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Sugars: How they define your

blood and help cells hide
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We are PhD students in the MIT Biology department!
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Previous research: how bacterial cell Previous research: how the cell folds
surface sugar structures help them evade membrane proteins and how we can build

the immune system CRISPR-based tools to find new biology
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Eve[y cell on earth has a su

1. How do these sugar coats get made? W ‘_ "
2. Whatdo these sugar coats do?
Blood type

Cancer ceII evas:on
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Glycosylation

Glyco — Greek prefix for sugar

Definition: The biological process of attaching sugars to a target molecule (such
as a protein)

If we say a word that’s unclear, let us know!



Fundamentals of sugar coat creation




The Central Dogma is a crucial tenet of biology

DNA RNA Protein

Transcription Translation
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There are 4 building blocks of human biology
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There are 4 building blocks of human biology
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There are 9 sugar building blocks (monomers) in us!

You require glucose

in your diet! OH OH HO _-OH HO -OH
o) o) o) o)
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NHAc NHAc

D-Glucose N-Acetyl-D-glucosamine D-Galactose N-Acetyl-D-galactosamine

Your cells can make
the remaining 8 single

sugars from glucose HO—\HO HO o HRG 0
o .0 HMOH HO
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D-Mannose D-Xylose D-Glucuronic acid
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L-Fucose N-Acetylneuraminic acid

Seeberger. 2022. Cold Spring Harbor Laboratory Press.



There are 9 sugar building blocks (monomers) In us!

NHAc NHAc
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Seeberger. 2022. Cold Spring Harbor Laboratory Press.



Unlike DNA, RNA, and protein polymers, sugar polymers:

1. Do not have a template: built wholly by enzymes!
2. Can be incredibly branched and diverse!

All sugars shown here are attached to proteins!

Seeberger. 2022. Cold Spring Harbor Laboratory Press.



Why do we care about sugar-modified proteins
(glycoproteins)?
50% of proteins in your cells are glycosylated!

The glycoproteins that cells put on their plasma membranes help define those cells!
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Glycoprotein: most are membrane
proteins, not freely floating in cells
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Membrane proteins are made in the endoplasmic reticulum

Transmembrane ER Interior
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Shao & Hegde. 2014. Annu Rev Cell Dev Biol.



Membrane proteins are modified with sugars in the
endoplasmic reticulum and golgi
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Enzymes catalyze sugar/protein modifications

Add sugars

ERInteHor Glycosyltransferase ’

Cytoplasm 5

Protein being
translated

Ribosome
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Many of these'hc'arbohydra‘te polymers are attached to proteins, makihg
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What do these sugar coats do?

.




oats and your blood
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Basics of Blood Type

Group A Group B Group AB Group O

Red blood
cell type




How do sugars help define your blood?

GalNAc Blood Type A

Gal ‘
A Type A

Fuc

A

https://glytoucan.org/ Type A Red Blood Cell
Dotz & Wuhrer. 2016. Biochimica et biophysica acta.
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Blood Type B

GchosyItransferiV Type O Glycosyltransferase

Type B Red Blood Cell



Type A and Type B blood groups are defined by a

difference in one chemical linkage
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The Type A and Type B sugars differ by one chemlcal group'
These sugars are added based on the presence or absence of specmc )

enzymes mhented from your blologlcal parents






Some Cancer Cells Display More Sialic Acid on their Cell
Surface

Healthy Cells Cancer Cells
Less Sialylation Hypersialylation
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Gao, Ziyuan, et al. 2021 Current Research in Pharmacology and Drug Discovery.



Hypersialylation of cancer cells leads to a higher likelihood
of patient death

Red bars: patients with less sialic acid sugar on their cancer cells
Blue bars: patients with more sialic acid sugar on their cancer cells

©

>

:E:A = Colon Cancer .M\ Stomach Cancer 2 Cervical Cancer _\ Urothelial Cancer
) p=0.00585 . p=0.000326 . p = 0.0000007 .. p =0.00107
(T

(o] o7 - o7 o7 o7

© 06 \‘4 w3 06 4 05

3 -, ; a

<| . } "

E 034 o3 03 4 L]

E 02 0 02 4 024

= |

: B 0 ot 1]

o =2 A 2 A, B e e T o o s A e ey
‘E O %3 & 3 8 9 & 9 8 9 W 11 2 1 2 3 4 $ 6 7 El 9 10 012 34567 8 9101121381516 1% 3 234 58 7 ¢ NN
o >

Patient years of life post-diagnosis
Cancer is more deadly when it has more sialic acid sugar on its surface.

Friedman, David J., et al. 2021. Cancer Immunology Research.



Sialic acid helps cancer cells by allowing them to hide from natural
Killer (NK) cells

NK cells help clear
cancer cells

Sialic Acid binds ~ Siglecs B o Activated Siglecs bind NKG2D
Siglecs and block NK and prevent it from being
cell activation activated.
sialylated

Tumor NKGéB';;"( )
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3% Cancer cell
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How could we help NK cells recognize hypersialylated cancer cells?
Xiao, Han, et al. 2016. PNAS.



Cancer treatment approach: mow down sialic acid on cancer

cells

Current treatments: use an antibody that New idea: use an antibody that links NK to
links NK to HER2 cancer cells HERZ2 cancer cells AND is
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Xiao, Han, et al. 2016. PNAS.



How effective is an antibody-mediated sialic acid
lawnmower treatment?
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Xiao, Han, et al. 2016. PNAS.



ClinicalTrials.gov

Resources v About v

Home > Search Results > Study Record

RECRUITING ® ClinicalTrials.gov Identifier: NCT05259696

Glycan Mediated Immune Regulation With a Bi-Sialidase Fusion
Protein (GLIMMER-01) (GLIMMER-01)

Information provided by Palleon Pharmaceuticals, Inc. (Responsible Party)
Last Updated: September 20, 2022

beta.clinicaltrials.gov/study/NCT05259696



killing patlentls‘ S

o This is because sialic acid blocks NK cells from killing the cancer cells

In 2016, smentists created a therapeutlc to selectively mow down S|aI|c
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Sugars give us energy and so much more!
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B How sugar coats get made!

) What do these sugar coats do!

e Define blood type
e Cancer cell evasion — now in clinical trials!
e So many other amazing things we didn’t cover today!!
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Resou rces

|B|ology org: Carolyn Bertozzi (Nobel Prlze Wlnner In Chemlstry for 2022')
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b Free essentials of glycobiology textbook: tinyurl.com/glycobio

We're sticking around for questions!

Anything we covered today
Glycobiology generally

Biology or biomedical research
Getting a PhD in biology/STEM

This background image of the glycosylated SARS-CoV-2 spike protein!
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