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NanolLuc™ Luciferase: A Smaller, Brighter &
More Versatile Luciferase Reporter
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* Applications using luciferase fusion proteins * NanolLuc as stability sensor

* NanolLucin BRET
2. Introduction to NanoLuc™ Luciferase Assay System

* Enzyme/substrate development 6. Commercial products for sale

* Key features e Plasmid DNA constructs

* Nano-Glo Luciferase Assay Reagent * Nano-Glo Luciferase Assay
Substrate

3. NanolLuc in reporter gene assays
* Standard or secretion based formats

* NanolLuc genetic constructs
* Performance vs. firefly and Gaussia luciferase




: (o
Luciferase as reporter gene Promega

Transcriptional reporter MRNA

117G /\/ AAAAA-3’

Regulated promoter

Desirable characteristics:

* Linear relationship between activity & concentration D-luciferin + Oz + MgATP

* Preferably over 7-8 logs of [luciferase]
* High sensitivity
* Bright signal w/ low background
* Single, small subunit
* High structural stability
* Close coupling to the transcriptional response, when desired
* Standard or secretion based formats

e Ease-of-use

* Single addition detection reagent Model of firefly luciferase
* Glow-type luminescence signal based on PDB file 1LCI

Confidential and Proprietary. Not for Further Disclosure 3




Luciferase as fusion partner Promega

Constitutive promoter Renilla luciferase

Applications:
* Bioluminescence resonance energy transfer (BRET) ‘1’

* Protein stability sensors

. . i. i +
Desirable characteristics: Coelenterazine + O:

* Linear relationship between activity & concentration
* High sensitivity
* Bright signal w/ low background
* Single, small subunit
*  Emission spectrum compatible w/ fluorescent acceptors
* High structural stability
* Support high levels of activity in any cellular compartment
* No compartmental bias in the absence of targeting sequences
* Ease of use in signal detection

* Single addition detection reagent
*  Glow-type luminescence signal

Confidential and Proprietary. Not for Further Disclosure




NanoLuc™ luciferase

NanolLuc™ (Nluc) is a 19.1 kDa, ATP-
independent luciferase that utilizes a novel
coelenterazine analog (furimazine) to
produce high intensity, glow-type
luminescence.
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Development of NanoLuc™ & furimazine Promega

Developed by the Advanced Technology Group at Promega:

* Directed evolution on the 19 kDa subunit of
Oplophorus gracilirostris luciferase
* Co-development of an optimized substrate
* Screened numerous coelenterazine
analogs for enhanced brightness &
increased substrate stability

* Results
e 2.5 million fold increase in luminescence
* Large increases in thermal stability
 Half-life at 37 °C (HEK293 cell lysates):
from < 5min to ~7 days
* Monomeric luciferase
* Native enzyme is a heterotetramer




NanolLuc™ is very small Promega

Firefly (Fluc) Renilla (Rluc) NanoLuc™ (Nluc)
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NanoLuc™ is very bright Promega
150-fold increase
108 in specific activity Detection of 50 attomoles
S j of purified enzyme
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NanolLuc™ has excellent physical properties Promega

* Thermal stable enzyme
* Retains activity following 30 min incubation at 55 °C

* Melting temps: Nluc, 58 °C; Fluc, 31 °C
* Active over broad pH range 460nm 480 nm °05nm
‘\

* Fully active between pH 7-9 g 100+
* Retains significant activity at pH 5-7 ﬁ 80+ — Nanoluc
* Fluc: sharp decrease in activity below pH =8 '€ 60 - - Renilla
(7] l — Fi
* Monomeric enzyme ) Firefly
. . > 40
* Facilitates use as transcriptional reporter or -
fusion partner % 20+
* No post-translational modifications detected in o 0
mammalian cells 400 500 600 700
* No disulfide bonds A (nm)

* Supports high levels of activity inside living cells

e Uniform distribution in cells

* No apparent compartmental bias in the absence of
targeting sequences
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Nano-Glo™ Luciferase Assay Reagent

Nano-Glo Luciferase Assay Reagent:

