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Kinases orchestrate complex biological
processes

Kinases play a critical role in Human biology

*Important components of Cell Signal transduction

*Regulation of many cellular processes through phosphorylation of diverse
substrates (proteins (S/T, Y), Lipids, Sugars...)

Phosp-ubstrate
*~518 protein Kinase in human genome (388 S/T, 90 Tyr, 40 atypical) & more

* More than third of all human proteins are phosphorylated
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MAP Kinase pathway example

Signal Transduction (Phosphorylation cascades) from the receptors to the transcription factors
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Akt-Lipid Kinase Signaling example

Cross talk between Signal Transduction pathways
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Regulation of:

- cell survival

- Proliferation

- insulin-dependent
metabolic responses.

Manning and Cantley (2007) Cell 129, 1261-1274.




Kinases orchestrate complex biological
processes

Kinases play a critical role in Human biology

Kinases are directly involved in many diseases
*Under pathological conditions Kinases can be deregulated/mutated
* Alteration in phosphorylation states results in abnormalities

*Over 400 Human Diseases are Linked to Defects in Kinases- (and Ppases)
Dependent Signaling Pathways

!

Kinases became the largest target in the drug discovery market

e
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* First chromosomal
translocation identified

Changed * De reg.u Ia'.tEd .
(hindeimnia. 22 constitutively active
chromosome) . .

Tyrosine Kinase

* Expressed in Chronic
Myeloid Leukemia (CML)
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Imatinib (Gleevec): Improved Long-term
survival
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Gleevec (Imatinib)

Gleevec inhibits the DFG out state of the Kinase (Inactive form)

DFG (Asp-Phe-Gly): Mg-ATP binding site




Importance of Kinases in Drug discovery

US Marketed Small Molecule Kinase Inhibitors

Table 1. Targeted Therapeutics in Cancer.*

* Kinases are the
largest target in the
drug discovery
market

* Diseases targeted:
Oncology,
inflammation,
Cardiovascular,
Neurological (AD,
PD), Diabetes...

Gene

Receptor tyrosine kinase

EGFR
ERBB2
FGFR1
FGFR2
FGFR3
PDGFRA

PDGFRB
ALK

c-MET
IGFIR
c-KIT

FLT3
RET

Non-receptor tyrosine
kinase

ABL
JAK2

SRC

Serine—threonine-lipid
kinase

BRAF

Aurora A and B kinases
Polo-like kinases
MTOR

PI3K

McDermott,U., Downing, J. R. and Stratton, M. R. (2011) N Engl J Med 364, 340-50.

Genetic Alteration

Mutation, amplification
Amplification
Translocation
Amplification, mutation
Translocation, mutation

Mutation

Translocation

Mutation or amplification
Amplification
Activation by insulin-like growth

factor Il ligand

Mutation

Internal tandem duplication

Mutation, translocation

Translocation (BCR-ABL)
Mutation (V617F), translocation

Overexpression

Mutation (V600E)
Overexpression
Overexpression
Increased activation
PIK3CA mutations

Tumor Type

Lung cancer, glioblastoma

Breast cancer

Chronic myeloid leukemia

Gastric, breast, endometrial cancer
Multiple myeloma

Glioblastoma, gastrointestinal
stromal tumor

Chronic myelomonocytic leukemia

Lung cancer, neuroblastoma, ana-
plastic large-cell lymphoma

Gefitinib-resistant non—-small-cell
lung cancer, gastric cancer

Colorectal, pancreatic cancer

Gastrointestinal stromal
tumor

Acute myeloid leukemia

Thyroid medullary carcinoma

Chronic myeloid leukemia

Chronic myeloid leukemia, myelo-
proliferative disorders

Non-small-cell lung cancer; ovarian,
breast cancer; sarcoma

Melanoma; colon, thyroid cancer
Breast, colon cancer; leukemia
Breast, lung, colon cancer; lymphoma
Renal-cell carcinoma

Colorectal, breast, gastric cancer;
olioblastama

Therapeutic Agent

Gefitinib, erlotinib
Lapatinib

PKC412, BIBF-1120
PKC412, BIBF-1120
PKC412, BIBF-1120

Sunitinib, sorafenib, imatinib

Sunitinib, sorafenib, imatinib

Crizotinib

Crizotinib, XL184, SU11274
CP-751,871, AMG479
Sunitinib, imatinib

Lestaurtinib, XL999
XL184

Imatinib
Lestaurtinib, INCB018424

KX2-391, dasatinib, AZD0530

SB-590885, PLX-4032, RAF265, XL281
MK-5108 (VX-689)

BI2536, GSK461364

Temsirolimus (CCI-779), BEZ235
BEZ235
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Tumors become resistant to Kinase inhibitors

a Mutation that blocks
drug binding

A\.I.OA.K.‘»G e C(\.\CAJUA‘ ‘{\."X.O.ﬂ

@ Drug T315I

BCR-ABL BCR—-ABL

¥ }

b Redundant kinases
at initial treatment
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IGFIR  INSR

EGFR

AREA

Upregulation of
second kinase

EGFR MET

¥y

Mutation downstream
of the kinase

T T s
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Mutation
A >
KRAS

EGFR

Resistance mechanisms:
1. Mutation in kinase target

2. Induction of Bypass
mechanism

3. Activation in up/down-stream
effectors

» Patient relapse requires
second-line therapies:

* Second generation of
inhibitors needed

* Therapeutic combinations
of multiple kinase targets

Z. A. Knight, H. Lin & K. M. Shokat (2010) Nature Reviews Cancer 10, 130-137




Combinatorial therapy as a new trend Promega
for recalcitrant cancer treatment

QUAD PILL
A four-in-one
combination pill.

=8

HIV treatment example: Cancer treatment example:

Elvitegravir
(integrase inhibitor)
vs. | Kinase inhibitors are used

Cobicistat :
as a single thera
(drug metabolism inhibitor) g Py

Emtricitabine and Tenofovir
(nucleoside RT inhibitors)

e —




Combinatorial therapy as a new trend for Fromesa

recalcitrant cancer treatment (Abl example)

ATP site inhibitors

in combination with: Allosteric inhibitors A. +Dasatinio
binding to non ATP binding sites:
- PIF pocket Abl WT
- Substrate pocket
+GNF-5 Abl T315I

myristic pocket

Abl WT

B. T315l +dasatinib & GNF-5

~ AbI T315I

“front”

myristic pocket

Bl obvious [ |Subtie [ No changes

Simultaneous binding of Dasatinib and GNF-5 to T3151 caused conformational changes in

Abl such that dasatinib binding to T3151 became similar as when it is bound to WT Abl.
12




cancer treatment
A.

