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MGAT1 knockout re-sensitizes STK11-mutant mouse tumors to 
immune checkpoint blockade
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In vivo CRISPR screen AACR 2024 Presentation

STK11 specific sensitization to 
immune checkpoint blockade
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MGAT1

HDAC1

Dr. Carolyn R Bertozzi

Enzymatic removal of terminal sugars sensitizes cancer cells to PD-
L1 therapy

Provides additional support for targeting MGAT pathway

MGAT1, an essential N-glycosyltransferase, is a top hit from in vivo 
STK11 null MC38 screens

MGAT1 knockout sensitizes cancer cells to T-cell mediated killing 
in vitro 
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MGAT1 transfers N-acetylglucosamine to its MAN5 substrate 
producing UDP as a product

MGAT1 catalyzes first and rate-limiting step of N-glycan branching pathway

Hu and Walker (2002) Chem. Biol. 9, 1287-1296
Coutinho et al. (2003) J. Mol. Biol. 328, 307-317

UDP

Man5 Man5-GlcNAc 
MGAT1

UDP-GlcNAc

Mannose
N-Acetylglucosamine

Lumenal domainN C

1 30 445

TM

445 amino acids, 51 kDa Golgi, type II membrane protein

Mn2+ and UDP-N-acetyl-a-D-glucosamine dependent
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High-quality protein produced to support drug discovery
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Protein quality 

• N-terminally truncated, biotinylated, 
AVI-tagged MGAT1 used in SPR assay.

• Protein is >95% pure (SDS-Page), 
monomeric (Analytical SEC), and 
contains no post-translational 
modifications (LC-MS).

M = Marker
Lane 1 = 2 μg
Lane 2 = 10 μg

Theoretical MW (Da)
42880.3

SDS-Page LC-MS

Analytical SEC

M   1   2 

100KD

70KD

50KD
40KD

30KD

20KD

6.49 min

6.49 min, ~32 kD

Lumenal domainN C

1 30 445

TM

Sf21 expression
11 mg per 1L of cells
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Identifying ligands to novel targets requires diverse 
technologies and strategies
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Ligandability informs on druggability

• Ligands are required starting points for 
drug discovery 

• Early ligandability exploration enables 
decision making on novel and ‘yet-to-
be-drugged’ targets

• Ligandability campaign customized to 
individual target

• Projects enabled through recombinant 
protein production, reagent validation, 
and assay development

Ligand

Biochemical
(activity assays)

Biophysical 
(SPR, DSF, ASMS)

DNA-encoded library technology
(multiple vendors)

Cellular
(TPD, phenotypic, 
reporter assays)

Structural Chemistry
(virtual screen, x-ray, 

rational design)

Covalency
(focused library)
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Expanded biophysical toolbox developed for characterization of 
compounds engaging MGAT1

6

Detail molecular interactions
X-ray crystallography

Thermal stability assessment
DSF

V319

C143

I111
C113

D142

H188

S320

R115

D211

UDP

Mn2+

First X-ray structure of human MGAT1 lumenal domain in complex 
with UDP at 1.6 Å resolution.

ΔTM = 6.3 °C 

Sample TM Mean 
(°C)

5% DMSO    49.5

100 µM binder 55.8

Cmpd

Cmpd
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20      30       40      50       60      70       80       90      100
Temperature (ºC)

20      30       40      50       60      70       80       90      100
Temperature (ºC)

DSF and nanoDSF assays developed to test changes in protein 
thermal stability upon compound binding
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Sensor chip: SA

Instrument: Biacore S200

Temperature: 20°C

Flow parameters: 

− Flow rate = 30 μl/min 

− Association time = 90 s

− Dissociation time = 360 s

Running buffer: 25 mM Bicine (pH 
7.6), 150 mM NaCl, 2 mM MnCl2 , 2 
mM DTT, 0.05% P20, 3% DMSO

Protein construct:  BP18135 Avi-
(GS)*7-MGAT1(A104-N445 end)

UDP used as a positive control for SPR assay development
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Principle Running conditions Positive control - UDP

MGAT1MGAT1

UDP

UDP

UDP (M)
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KD = 22 µM
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Biochemical endpoint assay established for inhibitor 
identification and profiling
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UDP production can be measured in UDP-Glo biochemical 
assay Positive control

UDP

Man5 Man5-GlcNAc 
MGAT1

UDP-GlcNAc

Mannose
N-Acetylglucosamine

UDP +  R R +  UDP

UDP-GloTM 
Reagent

MGAT1

No small-molecule control compound 
available at the start of the project, so 
suramin used as non-specific control

Suramin

IC50  17 µM

Ac
tiv

ity
 (%

)

Log concentration (M)



CONFIDENTIAL

Ligand identification
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Biochemical HTS yields compounds with novel inhibition mechanism
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Robust biochemical HTS campaign yielded initial ligands for 
medicinal chemistry program 
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2 hits with weak potency