* Furimazine
* Provides maximal brightness
* ATP independent reaction
* Glow kinetics
* Half-life routinely >2 hours
at room temperature
* Low autoluminescence background
* Enhances assay sensitivity
* Stable reconstituted reagent:

* ~10% decrease in activity over
8 hrs at RT

% signal decay
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% Signal Decay

-e- Nluc (Nano-Glo)
FLuc (One-Glo)

50 100 150 200
Time (min)




Reporter gene assays

Standard format

Add Nano-Glo Luciferase
Assay Reagent

l

Measure RLUs after 3’

1) Cells lysed
2) Intracellular Nluc released

Promega
Secretion format
Transfer aliquot
of medium New plate

Add Nano-Glo Luciferase
Assay Reagent

Measure RLUs after 3’

1) Nluc secreted from cells
2) Sample culture medium (no cell lysis)
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NanolLuc™ genetic constructs

Protein destabilization domain

Secretion signal

(&
Promega

Standard

— format

—

Secretion
format




Intracellular stability of NanoLuc™ & firefly Promega
Protein half-life following addition of cycloheximide
Cell line FLuc FLucP NLuc NLucP
HEK-293 >6 h 2.0+£0.4h >6 h 18 £ 11 min
Hela 3.8+13h 14%0.2h >6 h 20 £ 6 min
U20S (n=1) >6 h 2.8 h >6 h 36 min

Relative protein stability in cells: NlucP < FlucP < Fluc < Nluc
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Use of destabilized luciferase reporter proteins Promega
101
—— Short half-life Destabilized luciferase reporters

H 8 — Long half-Iif i
o ong halt-lire e Dimmer than unfused constructs
% 6 == Transcription * Respond more quickly to changes
% in transcription
-% 4- * Provide greater fold induction
2 . * Basis behind Rapid Response™

Reporters for firefly luciferase

0 250 500 750 1000
Relative time

Model assumptions: single component exponential decay; equal rates of synthesis; 10-fold difference in
protein half-life.




Relative performance of reporter genes Promega

1000 Brightness
S 109
z Nluc > NlucP > Fluc > FlucP
~ 8
Y 10 (18 experiments)
T 107
é L8 NLuc 13-236 fold brighter than Fluc (79 fold avg.)
FlucP
é o E:_UCP : FIUC NlucP 2-27 fold brighter than FLucP (10 fold avg.)
5 -0- uc uc
3 Nluc 10-78 fold brighter than NlucP (34 fold avg.)
104 I I I I I 1
0.001 0.01 0.1 1 10 100

TNFa ng/mL ->Very similar pharmacology/EC50s

Experimental details: transient transfection of
HEK293 cells with NF-kB inducible constructs.
rhTNFo treatment for 5 hours.




Relative response of reporter genes: ex. #1 Promega

NFxB/TNFa .
1000 Relative Response
NlucP > FlucP > Fluc > Nluc
()
2 100
o
o
n
d
S 10
o
LL
1 . . . .
T T ! Experimental details: transient transfection of
0 1 _ 2 3 HEK293 cells with NFkB inducible constructs;
Time (hours) addition of 100 ng/ml rhTNFa at time zero.
-o- NlucP -+ FlucP

-+ Nluc -~ Fluc
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Relative response of reporter genes: ex. #2 Promega
10- MSEATARG Relative Response

NlucP > FlucP > Fluc,Nluc

Fold induction

0 | | | | |

0 1 2 3 4 5 6 . _ _ _
T h Experimental details: transient transfection of
ime (hours) Hela cells w/ Hsfl inducible constructs;
addition of 500 nM 17-AAG at time zero.

== NLucP =+ FLucP
-+ NLUC - FLuc




Luminescence (RLU)
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Secretion based format using secNluc Promega

ooy
107]
{ Medium exchange
+
106 10 pM FSK
10°
104 =+ Forskolin (FSK)
-#= DMSO
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0 1 2 3 4 5 6
Time (hrs)

Experimental details: transient transfection of HEK293
cells with CREB inducible construct; addition of 10 uM
forskolin at time zero.

