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Promega — The Bioluminescent Company
A Continuously Grown Expertise in Luciferase-based Technologies

NanoLuc®-based
Technologies
|q

Renilla-based Technologies

Firefly-based Technologies

—

»  Reporter Gene Assays «  NanoBRET™ Target Engagement
«  GloSensor™ (cAMP, Protease Assays) «  NanoBRET™ /NanoBiT® Protein:Protein Interaction

«  GloResponse™ (Signaling Pathways) «  HiBIT Protein Tagging System
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NanoLuc® Luciferase
A Bright & Small Experimental Reporter

Substrate

Substrate
° _v " Light
Wang et al. 2015 « Oplophorus luciferase 106 kDa « Catalytic subunit 19 kDa
Oplophorus gracilirostris « 7x brighter than Rluc « Light output & stability
¢ Glow luminescence compromised
®  Shimomura et al. 1978 ® |nouye et al. 2000 and 2007
2,500,000x
Enzyme Evolution Substrate Evolution N
N \ 7
A . .
Substrate Substrate { Furimazine
~ . B = L- h 52
@ PO O
Vg ; ‘J ‘; N\ v | :\\K
19 kDa Oluc Ean_‘:LU“@ | 4 \
uciferase / Y \
e
Ix 81 ’ooox Hall, M.P., et al. (2012) ACS Chem Biol 7:1848



NanoLuc® Luciferase
A Bright & Small Experimental Reporter

Luminescence (RLU)

Bright, Brighter, NanoLuc® Small, Smaller, NanoLuc®
10" -
10° 150-fold higher
specific activity ® .
10°- NanoLuc Renilla
107
10°
10°
—— NanolLuc®
10° -B Renilla
10° A Fretly 19.1 kDa 36 kDa 60.6 kDa
10° T T T T T T T T T 1
2 41 0 1 2 3 4 5 6 7
log [luciferase] (pM)
2,500,000x
Enzyme Evolution Substrate Evolution
Substrate Substrate Furimazine
o ">OTE=> O
19 kDa Oluc NanoLuc®

Luciferase
1x 81,000x Hall, M.P., et al. (2012) ACS Chem Biol 7:1848



Promega — The Bioluminescent Company
A Continuously Grown Expertise in Luciferase-based Technologies

NanoLuc®-based
Technologies

B 2

Renilla-based Technologies

Firefly-based Technologies

—

»  Reporter Gene Assays «  NanoBRET™ Target Engagement
«  GloSensor™ (cAMP, Protease Assays) «  NanoBRET™ /NanoBiT® Protein:Protein Interaction

GloResponse™ (Signaling Pathways) «  HiBIiT Protein Tagging System
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NanoLuc® Binary Technology (NanoBiT®)

A Structural Complementation Reporter Designed for Biomolecular Interaction Studies .
Furimazine
4 > OPTIMIZATION
© 156 aa 13 aa
NanoLuc® : :
Luciferase v v

STABILITY  AFFINITY

_ facilitated
K, =190 |
; » ‘ wr ‘ complementation

LgBiT SmBIT SmBIT has low affinity for LgBIiT

159 aa 11 aa
17.7 kDa 1.3 kDa




NanoBiT® Protein:Protein Interaction System
Investigate Interaction Dynamics in Live Cells

Small tag size Bright signal upon complementation
minimal influence on fusion partner enables low expression levels

LgBiT SmBIT

1.3 kDa

Association
>

N
Dissociation

Low intrinsic affinity
reversible to allow investigation of PPl dynamics

increased signal specificity



NanoBiT® PPl Workflow

A Simple Transfection-based Experiment

GOI X GolY
LgBiT

/ “
@ @
Expression
Plasmids

SmBIT

Cloning & Transfection

@ Determine optimal LgBiT/SmBIiT combinations that shows maximal fold signal increase
tool compound versus vehicle control or in comparison to HaloTag®-SmBiT negative control

@ Check for signal specificity
expected response to tool compound or signal of SmBIT/LgBiT fusions 10 — 1,000-fold higher than

LgBIT fusion co-expressed with HaloTag®-SmBIT (general guideline)



Competition with Untagged Protein
Check for Specificity in NanoBiT® PPl Assays

1)(10!—1—
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- 1x‘|03—_I_
5 [ LgBiT-X only
1)(102 I T Ll llllll| I 1 lllllll Ll 1 lllllll 1 I Illllll
0.01 0.1 1 10 100

Untagged Protein Y DNA [ng]

—8— LgBiT-X:SmBIT-Y —&— LgBiT-X:HaloTag®-SmBiT

Titrate the level of untagged
fusion partner

# of unproductive pairings 1

Specific interaction will show
decrease in luminescence

Nonspecific interaction will show
no change in luminescence



Validation of NanoBiT® PPI
The Protein Kinase A Model

Isoproterenol Propranolol Forskolin

Adenylate
cyclase

inactive PKA active PKA




Validation of NanoBiT® PPI
The Protein Kinase A Model

NanoBiT

PRO
l 1000
100- : —_
A g2
© 100 = @
© 751 ®0 3
O Q »n
(4} 5 0
o 10 2=
= 504 -0
c 22
2 33
n ] 1
2 ® gl
~ : ~ T
0 : — = —L 0.1
0 20 40 60

