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Smaller, Better, Faster –  
Strategies for Metabolite Profiling and Phenotyping 

 

Gertrud Morlock, Chair of Food Science 
       Justus Liebig University Giessen  

 
Latest developments in  

bioassays combined with planar chromatography 
HPTLC coupled to (bio)assays 

Structure?                                             Compound? 
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Use the best method… 



G
. M

or
lo

ck
   

   
Fo

od
 S

ci
en

ce
   

   
JL

U
 G

ie
ße

n 

HPTLC 

  HPLC   

     GC        

Use the best method for the given task! 
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…not to end like this! 

Radish harvest 

Loriot`s Grosser Ratgeber, 1968 
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HPTLC-bioassay-HRMS/NMR/FTIR 
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Identification: Targeted 

(Bio)assay: Non-targeted 

Sample fingerprint and profiling 

[M-H]- 

Estron 

Workflow 



G
. M

or
lo

ck
   

   
Fo

od
 S

ci
en

ce
   

   
JL

U
 G

ie
ße

n 

MU 

MUG 

Modified from draft of  
pYES expert group 

Planar yeast estrogen screen (pYES) 
→  using human estrogen receptor hERα 
→  in Saccharomyces cerevisiae 
 
 
 
→  blue fluorescent 4-methylumbelliferone 

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

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

Detection of estrogen-effective compounds 
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A. Schönborn, A. Grimmer, J Planar Chromatogr 26 (2013) 402-408 

Challenge: avoid zone broadening 

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

Goodall & Levi, Nature 158, 675–676 (1946) 

HPTLC-pYES 
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Biological detection 

 pg/band 
E1  25 – 1000   
EE2 0.5 – 20   
E2 0.5 – 20 
 

E3  25 – 1000 

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

http://commons.wikimedia.org/wiki/File:Nonylphenol.png
http://commons.wikimedia.org/wiki/File:Estradiol.svg
http://commons.wikimedia.org/wiki/File:Ethinylestradiol.png
http://commons.wikimedia.org/wiki/File:Estron.svg
http://commons.wikimedia.org/wiki/File:Estriol.svg
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→ Beer samples 

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

→ Spices 

Discovery in food 
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Video https://youtu.be/Q7AGuljcFvQ 

Estrogen-effective compounds in beer? 
 

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

https://youtu.be/Q7AGuljcFvQ
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Confirmation by MS 

 

G. Morlock, I. Klingelhöfer, Anal Chem 86 (2014) 8289–8295 
I. Klingelhöfer, G. Morlock, J Chromatogr A 1360 (2014) 288-295 

→ Propolis samples 

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

I. Klingelhöfer, G. Morlock, Anal Chem 87 (2015) 11098−11104 

http://commons.wikimedia.org/wiki/File:Estradiol.svg
http://commons.wikimedia.org/wiki/File:Estron.svg
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Bioquantitation (by microorganisms´ response) 

I. Klingelhöfer, G. Morlock, Anal Chem 87 (2015) 11098−11104 
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y = 56.495x - 1719.7 
R² = 0.9956 
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Amount of CAPE [ng/zone] 

Bioquantitation of CAPE in propolis 

G. Morlock, I. Klingelhöfer, Anal. Chem. 86 (2014) 8289–8295 
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Effect-directed link to the compound 

G. Morlock, ACS Symposium Series 1185 (2013) 101-121 
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Optimization of Bacillus subtilis bioassay 

M. Jamshidi, G. Morlock, J Chromatogr A 1420 (2015) 110–118  
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G. Morlock, The Analytical Scientist, 27-04 (2015) 42-43 

M.T. Taha, M.B. Krawinkel, G.E. Morlock, J Chromatogr A 1394 (2015) 137-147 

Antibiotic compound in stored milk thistle 
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Bacillus subtilis bioassay: antibiotics in Salvia 

Biological detection 
of antibiotics 

M. Jamshidi et al., in preparation 
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D. Fichou, G. Morlock, in preparation 

Artificial neural network (ANN) for HPTLC 
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Effect-directed link to the compound 

G. Morlock, ACS Symposium Series 1185 (2013) 101-121 
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Y. Chen, G. Morlock, Chromatographia 79 (2015) 89-96 

Protoberberines and ephedrines in herbal drugs 

… Phelodendron, Coptis, Tinospora and Ephedra  
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Quantitation of tanshinons in Chinese Salvia 
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Confirmation, method comparison – more? 