Sample medium at multiple time
points without cell lysis

e Kinetic studies from the same
set of wells

Half-life of secNluc protein > 4 days
at 37°C in medium

Response dynamics similar to
unfused Nluc

Similar pharmacology vs.
Nluc/NlucP
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Decreased signal half-life at higher RLUs Promega
Initial RLUs Signal decay kinetics
10°4 » 100
=) c llsAwell
- S
& 10°7 52 754 ~- 50,000
Q =8 —— 15,800
G 107+ = E 28,100
O S g 501
3 > 2 —— 5,000
£ 10°- o2 el ~ 500
3 ~q -= 50
Q - 5
105 L L L L L] O
1 2 4 1 T T
100 10 10 103 10 10° 0 50 100 150
Cells/well Time (min)

* Example experiment to control [Nluc] in the cell lysate
At very high RLUs (>~5E8), signal half-life drops

Experimental details: bulk transient transfection of HEK293 cells with pNL1.1.CMV [Nluc]; serial dilution
with complete medium prior to addition of Nano-Glo Luciferase Assay Reagent.
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Reduced false hit rate in HTS m.fega
LOPAC library (Sigma) 100
* 1280 compounds £
* Small organic ligands w/ well ‘é 71
documented pharmacological activities £ s0;
* Used to screen for non-specific S
luciferase activity modulators = 25
0

0 200 400 600 800 1000 1200 1400
LOPAC number

Level of inhibition
> 10% >20% > 30% > 50%

%oflibrary{ NanoLuc 1.2% 0.5% - -
compounds Firefly 1.9% 0.7% 0.5% 0.3%

Experimental details: LOPAC library members at 10 uM final concentration; incubation with purified
NanoLuc or firefly luciferase for 2 min.; Fluc detection using Bright-Glo.




Gaussia Luciferase (Gluc): flash or glow Promega

100- Gluc/Elash Gluc-Dura/Glow

T 801

E’» 60+ é

£ g

s 401 kS

£ S 254

S 204 -#- Gluc-Dura/Glow
0~ T 1 # T T 0 T T T y

0 20 40 1000 2000 0 20 40 60 80
Time (sec) Time (min)

* Gluc: 185 amino acids (19.9 kDa) * Numerous disulfide bonds
* Naturally secreted enzyme * Flash assay requires injectors
* Coelenterazine substrate * Batch processing of plates is difficult

Gluc reagents from Pierce:
pCMV-Gaussia Luc (cat # 16147) pCMV-Gaussia-Dura Luc (cat # 16191)
Gaussia Luciferase Flash Assay Kit (cat # 16159) Gaussia Luciferase Glow Assay Kit (cat # 16161)
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Gluc kits: bright, but high autoluminescence background Promega
Bl secNluc/NanoGlo
J Gluc/Flash Signal over autoluminescence
Bl Gluc-Dura/Glow 100,000 background
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Gluc kits: high background limits sensitivity
& dynamic range

Experimental details: reverse transfection of HepG2 cells (DMEM +10% FBS) w/CMV promoter constructs;
removal of aliquots after 22 hrs; n = 12 per treatment.




Gluc glow: high background reduces sensitivity Promega

== secNluc
10° -+ Gluc-Dura/Glow

Gluc/glow auto

Nluc auto

1 10 100 1000 10000 100000
Transfected DNA (pg)/well

Experimental details: transfection of HepG2 cells with CMV promoter constructs for ~24 hrs (carrier DNA used
to keep total [DNA] constant per well); washed & replaced w/ DMEM + 10% FBS; incubation for 3 hrs prior to
aliquot removal to measure RLUs.




Gluc kits: reduced dynamic range Promega

Signal over autoluminescence

1,000,000 background (HepG2)

100,000

10,000 7 Bl secNluc/Nano-Glo

_% 1 Gluc/FLash
% B Gluc-Dura/Glow

1,000

100

Signal/auto bkgd

1 é .
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& & &
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Experimental details: reverse transfection of HepG2 cells (DMEM +10% FBS) with constitutive promoter
constructs; removal of aliquots after 24 hrs; n = 8 per treatment.