Abl wt
100 =
100k AbI T315I
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(Similar effect with
imatinib and nirlotinib)
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N
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B GNF-5/Dasatinib
' M 1
0 5 10

Inhibitory effects (%)

Additive interaction between GNF-5 and the ATP-competitive inhibitor
Dasatinib to inhibit proliferation of Bcr-Abl T3151 mutant
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All Kinase Inhibitors are not equal Promega

(Different trends of screenings)

* ATP competitive (low selectivity)

* ATP non competitive or Allosteric (more selective)
 DFG out inhibitors (unactive form, more selective)

* DFG in inhibitors (active form)

* Type 1 ’: (Back pocket of ATP site, improve selectivity)
* DFG in after HTS then optimize to DFG out

Two way paradigm

Selective compounds <) Potency

Choosing the right assay for success
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Kinase Studies in Basic Research and Drug |

Discovery

Kinase Studies and Screening Approaches

« In Vitro Biochemical

In Vitro Biochemica

T Dawed 9

Drug Discovery
Drug Discovery

|

N Drug in
Lead Optimization Market

in
disease

Pathway
studies

Secondary
Screening

Kinase Inhibitor Profiling

Biochemical Kinase

e Need for a Universal Kinase Assay that can be applied to all
types of Kinase Studies




Detection of Kinase activity

Radioactive 32P or 33P-ATP
e.g. electrophoresis, SPA,
Filter binding (SignaTECT™)

Kinase
ATP + ) ADP + rate
I Substrate I Phospho-Substrate
Fluorescence I
Luminescence Antibody based:
e.g. Kinase-Glo* e.g. Transcreener, Adapta Fluorescence
Antibody based:
| Antibody free: e.g. HTRF/LANCE, Alphascreen
ATP e.g. ADP-Quest
i Antibody free:
consumptlon Luminescence e.r;.lcglizet:eze’-Lyte, ProFluor*
ADP-Glo* )
ADP Phosphopeptide
. . : detection
Promega Kinase Assays productlon
16
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Current Kinase Assays features and drawbacks

Drawbacks of Current Assays: Features of an Ideal Assay:

* If not radioactive they require v' Homogeneous, Nonradioactive,
specific antibodies Robust

* Require fluorescently-labeled v Universal (any enzyme substrate
peptides combinations)

e False Hits with Fluorescence v Applicable for different kinases and
based assays diverse substrates

* \Very expensive v' Use multiphosphorylated substrates

* Require special detection v' Minimal False Hits
technology v' Distinguish between ATP

* Not tolerant to High competitive and noncompetitive
concentrations of ATP inhibitors




» Kinase families (targets)

» Kinase Assays (Glo)

» Kinase Inhibitors (Drugs) Pharmaceuticals

] m




Bioluminescent Kinase Assay Platform

Kinase Glo® Assay

Monitoring ATP Depletion
*Kinase Glo® (10uM ATP)

*Kinase Glo® Plus  (100uM ATP)
*Kinase Glo® Max  (500nM ATP)

o] 0 0

1l 1 Il </ |
HO—P—0—P—0—P—0 A

OH OH OH 0o

ATP

ADP Glo™ Assay

Monitoring ADP Production

Micro to Millimolar
ATP Concentration




ATP detection: Kinase-Glo® Platform
Kinase reaction
-
‘>\ AD ft‘-;; >
Kinase Glo® Max Light

y q@ (Luciferase + Luciferin)

{ATPase reaction

Light output is correlated with the amount of ATP remaining

and is inversely correlated with the amount of kinase activity

20
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Sensitivity and Robustness of Kinase-Glo®

Z’ Values calculated for Test Plates

1

0,9 . 0 . N3 .
0.8 ¥ x Ak s VARV o
0,7 > P s " o8 o e o T P
R } * . : .

¢ * . . .

LO06Ls " W e A
T 05 ¢
F 04

03 Y —

03 Avg. Z’ = 0.717

0,1

0 : : : : :
0 100 200 300 400 500

Plate Number

Averages for controls (+ and -)

30000

600

25000 & %
2000 okt duite PF U A

20000

3 15000 1 .
= Large Dynamic Range

10000 |
5000 #f,ﬂ"‘# ﬂp"ﬁ-i;-\"# JJ-GJ‘HJJJ“, A

0

0 100 200 300 400 500
Plate Number

600

v’ Kinase-Glo® Assay
generates a high signal to
background ratios

v Kinase-Glo® Assay is a
robust assay ideal for HTS

Baki A, et al (2007)
Assay and Drug Dev. Technol. 5: 75-83
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Luminescent Kinase assays: Two Different
Approaches

NH;
o o o N -JL\-N
(N I ¢

HO—P—0—P—0—P—0._ -
| T N
OH OH OH [ O~

AI P OH_OH

4 Kinase Glo® Max + ADP-Glo~
25000000~ 3000000-
20000000+ 2500000~
15000000 2000000
; ; 1500000 -
10000000 -

1000000

u | ) | ) | ) | ) | ) | ) | ) | ] 0 L L L L | ) | ) | ) | ]

35 30 25 20 15 10 05 00 05 35 30 25 20 15 1.0 05 00 05

Logqg[PKA], units Logqp[PKA], units

e Kinase-Glo® measures the remaining ATP after a kinase Reaction

* ADP-Glo™ measures ADP produced in a kinase Reaction

22




Luminescent ADP detection assay \
requirements \

g +

ADP Detection
\ Luciferase
‘x% e Light
Luciferin

ATP Depletion

ATPs
ATPase reaction .
(%

%tarting ATP amount

%TP remaining after kinase reaction

ATPR . Newly synthesized ATP
EUE




R

ADP-Glo™ Assay Format- 1:1:2

384-well plate

5ul kinase reaction

+

5ul ADP-Glo™ Reagent

40 min. Incubation
+

10ul Kinase Detection
Reagent
30-60 min. Incubation

Record Luminescence

Kinase reaction
/U=

OR

P.
ATPase reaction

Your Reaction

Reaction Products

/Step 1. Add ADP-Glo™ Reagent.

% Deplete 3 @

ATP remaining
after your reaction.

