

12

G10 L8 S10 G11 L13 S13 G10 L8 $S10 G11 L13 S13

Heart—cut'

elution
g ]

1.5e-1
1.0e-1
5.0e-2

FLD 366 nm Estrogen-like pYES

Imprinted pYES-MS plate

G10 L8 S10 G11 L13 S13

L —

Orthogonal
RP-HPLC

+

12}
€ =N +=
SER i, @ — +4>
4 P R e
s
PDA

Estrogen-like

pYES
Diode Array 218 Diode Array
0.892e-2 4e2 4617e-2
MU 595 3e2
697 812 2e-2
1e2
e — =y - 0.0 nm
700 800 900  10.00 225 250 275 300 325 350 375 400
528 esie Tic 800 315,18 [M21-H,0+H]" Esr
813 | 9.29e8 (M20SNH* 1.66e7
® 35027
[M20+HI  (mM20+Na]" (M20+K]*
8.7
2 : 33329 | as50f Z37i05
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g ESI
6.97 Diode Array ‘ I
odemay. [ 37529 [M22+H] e
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. : 41342
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.24
824 5 84 8.96
0 ¥ 4 miz
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824 ESI* TIC 100 246.07 [M21+NH,]" ESi
854 8.25¢8 4.35¢6
861 ®
7.08 875 1 M214KT"
147 "‘g;;g . 267.10
Time 0 miz

7.00 8.00 9.00 10.00 225 250 275 300 325 350 375 400 425

Assignment to potential
candidates via (HR)MS

Take home...

Just rub and benefit!
Self-medication maintains skin
health — marine pharmacy?

Let it be for the dolphins!

Behaviour

Effect detection

b

"

Substance
assignment
CagH305
[M16+Ns)
CadthiO; [2M 16
C 0, 47 ey
(MW"(LN] 3 CnOy
CoMulO, M16+O-H)
. IM16+4,0-4
CrHO. 309.2000
M16-H) e voes

Morlock, G.E., Ziltener, A., Geyer, S., Mehl, A., Schreiner, T., Kamel, T., Tersteegen, J., Brimmer, iScience (2022) 104271
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12 D hyphenation

5-25 min/sample

0.5-0.9 Euro/sample

Parallel HPTLC screening

Application of n
raw samples

Al ﬁ

NP-HPTLC .
separation o

Documentation

uv e

Vis e

FLD

G. Morlock Phytochem. Reviews, in submission

Multiplex bioassay detection

Application

of two stripes /.-_ '

Neutralization

for acidic plate
or mobile phase

Zone fixation

Bioassay
application

Documentation

Agonist
» Antagonist
» False-positive
» Synergist

HPLC-DAD-ESI-HRMS

Automated
heart cut
zone elution

Orthogonal
RP-HPLC
separation

DAD

ESI-
HRMS/MS

Data
Evaluation
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13 D hyphenation: in situ metabolization added

Contact

- Sample Incubation

(substrate) it and end

“Metabolizing ~Startandend —Bpiiafola i

enzyme wadmmstemng Appropriate R — .
and dryi ulti-imagin

system ving separation gne

- Chemical Evaluation

- Biochemical ..
~ -Biological :g:gtlza—lmechan.
i vaerspectra|
5 Multi-imaging
F 3
3 Moistening/Incubation
HSA Ppep Panc S9 mixture
Starch Casein  Starch/Casein/Oil  Food

_*::I ';‘f.'
et ‘{‘.‘.,ﬂ.‘.—‘ -~
T3 e

AChE assay for detection

COCH, H
Acetylcholinesterase
CO===0Y3 - o

1-Naphthyl acetate 1-Naphthol
201°
@ @
N=N N==N
Fast Blue B Salt
H Hy
O(Er"'” "'”*&O
OCH,
Azo dye (purple)

G. Morlock, L. Drotleff, S. Brinkmann Anal. Chim. Acta 1154 (2021) 338307
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Any neurotoxins in food packaging migrates or extracts?

