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Regulation of Gene Expression at Multiple Levels

From DNA to Protein Function

Genomic Degradation
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o Cis genetic regulation
(enhancer/silencer)

o Trans genetic regulation
(activator/repressor)

o Epigenetic regulation
(methylation, acetylation)
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* Response Element (RE) constructs
more precisely define the assay
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« Splicing
 Polyadenylation

o Cleavage/Degradation
miRNA (siRNA, shRNA)
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+ integrate target sequence, 5'- or 3-UTR
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Target Seq
si/miRNA

e Constructs need in addition a minimal

promoter (TATA-Box)

integrate target sequence or 3-UTR
downstream of the reporter gene

+ suitable vectors: pmirNanoGLO
(miRNA) or psiCHECK™ (siRNA)

e poly-A tail variation
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e Chemical modification
¢ Proteolytic modification

change of specific activity

change amount of protein
(synthesis & degradation)
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Promega — The Bioluminescent Company

A Continuously Grown Expertise in Luciferase-based Technologies

Firefly-based Technologies
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Promega — The Bioluminescent Company

A Continuously Grown Expertise in Luciferase-based Technologies

Renilla-based Technologies

Firefly-based Technologies
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Promega — The Bioluminescent Company

A Continuously Grown Expertise in Luciferase-based Technologies

NanoLuc®-based
Technologies
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Renilla-based Technologies

Firefly-based Technologies
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NanoLuc® Luciferase
A Bright & Small Experimental Reporter

Substrate
/!, ::,.nght:;;:;; Substrate
o \ \
/7 Y N . _w " 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 o
~ Y !
Substrate Substrate A / y Furimazine
-~ 4 —— h L. h 2
_v " Light @ - leght - @ v o ight .
‘ . A ‘v B < \ 3
4 Yy \ y. ’ A\
19 kDa Oluc Ean_c;Luc® 4 \
uciferase / \ \
|
Ix 81 ,000x 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®
1010_
10° - 150-fold higher
specific activity ® :
10° - NanoLuc Renilla
10" -
10° -
10° -
—8— NanolLuc®
10° - -8 Renilla
10 A Frelly 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
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19 kDa Oluc NanoLuc®

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



NanoLuc® Luciferase Technology Platform
Your Companion to Study Cellular Biology

“Standalone” NanoLuc®

« Rapid™ Response Vectors «  NanoLuc® Stability Sensors

n c
T o
GCJ »  Nano-Glo® Luciferase Assay System *  RealTime-Glo™ MT Cell Viability Assay 5
(0)) | | -l
O . Nano-Glo® Dual Luciferase o
Reporter Assay System
* Reporter Bioassays
Nanoluc§
NanoBRET® ; » NanoBiT®

+ fluorescent acceptor enzymatic split

«  NanoBiT® Protein:Protein Interaction System
«  NanoBRET® Protein:Protein
Interaction System * RealTime-Glo™ Annexin V Apoptosis Assay
« NanoBRET® Target Engagement *  Lumit® Immunoassays

« NanoBRET® Sensors »  HiBIiT Protein Tagging System



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
< " ‘ + ‘ 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

a R
F

Dissociation

Low intrinsic affinity
reversible to allow investigation of PPl dynamics

increased signal specificity



NanoBiT® PPl Workflow

A Simple Transfection-based Experiment

GOI X GOolY

R v LgBiT A / SmBIT

Expression
Plasmids

Cloning & Transfection + Nluc Substrate/Treatn

@ Determine optimal LgBiT/SmBIiT combinations that shows maximal fold signal change
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)




Validation of NanoBiT® PPI
The Protein Kinase A Model

Isoproterenol Propranolol Forskolin
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Validation of NanoBiT® PPI
The Protein Kinase A Model
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Conclusions

Isoproterenol (ISO)
ADRB agonist (CAMP 1)

Propranolol (PRO)
ADRB antagonist (CAMP |)

activator of adenylate cyclase (CAMP 1)

GloSensor™

« Endogenous biology is maintained with the NanoBiT® PPl System

« The NanoBiT® PPI System functions in a reversible manner



Validation of NanoBiT® PPI
The Protein Kinase A Model
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Validation of NanoBiT® PPI
B-Arrestin Recruitment to GPCRs

@ .
O JAgonist

v

GPCR

B-arrestin

NanoBiT®
| luciferase
LgBiT

ADRB2-LgBIiT:SmBIiT-ARRB2
AVPR2-SmBIT:LgBiT-ARRB2

Normalized RLU

100 -

] "J.uilllllllli Wilkijigy T AVPR2
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. My LTI gy, e :

| (slow recycling to PM)
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7» ADRB2 (fast recycling to PM)
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Modified from Dixon, AS. et al. (2015) ACS Chem Biol. 11, 2, 400-408

+ ADRBZ2:ARRB?2 signal is more transient than AVPR2:ARRB2 signal

« NanoBiT® can be used to monitor transient PPIs in real-time



NanoLuc® Binary Technology (NanoBiT®)

A Structural Complementation Reporter Designed for Biomolecular Interaction Studies i