Step 2. Add Kinase Detection Reagent.

'Y:;P’ Convert Detect
Luciferase/Luciferin
PP

Newly synthesized ATP.

= Light —

ADP-Glo™ Assay

White Plates Format 1:1:2 (ul)

1,536-well
384-well
96-well

2.5/2.5/5
5/5/10 10/10/20
25/25/50 50/50/100




Linearity of the ADP-Glo™ assay

ADP conversion curves at different ADP/ATP concentrations

. BOEH03 - 6.0E+04

= 1UM =) 10uM

e~ p -1 S50EHA - H

0 6.0EH03 - i

© @ 4.0E+04

o O

o 1OEH3 - S 3.0E+04

O 3]

2 B 2.0E+04 -

@ 2.0E+03 - @

E . E 1.0E+04 R*= 0.99
5 0.0E+00 7 7 T R — -0'99- 3 0.0E+00 . . . —

0 20 40 60 80 100 120 0 20 40 60 B0 100 120
% ATP to ADP conversion % ATP to ADP conversion
4 0EH)5 . 3 OEHIE -

=) 100pM 5 1mM

- — |

& 3.0E+05 - @ 40E+06

§ I § 3.0E+06 -

a & 2.0E+06 -

o o

2 1.0E+05 2 4 0E+06 -

E 2 = E Rz2=0.99
3 0.0EH00 T T T R 9'99 " 3 0.0EHO T T T T T "

0 20 40 &0 30 100 120 0 20 40 &0 80 100 120
% ATP to ADP conversion % ATP to ADP conversion

ADP-Glo™ can be used virtually with any ATP concentration




Sensitivity of the ADP-Glo™ assay

Signal to Background ratios produced at different
ATP to ADP conversion %

% ATP to ADP Conversion
100 80 | 60 (40 20§10 56 |4 |3 | 2 | 1 | O
uM | 34 28 | 20 (14 8 | 5 | 3 | 2 |2 | 2 | 1 | 1
4
7

10uM | 145 | 120 96 68 | 37 | 20 | 10 | 8 6
100pM | 167 142 | 111 | 88 | 54 | 32 | 18 | 14 | 11 4 1

Signal to Background ratios

3 1

ATP-ADP
ranges

ADP-Glo™ can detect as low as 20nM ADP in

‘ 5ul (0.1pmole) with a high Z’ value




MORE Sensitivity of the ADP-Glo™ assay
ADP-Glo™ Assay Performance Using Four Different Sources of ATP.
ATP-ADP ranges

1mM 100pM 10pM
ATP + ADP
mixture 20%  10% 20% 10% [ 5% 20%  10%
Promega 45 23 54 32 18 37 20
Competitor S 26 13 8 35 21 11 31 16 8
Competitor T 13 | 7 - 15 10 5 16 9 5
Competitor G 12 6 - 16 10 6 18 10 6 g

5

ADP-Glo™ sensitivity is highly improved
27 with the new Ultra Pure ATP
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ADP-Glo™ detection of Tyrosine kinase  Fromes
activity

36.8
350009 Y 1O0UMATP % 35.0 L
30000+ < 30.0
c 228
25000+ 3 25.0 7y
S 20000+ 220.0 158
_I (&) ’
¥ 15000- s 15.0 107
10000+ 2 10.0 T +
— k4
5000+ S 50 7.+
0 . : .EC5O = .3.55ng , .ttn} 0.0 28 . . .
-2 -1 0 1 2 3 0.0 5.0 10.0 15.0 20.0 25.0
Log10o[EGFRgsgrl, NY % ADP producedin EGFRkinase reaction
ECso
v
EGFRL8SSR 100 | 50 25 | 125 | 625 | 313 | 156 | 078 | 039 | 020 | 01 | 005 | o

(ng/reaction)

RLU (Average) 27753 28278 26871 24358 18944 13551 8384 5849 3923 2404 1502 1045 368

% ADP

5-10% conversion

produced 87.4 89.1 84.6 76.7 39.8 23.8 13.6 9.5 6.7 4.0 1.9 1.1 0
S/B 75.4 76.8 73.0 66.2 51.5 36.8 22.8 15.9 10.7 6.5 4.1 2.8 1
‘ SB1o ‘ Amount of enzyme to generate

EGFR(ng) |  0.36

28



Comparison between ADP Glo and bl
Radioactivity Assay

120 ALU (e <= 1oo£ o S
ol (IC50=1.02nM) Lk 1 -o- PI4KA radiometric
100 | . \Y 3 ] ” o—cpm (|C50=1.27HM) :.i" -8~ PI4KB radiometric
y—RLU (1IC50=8.9nM) =
5 80 -cpm (IC50=9.7nM 9
[= ®]
o 60 ;
o .g
X a0 E
20 | S
() -
0 4 ) T T T T T
40 -35 30 -25 -20 15 1.0 -05 0.0 1 10 100 1000 10000
Log(Wortmanin), pM [PIK-93] (nM)
Vidugiriene J, et al (2009). Evaluating the utility of a Tai AW, Bojjireddy N, Balla T. (2011) A homogeneous and
bioluminescent ADP-detecting assay for lipid kinases. Assay Drug nonisotopic assay for phosphatidylinositol 4-kinases. Anal
Dev Technol. 7(6):585-97. Biochem. 417(1):97-102.

Specific activity and response to known inhibitors determined
by ADP-Glo™ correlated well with data from radiometric assay
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http://www.ncbi.nlm.nih.gov/pubmed?term="Bojjireddy N"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Balla T"[Author]
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Validation of ADP-Glo with immobilized e
Kinase

PI3K
Expression as HaloTag fusion (HT) e

| o

0.4 0.2 pmol of standard

In gel Visualization —

* J

Immobilization on HaloLink beads

. . ADP-Glo
Activity measurement —

\

1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000

Luminescence (RLU)

0 ‘ E




Validation of ADP-Glo with mammalian Promega
expressed Kinases

HaloTag FLAG Tag
A 130 600 720000
= S 1
E'Eﬁ 100 4 400 3 1000004
SE n * 200 < 1
- @ 800004
S o
0 — i / — c ]
o 3 & 9 12 0 20 40 60 80 o 60000+
PECy (ug) PEACa{ug) (] ]
E 400001
30 40 1
= 3 200004
£ 20 1
=
'g'—n 10 20 0-
g &9 9
"8 SR T S
o . . ; o . . . Q 9\0 Q\ Q\ ,\% Q\ Q\
0 40 80 120 0 50 100 150 & QO
> S
AEGFR {ng) PI3Ky (ng) NP G
Ohana RF, et al (2011) HaloTag-based purification of functional Tai AW, Bojjireddy N, Balla T. (2011) A homogeneous and
human kinases from mammalian cells. Protein Expr Purif.76(2):154- nonisotopic assay for phosphatidylinositol 4-kinases. Anal