1                   2                      3                
Harvest period 

  HPTLC 
HPLC 

Ta
ns

hi
no

ne
 c

on
te

nt
 (%

) 

G. Morlock et al., in preparation 
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[2M+Na]+ 

[M+Na]+ 

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

Detection of bioactive compounds 
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Effect-directed link to the compound 

G. Morlock, ACS Symposium Series 1185 (2013) 101-121 

Goodall & Levi, Nature 158, 675–676 (1946) 
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EDA of 68 botanicals (#47-68) 
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1. Ginkgo 
2. Guarana 
3. Kola 
4. Pfefferminze 
5. Oregano 
6. Zichorie 
7. Weinblätter 
8. Kardamom 
9. Zitronenschale 
10. Hagebutte 
11. Wacholderbeere 
12. Honigbusch 
13. Schafgarbe 
14. Passionsblume 
15. Hibiskus 
16. Gelber Früchtetee 
17. Brombeerblätter 
18. Acerola 
19. Holunderbeere 
20. Grüner Matetee 
21. Spitzwegerich 
22. Schwarzes Johannis-

beersaftkonzentrat 
23. Weißdornblätter  #1 

24. Heidelbeere 
25. Rosmarin 
26.  Lemon verbena 
27.  Eukalyptus 
28.  Melisse 
29.  Kümmel 
30.  Salbei 
31.  Hopfen 
32.  Majoran 
33.  Orangenschale 
34.  Liebstöckelwurzel 
35.  Traubenkerne 
36.  Fenchel 
37.  Ginseng 
38.  Holunderblüten 
39.  Roter Früchtetee 
40.  Zimtrinde 
41.  Schachtelhalm 
42. Sternanis 
43. Orangenblüten 
44. Basilikum 
45. Weißdornblätter 

Charge 2 
46.  Kamille 

47.  Sanddorn 
48.  Bockshornklee 
49.  Thyme 
50.  Ingwer 
51.  Andorn 
52.  Brennnessel 
53.  Artischocken 
54.  Nelken 
55.  Gerösteter Matetee 
56.  Jasmin 
57.  Sonnenhut 
58. Koriander 
59. Licorice 
60.  Weißdornextrakt 
61.  Apfelschalen 
62.  Sellerieknolle 
63.  Galgant 
64.  Knoblauch 
65.  Taigawurzel 
66.  Himbeersaftkonzentrat 
67.  Traubenschalen 
68.  Rooibos 
  

EDA of 68 botanicals 
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Characterization of bioactive compounds 

 

S. Krüger, R. Fornasari, I. Scainelli,  
L. Hüsken, G. Morlock, in preparation 



G
. M

or
lo

ck
   

   
Fo

od
 S

ci
en

ce
   

   
JL

U
 G

ie
ße

n 
G

. M
or

lo
ck

   
   

Fo
od

 S
ci

en
ce

   
  J

LU
 G

ie
ße

n 
GDCh course 338/16 
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GDCh course 335/16 
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HPTLC profiling of organic pigments 

C. Stiefel, G. Morlock, in preparation 
Cooperation with Siegwerk Druckfarben AG & Co. KGaA 

→ usable in packaging inks 
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HPTLC profiling of pigment PB 15:4  

Commercial pigments            Reference       Lab-coated pigments  

C. Stiefel, G. Morlock, in preparation 
Cooperation with Siegwerk Druckfarben AG & Co. KGaA 
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Fast structure elucidation using 2 plates 

I. Yüce,G. Morlock, in preparation 
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C11H8O3

HPTLC-1H NMR of unknown 
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C. Stiefel, G. Morlock, in preparation 

HPTLC-UV/Vis/ATR FTIR of unknown 

ATR FTIR  

UV/Vis 
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OHO
OH

C11H8O3
188.04734

4

Polarity Negative 
Measuring range [m/z] 50-210 
Spray voltage [kV] 3.3 
Capillary temperature [°C] 320 
Gas Nitrogen 
Aux gas temperature [°C] 30 
Collision energy [eV] 35 
Inclusion list 187.04007 

3-Hydroxy-2-naphthoic acid 

C11H7O3
-

C10H7O
--CO2

I. Yüce, G. Morlock, in preparation 

HPTLC-HRMS and -MS/MS of unknown 

[M-H]-  [M-CO2-H]-  
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G.E. Morlock, q&more 1 (2014) 43-47, modified  

Upgrade in 2015  
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Optimization of HPTLC-DART-SVPA-MS 

T. Häbe, G. Morlock, Rapid Commun Mass Spectrom 30 (2016) 321–332 

→ Ion signals increased by factor of 34 
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T. Häbe, G. Morlock, in preparation 

DB-DART-MS 
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T. Häbe, 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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Miniaturization  
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Novel layers  

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

T. Häbe, G. Morlock, J Chromatogr A 1413 (2015) 127–134 
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www.hptlc.com  



G
. M

or
lo

ck
   

   
Fo

od
 S

ci
en

ce
   

   
JL

U
 G

ie
ße

n 
G

. M
or

lo
ck

   
   

Fo
od

 S
ci

en
ce

   
  J

LU
 G

ie
ße

n 

To reach the water source,  

you have to swim against mainstream. 

                     Konfuzius  

Research in HPTLC is… 
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Thank you! 


