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INTRODUCTION
Bioluminescence is a natural phenomenon that occurs in bacteria, insects, fungi and some marine
species whereby light is emitted by a living organism. This emission of light is a form of
chemiluminescence because it is generated by a chemical reaction that occurs when a substrate is
oxidized by a class of enzymes called luciferases. Due to their light emitting properties, luciferases
are an important tool in many biochemical assays including Bioluminescence Resonance Energy
Transfer (BRET): a technique that relies on the use of a luciferase (energy donor) to transfer energy to
a nearby fluorescent protein or dye (energy acceptor). If the donor and acceptor molecules are in
close proximity (within 10 nanometers) of each other and their emission and absorbance spectra
overlap, the acceptor absorbs the energy from the donor which results in the emission of light at a
longer wavelength (i.e. different color). This spectral shift can be measured and quantified. The
modified luciferase called NanoLuc (Nluc) from the deep sea shrimp Oplophorus gracilirostris emits
light at 454 nm (Fig. 1) in the presence of an appropriate substrate1. Because of the enhanced
brightness of Nluc, it is an excellent candidate for use as a donor in assays involving BRET. However,
only a few acceptor molecules have been described for BRET using the Nluc donor. Moreover,
transfer efficiency predictions based on the spectral properties of various acceptors have historically
been inaccurate. A systematic screening of potential acceptors has not been carried out, limiting the
use of this improved luciferase for biological assays. The main goal of this project is to identify
commercially-available small molecule fluorophores that serve as efficient energy acceptors for Nluc.
In order to explore the use of Nluc as an energy donor in BRET, we cloned, expressed and purified
NanoLuc for tagging with fluorescent molecules.
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Purification: NanoLuc was purified essentially as described in reference 3. Briefly, cells were
harvested at 5,000 rpm for 20 min. The pellets were resuspended in 25 mL of Resuspension Buffer
1 (20 mM Tris-HCl (pH 7.6), 2 M urea) and sonicated to lyse the cells. The sonicated pellets were
then centrifuged at 12,000 g for 20 min. After removing the supernatant, the pellets were
resuspended and sonicated in 20 mL of Resuspension Buffer 2 (20 mM Tris-HCl (pH 7.6), 6 M
urea). This process was repeated twice and the supernatant was kept after a final centrifugation.
The final supernatant was mixed with Ni-NTA agarose pre-equilibrated with Resuspension Buffer 2
and incubated for 1 hr at 4 °C. The entire mixture was poured into a column and the initial flow
through was collected for further analysis. The column was washed with 5 mL of Wash Buffer (20
mM Tris-HCl (pH 7.6), 6 M urea, 20 mM imidazole) three times. The protein of interest was eluted
with 1.5 mL of Elution Buffer (20 mM Tris-HCl (pH 7.6), 6 M urea, 0.3 M imidazole). The elution
fraction was dialyzed against 1 L of Dialysis Buffer (30 mM Tris-HCl (pH 7.6), 10 mM EDTA) at 4 °C
overnight.
SDS-PAGE: The elution from the Ni-NTA column was run on a 10% polyacrylamide gel. Protein
ladder and samples were heated at 95 °C for 5 min prior to electrophoresis at 200 V. The gel was
stained with Coomassie Brilliant Blue Stain and imaged with a Bio-Rad Gel Doc EZ Imager.

RESULTS
Step 1: PCR of NanoLuc Gene
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Figure 2. 1% agarose gel of PCR products from amplification of NanoLuc gene. Lane 1,
1 kb DNA Ladder. Lane 2, no DNA (control reaction). Lane 3, 10 ng of template DNA.
During a polymerase chain reaction (PCR) the DNA double helix is denatured creating
two single antiparallel parent strands. A primer anneals to the 3’ end of each strand to
provide the starting point for synthesis of a new strand of DNA. The enzyme DNA
polymerase attaches the appropriate deoxynucleotides to complete the
complementary strand of DNA in the 5’ to 3’ direction. Through this process, genes can
be replicated exponentially. Note in lane 3, the single band at ~ 0.5 kb represents
successful amplification of the NanoLuc gene.
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Figure 1. A, O. gracilirostris emitting a blue plume in defense. Image taken from reference 2. B, NanoLuc reaction scheme.
NanoLuc catalyzes the oxidation of coelenterazine to form coelenteramide and carbon dioxide while emitting light at 454
nm.
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METHODS

