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Scientific rationale
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• BCAAs are essential amino acids that animals cannot 

synthesize de novo

• Highly tumor specific: 

• BCAT1 is c-Myc driven

• De novo expression in tumors (besides brain*, 

testis and uterus) 

• (*) Overexpressed in IDH1 wt brain tumors (e.g

pGBM)

• Correlated with worse survival prognosis

• BCAA release in skeletal muscle  cancer cachexia?

• BCAT1 expression is tumorigenic by inhibiting α-KG 

dependent enzymes by substrate depletion.

• BCKA excretion inhibits local macrophage immune 

function

Broad indication space

 BCAT1 (Branched Chain Amino Acid Transaminase 1) is a validated target for the targeted treatment of different major 

cancers entities

gastric cancer

2018

introduction
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literature known compounds

Dual BCAT1/2 Probe BAY-069 

3

CAS: 1800024-45-6

compound 61 (GSK)
Pfizer ERG240 Ergon

BACT1 / BCAT2 92 nM / 26 nM 0.8 µM / 4.3 µM 50 µM / 50 µM

BCAT1 IC50
cell-MDA MB231 452 nM >30 µM > 30 µM

BCAT1 IC50
cell-U87MG 4.9 µM - -

Caco2 (Papp (A-B)/ 
Papp (B-A) / efflux

116 / 131 / 1.1 207 / 69 / 0.33 -

Solubility [mg/L] 151 - -

indication obesity neurodegenerative disorder

Literature J. Med. Chem. 2015, 58, 18, 7140-7163
Bioorg. Med: Chem. Lett., 2006, 

16, 2337-2340
US 2016/0368862 A1

 Other BACT1/2 inhibitors are known in the literature; the most potent one is the GSK inhibitor
 GSK inhibitor is from a different chemical class

introduction
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Cellular mechanistic assay – BCAA measurement
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 Enzymatic detection of BCAA in cell culture

 Medium without FCS

 Increase of BCAAs indicates inhibition of

BCAT

 20 h sampling, Intra- and extracellular

Cellular activity
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 Cellular mechanistic assay validated with BAY-069 in 2 cell lines
 BAY-069 leads to increased BCAA levels in U-87-MG (high BCAT1 expressing) cells and MDA-MB-231 (high BCAT2 expressing) cells
 These results confirm on-target (BCAT1 and BCAT2) cellular activity

MDA-MB-231 U-87-MG

BCAT protein
expression

Highly BCAT2 Highly BACT1

BAY-069
874 nM 358 nM

BCAT1 and BCAT2 protein expression (Western Blot) 
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HSP90
90 kDa

BCAT1 (CST)
43 kDa

HSP90
90 kDa

BCAT2 (CST)
43 kDa



Cellular mechanistic assay – BCAA measurement
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Cellular activity
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 BAY-069 leads to increased BCAA levels in U-87-MG (high BCAT1 expressing) cells 
 These results confirm on-target cellular activity
 Correlation between biochemical BCAT1 IC50 and cellular activity (BCAA  in U-87-MG)
 Outliers (red) show low Caco-2 permeability (Papp A-B)

BAY-069

Papp A-B

< 25

>= 25

> 100



Cellular functional assay - 2D cell proliferation experiments*
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 BAY-069 shows no anti-proliferative activity in different cell lines after 72 h
 The cellular mechanistic assay does not translate in a proliferative activity. 

MDA-MB-231 U-87-MG SEM CAL 51 HC33 NCI-H2110

IC50 IC90 IC50 IC90 IC50 IC90 IC50 IC90 IC50 IC90 IC50 IC90

BAY-069

>50 µM >50 µM >50 µM >50 µM >50 µM >50 µM 47.7 µM 50 µM 50 µM 50 µM 50 µM 50 µM
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Cellular activity

*proliferation experiments done in cell culture medium with 10% FBS



Biochemical assay – effect of protein binding
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Biochemical activity
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 Strong loss of potency in the presence of serum albumin for BAY-069
 Might explain lack of effect  in in-vitro assays with FCS, e.g. proliferation assays

BAY-069BAY-069



Technical profile

Dual BCAT1/2 Probe BAY-069 

• BAY-069 is a dual BCAT1/2 inh.
• BAY-069 shows high Caco-2 permeability and high solubility
• Stock availability: 250 mg are available