NanoLuc™ as fusion partner Promega

Bioluminescence of Nluc-B2AR

fusion protein i i imagi
usion prote Results of bioluminescence imaging

* Brightness allows short exposure times (1-5 seconds)

» Diffuse signal throughout the cell in the absence of a
targeting sequence

* Multiple Nluc fusions showed proper static or
dynamic localization patterns

* No apparent influence on target protein
function

* Nluc supports high levels of activity in multiple
cellular compartments

* In contrast to other small luciferase enzymes

Experimental details: stable expression of 1L6-Nluc-B2AR in HEK293 cells; image obtained using Olympus LV200
Bioluminescence Imager and a single addition of 20 uM furimazine; 5 second exposure (EMCCD image
intensification turned off); CO2 independent medium (no serum).

25




NanoLuc™ fusions as stability sensors Promega
DNA damage
8.0x10° CMV/p53-Nluc (50pg/well)
Signal transduction
S 6040
T
, S
5 WY & 4.0x10°
W
=
Degradation !. % 2 0x106
kk ! 4
+ LA A
T
O 1 1 1 1 1 1
Unstressed Cell Stress response N b log [e(t)oposidl], uM i i

Experimental details: reverse transfection of HEK293 cells for 24 hrs; treatment with etoposide for 6 hrs
followed by addition of Nano-Glo Luciferase Assay Reagent; measurement on GloMax Multi+.




BRET ligand binding assay using NanoLuc™ Q

650nm
Luciferase-B2AR t\

fusions v

00507 o Nluc-B2AR
0.045-
0.040- o

0.0354

0.0304
0.0254
0.0204
0.0154

BRET RATIO (650/460)

qgoN@noLuc (em)  Riuc (em)  FlLuc (em) 633 Acceptor Ligand 0.0104
(ex/em)
0.005-

0.000 T T
106 104 10-2 10°
[salbutamol 633], uM

Normalized Signal

No detectable BRET for Fluc or Rluc

T T 1
400 450 500 550 600 650 700 750
wavelength

Experimental details: reverse transfection of HEK293 cells w/ IL6-luciferase-B2AR fusions; equilibrate
cells with salbutamol-633 tracer; add luciferase substrates; measure BRET using monochromator
(Fluc, 650/570; Rluc, 650/480; Nluc, 650/460).




NanolLuc™ & intracellular BRET Promega

Rapamycin Dose Response

0.175-
0.150+
2 0.125-
[] g
+ Rapamycin ‘ — 0.1004
L
s
[a)]

{} 0.075+
590 nm

0.050+

BRET 0.025

-6-.5-.4-3-.2-10123
[Rapamycin] log(nM)

Experimental details: reverse transfection of HEK293 cells w/ FKBP-HaloTag v7 & FRB-Nluc constructs; pre-incubation w/
HaloTag TMR ligand; rapamycin added & luminescence measured after addition of 20 uM furimazine to living cells;
monochromator measurements of BRET ratio = 590/460.




§
5
: o X

4
Summary: c:
TM [ d ‘)

NanolLuc™ Luciferase as a Reporter Gene Promega
Nluc secNluc
* Provides maximal sensitivity in detecting « Stable for several days in cell culture

low levels of expression medium

» ~80-fold brighter than firefly in cell based * Time course studies on the same set of

assays wells (no cell lysis)

» Reduced false hit rate in HTS (likely true for Nano-Glo

NlucP & secNluc as well) * Glow-type luminescence signal with ~2 hr

NlucP half-life of signal decay
* Best performing Rapid Response™ reporter * Very low autoluminescence background

* 10-fold brighter and more responsive
than FlucP

e ~20 min half-life in mammalian cells

* Reporter of choice for a close coupling to
the transcriptional response

» Reporter of choice when the transcriptional
response is limited (low S/B)
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Summary: o
NanoLuc™ Luciferase as a fusion partner Promega

« Supports high levels of activity
inside living cells

* Provides maximal sensitivity in
detecting low levels of expression

« Small size (19 kDa) is ideal (minimal
impact on fusion partner function)

* No compartmental bias in the
. 0.0307 & Hluc-B2AR
absence of a targeting sequence o0ss

* Emission spectrum compatible with %”-“ﬁ'
BRET 2 o005

2 0.020
E 0.045
0,040+
0,005
0.000

10°® 10* 10°# 10°
[salbutarmol 633], uld
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NanolLuc vectors for cloning Promega