Time (min)

Conclusions

ADRB agonist (CAMP 1)

Propranolol (PRO)
ADRB antagonist (CAMP |)

activator of adenylate cyclase (CAMP 1)

« Endogenous biology is maintained with the NanoBiT® PPl System

« The NanoBiT® PPI System functions in a reversible manner



Ready-to-use NanoBiT® PPI Assays

* Pre-optimized ready-to-use protein:protein interaction pairs

* Ready-to-use stable cell lines

« BIiBIT System: Generate your own stable cell line

» Available through Elite Access (EA)

AR:AR (NR3C4/NR3C4)
MYC:MAX
FKBP:FRB
p53:MDM2

PRKACA:PRKAR2A
BRAF:CRAF
CRAF:CRAF
BRAF:BRAF

HER2(1-657):HER3(1-664)

VEGFR1(1-785):VEGFR1(1-785)

EGFR(1-673):EGFR(1-673)
AR:SRC1
KRAS 2A G12D:CRAF

PD-1:SHP1
PD-L1:PD-L1
PD-L2:PD-L2

CX3CR1:ARRB2

ADRB2:ARRB2

AVPR2:ARRB2

BCL2:BAK

BRD4:Histone 3.3
EPOR(1-273):EPOR(1-273)
GR:GR (NR3C1:NR3C1)
EGFR:GRB2
HER1(1-668):HER2(1-675)
HER1(1-668):HER3(1-664)
HER3(1-664):HER3(1-664)
KRAS (G12C):CRAF
KRAS (G12C):CRAF

KRAS:CRAF

L3MBTL3:BCLAF1

PDGFRA(1-549):PDGFRA(1-549)
PDGFRA(1-549):PDGFRB(1-553)
PDGFRB(1-553):PDGFRB(1-553)

RELA:NFKBIA



NanoLuc® Binary Technology (NanoBiT®)

A Structural Complementation Reporter Designed for Biomolecular Interaction Studies .
Furimazine
=190 PM facilitated
‘ ‘ complementation
LgBiT SmBIT SmBIT has low affinity for LgBIT
NanoBiT® 159 aa;18 kDa 11 aa;1.3 kDa
Luciferase
Complementation
facilitated through ... (indirect) Ab:Ab “interaction” m=pp  Lumit™ Immunoassays
Hwang et al. 2020, Commun Biol.
LgBiT SmBIT Furimazine

11X

Analyte



Lumit™ Immunoassays ).
The Powerful Alternative to Conventional Immunoassay Approaches *

Traditional ELISA Workflow

Coating N : N . Analyte - Addiion . Addition . Substrate
1° capture Ab Wash Blocking Wash addition Wash 1° detection Ab Wash 2° Ab-Enzyme Wash addition
(overnight)

« Traditional ELISA is a heterogenous multistep process involving several wash / incubation steps



Lumit™ Immunoassays

The Powerful Alternative to Conventional Immunoassay Approaches =
Addition
Analyte o . Substrate
addition - Iabele’gbl e addition

@ 30 - 120 minutes

« Traditional ELISA is a heterogenous multistep process involving several wash / incubation steps

« Based on NanoLuc® luciferase we developed Lumit™ Immunoassays

v' Easy and fast (30 — 120 min)

v High Sensitivity (low number of cells)
v" Broad dynamic range (3 — 4 logs)

v Flexible formats (96- or 384-well)
v

Homogenous and HTS compatible Hwang, B. et al. (2020) Commun Biol. 3:8



1° Ab-LgBiT

Lumit™ Immunoassays
Different Formats for Maximum Flexibility

Direct

1° Ab-SmBIT

> N

Analyte

Requires labeling of 1°Abs

Validated for cytokines and

peptide hormones

Ready-to-use assays for

v IL1-B, IFN-y, IL-2, IL-6, IL-10,
IL-4, TNF-a, VEGEF, ...

v Insulin and glucagon

2° Ab-LgBiT

Indirect

2° Ab-SmBIT

1° Ab #1 1° Ab #2

Analyte

Avoids labeling of 1°Abs

Generic pre-labeled 2°Abs
(different species available)

Validated for intracellular
PTMs, e.g. phosphorylation

Competitive
SmBIT \ V4
o - o Your
Analyte Labeled Labeled
Tracer Antibody

* Requires antibody and tracer labeling

* Establish competitive antibody
binding assays

Ready-to-use assays for hFcRn:Fc
protein interactions

v Lumit™ FcRn Binding Immunoassay

v hFcy receptor assays (under development)