POTENCY (IC50 [nM])

BACT1 IC50 27 nM

BACT2 IC50 130 nM

LLE / BEI 4.8 / 19.4

Mechan. IC50 MDA-MB-231 874 nM

Mechan. IC50 U-87-MG 358 nM

Properties & Physchem

LogD @ pH 7.5 / pka 2.4 / 5.7

fu [%] Williams_E / brain / Mouse 0.81 / 0.47 / 0.14

Sw powder @ pH 6.5 [mg/L] 140

MW / TPSA [g*mol / Å2] 389 / 59

Stability (r /h plasma, 4h) [%] Stable in r and h

in vitro DMPK Properties

Caco2
Permeability

Papp(A-B) [nm/s] Papp(B-A) [nm/s] efflux ratio

252 122 0.48

metabolic
stability

CL [L/h/kg] Fmax [%]

Human liver mics 0.11 92

rat hepatocytes 1.8 56

In vivo rat PK Low CLb, moderate Vss, intermediate half-life, high oral bioavailability

CYP inhibition 
IC50 [µM]

1A2 2C8 2C9 2D6 3A4 3A4 preinc.

>20 0.87 0.64 >20 4.1 3.2

PXR red

SAFETY

Cytotox n.d.

hERG IC50 [µM] >10 µM

Selectivity

In-house kinase panel (#21) clean

Eurofins safety panel clean

BAY-069 (en1)
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Probe profile
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Atropisomerism
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Probe profile
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Annulated phenyl induces axial chirality

H-bond to Gln244 in X-ray allows unequivocal 
assignment of stereochemistry in active isomer

Atropisomers has been separated via column 
chromatography

Atropisomers show different biochemical profiles:
BAY-069 (atrop 1) BAY-252 (atrop 2) BAY-5000 (rac)

IC50 BACT1 26 nM 2 µM 333 nM

IC50 BACT2 130 nM 2 µM 22 nM

IC50 BCAT1 cell-MDA MB231 874 nM 2  µM 564 nM

IC50 BCAT1 cell-U87-MG 358 nM - 5 µM

Caco2 (Papp (A-B)/ 
Papp (B-A) / efflux

252 / 122 / 0.48 260 / 152 / 0.58 137 / 146 / 1.1

 Both atropisomers show different activity profiles -> BAY-069 displays the best profile
 Currently studies ongoing in order to determine the energy barrier



Low dose In vivo rat PK and High dose In vivo mouse PK 

Dual BCAT1/2 Probe BAY-069 

 Low CLb, moderate Vss, intermediate half-life, high oral bioavailability
 High dose PK study with oral dosing in mouse (female NMRI nude) up to 100 mg/kg 

showed exposure which did reach the levels of the determined cellular IC50
 BAY-069 may be suitable for in vivo studies at higher concentrations
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12.79 12.79
 Study No FP2018.10430 FP2018.10431

 Admin Route iv bolus po
 Dose Admin [mg/kg] 0.30 0.60
 AUCnorm [kg·h/L] 2.9 2.5
 Cmax,norm [kg/L] 16 0.48
 CLblood [L/h/kg] 0.64
 tmax [h] 2.0
 Vss [L/kg] 0.25
 t1/2 [h] 1.6 2.2
 F [%] 89

Probe profile

Vehicle: PEG400/EtOH/water (50/10/40)

BAY Number BAY-069 BAY-069 BAY-069

Dose 25 mg/kg 50 mg/kg 100 mg/kg

AUC0-tlast 16 h*mg/L 53 h*mg/L 270 h*mg/L

AUC0-tlast,norm 0,63 h*kg/L 1,1 h*kg/L 2,7 h*kg/L

AUC0-tlast,u 0,022 h*mg/L 0,074 h*mg/L 0,38 h*mg/L

Cmax,u 17 nM 46 nM 130 nM

IC50 Assay U87MG U87MG U87MG

IC50 358 nM 358 nM 358 nM

IC50,u 358 nM 358 nM 358 nM

Cmax,u / IC50,u 0,047 0,13 0,36



X-ray structure of BAY-069 
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Target engagement

BAY-069
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BAY-069 soaked into BCAT1 crystals grown with co-factor PLP (covalently linked to Lys222) & substrate mimic (3-phenylpropionic acid). 

