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ABSTRACT
Inflammasomes are a group of protein complex that regulate inflammation through
complex signal transduction, although their specific mechanisms and structures have not
been fully described. As the protein that kickstarts assembly of a type of inflammasome,
NLRP3 is a key regulator of inflammation and may play a relevant role in the development
of inflammatory diseases. In this project it has been attempted to perform a Gene Fusion
between a segment of NLRP3 and regions of Toll-Like Receptor 4 by means of overlapextension PCR, a technique that employs hybrid primers to create an overlap between both
sequences that can be filled by a polymerase, causing them to merge. Results suggest Gene
Fusion was successful, however cloning and expression of the construct have not been
achieved so far. If expressed as a fusion protein, the added transmembrane domain will
anchor two domains of NLRP3 to the membrane, allowing more precise study of the
composition and functionality of the inflammasome. Removal of the terminal domain of
NLRP3 will help determine its implication and relevance in the assembly process of the
protein complex.

List of abbreviations
bp: base pair.
cTLR4: custom TLR4.
DAMPs: damage associated molecular patterns.
dNTPs: deoxy-nucleotides tri-phosphate.
GFP: Green fluorescent protein.
IL-1β: interleukin 1-β.
IL-18: interleukin 18.
kb: kilobase (pair).
LRR: Leucin rich repeats.
Met-PCR: Methylating PCR.
PAMPs: pathogen associated molecular patterns.
SOE-PCR: splicing by overlap extension PCR.
tNLRP3: truncated NLRP3.
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Introduction
Literature review
The immune system acts as a barrier against foreign invasion of an organism’s tissues. With the
combined action of multiple cell types (e.g. macrophages, lymphocytes, granulocytes) and
complex proteins (e.g. antibodies, complement) it can recognize, prevent the expansion and
eventually destroy pathogenic organisms, viruses and malfunctioning or tumoral cells. (Kuby,
2007).
One important defensive mechanism of the immune system is inflammation. It is characterised by
an increased blood flow and permeability in a localised area (generally the area subject to damage
or where pathogens have been detected). A recruitment of leukocytes takes place, and tissue
regeneration is stimulated. The inflammation response is triggered when resident immune cells
(like macrophages) detect a certain signal, such as pathogen associated molecular patterns
(PAMPs), danger associated molecular patterns (DAMPs) or inorganic crystals; and release
proinflammatory cytokines like interleukin-1β (IL-1β); and other mediators like histamine. The
signal transduction that happens inside these cells, connecting the given molecular pattern and
the actual inflammation triggers, can follow several paths. One of them being the inflammasome
(Kuby, 2007).
Despite the notable contribution of inflammation to the correct functioning of the immune system,
aiding in survival and helping preserve homeostasis; such a powerful weapon is not exempt of
dangers. As previously explained, inflammation acts as a transitory state of exception that allows
to quickly dispatch pathogens and restore function to the damaged tissue, but when extended over
time, it can prove harmful to the tissues it was supposed to protect (Ferrero‐Miliani, Nielsen,
Andersen & Girardin, 2007). The persistence of inflammation after the triggering threat has
disappeared, and its uncontrolled activation by signals that do not necessarily represent an
immunological threat, has emerged as an important factor in a myriad of diseases, ranging from
cancer (Colotta, Allavena, Sica, Garlanda & Mantovani, 2009) to metabolic syndrome (Monteiro &
Azevedo, 2010), and even depression (Berk et al., 2013). A deeper understanding of all the
interacting components of the mechanism of inflammation may contribute to research aiming at
mitigating or curing these diseases, and become a tool for immunotherapy (Hirschhorn et al.,
2018).
An inflammasome is a supramolecular complex formed by the interaction of several proteins. At
the end of its activation cascade, the mature forms of interleukins 1β and 18 are released (Kuby,
2007). The best described inflammasome has NLRP3 as the initial protein and is thus known as
NLRP3 inflammasome. It should be noted that, despite being the most well-known, it is not the
only such complex, as there are other inflammasomes with similar function, constructed from
different proteins (Schroder & Tschopp, 2010).
The NLRP3 inflammasome acts as a signal transductor, binding to the protein ASC, which in turn
binds to pro-caspase-1, after joining the complex, it eventually gets cleaved and its active form,
caspase-1, is released. Active caspase-1, in turn, catalyzes the cleavage of pro-interleukins 1β and
18, releasing the active form of these cytokines, IL-1β and interleukin-18 (IL-18), which work as
powerful proinflammatory signals (Groslambert & Py, 2018).
As a key mediator in inflammation, the study of NLRP3 may be relevant for some of the most
relevant human diseases in present times, such as obesity, where it has shown a role in connecting
obesity-associated signals and the development of chronic inflammation and insulin resistance
(Vandanmagsar et al., 2011). Another disease where a link with the NLRP3 inflammasome has
been found is cancer, with the dying tumor cells’ release of extracellular ATP, a signal that can end
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up favouring the activation of NLRP3. IL-1β produced after the activation of said inflammasome
would stimulate the production of Interferon-γ by T-Cells. When parts of this signalling pathway