Lumit™ Immunoassays

Different Formats for Maximum Flexibility

Direct

1° Ab-LgBiT 1° Ab-SmBIT

> N

Analyte

Requires labeling of 1°Abs

Validated for cytokines and

peptide hormones

Ready-to-use assays for

v IL1-B, IFN-y, IL-2, IL-6, IL-10,
IL-4, TNF-a, VEGEF, ...

v Insulin and glucagon



Build-Your-Own Direct Lumit™ Immunoassay
Various Options for Your Convenience

Antibody #1 Antibody #2 Antibody #1 Antibody #2 Antibody #1 Antibody #2

Yy vy vy

LABELING LABELING LABELING
mAb-LgBiT mAb-LgBiT mAb-LgBiT pAb-LgBiT pAb-LgBiT pAb-SmBIT
mAb-SmBIT mAb-SmBIT mAb-SmBIT pPAb-SmBIT

© highest specificity and sensitivity © only one mAb needed © most inexpensive variant



Build-Your-Own Direct Lumit™ Immunoassay
Step 1: Labeling of Antibodies with the Lumit™ Immunoassay Labeling Kit

@ @ ®

LABELING WITH HALOTAG® LIGAND CONJUGATION VERIFICATION

@ 1.5h @ 16 h
= SDS-PAGE
@6 Coomassie Staining
LgBIiT SHL

HaloTag®-

\1 (/ § f‘% . Ab-LgBIiT N
7/ > N <§

T 2 S

My =3 " -

amine-reactive ® . )
HaloTag® ligand HaloTag™-SmBiT Ab-SmBIT

Ab labeled

LTI
T

<« Ab unlabeled

« HaloTag-LgBiT
= |« HaloTag-SmBiT

SE = succimidyl ester

FACTS
« Easy and robust 2-day protocol
» Attachmentis highly efficient (> 90%)

* Oriented BIT subunits for maximum activity



Build-Your-Own Direct Lumit™ Immunoassay
Step 1: Labeling of Antibodies with the Lumit™ Immunoassay Labeling Kit

hIFN-y—mAb
M © %6\ \9 ® _clean-up W +clean-up
[kDa] E 1000 ' (]
x-fold labeled mAb ° oo v
250 — > . v
150 — _1 <+— unlabeled mAb ° .
100 —| - 2 .
75 — : 1 ant
50 —| .- = «—— HT-LgBIT o g : : : . ,
37 — - - <«— HT-SmBIT & Q@” SRR
.
— IFNg (ng/ml)
FACTS
» Easy and robust 2-day protocol * Removal of unbound HT-BiTs is not required

» Attachmentis highly efficient (> 90%)

* Oriented BIT subunits for maximum activity



Build-Your-Own Direct Lumit™ Immunoassay

Various Options for Your Convenience

Antibody #1 Antibody #2 Antibody #1 Antibody #2 Antibody #1 Antibody #2

Y Y

I

(2) MATRIX EXPERIMENT

« Combinations
mAb-LgBiT  + mAb-SmBIT
mAb-SmBIT + mAb-LgBIT
- Concentrations

Y Y

I

(2) MATRIX EXPERIMENT

« Combinations
mAb-LgBiT + mAb-SmBIT
mAb-SmBIT + mAb-LgBIT
- Concentrations

Y VY

I

(2) MATRIX EXPERIMENT

« Concentrations

© highest specificity and sensitivity

© only one mAb needed

© most inexpensive variant




Build-Your-Own Direct Lumit™ Immunoassay

Step 2: Identification of best antibody combination/concentration

Matrix experiment to determine maximal signal-to-background (S/B) ratio

low high low high
T SeEE— e
pAb-LgBiT [ug/ml] mAb-LgBiT [ug/mi]
0.25 | 0.125 1 05 | 025 | 0.125

= = 1
o_ s @ — S
EE k= EE| 05 k=
. = = N = -
22 S A3 025 S
< + L= +
E e (0125
5 5 5 — 5
ET = EE | 05 = B ckaroun
» £ £ &< € | —> Backgroun
a8 © AZ2| 025 < g
< (] < o
E € S |o125 €

Signal-to-Background Signal-to-Background

MADb-LgBIT
0.125 pg/ml

+

pAb-SmBIT
1 pg/ml

low high low high



Build-Your-Own Direct Lumit™ Immunoassay
Various Options for Your Convenience

Antibody #1 Antibody #2 Antibody #1 Antibody #2 Antibody #1 Antibody #2

YY | YY YY

! - !