Resolution 1.85 Å, 

Rwork/Rcryst = 0.184 / 0.227

BAY-069 bound to BCAT1, chain A

PLP

~ 75°

• BAY-069 bound in substrate site in front of co-factor PLP (magenta), in both active sites of the BCAT1 homodimer.
• Methyl-phenoxy-moiety occupies hydrophobic binding site for BCAA side chains (red circle) & replaces substrate mimic 3PP
• Chloro-naphthyl moiety fills canyon in outer part of substrate binding site; pyrimidine-dion occupies orthogonal subpocket
• Multiple H bonds to BCAT1, formed by phenoxy-oxygen and by all polar atoms of the pyrimidine-dion ring. 

Lys222



Cavbase with close congener BAY-278
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Searching across the 
X-ray characterized proteome 
(pocketome) with closely related 
variant BAY-278

Using in-house 
co-crystal structure with BAY-278 
(identical binding mode)

pick all pseudocenters
(donor/acceptor/pi/aromatic/alipha
tic) within a 4 Å radius of co-
crystallized ligand BAY-278 

Selectivity
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BAY-278

 Little is known about overall selectivity of this target family, therefore we looked at selectivity profile in more detail using CavBase
search for possible co/anti-targets (cavity search) for BAY-278.

• No hints for any cross reactivity of probe BAY-069 (based on X-ray of close analogue BAY-278) were found .



Selectivity Profile in more detail: broader panels
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In-house protease panel (# 30 proteases)

All IC50 > 10 µM; one hit at 6 µM

In-house kinase panel (# 30 kinases)

All IC50 > 7 µM; one hit at 2 µM

Safety screen (Eurofins, # 77 targets)

Clean (no relevant activity >50%)

Hits:

Thromboxane synthase: 45%

GABA transporter: 46%

 BAY-069 shows an overall clean profile (for more information, see backup)

Selectivity
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Other Transaminases

Aspartate transaminase: 
GOT1/2: IC50 > 50 µM



In vitro technical profile of Negative Control BAY-771
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• BAY-771 was suggested as negative control
• Further profiling could be undertaken after probe acceptance
• Stock availability: only DMSO solution, resynthesis necessary

POTENCY (IC50 [nM])

BACT1 IC50 6.5 µM

BACT2 IC50 10.8 µM

Mechan. IC50 MDA-MB-231 n.d.

Mechan. IC50 U-87-MG
6.2 µM 
(17fold)

Properties & Physchem

LogD @ pH 7.5 2.2

fu [%] Williams_E / rat / Mouse -

Sw @ pH 6.5 [mg/L] >412

MW / TPSA [g*mol / Å2] 412 / 59

Stability (r /h plasma, 4h) [%] -

in vitro DMPK Properties

Caco2
Permeability

Papp(A-B) [nm/s] Papp(B-A) [nm/s] efflux ratio

275 171 0.62

metabolic
stability

CL [L/h/kg] Fmax [%]

Human liver mics 0.79 40

rat hepatocytes 2.5 40

human hepatocytes

CYP inhibition 
IC50 [µM]

1A2 2C8 2C9 2D6 3A4 3A4 preinc.

PXR

SAFETY

Cytotox Not available

hERG IC50 [µM] Not available

Selectivity

In-house kinase panel (#21) Clean (> 7 µM)
FLT3: 5 µM

BAY-771
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Summary / Conclusion

Dual BCAT1/2 Probe BAY-069 

Probe criteria

Inhibitor potency: goal is < 100 nM (IC50, Kd) meets criteria for BACT1; slightly above for BCAT2

Selectivity within target family: goal is > 30-fold meets criteria; selective to aspartate transaminase

Selectivity outside target family: describe the off-targets (which may 
include both binding and functional data)

Surpasses criteria

On target cell activity for cell-based targets: goal is < 1 µM
IC50/EC50

Surpasses criteria

Additional structural information X-ray available

Neg ctrl: in vitro potency – > 100-fold less; Cell activity – >100-fold 
less potent than the probe

Neg control available; 17-fold less in cellular assay

We ask for acceptance of BAY-069 as chemical probe, accompanied by BAY-771 as negative control
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Synthesis of BAY-069
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NBS Fe / AcOH

