
Transfer of "goods" from plants to humans: Fundamental and applied
biochemical investigations on retaining glycosidases
Kytidou, K.

Citation
Kytidou, K. (2020, June 25). Transfer of "goods" from plants to humans: Fundamental and
applied biochemical investigations on retaining glycosidases. Retrieved from
https://hdl.handle.net/1887/123040
 
Version: Publisher's Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/123040
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/123040


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/123040 holds various files of this Leiden University 

dissertation.  

 

Author: Kytidou, K. 

Title: Transfer of goods from plants to humans: Fundamental and applied biochemical 

investigations on retaining glycosidases 

Issue Date: 2020-06-25 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/123040


Transfer of “goods” from plants to 

humans 

Fundamental and applied biochemical 

investigations on retaining glycosidases 

Kassiani Kytidou 



Transfer of “goods” from plants to humans; Fundamental and applied biochemical investigations 

on retaining glycosidases  

Kassiani Kytidou  
Doctoral thesis, Leiden University 2020 

Cover design: Nicola Francesco Toro  

Cover description: Crystal structure of alpha galactosidase, A1.1; PDB ID: 6F4C and Nicotiana 
benthamiana plant.  

Layout: Kassiani Kytidou  

Printing: Ipskamp printing, the Netherlands 

© 2020, Kassiani Kytidou. All rights reserved. No part of this book may be reproduced, stored in a 

retrieval system or transmitted in any form or by any means, without prior permission of the 

author.  



Transfer of “goods” from plants to humans: 

Fundamental and applied biochemical 

investigations on retaining glycosidases 

Proefschrift 

ter verkrijging van 

de graad van Doctor aan de Universiteit Leiden, 

op gezag van Rector Magnificus prof.mr. C.J.J.M. Stolker, 

volgens besluit van het College voor Promoties 

te verdedigen op donderdag 25 Juni 2020 

klokke 11:15 uur 

door 

Kassiani Kytidou 

(Κασσιανή Κυτίδου) 

geboren te Thessaloniki, Greece 

in 1989 



Promotiecommissie 

Promotor:  Prof. dr. J.M.F.G. Aerts 

Co-promotor:   Dr. R.G. Boot 

Overige leden:   Prof. dr. M. van der Stelt 

Prof. dr. J. Brouwer 

Prof. dr. A.H. Meijer  

Prof. dr. C.J.M. de Vries,  

(University van Amsterdam) 

Dr. H.J. Bosch,  

(Wageningen University and Research Center) 



To my unofficial lab partners, 

Dimitris and Foivos 

To my family,  





Table of contents  

List of abbreviations and acronyms  8 

List of activity-based probes coding  9 

Chapter 1      11 

General Introduction and Scope of the thesis   

Chapter 2      33

Plant glycosides and glycosidases: a treasure-trove for therapeutics 

Chapter 3  81 

Human alpha galactosidases transiently produced in Nicotiana benthamiana 

leaves: new insights in substrate specificities with relevance for Fabry disease         

Chapter 4  121 

Nicotiana benthamiana α-galactosidase A1.1 can functionally complement 

human α-galactosidase A deficiency associated with Fabry disease      

Chapter 5  167 

α-D-Gal-cyclophellitol cyclosulfamidate and Gal-DNJ stabilize therapeutic 

lysosomal α-galactosidase A and Nicotiana benthamiana, A1.1 

Chapter 6     191 

Cross species investigations with activity-based probes; Future prospects 

Chapter 7      219 

Diagnosis with activity-based probes of inherited glycosidase deficiencies using 

urine samples  

Chapter 8      233 

General discussion and perspectives for future research

Summary      249 

Samenvatting     254 

Acknowledgements  258 

Curriculum vitae      260 

Publications  261 



8 

List of Abbreviations and acronyms 

FD = Fabry disease 

ERT = Enzyme replacement therapy 

α-GAL A or GLA = human alpha galactosidase 

(α-)NAGA(L) = α-N-acetyl-galactosaminidase 

(α-)NAGAEL = modified α-N-acetyl-galactosaminidase 

α-GAL = any alpha galactosidase, including plant enzymes 

4MU = 4-Methylumbelliferyl  

ABP = Activity-based probe 

CBB = Coomassie brilliant blue 

ConA = Concanavalin A 

Gb3 = globotriaosylceramide 

GlcCer = glucosylceramide  

Cer = ceramide 

lysoGb3 = globotriaosylsphingosine 

LacCer = lactosylceramide 

lysoLacCer = lactosylsphingosine 

mAb = monoclonal antibodies 

Gal-DNJ = deoxygalactonojirimycin 

GBA = human lysosomal glucocerebrosidase 

GAA = human lysosomal alpha glucosidase 

βGLUR = human lysosomal beta glucuronidase 

αMAN = human alpha mannosidase 

αFUC = human alpha fucosidase 

βGAL = human beta galactosidase 

HPSE = Heparanase 

MPR = Mannose-6-phosphate receptor 

Man-6-P = Mannose-6-phosphate moieties 

MR = Molecular Replacement 

PD = Parkinson disease 

GD = Gaucher disease  

SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis 

HPLC = High Performance Liquid Chromatography 

LC-MS/MS = Liquid chromatography–mass spectrometry with two mass 

spectrometers in tandem 

HRP = horseradish peroxidase 

NBD = nitrobenzoxadiazole 

NBD-Gb3 = NBD-C12-globotriaosylceramide 

PBS = Phosphate buffered saline 

DAPI = 4',6-diamidino-2-phenylindole 

BY2 cells= Bright Yellow 2 Nicotiana tabacum cells 

BSA = Bovine serum albumin 

https://www.sigmaaldrich.com/catalog/product/aldrich/m1381?lang=en&region=US
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RT = real time 

A1.1 = Nicotiana benthamiana alpha galactosidase, identified in current thesis 

B56 = Nicotiana tabacum beta glucosidase, identified in current thesis 

 

List of activity-based probes coding 
 
TB474 = Cy5 labelled alpha galactosidase activity-based probe 

ME741 = Biotinylated alpha galactosidase activity-based probe 

ME569 = Cy5 labelled epoxide beta glucosidase activity-based probe 

ME869 = TAMRA/Biotinylated labelled epoxide beta glucosidase activity-based probe 

JJB111 = Biotinylated labelled aziridine beta glucosidase activity-based probe 

JJB367 = Cy5 labelled aziridine beta glucosidase activity-based probe 

JJB75 = Bodipy-red labelled aziridine beta glucosidase activity-based probe 

TB652 = Cy5 labelled aziridine beta galactosidase activity-based probe 

JJB381 = Cy5 labelled aziridine alpha fucosidase activity-based probe 

JJB383 = Cy5 labelled aziridine alpha glucosidase activity-based probe 

JJB392 = Cy5 labelled aziridine beta glucuronidase activity-based probe 

KY358 = aziridine beta glucosidase activity-based probe 

MDW944 = Bodipy-red labelled epoxide beta glucosidase activity-based probe 

TB482 = Cy5 labelled aziridine alpha mannosidase activity-based probe 

TB434 = Cy5 labelled aziridine beta mannosidase activity-based probe 