Furimazine

156 aa

NanoLuc® :
Luciferase v

STABILITY  AFFINITY

LgBiT
159 aa
17.7 kDa
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> OPTIMIZATION

‘5700 M + spontaneous
| . complementation

HiBiT has high affinity for LgBiT



HiBIT Protein Tagging System

Principle & Features

—

Detection

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

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

« Maintain transcriptional regulation

+ Avoid gene dosage effects

HiBiT Detection Reagent

 Miagl’

Buffer = Substrate LgBiT Detection
Reagent

Simple, Flexible & Rapid Detection

Homogenous 1-step assay (,add only*)

No antibodies and no washing steps required
Amenable to HTS

Easy to automate



Detection of HIBIT Fusion Proteins

Choose From Different HIBIT Detection Strategies

Nano-Glo® HiBIT Lytic Nano-Glo® HiBiT

1 Detection System 2 Blotting System
LgBiT ~
* * R —
\ @ py o ;’""nw;‘i'-‘![;,‘,
% \ % HiBIT -/
@
R
~ag ]
(Pro-)Substrate

3 Nano-Glo® HiBiT Extracellular 4 LgBIiT co-expression

Detection System Nano-Glo® Live Cell Substrate

Time course analysis up to 72 hours



Strategies for Tagging with HIBIT

Ectopic Expression Using Constitutive Promoter-driven Plasmid

GOl

===
¥

HiBiT

e

Expression
Plasmid

Nucleus

Ay

Cytosolic
protein “

secreted

protein 'h i

Transmembrane
protein

Your options

@ Promega‘s HIiBIT entry vectors

@

 N-terminal
e C-terminal

* N-terminal + IL-6 secretion sequence *
« CMV, TK, PGK

*naturally occurring secretion signals shall be removed

« Bicistronic entry vectors
(use Fluc for normalization purposes)

Use existing vector and
append HiBIT via PCR amplification

(e.g. internal placement of tag)



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

Three key components

“Cas9 E rhorRNA 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

Transmembrane 2, Degl \g ¢rRNA and order gulde RNA (CrRNA + tracrtRMA) = = = 3 = =
protein R m_ee i

i

Validate after 24 - 48 h

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



Immunodetection of HIBIT Proteins

Immunofluorescent Imaging and More

anti-HiBIiT mAb

) .
(Clone 30E5) / \

w
@ ex Plasma membrane
Hoechst dye AlexaFluor® 647

* Potent mADb directed against HiBIT tag

» Validated for various applications including:

v" Immunofluorescence (NEW anti-HiBiT mAb pre-conjugated to Green488 or FarRed647)
v' Western blotting

v" Immunoprecipitation (NEW Anti-HiBiT Magne® Beads)

v FACS



Anti-HiBiT Magne® Beads

Workflow
Cell lysate generation Bind target Purify target Analyse
HIBIT cells |

Cleared cell lysate

* Acleared cell lysate is generated from HIBIiT" cells
« Lysate is incubated with Anti-HiBiT Magne® Beads over night at 4°C or > 30 min at RT
*  Elution can be performed with

(1) SDS loading buffer and heating to 70 °C for 10 min (3) DrkBiT peptide overnight at 4°C
(2) Glycine-HCI (pH 2.5) at RT for 5 — 10 min



Anti-HiBiT Magne® Beads

Workflow
DIA MS2 Peak Areas DIA p-values
154 54
§) - ? 4_' —
10— =
& 2 -
o 2
S S 24
< 54 2 |- FDR
g S
0 T 0 1
L VNS A Q0O <& NSy SR C’)
S 6\>~°@o@%o@cjz?‘}cf‘ S gx\o oo Q)\’v
RAS/RAF/MEK/ERK  Receptor _
pathway endocytosis Protein Protein

*+ EGFR-HIBIT HeLa CRISPR knock-in cells
«  Upon EGF stimulation, co-IP was performed using the Anti-HiBiT Magne® Beads

v" DIA MS of IP eluates showed enrichment of EGFR and known direct/indirect interactors

v EGFR enrichment and phosphorylation was confirmed by Western blot analysis
v FACS



Anti-HiBiT Magne® Beads
Workflow

EGFR-HIBIT Parental
L E L E

ANti-EGER |t e -

Anti-pY1068 o

RAS/RAF/MEK/ERK  Receptor
pathway endocytosis L = lysate; E = IP eluate

. EGFR-HIBIT HeLa CRISPR knock-in cells
«  Upon EGF stimulation, co-IP was performed using the Anti-HiBiT Magne® Beads
v DIA MS of IP eluates showed enrichnment of EGFR and known direct/indirect interactors

v EGFR enrichment and phosphorylation was confirmed by Western blot analysis
v' Phospho-EGFR was also detected by MS (data not shown)



HiBIT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Protein
Degradation & Stabilization

% @ Protein
Expression

HiBIiT

A
‘%!;? ¢ HisiT @)
» Cytosolic 1

protein

transduced
protein
‘ recycling
“ internalization x
membrane

P protein

secreted .~ HiBiT
. protein .. Q or &
Protein Receptor

Secretion & Release HIiBIiT interaction Biology

| Nucleus
Viral

Infection




HiBIT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Protein
Degradation & Stabilization