(3) FuncTIONAL TEST (3) FuNcTIONAL TEST (3) FuNcTIONAL TEST
« for combination/concentration with - for combination/concentration with « for concentration with
optimal signal-to-background optimal signal-to-background optimal signal-to-background

© highest specificity and sensitivity © only one mAb needed © most inexpensive variant



Build-Your-Own Direct Lumit™ Immunoassay
Step 3: Functional Test of Identified Antibody Combination

Lumit™ (human) IFN-y Immunoassay

* Treatment of cells 10,000,000 3
] 9

A_dd _standard ] y = 224100 -
dilutions —1.000.000 -

i B 3 R?=1.00

- 1 o
Add NanoBiT®-labeled o 1
1° Ab mixture @ 100,000 3 -
di e E -— - —

irectly to standard, cells or o ] s 3

aliquot of supernatant ? T L~ 0gsS

Q 10,000 A

£ E e

1h * Incubate g i
— 11,0004 @
; LLOD ~ 1 pg/ml
100 T T TTTITg LILILILILALLL | T T TTTI] T T TTTI] T TTTTTT]
Add Detecti 1 10 100 1,000 10,000 100,000
etection
Reagent hIFN-y [pg/ml]
OBSERVATIONS
» (Good sensitivity and broad dynamic range (> 3 logs)
* Measure

Luminescence » No need for sample dilution




Build-Your-Own Direct Lumit™ Immunoassay
Step 3: Functional Test of Identified Antibody Combination

BiTE-induced IFN-y release from CD8* T cells Lumit™ (human) IFN-y Immunoassay
5,000
4,000 (raVSV/FI?LJS)168_fO|d . Eﬁggtor Cells
IFN-y = Purified CD8* T cells
TNF-a > 3,000 «  Target Cells
- Raji B cells
=~ 2,000 .

. scFy :);COQ Gfanzymes L . B“ncy‘to@
Bl'natl“Br,?nocn;gP Perforins 10004 Bispecific T cell engager
(Blincyto') ’ CD3"and CD19*

scFv
H 0-
CD19 ® 5 |
& TCK 13 7
killing .
log [Blincyto] g/ml
OBSERVATIONS

Raji B cells
» (Good sensitivity and broad dynamic range (> 3 logs)

» No need for sample dilution

» Excellent cell-based performance (addition to cells)



Measure Protein:Protein Interactions
Lumit™ SARS-CoV-2 Spike RBD:hACE2 Immunoassay

Detection of neutralizing antibodies and other inhibitory molecules that block
the interaction of SARS-CoV-2 and the human surface protein ACE2

LIGHT

Anti-Mouse Anti-Rabbit
Ab-LgBiT Ab-SmBIT
IgN N

\

v

rFC
“= of
|RBD
+ _

Mouse Fc tagged Rabbit Fc tagged
Human ACE2 SARS-CoV 2 RBD
Safe
» In contrast to plaque reduction neutralization test (PRNT) no need for high BSL environment
Fast

» Faster than PRNT and other ELISA-based surrogate virus neutralization tests (VNT): hours vs. days

Homogenous, in-solution assay format

*  No immobilization, blocking, washing, and transfer steps
*  Flexible formats (96- or 384-well)

* Amenable to HTS



Measure Protein:Protein Interactions
Lumit™ SARS-CoV-2 Spike RBD:hACE2 Immunoassay

Detection of neutralizing antibodies and other inhibitory molecules that block
the interaction of SARS-CoV-2 and the human surface protein ACE2

A

RBD |
Anti-Mouse Anti-Rabbit :
Ab-LgBiT pb-smaiT NSO NG LIGHT
rFC/ / \ / \
B 4 -
+  + [ohsicd > \
Mouse Fc tagged Rabbit Fc tagged
Human ACE2 SARS-CoV 2 RBD
Safe
» In contrast to plaque reduction neutralization test (PRNT) no need for high BSL environment
Fast

» Faster than PRNT and other ELISA-based surrogate virus neutralization tests (VNT): hours vs. days

Homogenous, in-solution assay format

*  No immobilization, blocking, washing, and transfer steps
*  Flexible formats (96- or 384-well)

* Amenable to HTS



Lumit™ SARS-CoV-2 Spike RBD:hACE2 Immunoassay

A Homogenous and Fast to Accomplish Workflow

1:10

N

10X
Immunoassay
buffer

@ 30 min (optional)

mFC-ACE2 mFC-ACE2

Immunoassay
reaction buffer

Lumit™  Antibody

Substrate C Detection

RBD:ACE2 Inhibitors
. Recombinant ACE2
Anti-S protein mAbs

+5 pl sample . Small molecules or

peptides

Vaccine-elicted Abs or
convalescent serum

Total assay time
~ 2 hours

Measure
Luminescence



Lumit™ SARS-CoV-2 Spike RBD:hACE2 Immunoassay
Soluble ACE2 & Neutralizing Antibodies

1204 120 -

- — 100

3 100 S

s 80 5 80

3 60- 5 60-

£ E ICy= 1.3 M

5 404 % 40 0=13n

< 204 = 204
0 T T | 0 T T 1
0.01 1 100 10000 0.01 1 100 10000

His-ACE2 [nM] Anti-Spike antibodies [nM]

—o— Ab#1 Ab#2 —o— Ab#3 —o— Ab#4

Lumit™ SARS-CoV-2 Spike RBD: hACE2 Immunoassay ...