Synthetic poly(A)

Synthetic poly(A) signal/transcriptional
signal/transcriptional pause site
et g (o acigrouns
Amp’ reduction% . reduction)
mp' -
Eg\|/§5fi|| 9 _ Eggglll ?5
cc 15 ori Kpnl 19
EEQ:CRI ;3 Sall 2493 EcolCRI | 24
Sacl 26 Synthetic Eﬁ]oll 26
NL1.1[Nluc; Nhel 28 poly(A) pNL2.1[N/ue/Hygro] e 28
p [Nluc] - Bmtl 32
Bmtl 32 signal Vector
Vector Xhol 31 Xhol 34
(3110bp) Foory | s (4709bp) EcoRV |42
Bglll 47 Ball |47
Bgll/siil | 60 Ball/sfil |60
Hindlll 66 Hyg Nluc Hindlll 66
N Nue SV40 |
t
poly(A) sigﬁa‘el
g SV40 <
888[Bamr / SV40 lat : g
894 Sglrln po\y(AZ)ise\'gnaI 8 g?grig?:rr/ BamHI 688 g_
S_ymhl?tic poly(A) |
signal/transcriptional .
pause site * Nluc, NlucP & secNluc versions for each
(for background ’
Amp’ reduction) .
FEEE * pNLX.1, pNLX.2 & pNLX.3, respectively
e |
pn
EcolCRI | 24 * All Nluc vectors possess:
pNL3.1[Nluc/minP] Nhel 28 .. . . .
Vector Bl |52 * Codon optimized ORF for expression in mammalian
(3151bp) EcoRV 40
EZT:,I’Sf'I e cells
a i 60
H' dl” . . . . . .
o N g e % * Minimization of consensus transcription factor
promoter binding sites throughout the plasmid

* A parent pGL4 construct (Nluc replaces Fluc)

929|BamHI SV40 late
935|Sall poly(A) signal

10324MA

31




Synthetic poly(A) signal/
transcriptional pause site
(for background reduction)

enhancer/promoter

pNL1.1.CMV[N/uc/CMV]
Vector
(3861bp)
Nluc

SV40 late

Amp

poly(A) signal
Synthetic poly(A) signal/
transcriptional pause site
(for background reduction)
CMV immediate early
enhancer/promoter

Amp'
p

NL1.3.CMV[secN/uc/CMV]
Vector
(3945bp)

SV40 late

ori poly(A) signal

=
1723|BamHI
e

CMV immediate early

10331MA

NanoLuc control and response element vectors

10330MA

Synthetic poly(A) signal/

transcriptional pause site NF-kB-RE

(for background reduction)

Minimal promoter

Amp SV40 late

poly(A) signal
pNL3.2.NF-xB-RE BamHI 1091
[NlucP/NF-xB-RE/Hygro]
Vector SVA40 early
(4912bp) enhancer/
promoter

10332MA

Sall 2696

pNL1.1.CMV [Nluc/CMV]

* Constitutive expression

pNL1.3.CMV [secNluc/CMV]

* Constitutive expression & secretion

pNL.3.2.NF-kB-RE [N/ucP/NF-kB-RE/Hygro]

* Inducible expression via NFkB

Promega
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Nano-Glo Luciferase Assay Reagent Promega

Cat # N1110: 10ml (100 assays)
e 200ul Nano-Glo™ Luciferase Assay Substrate
® 10ml Nano-Glo™ Luciferase Assay Buffer

Cat # N1130 10x10ml (1,000 assays)
e 10x200ul Nano-Glo™ Luciferase Assay Substrate

® 10x10m| Nano-Glo™ Luciferase Assay Buffer /@\
50X substrate

Cat.# N1120 100ml (1,000 assays)
e 2x1ml Nano-Glo™ Luciferase Assay Substrate
® 100mI Nano-Glo™ Luciferase Assay Buffer

—
Cat.# N1150 10x100ml (10,000 assays)

® 5x4ml Nano-Glo™ Luciferase Assay Substrate Buffer
e 10x100ml Nano-Glo™ Luciferase Assay Buffer
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