- 4 Protein
| Expression

Cytosolic Nucleus

Viral protein
Infection
viral \ HIiBiT .
transduced /
protein Q 1‘;
SR s, s
Sl £ B internalization
pae “QTI‘,“:"
membrane
protein
secre_ted or &
, protein ~\_
Protein | Receptor

Secretion & Release Biology



The HIF1la Pathway
A Model System for Protein Stabilization

E3 ubiquitin
ligase complex

phenanthroline

% JHL 4
TN

- ’_.Npre
Prolyl Oy

Hydroxylases proteasomal

degradation

Nucleus

HiBIiT target genes



Stabilization of HIF1la

The Relevance of Expression Level Protein Stabilization

1003 _@- Endogenous HIF1A-HIBiT clone

S ]~ 5ng PGK/HIF1A-HIBIT
€ 1 —¥ 0.05ng CMV/HIF1A-HiBiT x —
8 | —A 0.5ng CMV/HIF1A-HBiT 3
3 —@- 50ng CMV/HIF1A-HiBiT 3
8 104 E
€ 3 S
E @
5
u =
D
N .
= -
g — -
(=]
=
} J | T T 1
0 -7 -6 -5

Log, [1,10-phenanthroline], M

1,10-phenanthroline [uM] « High expression levels mute the
0 0030103 1 3 10 30 biological response

| «—HIF1a-HiBiT « Endogenous expression yields highest
assay window




Studying (Targeted) Protein Degradation

Proteolysis targeting chimeras (PROTACS)

'PROTAC linker

HiBiT-BRD4

~
target E3 ligase
protein-specific complex .
ligand recruiter HIiBiT
Endpoint
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HiBIT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Cytosolic
protein

Nucleus

viral
transduced
protein

secreted "I
, protein
Protein

Secretion & Release HiBiT



HiBIT Target Cell Killing Assay

Measure death of a specific cell population within a mixed population of cells

Therapeutic target ) \4 NanoBiT®
Y )

luciferase

Primary
effector cell

Target cell
HIiBIT
(cytosolic)

Target cell with endogenous or ectopic expression of target and cytosolic HiBiT fusion protein

« Primary effector cells that mediate TCK and HiBiT release are added

« Released HiBIT is detected by LgBiT and NanoBiT® luciferase substrate addition

*  Endpoint or kinetic analysis possible




T Cell Dependent Cellular Cytotoxicity (TDCC)

Bispecific T-Cell Engager (BiTE)

CD3

. scFi SO Granzymes
Blinatumomab - +
(Blincyto®) Perforins
sckv
CD19 o @

— U8 HiBIT

Tumor cell
HiBIT'

scFv: single-chain variable fragment

Ramos/LDHB-HIBIT

6 —
= 2.5%10°7 4 D' T cells
-l
6 no effectors
E 2x10
8 I
g 1.5%x106-
8 41% lysis
»  1x106-
@
=
£ 5x10°-
3
0 T T T T 1
-13 -12 -11 -10 -9 -8
K562/LDHB-HIBIT
6
5 6x10 -8- CD19 target cells
— )
CD19 target cells
e,
O 4x10°-
o
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@ 18% lysi
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-13 -12 -1 -10 -9 -8

log Blincyto [g/mL]



HiBIT Application Portfolio

One Bioluminescent Tag, Endless Possibilities

Protein
Degradation & Stabilization

Protein
Expression

Cytosolic Nucleus

Viral protein
Infection

<1175 viral ‘ |

SN transduced o

S e protein |

O SN 4 :

TS ‘ recycling

Y

internalization

membrane

Pt protein
secreted O or ’/ HiBiT
, protein 7
Protein : Receptor

Secretion & Release interaction Biology



Study Receptor Internalization with HiBiT

GPCRs & RTKs

HiBIT Agomst

i

Q LgBiT
N\

Internalization

\

HiBiT-ADBR2
= 1.25
—
=
@ 1.00
= -
S -
[+ ]
B 0.75-
=
g —®- HiBiT-ADRB2 CRISPR Clone
= 0504
E -®- 0.005ng CMV/HiBiT-ADRB2
% 0.25- ~® 0.05ng CMV/HIBiT-ADRB2
g -@- 0.5ng CMV/HiBiT-ADRB2
= 0+ | T T T 1
-9 -8 7 -6 -5

Log, [isoproterenol], M

I

\

Normalized Luminescence (RLU)

» Ectodomain of receptor

NanoBiT* “ tagged HiBIT

luciferase
\f .

Non-lytic detection with cell-
impermeable LgBIT protein

Recycling « Measure ligand potency &
internalization within minutes
HiBIT-EGFR
1.5

—&— CRISPR, native signal
059 - Transient TK, IL-6 signal
—e— Transient CMV, native signal

—o— Transient CMV, IL-6 signal

D '—| : T T T T 1
-1 -10 -9 -8 7 —6

Log, [EGF], g/mli




For additional questions please contact:
erik.bonke@promega.com

For products & sales-relevant information please

contact HYH EASTPORT
LIFESCIENCE

eastport@eastport.cz
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