» detects the competition effect of a soluble ACE2 protein on the RBD:ACE2 PPI

 detects neutralizing antibodies that inhibit the interaction

« can be used as a surrogate virus neutralization test (VNT) to analyze patient serum neutralizing
antibody levels post SARS-CoV-2 infection and/or vaccination



Lumit™ Immunoassays
Different Formats for Maximum Flexibility

Indirect

2° Ab-LgBIT 2° Ab-SmBIT

1° Ab #1 1° Ab #2

Analyte

» Avoids labeling of 1°Abs

» (Generic pre-labeled 2°Abs
(different species available)

« Validated for intracellular
PTMs, e.g. phosphorylation



Lumit™ Immunoassay Cellular Systems
Study Cellular Signaling Events

@

PATHWAY ACTIVATION

SIGNALS

ATP ADP

@

CELL Lysis

0.
- POI

@ 20 min

POl

®

ANTIBODY ADDITION

1° Abs

rabbit mouse

* A

anti-P-POI  anti-POI

2° Abs /)t\ . /)L

anti-rabbit anti-mouse
(SmBIT) (LgBiT)

INCUBATION

O

60 - 90 min

Additionally available pre-labeled 2° Abs:

« anti-rabbit (LgBiT)

« anti-mouse (SmBIT)
« anti-goat (LgBiT)

« anti-goat (SmBIT)




Lumit™ Immunoassay Cellular Systems
Study Cellular Signaling Events

@ @ ®

PATHWAY ACTIVATION CELL Lysis ANTIBODY ADDITION

SalaLs 1° Abs Phosphoprotein Detection
rabbit mouse
pol | Light no Light
N o8 Al &, T
- anti-P-POl  anti-POI . _\__} )"

S A

- POl

. -
N | 2° Abs / 7

"~ ATP ADP o t p P N

W /)\ * /)\ “poi ‘POl

anti-rabbit anti-mouse

SmBIT, '
@ 20 min (SmBIT) (LgBIT) |




Lumit™ Immunoassay Cellular Systems
Study Cellular Signaling Events

@

PATHWAY ACTIVATION

SIGNALS

" ATP ADP

@

CELL Lysis

@ 20 min

®

ANTIBODY ADDITION

1° Abs
rabbit mouse
A N
anti-PO| anti-POl

2° Abs ,)t\ ) /)L

anti-rabbit anti-mouse
(SmBIT) (LgBiT)

Normalization on number of viable cells using CellTiter-Fluor™

Normalization to ...

Total Protein Detection

Light Light




Signaling Pathway and Kinase Activity Analysis

Studying the NFkB Pathway

TNFa LPS

/ \
TLR receptor Q

TNF receptor N

) ® \_
—» INEMO) «——
@@ IkB kinase

complex
Ser32(2)_(2)Ser36
@ de novo
@ < @ synthesis

Nucleus

expression of
target genes

proteasomal
degradation

80000- + TNFa

60000 & Total IkBa
@®- P-IkBa

40000-

Luminescence [RLU]

Time [min]

Modified from Hwang, B. et al. (2020) Commun Biol. 3:8

OBSERVATION
» |kBa phosphorylation at Ser32 (pS32)

* Immediately followed by rapid degradation



Signaling Pathway and Kinase Activity Analysis
Studying the NFkB Pathway

TNFa LPS
/ \

TNF receptor % TLR receptor‘,«,.». 80000- + TNFa/ MG132
=) q
-
X 60000-
(¢D]
c
Y @ ® - @ 40000+
@@ IkB kinase o = Total IkBa
complex .S 20000+
l g @ P-IkBa
Ser32(2)_(2)Ser36
@ de nOV(_') — 0 T T T T T T T 1
4—— @ synthesis 0 5 10 15 20 25 30 35
©) . . .
Time [min]

Nucleus - :
Modified from Hwang, B. et al. (2020) Commun Biol. 3:8

OBSERVATION
« Decrease in IkBa degradation

proteasomal expression of

degradation target genes « Accumulation of phosphorylated IkBa



Signaling Pathway and Kinase Activity Analysis

Studying the NFkB Pathway

TNFa LPS

/ \
TLR receptor Q

TNF receptor N

) ® \_
—» INEMO) «——
@@ IkB kinase CHX

complex
Ser32(2)_(2)Ser36
@ de novo
@ < @ synthesis

Nucleus

02
proteasomal expression of
degradation target genes

800001 + TNFa

@ Total IkKBa
-+ Total IkBa / CHX

(1]
(=4
(=
(=]
o

40000+

20000+

Luminescence [RLU]

A—h—Ah—A

0 I L] L] I L) 1
0 20 40 60 80 100 120

Time [min]
Modified from Hwang, B. et al. (2020) Commun Biol. 3:8

OBSERVATION
* Cycloheximide (CHX) blocks NFkB-triggered

de novo IkBa biosynthesis



Lumit™ Immunoassay Cellular Systems
A Universal Immunoassay to Study Cellular Signaling