BAY-5000 (racemate)



Synthesis of negative Control BAY-771
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BAY-771 (racemate)



Selectivity Profile in more detail: use of Cavbase search for possible co/anti-targets for BAY-278
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Results:

All hits identified have very 
low scores for pocket match 
to query

(see backup for more detail)

 No hints for any cross reactivity of probe BAY-069 (based on X-ray of close analogue BAY-278) found 
 Search space is restricted to X-ray characterized part of proteome

• Outside this space, no conclusions on possible other targets can be drawn based on the query setup.
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Selectivity



Selectivity Profile in more detail: use of Cavbase search for possible co/anti-targets for BAY-078 
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Results:

Visual inspection 
confirms irrelevance to 
match
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Back-up

Top Scorer: 

BCAT1 (X647) ↔
PDB1GYP Glycosomal

Glyceraldehyde-3-Phosphate 
Dehydrogenase from

LEISHMANIA MEXICANA



Selectivity Profile in more detail: use of Cavbase search for possible co/anti-targets for BAY-078 

Dual BCAT1/2 Probe BAY-069 
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Results:

Visual inspection 
confirms irrelevance to 
match

Back-up

Top human Scorer: 

BCAT1 (X647) ↔
PDB2JKV Human 
Phosphogluconate

Dehydrogenase



Selectivity Profile in more detail: safety screen (Eurofins, # 77 targets)
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Back-up



Selectivity Profile in more detail: safety screen (Eurofins, # 77 targets)
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Back-up



Selectivity Profile in more detail: in-house protease panel
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Back-up

Protease #

Metallo protease 8

Serine protease 15

Cysteine protease 4

Aminopeptidase 3



Solubility

Dual BCAT1/2 Probe BAY-069 

26

Probe profile
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Properties & Physchem

Sw @ pH 6.5 [mg/L] <0.10

Sw @ pH 6.5 PBS [mg/L] 93

Sw @ pH 4 citrate buffer [mg/L] 4.4

Sw in PEG400/EtOH/H2O 60/10/30 [mg/L] >830

Sw in PEG400/H2O 60/40 [mg/L] >790



Technical profile

Compound 61 (GSK) as additional BCAT1/2 probe

• Compound 61 is a dual BCAT1/2 inh.
• BAY-069 shows high Caco-2 permeability and high solubility 
• Stock availability: 250 mg are available

POTENCY (IC50 [nM])

BACT1 IC50 92 nM

BACT2 IC50 26 nM

Mechan. IC50 MDA-MB-231 564 nM

Mechan. IC50 U-87-MG 5.3 µM

Properties & Physchem

LogD @ pH 7.5 / pka 1.93 / 6.3

fu [%] Williams_E 6.2 / 6.2 / 0.47

Sw powder @ pH 6.5 [mg/L] 151

MW / TPSA [g*mol / Å2] 377.8 /

Stability (r /h plasma, 24h) [%] Stable 

in vitro DMPK Properties

Caco2
Permeability

Papp(A-B) [nm/s] Papp(B-A) [nm/s] efflux ratio

115.98 130.99 1.13

metabolic
stability

CL [L/h/kg] Fmax [%]

Human liver mics 0.05 96

rat hepatocytes 0.1 98

In vivo rat PK Low CLb, moderate Vss, intermediate half-life, high oral bioavailability

CYP inhibition 
IC50 [µM]

1A2 2C8 2C9 2D6 3A4 3A4 preinc.

PXR

SAFETY

Cytotox -

hERG IC50 [µM] >10 µM

Selectivity

In-house kinase panel (#37) >10 µM

Eurofins safety panel
Aldone reductase 72%

Available (see next slide)

Compound 61
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Literature

Compound 61 (GSK) as additional BCAT1/2 probe
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Probe profile
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 Enzyme inhibition (BCAT2) activity comparable to in-house data (50 nM vs 26 nM)
 Cellular data slightly better (160 nM vs 452 nM) but measured in different cell type (primary adipocyte)



Selectivity Profile in more detail: safety screen (Eurofins, # 77 targets)

Compound 61 (GSK) as additional BCAT1/2 probe
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Back-up



Selectivity Profile in more detail: safety screen (Eurofins, # 77 targets)

Compound 61 (GSK) as additional BCAT1/2 probe
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Back-up


