
 

Lab Name Chemical Glycobiology Laboratory 

Research programme and achievements 

The Chemical Glycobiology Lab uses chemical biology to develop tools that help 
understand and perturb the roles of glycans in health and disease. Before joining the Crick, 
my research focused on the development of carbohydrate-based vaccines, with three 
patents licensed to Vaxxilon AG (Berlin). Being one of the biggest markets in pharma (>>6 
billion USD/year), carbohydrate-based vaccines have gained rapid attention to protect 
against pathogenic bacteria. As opposed to the conventional approach of generating 
vaccines from isolated bacterial polysaccharides, we chemically synthesised selected and 
defined antigens on the bacterial cell surface to assess their efficacy in animal models. In 
addition to their superior accessibility, synthetic antigens offer the possibility to precisely 
map the epitopes that are important to invoke protective immunity (4). Deeper 
understanding of the relevance of carbohydrate structures in immunity led me to support a 
Crick African Network fellow working on profiling immunity against Mycobacterium 
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tuberculosis in cohorts that are seemingly resistant against infection after being vaccinated 
with Bacillus Calmette-Guerin (BCG).   
  
During my postdoctoral work at Stanford, I combined my skills in chemistry with cell biology 
and biochemistry, and spearheaded the first application of a glycosyltransferase bump-
and-hole engineering approach in the living cell (2). Through structure-informed protein 
engineering, the active site of a glycosyltransferase is enlarged to accommodate a 
chemically modified carbohydrate donor that carries a traceable tag. Applying this tactic in 
the living cell was instrumental to my Lab’s work at the Crick, as it allowed us for the first 
time to dissect the very complex yet disease-relevant products of individual 
glycosyltransferases. This is no trivial matter, as the approach requires structural data on 
glycosyltransferases as well as state-of-the-art techniques in mass spectrometry, 
glycoproteomics and genome engineering. The Crick offers the optimal scientific 
environment for such an endeavour.  
  
My lab is using the bump-and-hole tactic to develop “precision tools” that will help 
understand the roles of glycans in biological processes. Since the community currently 
does not have many useful tools to discriminate between different glycan sub-types or 
products of different glycosyltransferases, precision tools will be very important reporter 
reagents especially given the recent advances in quantitative biology. To this end, my 
group has developed a bioorthogonal reagent that is specific for highly cancer-relevant O-
GalNAc glycans (1). We have applied the reagent to image glycosylation with intestinal 
organoids in collaboration with Vivian Li. Further, we have established and used a 
chemical glycoproteomics workflow with the Proteomics STP, which makes us one of very 
few labs worldwide with both the experimental capacity and know-how to site-selectively 
analyse the products of individual glycosyltransferases. Currently, my group is expanding 
these projects to be used in experiments of cell-selective (glyco-)proteomics with Ilaria 
Malanchi.  
  
Further, we are using structural and chemical biology to assess the impact of glycans on 
neurotrophic signalling in collaboration with the McDonald lab. Through analysis of glycan 
binding partners of the Glial cell derived neurotrophic factor (GDNF) and related proteins, 
we have established an optimal binding partner that we are currently assessing in X-ray 
crystallography. Our initial findings suggest a rich glycobiology perspective on signalling 
which is rather unexplored to date.  
  

 

Research outputs 

Debets, M. F., Tastan, O. Y., Wisnovsky, S. P., Malaker, S. A., Angelis, N., Moeckl, L. 
K. R., Choi, J., Flynn, H., Wagner, L. J. S., Bineva-Todd, G., Antononopulos, A., 
Cioce, A., Browne, W. M., Li, Z., Briggs, D. C., Douglas, H. L., Hess, G. T., Agbay, A. 
J., Roustan, C., Kjaer, S., Haslam, S. M., Snijders, A., Bassik, M. C., Moerner, W. E, 
Li, V. S. W., Bertozzi, C. R., Schumann, B. (2020) Metabolic precision labeling 
enables selective probing of O-linked N-acetylgalactosamine glycosylation. Proc. 
Natl. Acad. Sci. USA 117(41)25293-25301. DOI: 10.1073/pnas.2007297117 
The first publication from our group at the Crick comprises the development of a precision 
tool to understand O-GalNAc glycosylation, one of the most abundant and disease-
relevant types of glycans. We apply the technique to run state-of-the-art methods of 
biology, including chemical glycoproteomics with the Proteomics STP and a genome-wise 
CRISPR screen with collaborators from Stanford. We also collaborate in-house with 
Vivian Li to apply the probe to imaging intestinal organoids.  
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Schumann, B., Malaker, S. A., Wisnovsky, S. P., Debets, M. F., Agbay, A. J., 
Fernandez, D., Wagner, L.J. S., Lin, L., Choi, J., Fox, D. M., Peh, J., Gray, M. A., 
Pedram, K., Kayvon Pedram, Kohler, J. J., Mrksich, M., Bertozzi, C. R. (2020) Bump-
and-hole engineering identifies specific substrates of glycosyltransferases in living 
cells. Mol. Cell 78. DOI: 10.1016/j.molcel.2020.03.030 
This paper represents the first in-cell application of a glycosyltransferase bump-and-hole 
system which is the basis for our work on chemical precision tools to understand 
glycobiology.  
  
Choi, J., Wagner, L. J. S., Timmermans, S. B. P. E., Malaker, S. A., Schumann, B., 
Gray, M. A., Debets, M. F., Takashima, M., Gehring, J., Bertozzi, C. R. (2019) 
Engineering Orthogonal Polypeptide GalNAc-Transferase and UDP-Sugar Pairs. J. 
Am. Chem. Soc. 141. DOI: 10.1021/jacs.9b04695 
This paper is a crucial account of how to engineer glycosyltransferases to transform them 
into reporter systems to dissect the details of protein glycosylation. The techniques 
depicted herein, including chemical synthesis, protein engineering and enzymology, are 
routinely used by our lab at the Crick and an important precedent to our work.  
 
Schumann, B., Hahm, H. S., Parameswarappa, S. G., Reppe, K., Wahlbrink, A., 
Govindan, S., Kaplonek, P., Pirofski, L., Witzenrath, M., Anish, C., Pereira, C. L., 
Seeberger, P. H. (2017) A Semisynthetic Streptococcus pneumoniae Serotype 8 
Glycoconjugate Vaccine. Sci. Transl. Med. 9. DOI: 10.1126/scitranslmed.aaf5347 
This paper from my PhD work illustrates the power of synthetic tools to understand, probe 
and perturb biology. We synthesised glycans normally found on the surface of highly 
pathogenic streptococci to fashion the next generation of carbohydrate-based vaccines. 
The work described here has been patented and licensed to a start-up company in Berlin, 
Germany. We are using some of the same principles and knowledge in collaboration with 
the Crick African Network to tackle Mycobacterium tuberculosis.  
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