64. Biochem. 417(1):97-102.
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http://www.ncbi.nlm.nih.gov/pubmed/21129486
http://www.ncbi.nlm.nih.gov/pubmed/21129486
http://www.ncbi.nlm.nih.gov/pubmed/21129486
http://www.ncbi.nlm.nih.gov/pubmed/21129486
http://www.ncbi.nlm.nih.gov/pubmed?term="Tai AW"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Bojjireddy N"[Author]
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http://www.ncbi.nlm.nih.gov/pubmed?term="Balla T"[Author]
http://www.ncbi.nlm.nih.gov/pubmed/21704602
http://www.ncbi.nlm.nih.gov/pubmed/21704602
http://www.ncbi.nlm.nih.gov/pubmed/21704602

One assay platform - many applications

High-Throughput
Screening

ADP-Glo™ is a Universal in vitro
Biochemical Assay for all types of
Kinase Studies

T recnnoiogies

Mode of action
studies

ADP'GIO ™ ASSay Kinase inhibitor
Platform Al

PR on




One assay platform - many applications

High-Throughput
Screening

Screening Kinase Inhibitors with
ADP-Glo™ Kinase assay

Step 1. Add ADP-Glo™ Reagent.

ADP-Glo™ Assa!

ADP'GIO ™ ASSGy Hmn»wa,rm.{;g»mm

P I atf orm Free Access here:
http://www.liebertonline.com/toc/adt/7/6



http://www.liebertonline.com/toc/adt/7/6

’ Developing kinase assay for screening i
and profiling

SB 10 value allows a high dynamic range with less variability and more
accuracy in an inhibitor screening or Profiling (High Z’ factor)

Titration of EGFR Kinase Staurosporine Titration

2500090 o 0-100ng EGFR, 5uM ATP 1309 v 4ng EGFR, 5uM ATP _
0.2ug/ul Poly E4Y,, 60 min.

=) 0.2ug/ul Poly E Y4, 60 min. > 110-
-1 20000+ =
e T 904
[}
o 15000+ <
5 o 704
o £
@ 10000- R 504
= T
€ 50004 < 301
= 10d 1C50 = 702nM
c | ) v L] L} v L} v L)
-0.5 0.5 1.5 2.5 0.5 1.5 25 3.5 4.5
Log[EGFR], ng Log[Staurosporine], nM

Kinase Titration: Using the defined ATP concentrations, perform % serial
dilution of Enzyme.

SB10 value: Corresponds to the amount of Kinase needed to generate a 5-
10% substrate conversion.




| Sensitivity, Robustness of the Promega
ADP-Glo™ Assay

During HTS, a Z’ values >0.5 shows a robust assay

18000
16000 -
14000 1 ... ... ..'. ® ...’. o @ ® ':’
S L LY MR b
12000 e® S a *T% oo 3(0p+ 02)
o o Z-factor=1—- ———,
> 10000 | |1p = P
@ 8000 Z’=0.71 o,: STDEV of sample o,: STDEV of control
6000 | S/B=5.5 K,: Mean of sample p,: Mean of control
4000 % Conv = 8
2000 VR SRS srnppnenierJudods—
0

0 10 20 30 40 50 60 70 80
Samples
Zhang JH, Chung TD, Oldenburg KR (1999) J Biomol Screen. 4, 67-73

ADP-Glo™ can detect low Enzyme activity with a high Z’ value




Screening for Kinase inhibitors using  Promega
luminescent ADP detection

LOPAC Screen of ADP-Glo™ Reagents
---+/-3 Standard Deviations

5

120+ °

100 gt SRR 08

Percent Normalized Activity
@
o

0 200 400 600 800 1,000 1,200
Compound Serial Number

LOPAC Inhibition: EGFR vs ADP-Glo™ Activity c LOPAC Inhibition: LCK vs ADP-Glo™ Activity

120+ 1201

—_
[=4
o

100F ====mmcmmm e < - A
80+ "

>
;
;
<o
60+
i

Percent EGFR Activity
Percent LCK Activity
<
L)

401

20+

2o & R ’ - L
00 20 40 60 80 100 0 /0/20 40 60 80 100 120 $
Percent ADP-Glo Activity Percent ADP-Glo Activity :J

Identification of true Kinase inhibitors vs false positives using
Luminescence Kinase assay

36




Mode of Action Studies with
ADP-Glo™ Kinase Assay

Mode of action studies

HEE . FH
X J—
R, ' A
S s, = muw
s o
A, e
o
Jr— Jr—
o) iy zamEm s o s TR
4 2 -1 @ 1 2 3 T
Lag; fEEL 1M ko ¥R, mM
R 2 vm o
= e

r
L, ¥ TN b
P it ‘
2 2 s
E sowo. E ‘
A
.
o] = b QT
—_— —_—
k : T T b

ADP-Glo™ Assay B
Platform




Determination of Biochemical values |

using ADP-Glo™

Kuv:179.9 £ 23 uM
] Ku: 163.6 + 28 uM
Ku: 143.8 + 27 uM

Vmax : 1.3 £ 0.05 uM ADP/min
Vmax : 0.41 £ 0.02 uM ADP/min
Vmax : 0.47 £ 0.02 uM ADP/min

Kv:1564+1.5uM Vmax:0.35+ 0.01 uM ADP/min
Kv:184+15uM Vmax:0.34 +0.01 uM ADP/min
Kv:16.9+25uM Vmax:0.28 +0.01 uM ADP/min

C-Src Haspin
05010020030
1 #10 +30 50 100 - E o & engten 0.35 Y340H
154 *300 *500 #1000
[ATP] uM /= WT
[ATP] uM £ 4 - €025
o £ o =V
- 10 £ 075 a o Y340A
o < o)
< (m)] s <
s < = S 015
3 5+ s 2 =
=.0.25 G609S
0 b T _r___-' 0 T T T 1 0 - T T 1 0 T T 1
0 5 minut:aos 15 0 250 500 750 1000 0 5 10 15 0 100 200 300
[ATP] uM minutes [ATP] uM

Balzano D et al., (2011). A general framework for inhibitor resistance in protein

kinases. Chem Biol. 18(8):966-75.