1 validated hit

HTS 1

IC50 = 197 µM
SPR KD = 34 µM (**)

∆TM = 0.4 °C

SPR

DSF

X-ray structure

UDP-Glo

Primary Screen

HPLC purification of actives

Dose response re-test 

Dose response 

Hit confirmation

500k Tango Library

0.29% hit rate, 25% Inh @ 50 µM

709 compound @ 50 µM

from 1,000 µM @ 10% DMSO

123 cmpd* from 150 µM Counter screen & RCC

* Majority of hits active in counter screen assay
** Extrapolated value
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SAR development of MGAT1 HTS compound series results in 
nanomolar inhibitors
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TNG-3153

IC50  24 μM

TNG-9333

IC50  0.81 μM

TNG-5988

IC50 2.0 μM

TNG-9084
IC50    0.54 μM

TNG-0023
Original HTS hit

IC50  197 μM

TNG-2673
IC50    0.043 μM

Tm Mean (°C) 58.7

ΔTm (°C) 9.9

UDP-Glo DSF SPR

KD steady-state = 0.074 μM
KD kinetic = 0.03 μM

Surface activity 108%
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)
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Time (s)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

IC50   = 0.043 µM

TNG-2673

TNG-2673 Conc (M) 
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SAR development of MGAT1 HTS compound series results in 
nanomolar inhibitors
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HTS 1 TNG-9333 TNG-2673

MGAT1 UDP-GloTM IC50 (µM) 197 0.814 0.043

MGAT1 SPR
     Steady-state KD  (µM)
     Kinetic KD  (µM)

32.2
-

0.38
0.38

0.07
0.03

MW, LogD, TPSA
335, 2.6, 

82
419, 2.2, 

110
478, 2.6, 

108

Kinetic solubility (µM) 11.8 178 96.4

Human hepatocyte 
clearance 
(mL/min/1x106 cells)

54.4 3.2 <1.35 0.01 0.1 1 10 100 1000
0.01

0.1

1

10

100

1000

UDP-GloTM IC50 (μM)

SP
R

 K
D
 (μ

M
)

TNG-9333

HTS 1
TNG-2673

(y = x)

Correlation between enzymatic inhibition 
and binding affinities
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What is the mode of inhibition?
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Structural Biology and SPR reveal novel compound binding site
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Are identified compounds orthostatic binders?
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What do we expected if hits compete with UDP for 
binding?

What do we expected if hits do not compete with 
UDP for binding?

MGAT1

UDP

MGAT1

UDP

Comp

MGAT1

UDP

MGAT1

UDP

Comp

When competing with UDP, KD should be weaker as 
compared to binary assay since they bind to the same site

When binding to different site than UDP, KD should not 
change as compared to binary assay since they bind to 

different site
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HTS compounds TNG-9333 binds outside the enzyme active site 
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TNG-9333 – Competition with UDP (5000 μM)

TNG-9333 - Direct binding

Runs were performed separately with new surface preparation for every 
experiment. Protein immobilization levels differ.
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HTS compounds TNG-9333 binds outside the enzyme active site 

16

TNG-9333 – Competition with UDP (5000 μM)

TNG-9333 - Direct binding

Runs were performed separately with new surface preparation for every 
experiment. Protein immobilization levels differ.
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KD: 0.2 µM

TNG-9333 Conc (M) Time (s)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

UDP - Direct binding

UDP – Competition with TNG-9333 (20 μM)

UDP Conc (M) Time (s)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

UDP Conc (M) Time (s)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

Re
la

tiv
e 

re
sp

on
se

 (R
U

)

KD: 22 µM

KD: 20 µM
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Additive thermal stabilization effect observed by HTS
Compound and UDP binding in DSF assays
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Sample Name TM Mean (°C) △TM (°C)

5000 μM  UDP 51 2

100 μM TNG-9333 55 6 

100 μM TNG-9333 
+ 5000 μM UDP 57 8*

5000 μM  UDP

100 μM HTS TNG-9333 + 5000 μM  UDP
100 μM HTS TNG-9333 

5% DMSO

20    25    30    35    40    45    50    55    60    65    70    75    80    85    90    95    100
Temperature (ºC)
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20    25    30    35    40    45    50    55    60    65    70    75    80    85    90    95    100
Temperature (ºC)

* additive effect
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Potential binding pockets predicted by SiteFinder
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Site Size PLB Hyd Side

1 217 4.55 53 122

2 41 0.66 24 32

3 47 0.62 27 54

Using UDP structure 

1

2

3



CONFIDENTIAL

Structural biology confirms allosteric binding of HTS compounds
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TNG-9333
Allosteric site