AChE assay
HPTLC-S9-UV/Vis/FLD-AChE assay: nanoGIT actve @éwfjé +  omcoon

® ®
N=N N=N

Fast Blue B Salt

H HyCO H
OO
OCH,

Azo dye (purple)

5. O CHiCH, 0. 2 CHCH;
P — SP____CH4CH,
/ “0-CHyCH,

P —
/70
o} ~< >—o — 5 O,N— 0 - 5 O,N— H
ZN CYPs ? \ / Paraoxonase ©2 QO

Carboxylesterase

< CYPs g
Parathion Paraoxon P-nitrophenol

S~ .~

CYPs

— No detoxification

E. Azadniya, J. Mollergues, T. Stroheker, K. Billerbeck,
G. Morlock Anal. Chim. Acta 1129 (2020) 76-84
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Does it make a difference what kind of bread you eat?

Amylolysis: major energy-providing source for the human diet
Polymeric carbohydrate consisting of numerous glucose units

— cleavage products: maltotriose, maltose, glucose, dextrins

Catalyzed by the salivary and pancreatic a-amylase

Susceptibility dependent on several factors, e. g.,
— Botanical origin (particle structure)

— Food processes (milling of grains, gelatinization of starch)

Intake of starchy foods leads to rise in blood glucose

(T4
QA Y% TS
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HPTLC on-surface digestion of starch: nanoGlITactive

Glucose

Lactose
(Enzyme extender)
Maltose
M7trios¢ \

CH,0H \ \
5 =
@ Starch 0.3 0.7

—® o) CH,OH CHZOH CHQOH CHZOH CH20H CHZOH
OH \_
CH,OH CH, CH,OH ,;0 0 +
OH OH
OH OH OH OH
—0 0 0 o— OH
OH OH OH Maltotrlose Maltose Glucose

Miiller, 1., Morlock, G.E., in submission
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HPTLC on-surface digestion of starch: nanoGlIT+active

Why transferring amylolysis to a highly adsorbing HPTLC plate? — Because we can! ©

« Enzymatic reaction directly on plate!

Whole rye

) w
E &
Q <@
o Q
= s
et

 Analysis of all products

S1
Spelt

Gl
+ Very low LOD/LOQ ©

Mal
« 17 samples per plate
Mal3

Miiller, 1., Morlock, G.E., in submission
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Validation of nanoGIT*active method

* Layer thickness
* Application deviation

Enzymatic reaction

* Random production rates
* Gelatinization/retrogradation

Muller, I., Morlock, G.E., in submission

* Enzyme activity
* Diffusion

Suspension

* Inhomogeneity



Validation of nanoGIT*active method

=

)

7))

O

o Standardization

D

= « Sample preparation procedure — adjust cooking time, evaluate storage conditions

© « Environmental conditions — precise relative humidity control

&)

c

2 « Wetting and incubation procedure — ensure enzyme activity, while not plate floating or drying out

7))

2 » Development conditions — mobile phases are prone to relative humidity

2

4

8 LOD LOQ Inter-day precision Inter-day precision Recovery Recovery wheat

c_3 [ng] [ng] starch [RSD%] wheat [RSD%)] starch [%] [%]

p=

5 Glucose 5 10 <10 <21 111-112 80-98

@ Maltose 38 48 <10 <16 106-115 62-94
Maltotriose 47 188 <10 <25 - -

JLU

Muller, I., Morlock, G.E., in submission
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Validation of nanoGIT*active method

B Saccharide S/N Height Amount [ng] | Track

LOD

Glucose 0.0171/0.0023 = 7.4 5.000 12

Maltose 0.0092/0.0022 = 4.2 38.00 16

Maltotriose | 0.0042/0.0011 = 3.8 47.05 4
LOQ

Glucose 0.0178/0.0015 = 12 10.00 4

Maltose 0.0113/0.0011 = 10 47.50 2

Maltotriose | 0.0124/0.0012 = 10 188.2 6

02

LOD
LOQ

16 00
Re

07
06

Muller, I., Morlock, G.E., in submission
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Outcome of the amylolysis of starches

Differences observed for botanically different flours, whole grain & refined flours

Overall saccharide release of salivary amylolysis
- Lowest: Amaranth, emmer and einkorn

- Highest: Spelt

Overall saccharide release of pancreatic amylolysis
- Lowest: Amaranth, whole wheat and wheat

- Highest: Spelt and whole rye

Possible benefit of whole grain products due to their lower saccharide release

It does make a difference what kind of bread you eat!