ADP-Glo ™produces Km values similar to literature



http://www.ncbi.nlm.nih.gov/pubmed?term="Balzano D"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Balzano D"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Balzano D"[Author]
http://www.ncbi.nlm.nih.gov/pubmed/21867912
http://www.ncbi.nlm.nih.gov/pubmed/21867912
http://www.ncbi.nlm.nih.gov/pubmed/21867912

RLU

RLU

of action

600000~ 10uM ATP
500000 <
400000 <
300000+
200000 <
1000004
0 50 =70nM
L L L L 1
-1 2 3 4 5
Logqg[H-89], nM
600000 10uM ATP
500000
4000004
3000004
200000
1000004
1C50 = 5nM
2 0 1 2 3 4

Logqg[PKI],nM

Determination of inhibitor’s mechanism

PKA ATP Competitive inhibitor H-89

2800000+ 100uM ATP
2400000+
2000000~
= 1600000+ A
-
& 1200000+
800000~
400000+
IC50 = 396nM
0 L) L) L) L) L) 1
-1 2 3 4 5

Logqp[H-89] nM

PKA ATP non Competitive inhibitor PKI

3900000+ 100uM ATP
3250000+
2600000+
é 1950000+
1300000
650000+
{ 1c50 = 4.8nM )
0 — = 1T L. 1
2 A 0 1 2 3 4
Logqp[PKIInM

1mM ATP

8000000+
7000000
6000000

-]

5 5000000-
4000000
3000000

( IC50 = 2694“]“)
200000 ————
o—t—2— 3 4 5 6

Logqp[H-89],nM

Cellular Levels mM

£000000- 1mM ATP

7000000

6000000+
2
—1 5000000+
(4

4000000+

300002; /j

20000 IC50 = 7nM : : : :
2 -1 0 1 2 3 4

Logg[PKIInM

ADP-Glo™ is a perfect assay to distinguish between ATP competitive
and non competitive kinase inhibitors




One assay platform - many applications

- ) . ] Kinase inhibitor profiling
Profiling Kinase Inhibitors with

T™ W3 Kinase | LcKinnibitor | SDRCRK | Ro.32.0432
ADP-Glo ™ Kinase Assay S n
I 2
KHS1 96 77 100
MEK1 100 89 99
MEKK1 64 82 100
MINK1 100 96 81
NIK 1_!2] 92 100
MEKK2 60 95 95
Step 1. Add ADP-Glo™ Reagent. MST1 92 63 98
Kinase reaction MYO3b 100 91 95
% % Deplte @ PAK1ICDCAZ 66 100 100
after your reaction T TA
Substrate TAOK1 92 100
O0R + |—> TNIK 88 100 94
S ERK2 81 100 35
Step 2. Add Kinase Detection Reagent. GSK3h 68
ATPase reaction JNK1 92 100 100
@ e @ _Dse M L] 91 98 100
Yoo Newly synthesized ATK;: e ; § 3:?;3 ::: ::: ::z
Your Reaction Reaction Products ADP-Glo™ Assa p38d
CDK2iA2
CDK3E1
CDK5ip25
™ CDK5p35
-Qlo ssay oG0S
CLK3 f
AMPK aveis ]
at Orm AMPK ai/8152
AMPK a2/5115 1
CAMK2a
CAMK2g 100 72 100
CAMK4 100 67 100
DAPK 1 100 100 100
STK33 99 100 100
CHK2 100 100 100
MAPKAPK2 100 100 100
MARK 1 100 73 100
PASK 100 87 100

PKCmu 100 93 100




Diverse kinase-substrate combinations

with ADP-Glo™

Protein
Kinases

Non-
| Classical
 Kinases

Tyrosine Kinase Serine-Threonine Kinase Serine-Threonine Kinase
35000 Poly Glu,-Tyry(peptide) 500000+ MBP (protein) s00000«  Peptide + dsDNA (Activator)
280004 4000004 7500004
600000
o 21000 - 300000- 5
2 2 =1 4500004
140004 2000004
300000
7000+ 100000+ 150000+
0 ECs0 =7.7ng o ECso =77ng - ECso =3.8U
T T T o | T T T ] u T T ]
-2 - 0 1 2 3 R 0 1 2 3 4 0 1 2
Logso[EGFR], ng Logyo[ERK2], ng Log4o[DNA-PK], units
Lipid Kinase Sphingosine Kinase Hexokinase
45000 Phosphatidylinositol (lipid) 400000+ Sphingosine (Lipid) 400000~ Glucose (sugar)
360004 > 3000004 300000+
270004
3 = 200000- = 200000- |
x 4
18000
100000+ 1000004
90004
0 ECsy =2.79ng ~ ECs, =8.6ng o EC;q = 50uU
A 0 1 2 A 0 1 2 3 4 3 2 A1 0 1
Logso[PI3K p1207], ng Logyo[SPHK1], ng Logyo[Glucokinase], mu

ADP-Glo™ Kinase Assay detects the activity of any Kinase
regardless of the substrate chemical structure
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ADP-Glo™ is a universal Kinase Assay that detects the activity of

any Kinase regardless of the substrate chemical structure -




Profiling Kinase inhibitors is a critical step ™™
in Drug Development

Assessing selectivity and cross reactivity of Kinase inhibitors

Knowing the exact kinase inhibition profile of a compound is critical for the understanding of its
mode of action and to assess any side effects that may result from its extra activities.

Gleevec (BCR-ABL), PD 98059 (p38), U0126 (MEK1), Rapamycin (mTOR), were
shown to be very selective inhibitors, while PP1 and PP2 (Src family) inhibit other
kinases in different families, CSK, SAPK2a/p38, CK1, KIT and BCR-ABL.

Identifying new targets during a compound profiling could lead to novel therapeutic applications.

Gleevec (BCR-ABL inhibitor) was marketed by Novartis initially for the treatment
of chronic myeloid leukemia (CML), then its indication was expanded to
gastrointestinal stromal tumors (GIST) because of its effect on c-Kit kinase.

Profiling already in development or clinically approved compounds against drug resistant Kinase
targets could lead to new treatment of relapsed patients with ineffective first-line targeted therapies.