Validated with >20 phospho- and total proteins using 8 cell types, suggesting this universal
immunoassay can be adapted for any pathway with the appropriate antibodies

» |KBa (phosph-Ser32 and total protein) Application Notes

o STAT3 (phospho-Tyr705 and total protein) k2

*  BTK (phospho-Tyr223)

» Estrogen receptor (total protein) click

» [-Catenin (total protein)

* CREB (phospho-Ser133)

* P38 MAPK (phospho-Thr180/182) Available on Promega website with
* NFkB p65 (phospho-Ser536 and total protein) information on antibodies used
* AKT (phospho-Ser473, phospho-Thr308, and total protein)

* Retinoblastoma tumor suppressor protein (phospho-Ser807/811 and phospho-Ser780)

» S6 ribosomal protein (phospho-Ser235/236, phospho-Ser240/244)

*  MEK1/2 (phospho-Ser217/221, phospho-Ser298)


https://www.promega.de/en/products/immunoassay-elisa/lumit-immunoassays/lumit-immunoassay-cellular-systems/?catNum=W1201&accordion0=0

NanoLuc® Binary Technology (NanoBiT®)

A Structural Complementation Reporter Designed for Biomolecular Interaction Studies =
Furimazine
QY
4 > OPTIMIZATION
© 156 aa 13 aa
NanoLuc® : :
Luciferase v v

STABILITY  AFFINITY

=700 pM + spontaneous
— complementation

LgBiT HIiBIiT HiBiT has high affinity for LgBiT

159 aa 11 aa
17.7 kDa 1.3 kDa




HiBiT Protein Tagging System

Principle & Features

HIBiT L

— }
4-10 min L9BIE

Detection

=
ot

« Nano-Glo® HiBiT Lytic Detection System

« Nano-Glo® HiBiT Extracellular Detection System

« Nano-Glo® HiBiT Blotting System

« Nano-Glo® Live Cell Substrates (up to 72 h)

+ co-expression of LgBIT (transient or stable)

Small Tag Size (11 aa, 1.3 kDa)
+ Low risk artificially affect fusion partner

Easy Knock-in with CRISPR
« Work at native expression level

« Maintain transcriptional regulation

+ Avoid gene dosage effects

Simple, Flexible & Rapid Detection
« Homogenous 1-step assay (,add only®)
* No antibodies and no washing steps required

» Amenable to HTS and easy to automate

Sensitive & Quantitative
» Sub-attomolar levels can be detected

 High linear range of >7 logs



HiBiT Protein Tagging System

Principle & Features

Ve N\
\
1
H | B |T &M\\\/,

Small Tag Size (11 aa, 1.3 kDa)
+ Low risk artificially affect fusion partner

Easy Knock-in with CRISPR
« Work at native expression level

4-10 min L9BIT

—

Detection + Maintain transcriptional regulation

+ Avoid gene dosage effects

. 15
3 104
X 9- Simple, Flexible & Rapid Detection
§ _8, 7 logs « Homogenous 1-step assay (,add only®)
@ “-— >
S 6- * No antibodies and no washing steps required
Q@ 5.
E 4- » Amenable to HTS and easy to automate
=2 3
D 2 iy S
o 1 Sensitive & Quantitative
-20 -19 -18 -17 -16 -15 -14 13 12 -11 » Sub-attomolar levels can be detected

attomole fmole pmole

log,, HiBiT [moles]  High linear range of >7 logs



Strategies for Tagging with HiBiT

Ectopic Expression Using Constitutive Promoter-driven Plasmid

GOl

oy, Your options
'l v
@ Promega‘s HIiBIT entry vectors
i * N-terminal
Express_lon
Plasmid « C-terminal

. . *
* N-terminal + [L-6 secretion sequence

«  CMV, TK, PGK

Nucleus

Ay

* . . .
naturally occurring secretion signals shall be removed

Cytosolic‘*
protein “
Use existing vector and
Transmembrane append HiBiT via PCR amplification

recrotec
b (e.g. internal placement of tag)



Strategies for Tagging with HiBiT
Endogenous Expression Following CRISPR-mediated Tagging

Three key components

“Cas9 E acrRNA h;nology aqms @ gRNA (CrRNA + tracrRNA)

~ __CrRNA _- H|B|T
RNP complex Donor DNA @ Cas9 endonuclease
Transfer @ ssDonor DNA
DIY protocol Ready-to-use cell lines
BTN 1 7 o i SRR || O 4 CRISPR Cells

1. Identify target and find genom

@@
Transmembrane 2, Design erRNA and arder gulde RNA (crRNA + tracrRMA)
protein T,