(T4
aay ¥ —>
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2L.abs2Go — Chromatography System for Citizen Science

UHPLC is like... HPTLC is like... OCLab3 is like...

http://ams.bg/images G. Morlock, g-more.chemie.de https://railway-technology.com

©Morlock

Simplicity is the ultimate sophistication.

L eonardo da Vinci
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2L.abs2Go — Chromatography System for Citizen Science

UHPLC is like... HPTLC is like... OCLab3 is like...

http://ams.bg/images G. Morlock, g-more.chemie.de

Simplicity is the ultimate sophistication.

L eonardo da Vinci

https://howldb.com

©Morlock
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Comparison to status quo

Pixel intensity [AU]
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L. Sing, W. Schwack, R. Goétsche, G. Morlock, in submission

OCLab3
4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20
ATS 4 and HDC
4 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Before preprocessing
OCLab3, track 20
SN o N g W T e
X DA AN =
T T T T T
0 10 20 30 40 50 60 70 80 90 100
hRs

After preprocessing

f\
\
<] 1
& |
P
2° ‘
g [ “
g [
£° [
3 [ ]
&
-
o \
| | \
|
ol I / \ /\ N
o v | e s \
T T T T T T T T T T
0 10 20 30 a0 50 60 70 80 90 100
hR¢
Red channel
23
2z 4 [
Ze oy
2o \
£ \
3 1
ae ——— —
°c >
T T T T T T T y T T T
0 10 20 30 40 S0 60 70 80 90 100
hR¢
Green channel
S
<o
231
£
3
&e
o
T T y T T T T y T T T
0 10 20 30 40 AR 50 60 70 80 90 100
¥
Blue channel
S
<o
> 4
;N
$3
€
E’ ) \
& \ e =
o
T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
hRs
Grayscale
S
<o
F
a
€
go
&
3
g9
o
T T T T T T T T T Y
0o 10 20 30 40 50 60 70 80 90 100

hRs¢




Food Science JLU Giessen

© G. Morlock

JLU

2L.abs2Go system

Compact: 26x31x34 cm3
Light: 6.8 kg
Costs: 1717 €

26 cm x 31 cm x 34 cm, 6.8 kg

Fountain

Aquarium

Pond

Landfill

Water tap

Puddle

Sewage clarifier

Rain

Biogas
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Morlock, G., Morlock, J., Morlock, L., Chapter 15. In C. Poole (Ed.), Instrumental Thin-Layer
Chromatography, Handbooks in Separation Science, Elsevier Science, Amsterdam, in print




Summary | Prioritization strategy » 12 D hyphenation

Fast profiling of samples

Samples as native as possible

JLU Giessen

Minimalistic sample preparation
Maximal view on sample

Priortization of compounds

Maolecular formula obtained All-in-one

Minimalisitic data storage

Food Science

HPTLC-UV/Vis/FLD-assay-HRMS/MS

{ odtt

Estrogens @
False-positives

—» True antiestogens Q/
Synergy %

- Targeted identification

© G. Morlock

JLU

G. Morlock Anal. Chim. Acta 1180 (2021) 338644 A. Ronzheimer, T. Schreiner, G. Morlock, Phytomed. 103 (2022) 154230
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Summary Il Metabolization included » 13 D hyphenation
Orthogonal zone characterization All-in-one nanoGIT*active gystem

—f—
(o

M}

G. Morlock, L. Drotleff, S. Brinkmann Anal. Chim. Acta 1154 (2021) 338307
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Summary Il

2L.abs2Go system

L. Sing, W. Schwack, R. Goétsche, G. Morlock, in submission
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