MK-0457 (Aurora Kinase inhibitor) in clinical development for the treatment of
solid tumors is shown to inhibit an ABL kinase mutant (T315l), that it could be
potentially used to treat Gleevec-resistant cancer.
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Providing Complete solutions for the
kinase field:

Promega + Signalchem collaboration

Kinase Enzyme
Systems (KES)

Kinase Enzyme System Manufactured By
SignalChem
Specialists in Signaling Proteins

Exclusively Distributed By

0
Promega

Promega Corporation
2800 Woods Hollow Road

Madison Wl 53711 USA

Telephone: 608-274-4330
Toll-Free 800-356-9526
Fax: 608-277-2516

Internet WA, Promega.com




S SignalChem
Specialists in Signaling Proteins

Catalog # V9101 Promega Catalog #

Aktl Kinase Enzyme System
(Example)

ADP-Glo™ Kinase Assay
0-1ImM ATP

+ AKT1 Kinase (10ug)
AKT (SGK) substrate (1mg)
Kinase Assay buffer

100mM DTT =7 —
or Tyrosine Kinases

Kinase Activator**

10mM UltraPure ATP
10mM ADP

ADP-Glo Reagent

Kinase Detection Buffer
Kinase Detection Substrate

Catalog # V9061




Promega kinase panel —
(Kinase Enzyme Systems)

Kinase Enzyme Systems (Example)
|

Akt1 Kinase (10pg) o Lt
Akt (PKB) substrate (1mg) R
5 x Reaction Buffer A

L
-t

FHg
K3 IGFIRInSR ﬂ FES
o .  ZAP70 "
- L]
& L]
. . TRKA
& L] o
+ B
. -
L] -
| L =
| = L
HE " it
H . [
-
% . AXL

ADP-Glo™
Kinase Assay

*
e s o

Promega Kinase Panel contains initially 70 Kinases that
Cover the Human kinome




Validating Kinase Enzyme systems | Promega
with ADP-Glo ™

Kinases were tested with ADP-Glo™ Kinase Assay

ATP Ic50 ATP Ic50
Kinase i 5(:;]0 Staurosporine Kinase C i S(:;;) Staurosporine
(M) (nM) (M) (nM)
TK CMGC
ABL1 Abltide 25 06 215 CDK1/CyclinA2 Histone H1 50 1 1.9
AXL Axitide 50 08 58 CDK2/CyclinA2 Histone H1 50 0.6 1.8
™ BTK Poly (Glu,, Tyrp) 50 28 272 ggizﬂii ::2:2:: :1 :g : 1‘2
[ ] AD P_G I d c-MER Poly (Glu,, Tyr,) 50 9 162.3 -
o p roauces CsK Poly (Glus, Tyr) 50 12 >1000 ERNS wil =0 = IO
EGFR Poly (Gluy, Tyr) 5 36 702 ERKZ il 20 L =1000
h . h . I EPHAT Poly (Glu,, Tyry) 1 >4 5768 GSK3a GSK3 Substrate 25 1 6.4
| g Si g Nna to == Foly Gt Tyr) = 5 = GSK3b GSK3 Substrate 25 1 03
FES Poly (Glu,, Tyry) 50 05 39 JNK3 p38 substrate 1 4.0 .73..6 s
- FGFR1 Poly (GIU,, Tyry) 50 0.7 1118 p38a p38 substrate 150 4 Not inhibited
baCkg rou nd (SB) Wlth FLT1 IGFtide 150 50 72 p38g pos subsirats 10 L 245
FYNA Poly (Glu,, Tyr,) 50 12 44.16 CAMK
HER2 Poly (Glu,, Tyr,) 10 11 312 AMPK A1/B1/G1 SAMStide 150 10 67
a I I e n zy m e s te St e d HER4 Poly (Glu,, Tyr,) 25 03 257 CAMK2g Autocamtide-2 25 2 1.1
IGF1R IGF1tide 150 1 >1000 CAMK4 Autocamtide-2 25 1.7 58.5
InsR Axltide 50 0.6 208 CHK1 CHKtide S0 8 1.2
ITK Poly (Glu,, Tyr,) 25 1 15 AGC
JAK3 Poly (Glu,, Tyr,) 5 1.5 0.14 AKT1 Akt (PKB) substrate 150 10 77
KDR Poly (Gluy, Tyr,) 50 1 35.7 AKT2 Modified Akt substrate 250 5 212
LCK Poly (Glu,, Tyr,) 30 1.6 56 GRK5 Casein 25 36 826
LYN B SRC substrate 25 3 4.7 p70S6K S6K substrate 25 20 82
[ ) T t S B f MET Poly (Glu,, Tyry) 10 4 280 PDK1 PDKtide 5 8 0.75
o ge n e ra e a n O PDGFRa Poly (Glu,, Tyr,) 25 7 0.48 PKCa CREBtide 25 0.2 5.94
PDGFRb Poly (Glug, Tyry) 25 6.5 0.3 PKCb Il CREBtide 50 0.1 6.18
1 0 I I I RET IGFitide 25 2 23 PKCd CREBtide 50 0.8 1.87
» O n y a S m a RON Axitide 25 2 76.5 PKCg PKCtide 50 0.3 6.2
SRC SRC substrate 50 18 250.8 PKCi CREBtide 25 0.5 518
. SYK Poly (Glu,, Tyr,) 10 28 0.17 PKCz CREBtide 5 0.2 >1000
\ a m o u nt Of e n zym e | s TRKA Poly (Glu,, Tyr,) 50 06 0.3 ROCK1 S6K substrate 5 10 6.7
\ ZAPT0 Poly (Glug, Tyr,) 3 29 1035 RSK2 RSK Substrate 25 1 113
TKL SGK1 Akt (PKB) substrate 50 3.5 12.2
need ed e IRAK4 I MBP | 25 [ s0 ] 0.75 OTHER
TGFER2___| MBP | 50 [ s | >1oo0 Aamora A MBE 23 L 04T
Aurora B MBP 25 6.4 1.5
STE NEK2 MBP 50 5 >1000
ASK1 MBP 25 4.4 21.4 PLK1 Dephospho Casein 5 40 (SB4) >1000
MINK1 MBP 50 0.6 2.8 TBK1 MBP 25 22 0.05
PAK4 Akt substrate Il 5 10 0.2 ULK1 MBP 10 5.0 18.6