Polymerase Chain Reaction (PCR): The gene for NanoLuc was amplified from pNL1.3 (kindly provided
by Nevin Lambert, GRU). PCR reactions contained 1 X reaction buffer, 2.5 µM MgCl₂, 0.2 µM dNTPs,
0.8 µM forward primer (GGAATTCCATATGGTCTTCACACTCGAAGATTT), 0.8 µM reverse primer
(CCGCTCGAGCGCCAGAATGCGTTCGCACA), 1.5 U/reaction Taq DNA polymerase and 10 ng template
DNA. Parameters for PCR: hot start at 95 °C for 2 min followed by 30 cycles of 95 °C for 30 s; 55 °C for
30 s; 72 °C for 1 min; followed by a final elongation cycle of 72 °C for 10 min. Products were analyzed
by 1 % agarose gel electrophoresis. The gels were stained with ethidium bromide and visualized by a
Bio-Rad Gel Doc EZ Imager.
Plasmid purification and restriction enzyme digest: pET-21c(+) plasmid DNA was purified from E. coli
DH5α cells using a QIAprep Spin Miniprep Kit (Qiagen) according to the manufacturer’s directions.
Restriction digests were carried out in 1 X Fast Digest buffer and 1 μL of the appropriate enzymes
(NdeI and/or XhoI) at 37 °C for ~ 1 hr. Prior to ligation, double digested pET-21c(+) and the Nluc gene
were isolated by 1% agarose gel electrophoresis then purified from the gel using the Qiagen QIAquick
Gel Extraction Kit according to the manufacturer’s instructions.
Ligation and transformation: Ligation reactions were set up as follows: 1 X OPTIZYME T4 DNA ligase
buffer, 5 U T4 DNA ligase, 14 ng double digested Nluc insert, 48 ng double digested pET-21c(+) and
incubated 1 hr at RT. Ligated DNA was transformed into E. coli JM109 cells using the heat shock
method. Cells were grown overnight at 37 °C on LB plates containing 50 μg/mL ampicillin. Once
positive clones were identified, E. coli BL21(DE3) cells were transformed with pET-21Nluc using the
heat shock method.
Expression: LB media (400 mL containing 50 µg/mL ampicillin) was inoculated with 10 mL of E. coli
BL21(DE3) pET21-Nluc. Cells were grown to an OD600 of ~ 0.500 and expression of NanoLuc was
induced with 0.2 mM isopropyl β-1-thiogalactoside (IPTG). Cultures were incubated at 37 °C at 150
rpm for 18 hrs.

Step 2: Double Digest of NanoLuc Gene (Insert) and pET-21c(+) Plasmid DNA

Figure 3. 1% agarose gel of gel purified double digested Nluc and pET21c(+). Lane 1, 1 kb ladder. Lane 2, 83 ng double digested plasmid. Lane 3,
160 ng double digested Nluc insert. A double digest involves the addition of
restriction enzymes that cleave the plasmid or insert at specific locations. It
allows for the ends of the plasmid and insert to join together and form a
covalent bond in the presence of an appropriate enzyme.. Note that the
double digested plasmid is 5.4 kb (lane 2) and the insert is 0.5 kb (lane 3).
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Step 3. Ligation and Transformation
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Figure 4. Ligation and tranformation. A
ligation is performed in order to
connect the NanoLuc insert and the
pET-21c(+) vector via a covalent bond.
The process of introducing and
incorporating exogenous DNA into a cell
is known as transformation. A heat
shock method is used in transformation
to induce DNA uptake by the cell.
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Figure 5. Identifying positive clones by restriction enzyme digests and agarose gel
electrophoresis. Lane 1, 1 kb DNA ladder. Lane 2, double digested pET-21APhos
(control reaction). Lane 3, double digested plasmid from colony 13. Lane 4,
undigested plasmid from colony 13. Lanes 5 through 10 correspond to the double
digested and undigested plasmids from JM109 colonies 14, 17 and 18, respectively.
Note that in lane 3, the bands at ~ 5.4 kb (empty pET-21c(+)) and ~ 0.5 kb (Nluc)
confirm the generation of the recombinant plasmid.
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Step 5. Inoculation and Induction

Figure 6. Inoculation of media with E. coli BL21(DE3) pET-21Nluc. Transformed E. coli
Inoculation
BL21(DE3) colonies are grown on LB-Amp plates (left). One colony is selected to
inoculate 400 mL LB-Amp media (right). This culture is grown at 37 °C at 150 rpm until
an OD600 of ~ 0.500 is reached before the culture is induced with 0.2 mM IPTG. IPTG
causes the NanoLuc protein to be produced by the bacteria. After over-expression for
18 hr, cells are harvested by centrifugation at 5,000 rpm for 20 min before lysis and
purification.
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Step 6. Purification and SDS-PAGE
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Figure 7. Analysis of purification of NanoLuc. A,
Ni-NTA and His6 tag coordinate covalent bonding.
74,695 Da
(Image taken from reference 4) B, 10% SDS-PAGE
34,107 Da
of Ni-NTA purified NanoLuc. Lane 1, 4 µg protein
from non-dialyzed elution fraction. Lane 2, 15 µL
17,559 Da
Bio-Rad Prestained Broad Range Standards. Note
6,088 Da
that purified protein has an approximate
molecular weight of 19,000 Da.

Step 7. Check for Activity
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Figure 8. Activity assay to confirm the identity of the purified protein. In the case of NanoLuc, the substrate
coelenterazine is added to an aliquot of purified protein. Each well contains the specified amount of dialyzed
protein in Reaction Buffer ( 30 mM Tris-HCl (pH 7.6), 10 mM EDTA ). Well 1A, 95 ng/µL, 1B, 46 ng/µL, 1C, 24 ng/µL,
1D, 12 ng/µL, 1E, 5.9 ng/µL, 1F, 3.0 ng/µL, 1.5 ng/µL, 1H, 0.0 ng/µL (blank) . Note the presence of blue light given
off by the reaction indicates the presence of active NanoLuc.

CONCLUSIONS
• The gene for NanoLuc was successfully cloned into the plasmid vector pET-21c(+) and the recombinant
DNA was transformed into E. coli BL21(DE3) cells
• The NanoLuc protein was over-expressed in E. coli and purified using affinity chromatography
• After one purification step, a single band of 19 kDa was present as determined by SDS-PAGE
• Purified protein is active in oxidation of coelenterazine substrate, generating blue light
• Future plans include tagging pure NanoLuc with various fluorophores to determine which would be the
best BRET acceptor
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