UDP
Active site

2.0 Å resolution

TNG-9333
Allosteric site

2.0 Å resolution

Active site
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Structural insights from compound HTS 1 co-crystallized with MGAT1
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Core buried within the pocket, sandwiched between Gly390 and Trp437 via hydrophobic interactions
Part of compound solvent-exposed 

H-bond with the backbone oxygen of Gly439 and a buried, crystallographically conserved water molecule

HTS 1

HTS 1

Arg391

Arg391

Glu438

Trp437

Trp437

Gly 439

Tyr440

Trp444

Trp444
Gly390

Gly390

180 º
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Ligand binding pocket is limited in size
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Limited pocket size
Pocket is largely neutral (white) with small patches of positively charge residues (blue)

Opening of the pocket is negatively charged ( red) 

HTS 1
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Potency improvement achieved guided by structural biology insights
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1. Filling the pocket resulted in a 200× 
potency improvement.

2. Extending toward Glu438 provided an 
additional 4× increase in potency.

3. Further optimization of the solvent-
exposed region yielded a ~4× potency gain.

4. Core modification delivered an additional 
3× potency improvement

HTS 1

1
2

3

4

Glu438

Trp444 Tyr388

Asp441
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Ligand identification
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DNA Encoded Library screening for rich and diverse data sets
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Identifying ligands to targets of interest requires diverse 
technologies and strategies
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Opportunities of DEL screening

• DEL permits opportunity for ligand 
discovery for both known and 
completely novel targets

• Tango leverages expertise with target 
proteins and in-house DNA 
sequencing (NGS) and computational 
capabilities

• Requires robust target protein 
characterization and orthogonal 
assays for hit confirmation

• HitGen OpenDEL  system

Ligand

Biochemical
(activity assays)

Biophysical 
(SPR, DSF, ASMS)

DNA-encoded library technology
(multiple vendors)

Cellular
(TPD, phenotypic, 
reporter assays)

Structural Chemistry
(virtual screen, x-ray, 

rational design)

Covalency
(focused library)



CONFIDENTIAL

MGAT1 DEL results identify potential site-specific ligands 
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IC50 = 35 µM
SPR KD = 1.1 µM
∆TM = 0.8 °C

41 compounds ordered off-DNA

DEL affinity selection

PCR amplification

High Throughput DNA sequencing

Feature analysis and hit proposal

Off-DNA compound synthesis

1 validated hit

DEL 1SPR

DSF

X-ray structure

UDP-Glo

Natural product and inhibitor 
included to explore different ligand 
engagement scenarios

Replicates included to assess 
screen robustness

Samples

1. MGAT1 

2. MGAT1 + UDP

3. MGAT1 + TNG Inhibitor

4. MGAT1 

5. Bead control

3-billion compound library
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DEL 1 compound binds in allosteric pocket and competes for 
binding with HTS compound but not UDP
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TM Mean (°C) △TM (°C)

5000 μM UDP 51.4 2.2 

100 μM DEL-1 compound 50.8 1.5 

100 μM DEL-1 compound + 5000 μM UDP 52.4 3.1* 

DSF orthogonal validation

Direct binding

Competition with UDP (5000 μM)

KD: 1.1 µM

KD: 1.6 µM
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Runs were performed separately with new surface preparation for every 
experiment. Protein immobilization levels differ.

* additive effect
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DEL 1 compound binds in allosteric pocket and competes for 
binding with HTS compound but not UDP
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Direct binding

Competition with UDP (5000 μM)

KD: 1.1 µM

KD: 1.6 µM
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Runs were performed separately with new surface preparation for every 
experiment. Protein immobilization levels differ.

Competition with TNG-9333 (20 μM)

KD: n.a. 
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DEL screen identified novel scaffolds binding in the same 
allosteric site as HTS hit
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DEL 1
Allosteric site

UDP
Active site

1.3 Å resolution

DEL 1
Allosteric site

Active site

2.9 Å resolution
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Orthogonal hit finding approaches confirm a novel inhibitory 
site and provide chemical diversity and SAR
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Biochemical HTS series DNA encoded library hit

Activity-based HTS identified novel allosteric binding pocket 
and a novel chemical class of ligands

Allosteric inhibitor 1

Active site

DEL screen incorporating HTS series identified novel 
scaffolds to cross fertilize chemistry efforts

Active Site

Allosteric inhibitor 2 
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Summary

30

• MGAT1 is a novel, druggable, and tractable immune evasion target in STK11-mutant cancers

• Robust protein production, structural biology, and biophysical/biochemical assays established

• First human MGAT1 co-crystal structures solved

• Novel chemical matter identified via orthogonal approaches yielding nanomolar inhibitors

− UDP-Glo  HTS for enzymatic inhibition

− DEL screen for direct binders

• SPR binding and competition studies were critical in defining mechanism of action

− HTS- and DEL-derived compounds converged on a shared allosteric pocket

• Manuscript in preparation

• MGAT1 program is enabled for drug discovery and available for partnering
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