Lipid Kinase Systems

Complete solution for measuring Pl kinases without the use of radioactivity,
lipid substrate modification or lipid extraction

PI3K class | enzymes:

PI:PS Lipid
p1100/p85a. Kinase substrate
p110c (E545K)/p85a + 0.5ml x 1mM O
p110a (H1047R)/p85a Promega
:ﬁgs// 588553 Catalog #XXXX
P1106/ p85a. PIP2:PS Lipid Kinase
substrate
Enzymes are ofgered separately 0.25ml x 1mM
together in a complete Class |
l profiling kit ]

ADP-Glo™ Kinase Assay




Promega kinase panel ——

~ (Kinase Enzyme Systems)

Promega Kinase Panel contains initially 70 Kinases that Cover the Human kinome
Panel continuously expanding with members of kinase families

TK TKL CAMK STE CMGC AGC OTHER/CK1
ABLA1 RET KIT T670I IRAK4 AMPK A1/B1/G1 ASK1 CDK1/CyclinA2 AKT1 Aurora A
AXL RON PDGFRA D842V TGFRR2 CAMK2g MINK1 CDK2/CyclinA2 AKT2 Aurora B
BTK SRC PDGFRA T674I TGFbR1 CAMK4 PAK4 CDK5/p25 GRK5 NEK2
¢-MER SYK RET Y791F BRAF CHK1 MEK1 CDK5/p35 p70S6K PLK1
csK TRKA RET V804L BRAF V600E AMPK A2/B1/G1 PAK3 ERK1 PDKA1 TBKA1
EGFR ZAPT0 MET M1250T RAF1(EE) MAPKAPKS MST1 ERK2 PKCa ULK1
EPHA1 FLT3 FGFR3 K650E MLK2 PIM2 SLK GSK3a PKChb Il NEK6
FAK FMS FLT3 D835Y TOPK PKD2 HPK1 GSK3b PKCd DNA-PK
FES FGFR2 ALK1 PIM1 PAK1/CDC42 JNK3 PKCg IKKa
FGFR1 FGFR4 MLK1 CAMK1g MEKK1 p38a PKCi CK2a1
FLT1 ACK RIPK2 MLCK/MYLK MEKK2 p38g PKCz CAMKK1
FYN A DDR2 BMPR1b (ALKS) CAMK2a MYO3b CDKO/Cyclin K ROCK1 CK1a1
HER2 PYK2 TAK1-TAB1 MAPKAPK2 STK30/STLK3 JNK1 SGK1 VRK2
HER4 c-Kit ALK2 MAPKAPK3 KHS1 CDK2/Cyclin E1 RSK2 CK1g2
IGF1R TRKB ZAK DAPK1 NIK p3sb AKT3 CK1epsilon
InsR BRK LRRK2 SIK TAOK1 p3sd PKCe CK2
ITK EGFR L858R MYLK3/caMLCK CDK7 RSK1
JAK3 EGFR L861Q STK33 CDK4/Cyclin D3 PKCtheta
KDR EGFR T790M CHK2 CDKe6/Cyclin D3 ROCK2
LCK EGFR T790M L858R PKCmu (PKD1) CDK3/CyclinE1 p70S6Kb
LYNB ABL1 E255K PASK CLK1 GRK2
MET ABL1 G250E MELK CLK3 PKG
PDGFRa ABL1 T315l MARK1 HIPK1 PKA
PDGFRb ABL1 Y253F AMPK A1/B1/G2 HIPK3 PKC

www.promega.com/kinase



http://www.promega.com/kinase
http://www.promega.com/kinase

Promega kinase panel

Profiling Panel should include close and distant kinases to assess compound selectivity

Broad Human Kinome coverage with 174 Kinase Enzyme Systems

50
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‘Promega kinase profiling strips for flexible Fromes
and targeted inhibitor profiling

Impprtant kipase targets Streamlined profiling protocol
organized by kinase families Profiling Kinase strips

1 7 3 3 5 6 7 g
EGFR | ABL1 axL || FeFR1 || evPrib || Aukt | Ask1 || mEkk2 1 | o |17 25 |33 |41 |40 |57 |65 |73 |81 |80 s1 |59 |57 525 | 533 |s41 [s40 |s57 | s6s |73 | s81 |sse
2 (10 |18 |26 |38 42 |50 [ 58 [ 66 |74 | 82 |90 s2 [s10 | 518 | 526 [ s34 |s42 | s50 | ss8 | 566 [s74 | s82 [s90
HErz | BRK || EPHA1 || FoFr2 || BrAF || Aukz || HPk1 [| msTi
3 |11 |19 |27 |35 [43 |51 |59 [67 |75 |83 |91 s3 [s11 [s19 | s27 [ 535 | s43 | s51 |55 | se7 |75 | s83 [s91
uere | e eak Il rorma | wmaxe 5:0‘52 kst Il mvoss 4 |12 |20 (28 |36 |44 [52 |60 |68 |76 |84 |92 Concentrated Stocks s4 |12 [ 520 | 528 [ 536 | S44 | s52 | s60 | 568 [S76 | S84 [ S92
5 |13 |21 |29 [37 (45 |53 |61 |69 |77 [ 85 |93 Equal performance per volume S5 |S13 521 | 529 | S37 | S45 | S53 [S61 | S69 [S77 | S85 | S93
IGF1R CSK L FLT LRRK2 || MLK2 || MEK1 [ PAK1 6 |14 [22 |30 |38 |46 |54 |62 |70 [78 |86 [0 (5-10% conversion) s6 | 514 | 522 | 530 | 538 | 546 | 554 | 562 | 570 [578 | S86 [ S84
7 |15 |23 [31 |39 |47 |55 |63 |71 |79 |87 |95 7 [s15 [ 523 [ 531 [ 539 | s47 | 555 | s63 | s71 [s79 | s87 [s95
sk | FyNA [| vaks || FLT3 mukt || riekz || mexka f| paks
8 [16 |20 |32 [0 |as |6 |6a |72 [0 [8s]0s 8 [516 [ s2a [ 532 [ sa0 | sas | ss6 | s6a | 572 | w0 | sss [ 506
KDR LCK pvk2 || Fms [|raricee) || rorer2 || minkt || sik .
Kinases (Stock) » Substrates (Stock)
PoGFRa| LYNB || svk ver [| KT [ roek Nk || Taok ey i , h
S Dilution wit
Dilution
pocrRp| src || Rka || Rrer || terori | zax PaKa [l ik ATP
9 10 i 12 13 ) 5 % §000000000: g}%} Q%ZQQ%
COK1/ || AMPK ‘0000000 LXAX 2
ERK2 . cHk1 || AkT1 || PKca |{Auroraa ||camkki XXX %% TXXX S
CyclinA2 ||A1/B1/G1 ¥ [
cok2 || AwmPk ‘ ( eese %
GSK3B | cyciinaz|[atB1/G2]f SHK2 [ P7OSSK | PKCBII fjAuroraBlf - IKKa RS eee s s s ss I e e ss e ees