Validate after 24 - 48 h

TR ORRERRERERRELY

gRNA: guide RNA; crRNA: CRISPR RNA; tracrRNA: transactivating crRNA



Generation of CRISPR/HIBIiT Reporter Cells
Design of Target-specific CRISPR Components

START
5'-UTR

5'-

B 50 - 80 nt HiBiT 5080 nt &3
33 nt . Donor ssDNA
left arm right arm
of homology of homology

« PAM as close as possible to integration site (knock-int) «  Choose PAM to avoid cut in coding region

+ |deally crRNA should span the insertion site * Mutate PAM within the donor DNA



Validation of Genomic Editing in Cell Pools

Determination of Luminescence

Nano-Glo® HiBiT Lytic Detection System
108_

Luminescence [RLU]

- =i = = = e
o O O © o o
N w S o ) ~
l ] 1 ] ] ]

#1 #2 #3 #4 #5 #1 #2
crRNA control

FACTS
*  Signal ~ (knock-in %) x (expression level)

*  Pick crRNA/donor combination with highest
knock-in efficiency

« S/B>10is desirable for an assay

«  CellTiter-Fluor™ can be used for normalization
on viable cell number in plate-based assay

Nano-Glo® Live-Cell Assay System

Luminescence [RLU]

107_

106_

105_

104_

103_

Bl GAPDH-HIBIT Cells
[ Unedited Cells

B

+LgBiT -LgBiT

Nano-Glo® HiBiT Blotting System

[kDa]

100 7

707

50 T
40 7
357
257

157

crRNA control
M #1 #2 #3 #4 #5 #1 #2
L —
—_— ] — e—
e GAPDH-HIBIT: 37 kDa




CRISPR Cell Pools vs. Clones

Two Powerful Formats

A pool of CRISPR-modified cells may contain cells with a variety of genetic alterations

M () ) M) ) M)
HiBIiT = HiBIiT = = INDEL HIiBIT = == HIiBIiT
) — S
HETEROZYGOUS BIALLELIC HOMOZYGOUS MUTATION
MUTATION MUTATION

* The only HIBIT signal comes from those cells with an appropriate HiBiT knock-in
» Ina pool, much of the genetic variability (e.g. unwanted mutations) is averaged out
* Biological response of pools is usually very similar to isolated clones

* Pools are dimmer than clones but are often bright enough to use
A pool with 5% knock-in efficiency should be approx. 5% as bright as a clone



Generation of CRISPR/HIBIiT Reporter Cells

Workflow for Edited Cell Clones

Enrichment €= RNP/Donor Transfer

(low knock-in frequency) \ 4
FACS

« GFP co-transfection and Expand Pool (2 x 106)

» Gene-specific PCR
* ddPCR (knock-in frequency)

Clone validation

Lytic HiBIiT Assay

* Sib selection 4
Pool Validation
| \4
» Cell Sorting (automated) Single Cell Isolation
 Limited Dilution (manually) v
Cultivate (10 — 20 d)
Clone validation \
Copy Plate
B/
\4 v
Isolation of gDNA ] Cultivation
¥
Genomic Analysis ] >
» Sequencing across insertion region '

* ddPCR Expand Clones of Interest




HiBiT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Protein
Degradation & Stabilization

% @ Protein
Expression

HiBIT A
|
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» Cytosolic 1 Nucleus
Viral protein
Infection - _—
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transduced
protein
‘ recycling
membrane

“ internalization ;

protein
secreted " 4 Oor ’/ HiBiT
protein

Receptor
interaction Biology

Protein
Secretion & Release HiBiT



HiBiT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Protein
Degradation & Stabilization

Protein

Expression

Cytosolic
protein

Nucleus

N HiBiT

transduced
protein # &

internalization

membrane
protein

secreted

, protein A
Protein | Receptor

Secretion & Release Biology

or ¢



The HIF1a Pathway
A Model System for Protein Stabilization

E3 ubiquitin
ligase complex

phenanthroline

SN
> — NP P
Prolyl 09

Hydroxylases proteasomal

degradation

Nucleus

HiBIiT target genes



Stabilization of HIF1a

The Relevance of Expression Level Protein Stabilization

Normalized Luminescence (RLU)

100

10

Lol

Lol

—@— Endogenous HIF1A-HiBiT clone
—&— 5ng PGK/HIF1A-HiBiT
—¥— 0.05ng CMV/HIF1A-HiBiT
—A— 0.5ng CMV/HIF1A-HIiBiT
—@- 50ng CMV/HIF1A-HiBiT

Log, [1,10-phenanthroline], M

1,10-phenanthroline [uM]

00030103 1 3 10 30

oLy
! ;'3m

<—HIF1a-HiBiT

sion Level

High expression levels mute

the biological response

endogenous expression yields

highest assay window



Stabilization of HIF1a

Maximize Information Content by Live-Cell Monitoring in Real-Time

LgBiT

LgBiT 100
Expression
BacMam | .
LgBIT Plasmid

S/B ratio

0-1 i || b | | 1
0 100 200 300 400 50

+ T Time (min)

phenathroline

LgBiT v
Cytosolic

protein

Nano-Glo® Live Cell Substrate
* HIF1a * BNIP3 * ANKRD37

«  Nano-Glo® Live Cell Assay System (< 2 h) » HILPDA -« KLF10

«  Nano-Glo® Vivazine™ (2 - 24 h)

