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choosing chemistry, 
the central science

• Understand life at the molecular level

• Develop molecular solutions to
intervene in disease

• Discover new applications

• Versatile biological knowledge



PhD work: biomimetic materials

antimicrobial 
peptides

antifreeze 
proteins

extract chemical 
mechanisms of 

function

cryoprotectants to 
preserve tissues

antibiotics against 
resistant infections



sugars | glycans
nutrition   vs   information



proteins

nucleic acids (DNA/RNA)

lipids

glycans (“sugars”)

glycans are among the biomolecules of life



glycans are predominantly located at the cell surface
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DNA

proteins

lipids

glycocalyx

Essentials of Glycobiology



as molecules located at the 
cell surface, glycans carry 
messages signaling the 
health and status of cells 

glycans

cells



glycans are data-rich informational molecules

Macromolecule Building Block Aproximate
Mass

Possible
Variations in a

Trimer
Protein Amino acids 125 → 104-105 6

Nucleic Acid Nucleotides 330 → 103-109 6

Carbohydrate Monosaccharides 200 → 102-106 1,056 to 27,648!



https://www.ncbi.nlm.nih.gov/glycans/snfg.html
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glycan building blocks are depicted as colored symbols



galactose

glucose

glycan building blocks are assembled into other 
glycans with different messages
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galactose

mannose

N-acetyl
glucosamine

glycan building blocks are assembled into other 
glycans with different messages

message X

message Y

message Z

message XY

message YZ
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cell surface glycans dictate blood compatibility
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cell surface glycans dictate blood compatibility

InvictaHOG/Wikimedia Commons/Public Domain Image

group Ogroup A group B



viruses are also coated with glycans!

New York Times



“Ok, so they are 
everywhere, but does it 
mean they are important?”



errors in the 
cellular 
production or 
removal of 
glycans lead 
to congenital 
disorders of 
glycosylation

Verheijen (2019) Genetics in Medicine



errors in the 
cellular 
production or 
removal of 
glycans lead 
to congenital 
disorders of 
glycosylation



changes in glycan 
abundance and 
composition 
accompany cancers 
and their progression

normal Stage I

Stage II Stage III

Gill (2016) Histochemistry & Cell Biology



viruses can evolve to 
recognize human 
glycans for infection

Hemagglutinin 
(HA)
300-1000
copies

Chandrasekaran A, et al. Nat 
Biotech. (2008) 26:107. 
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“Ok, so glycans are 
everywhere, and they 
seem to be changing in 
health and disease. 

How come we haven’t 
heard about them 
before?”



glycan abundance and composition are difficult 
to predict from the central dogma

DNA RNA protein glycans



there is extreme informational complexity in glycans



we appreciate 
complexity



we appreciate 
complexity

when equipped 
with the right 
tools, training, 
and environment

analytics

chemical 
glycobiology

state of the art 
instrumentation & 

bioinformatics

chemical
expertise



we appreciate 
complexity

when equipped 
with the right 
tools, training, 
and environment

Huang Research Group
February 2023



we appreciate 
complexity

when equipped 
with the right 
tools, training, 
and environment

Sharpless Nobel Prize in Chemistry Announcement | October 2022



our strategy

connecting
proteins 
with 
glycans



our strategy

connecting 
proteins 
with 
glycans



our strategy

connecting 
proteins 
with 
glycans
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Bus XYZABC
Registration XXXXXX
Location XXYZAVBC
Destination 1234

Person X
Bus XYZABC
Registration XXXXXX
Location XXYZAVBC
Destination 1234

Person X
Bus XYZABC
Registration XXXXXX
Location XXYZAVBC
Destination 1234



1
2
3

define how & why protein 
glycosylation is changing

exploit change in 
protein glycosylation

detection
therapeutics

discover changes in 
protein glycosylation



1

HEALTHY DISEASED

discover changes in 
protein glycosylation



1 use glycan-binding proteins as 
message decoders

GBP

GBP: glycan-binding protein



discover protein glycosylation 
changes using GBPs as decoders 

GBP

NH

O
S

HN NH

O

3 OH

Identification 
by mass 

spectrometry
proteomics

Joeh et al., Mapping glycan-mediated galectin-3 interactions by live cell proximity labeling. PNAS (2020) 117:27329.

IN SITU 
PROXIMITY 
TAGGING 

PX

glycan-binding 
protein

peroxidase

H2O2
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biotin-tagged 
proximal 

glycoproteins

enrichment

glycocalyx

< 1 ms radical
<20 nm radius

1



Henderson NC, et al. PNAS (2006) 103:5060.
Iredale. J Clin Invest (2007) 117:539.
Battaler, Brenner. J Clin Invest (2005) 115:209
Tsuchida T, Friedman SL. Nat Rev (2017) 14:397.

quiescent
hepatic 
stellate 

cell

activated
hepatic 
stellate 

cell

healthy

galectin-3 is a glycan-binding protein 
necessary in hepatic fibrosis

fibrotic
upregulated in liver fibrosis

Gal3-/- mice exhibit 
reduced fibrosis

1



30 min
37oC

+/- Lac

hepatic stellate cells
(LX-2)

H2O2B

1 min30 min
37oC

SA-Cy5

Gal-3 interacting 
proteins labeled

APEX2
Gal-3

- PX-
Gal3

proximity labeling of live hepatic 
stellate cells

Joeh et al., Mapping glycan-mediated galectin-3 interactions by live cell proximity labeling. PNAS (2020) 117:27329.

1
+ PX-Gal3 + PX-Gal3 + Lac - PX-Gal3

20 µmbiotin



- PX-
Gal3

discovery of basigin glycoprotein as a 
messenger for galectin-3  

Joeh et al., Mapping glycan-mediated galectin-3 interactions by live cell proximity labeling. PNAS (2020) 117:27329.
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2 define how & why protein 
glycosylation is changing
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glycomics mass spectrometry reveals 
glycan patterns



3 exploit change in protein 
glycosylation



3

antibodies and small molecules 
expedite detection and targeting

small molecules

DISEASED

antibodies



pancreatic ductal adenocarcinoma (PDAC)

stromal cancers are 
lethal and resistant 
to therapy

Hosein (2020) Nat Rev Gastroenterol Hepatol

3



stromal cancers are 
lethal and are not 
efficiently served by 
current therapies

pancreatic ductal adenocarcinoma (PDAC)
3



most anticancer 
therapies target only 
cancer cells, but the 
tumor stroma promotes 
resistance to these 
therapies 

Valkenburg (2018) Nat Rev Clinical Oncology

stroma

stromal
fibroblasts

3



proteoglycans in 
the stroma shield 
tumors from 
attack and create 
signals that tells 
cancer cells to 
grow excessively

extracellular
(outside of cell*)

intracellular
(inside of cell*)

stroma

*tumor and fibroblast cells

3



Cancer tissue types: pancreatic ductal adenocarcinoma (PDAC): Draetta Nature 2018 | Triple Negative Breast Cancer | Multiple Myeloma (Rapraeger, Sanderson) | Prostate Cancer 

normal Stage I

Stage II Stage III

proteoglycans are 
pathogenically 
abundant in 
metastasic cancers

3
Gill (2016) Histochemistry & Cell Biology



SUMMARY
Glycans are a fascinating set of informational 
biomolecules

Detection of changes in glycan patterns requires invention of 
techniques

Studying protein glycosylation may enable precision 
diagnostics and therapeutic avenues

Glycan patterns are changed in disease



Thank you!
Your support gives us momentum to keep 

pushing the boundaries of science to 
impact biomedicine.