were mutated in mice, the animals showed a reduced ability to fight tumors and prevent the
appearance and virulence of metastasis (Ghiringhelli, 2009). With its implication in such varied
conditions, NLRP3 stands as an important potential target for medical research, for therapy
development and for improving the understanding of the immune system as a whole. However
the exact functions and molecular mechanisms of NLRP3 and its derived inflammasome are still
not fully understood (Elliott & Sutterwala, 2015; Groslambert & Py, 2018).
Throughout the previously cited bibliography, a top-down approach has been most commonly
used to study NLRP3 and its inflammasome, with clinical-focused studies performing genetic and
statistical analysis (Hoffman Wanderer & Broide, 2001), and studies looking closer into cellular
mechanisms by in vivo studies (Ghiringhelli, 2009). However, bottom-up approaches are lacking,
and could complement our growing knowledge on these inflammation paths. Therefore,
procedures that can facilitate the structural and interactive study of NLRP3 could be an important
step for its complete understanding. For example, reversible attachment to the membrane would
make purification and interaction studies easier.
NLRP3 as a protein
The domain structure of NLRP3 is made up of a N’-terminal pyrin domain, which is responsible
for the interaction with other inflammasome components, a NACHT domain, with ATPase activity,
and 9 repeats of leucin rich motifs, which together conform the LRR (leucin rich repeats) domain.
In the words of Groslambert & Py (2018), said LRR domain has: “poorly characterized regulatory
functions”. It has been proposed that it has a self-inhibitory role for the protein (Schroder &
Tschopp, 2010; Elliott & Sutterwala, 2015). The removal of LRR domain might be useful for
studying assembly of the NLRP3 inflammasome with a much reduced or altogether absent
activation sequence.
Fusion Proteins
By joining two or more proteins, their physicochemical properties, affinity interaction, and
functionality can be combined in a single, stable molecule. Fusion proteins have been used as
research tools for decades, serving to assess protein-protein and protein-ligand interactions,
facilitating purification (i.e. affinity tags), allowing for real-time intracellular localization (i.e.
GFP), and fulfilling many other uses (Fields & Song, 1989).
SOE-PCR
Polymerase chain reaction (PCR) is a very powerful DNA amplification method discovered by Kary
Mullis. This technique is close to ubiquitous in modern molecular biology, and it earned him a
Nobel Prize in 1993 (Mullis, 1993). The basic principle of PCR is to provide a small amount of
homogenous DNA to serve as template for replication, primers with a sequence complementary
to the 3’- terminus and identical to the 5’- terminus of said template chain, and substrate
deoxynucleotides tri-phosphate (dNTPs) to a polymerase enzyme. Provided the first primer
correctly bound to the chain, the enzyme would extend it to a full complementary copy. If the
resulting double-stranded DNA was denaturized and the two chains were then allowed to interact
with the free primers, the process could be repeated, this time with twice as much template as
before (Mullis & Faloona, 1987). By repeating this cycle, a chain reaction is established, where
each cycle yields twice as much DNA as the previous. The use of thermostable polymerase (Saiki,
et al., 1988) allows control over the association and dissociation of DNA chains and primers by
rising and lowering temperature. This workflow can be automated thanks to a thermocycler, a
device that can be programmed to change reaction temperatures according to an established
pattern.
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But PCR does not limit to copying DNA, as already in his first article describing the new method,
Mullis (1987) states: “The same method can be used to alter the amplified sequence or to append
new sequence information to it”. Splicing by overlap extension PCR (SOE-PCR) is one such
application of the method. In overlap extension PCR, some of the amplification primers contain,
besides the sequence complementary to the amplified chain, an overhanging sequence,
complementary to a different DNA sequence, and possibly some modifications or additions. If PCR
is performed in such manner to several DNA sequences, it is possible to obtain DNA molecules
with overlapping ends but containing different main sequences. These molecules can act as
reciprocal primers, and a polymerase can be used to extend them, forming a chimeric or mutated
sequence which can in turn be amplified by a final PCR (Ho, Hunt, Horton, Pullen, & Pease, 1989).
Since it is much easier to design short primers than to modify and merge long DNA molecules, this
technique has simplified and cheapened a wide variety of genetic engineering procedures (Chen,
Zaro, & Shen, 2013; Thornton, 2016).

Aim
The aim of the present Bachelor Degree Project was to:
1. conduct a binary gene fusion to add the transmembrane domain of receptor TLR4 to
NLRP3, and the removal of the LRR domain from the latter.
2. Stabilize the construct by plasmid insertion and transformation, for long term storage;
using a vector construction that allows replication and expression in eukaryotes.
Thus, the project aim was to allow the creation of a chimeric NLRP3 that can be employed to
study the protein in easier conditions because it: a) lacks inhibitory domain, which could
simplify functionality studies, and allow a closer analysis of the function the domain performs;
b) is reversibly anchored to the membrane, allowing easy purification and membrane-based
assays.
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Materials and methods
General outline
The experimental workflow of the project is shown in Figure 1.