CDK3/ AMPK || MAPKAP

N feyaiinen fazeriea|| k2 ] PPRT[) PROY [ CReet ff HEKE Diluted Kinases Substrate/ATP
ok [| oS f camscza [| marka | pra f pres [lonask f| nexz 2ul 2ul
p3sa cg(:/ camkzg[| meLk || pkc || pkce || cxiat [| nexe T
paop [| NS || camka [| pask [| pre || Prer f| ektrz f| Pk : 1ul compound
p38y C‘;?I:(ng:( DAPK1 PiM1 ROCK1 PKC6 CKie TBK1 :E or
‘ .
pass || ciks || stwss ;53‘1‘) rsk2 || pxcz || vRK2 [| vk : ) lJ.l Viakitsle

16 Kinase strips (128 Kinases)

Profiling with ADP-Glo platform made simple
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Profiling kinase inhibitors with ADP-Glo™ ™%
kinase platform

Against a kinase family Against a Panel of Different families
Selectivity Profile of Wortmanin towards Selectivity profile for Wortmannin
P13 Kinase family against 9 kinase panel using ADP-Glo™
120 o — (IC5; = 1.2nM) 120 - 5
L rz
100 o B- (ICgx=1.7nM)
8- (IC,=2.3nM) ‘E' 100+ m ZAFPT0
5 80 ¥— (ICs = 10nM) B 80- 4 ROCKT
5 < v AKT2
€ -
g g 60 PI3K o
X 4 E' 40 B KK o
L + PKC
20 \ }Q i & 201 X PKA
0 0 1 1 1 1 1 1 1 1 1 O DN-'ﬁ'- PH
' i i i ’ ’ ' NN LS B
40 35 30 25 -20 -5 1.0 05 o w@" PR N ,\@Q "9@1 QQQQQ

Log(Wortmanin), uM
Wortmannin Conc. {ni)

As a “One Assay for all”, ADP-Glo™ is an ideal assay for
Profiling inhibitors




Profiling kinase inhibitors with ADP-Glo™ "%
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Staurosporine selectivity profiles of small kinase family panels

Atypical kinases

TK family
+« BRK
« DDR2
« FGFR2
= PYK2
* ACK
+ |IGF1IR
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- - T s
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“One Assay for all”, ADP-Glo™
against large or small kinase panels
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Determination of inhibitor profiles of Promega
different kinase families
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Profiling

panel with ADP-Glo™ Kinase Assay
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ADP-Glo™ Assay in peer review

Assay and Drug development Technologies Journal
(December 09 issue) contains
6 publications related to ADP-Glo:

ADP-Glo Technology description

ADP-Glo for Lipid Kinases

uHTS screening with ADP-Glo
Comparison of ADP-Glo with other assays
Radioactivity vs. ADP-Glo

Profiling with ADP-Glo

o N s WNR

Free Access here:
http://www.liebertonline.com/toc/adt/7/6



http://www.liebertonline.com/toc/adt/7/6

ADP-Glo™ Assay in peer review

A subset of ADP-Glo™ use citations for kinases ( a full list is available upon request)

A general framework for inhibitor resistance in protein kinases.
Balzano et al. Chemistry & Biology (2011) 18(8):966-975

Evidence that Aurora B is implicated in spindle checkpoint signaling independently of error correction.
Santaguida et al. The EMBO Journal (2011) 30, 1508-1519

Comparison of luminescence ADP production assay and radiometric scintillation proximity assay for cdc7 kinase.
Takagi et al. Combinatorial Chemistry & High Throughput Screening (2011) 14(8):669-687

A homogeneous and nonisotopic assay for phosphatidylinositol 4-kinases
Tai et al. Anal Biochem. (2011) 417(1):97-102

Deoxycytidine kinase regulates the G2/M checkpoint through interaction with cyclin-dependent kinase 1...
Yang et al. Nucleic Acid Research 2012, 40(19):9621-9632

Development and Validation of a High-Throughput Intrinsic ATPase Activity Assay for the Discovery of MEKK2...
Ahmad et al., J Biomol Screen. 2012 Nov 7

Domain-Based Biosensor Assay to Screen for Epidermal Growth Factor Receptor Modulators in Live Cells
Antczak et al., ASSAY and Drug Development Technologies 2012, 10(1): 24-36.

STK33 kinase inhibitor BRD-8899 has no effect on KRAS-dependent cancer cell viability
Luo et al., PNAS, 2012 vol. 109 (8), 2860-2865 .




General features of ADP-Glo™ assay |

Homogenous, non radioactive and Antibody Free
Luminescent assay: Less Compound interference
Stable luminescent signal: Batch plate processing
Universal: Any kinase/any substrate, ideal for profiling

Robust Assay (2’ higher than 0.7)

D N N N N RN

High dynamic range: High Signal to Background at low % ATP to ADP
conversion allows use of lower amount of enzyme during HTS

v Broad range of ATP conc. (linear from pM to mM range) allows distinction
between ATP competitive and non competitive inhibitors

v" High sensitivity: 20nM ADP detected with more than 2.5 fold difference
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General features of ADP-Glo™ assay

ADP-Glo™ assay offers so many positive attributes that make it
ideal for all stages of drug discovery

Basic Research, Primary and secondary screenings and for
profiling of lead compounds.
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Summary

ADP-Glo™ Platform

3. ADP-Glo™ Max Assay
ATPase reactions up to 5mM ATP
(ABC transporters,...)

L gl
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s
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| 2. Kinase Enzyme Systems
bd 174 complete kinase assays

Next 4. Complete solutions for Profiling
% Large number of kinases ready to assay
k ‘ in a flexible “do it yourself” profiling kits




Thank you

Questions?

hicham.zegzouti@promega.com