. Nano-Glo® Endurazine™ (24 - 72 h) Schwinn, M.K,, et al. (2017). ACS Chem. Biol. 13(2):467-474



HiBiT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Nucleus
Viral

Infection

> i M-
viral HiBiT

transduced
protein




SARS-CoV-2 HiBiT-PsVLP Assay

Measure Blocking Activity for Small Molecule Inhibitors and Neutralizing Antibodies

MA
CA Gag

NC
Attachment \‘ HIiBIT

] SARS-CoV-2
) , TMPRSS2 HiBiT-PsVLP
4

"—ACEZ

LgBiT
SARS-CoV-2 Target Cell
ACE2+
TMPRSS2+

LgBiT+

* HiBiT-tagged VLPs pseudotyped
with SARS-CoV-2 Spike protein
are added to SARS-CoV-2 Target
Cells



SARS-CoV-2 HiBiT-PsVLP Assay

Measure Blocking Activity for Small Molecule Inhibitors and Neutralizing Antibodies -

Entry
membrane fusion

—

.

®

= TMPRSS2
%

Entry
endocytosis

SARS-CoV-2
HiBiT-PsVLP

Uncoating

LgBiT

‘ D
GAG
‘M HiBT

ciferase

LIGHT

Iy

v

SARS-CoV-2 Target Cell
ACE2+

TMPRSS2+

LgBiT+

* HiBiT-tagged VLPs pseudotyped
with SARS-CoV-2 Spike protein
are added to SARS-CoV-2 Target
Cells

» Upon entry, GAG-HIBIT is released
into target cells

» HiBIT binds to cellular LgBIT to
generate a luminescent signal in the
presence of luciferase substrate



SARS-CoV-2 HiBiT-PsVLP Assay

Measure Blocking Activity for Small Molecule Inhibitors and Neutralizing Antibodies e

Attachment

Entry
membrane fusion

Entry
endocytosis

SARS-CoV-2
HiBiT-PsVLP

-[ lACEZ )
Inhibitors %

Uncoating

= —X—
LoBIT SARS-CoV-2 Target Cell
No LiGHT ACE2+

TMPRSS2+

LgBiT+

HiBiT-tagged VLPs pseudotyped
with SARS-CoV-2 Spike protein
are added to SARS-CoV-2 Target
Cells

Upon entry, GAG-HIBIT is released
into target cells

HIBIT binds to cellular LgBIT to
generate a luminescent signal in the
presence of luciferase substrate

Inhibitors that block entry/fusion
processes prevent HiBIT release,
I.e. no luminescent signal is
produced



Monitor Infection in Real-Time
Determine Inhibitory Effects of Neutralizing Antibodies

Viral entry kinetic Inhibition of entry by nAbs
1064 -
= Mock 100 J - 1 hour :
E:l 105 -~ SARS-CoV-2 PsVLPs 80‘_ -~ 2 hours
@ S 60-{ - 3hours
§ 104 3 40 4 hours
2 = 41 - 5 hours
E 1038 S 20
3 0-
102 T I T T T T T 1 -20 T T T T 1
0 1 2 3 4 ° -10 -9 -8 -7 -6 -5
Time [hours] Log o anti-Spike [g/mL]

» Entry of SARS-CoV-2 HiBiT-PsVLPs increased rapidly from O - 2 hours, then continued to
increase slowly after 2 hours

« Entry of SARS-CoV-2 HiBiT-PsVLPs is inhibited in a dose-dependent manner by neutralizing
antibody (nAb) and can be monitored over time



HiBiT Application Portfolio

One Bioluminescent Tag, Endless Possibilities
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Study Receptor Internalization with HiBiT

GPCRs & RTKs

LgBiT

Agonist '
o

B Receptor =

\

INTERNALIZATION

O N=

» Ectodomain of receptor tagged HiBIiT

* Non-lytic detection with cell-impermeable
LgBIiT protein

* Measure both ligand potency and extent of
internalization within minutes

Normalized Luminescence (RLU)

Normalized Luminescence (RLU)
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~@- HiBiT-ADRB2 CRISPR Clone
~®- 0.005ng CMV/HIBiT-ADRB2

-@- 0.05ng CMV/HiBiT-ADRB2
-®- 0.5ng CMV/HiBiT-ADRB2
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HiBIT-EGFR

—o— CRISPR, native signal
—o- Transient TK, IL-6 signal

—e- Transient CMV, native signal

—e— Transient CMV, IL-6 signal
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«  For additional questions please contact:
erik.bonke@promega.com
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