Figure 1: Diagram showing the outline of the experimental steps of the project. Some steps (shown in light pink) were not
executed.

Gene fusion design
Domain structure and position of NLRP3 and TLR4 were analysed using UniProt, while the
sequences of their corresponding genes were retrieved from the NCBI gene database (see
Database references). Sequence data were processed to find optimal primer location, check DNApeptide equivalence of possible design options and eventually determine a desired sequence with
the following tools: Sequence Manipulation Suite (Slothard), Alignment and Translate tools
(ExPASy).
TLR4 proved impossible to amplify from a plasmid, perhaps because it had degraded due to
improper storage, or was otherwise damaged. Thus, a much shorter sequence was designed and
ordered from a company (Invitrogen). This allowed the removal of all unnecessary regions of the
gene, preserving only the signal peptide —that causes the protein to be exported to the
membrane— and the transmembrane domain. Two peptidase cleavage sites could be added as
well, flanking said transmembrane domain. Of course, linker and restriction enzyme (EAM1104 I)
target site were included at their respective termini as well.
Regarding NLRP3, it was vital to preserve the 5’- end unaltered, as the first domain and the start
codon lie there. However, there was a very wide region between domains two and three where
the gene could be interrupted. It was decided to make tNLRP3 as short as possible but leave at
least 20 amino acids between the last domain and the stop codon. Figure 2 and Figure 3 show
diagrams of the truncation of NLRP3 and its fusion with cTLR4, including alter amplification of
the construct.

4

Figure 2: Diagram of the truncation of NLRP3, via amplification with the primers NLRP3_FP and NLRP3trunc_RP. The first
two functional domains are represented in blue. Orange corresponds to the terminal domain, to be removed. The linker,
overlapping region with TLR4 is represented in light blue. The target site of Eam1104 I is colored in yellow, and the stop
codon in red.

Figure 3: Diagram of the fusion of tNLRP3 and cTLR4, and subsequent amplification using the primers TLR4_FP and
NLRP3trunc_RP. Yellow signals both Eam1104 I target sites. The signal peptide is colored red, and the two peptidase
cleavage sites are green. The transmembrane domain of TLR4 and the two remaining domains of NLRP3 are shown in blue.

Primer design
Primers were designed according to the required addition of overhangs, absence of self or
reciprocal complementarity and compatible melting temperatures (including the melting
temperature of the gene overlap). Primer melting temperature was calculated using Tm calculator
(ThermoFischer) and Oligocalc (Biotools). The later tool was also employed to check for selfcomplementarity. Previously mentioned Alignment tool (ExPASy) was used too, to check for offtarget complementarity sites. Primer sequences are shown in Table 1.
Table 1: Sequence of the primers employed.

Primer name

Sequence (5’ to 3’-)

Size (bp)

Tm (ºC)

NLRP3_FP
NLRP3trunc_RP
TLR4synt_FP
TLR4synt_RP

GGTTCTGGTGGAGGAGGTTCTATGAAGATGGCAAGC
GCGCTCTTCGAAGCTACTCCAGCCTGATTTGC
ACCTCTTCAATGATGTCTGCCTCGCGCCTGG
AGAACCTCCTCCACCAGAACCGCCGCCTCC

36
32
31
30

68
67
67
70

A lot of trial and error was necessary for finding oligonucleotides that could fulfil all necessary
requirements. They needed to have sufficient complementarity with the genes (around 12-15 bp),
not be too long after adding the overhangs (<40 bp), have a melting temperature close to 65 ºC
and not be able to anneal with each other or with themselves. Thank to various web tools, the
desired regions of the genes could be quickly screened for suitable candidates.
NLRP3_FP
The outline below shows the functional structure of the Forward Primer employed with the
NLRP3 gene. Light blue represents a segment of the protein linker, which is also overlapping with
cTLR4 (underlined). Blue represents complementarity with the gene. Start codon shown in bold.
5’-GGTTCTGGTGGAGGAGGTTCTATGAAGATGGCAAGC→
NLRP3trunc_RP
The outlines below show the functional structure of the Reverse Primer employed with the NLRP3
gene (3’-5’) and the sequence yielded by using it for amplification, terminal region of tNLRP3 (5’-
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3’). Blue represents complementarity with the gene. Stop codon shown in red. The recognition
sequence of Eam1104 I is represented in bold, and along with the target site is highlighted yellow.
← CGTTTAGTCCGACCTCATCGAAGCTTCTCGCG-5’
…GCAAATCAGGCTGGAGTAGCTTCGAAGAGCGC-3’
TLR4synt_FP
The outline below shows the functional structure of the Reverse Primer designed for cTLR4 and
used to amplify the hybrid in combination with NLRP3trunc_RP. Eam1104 I recognition and target
sites are highlighted yellow, with the former marked in bold as well. Red represents
complementarity to the construct. Start codon shown in bold.
5’-ACCTCTTCAATGATGTCTGCCTCGCGCCTGG→
TLR4synt_RP
The outline below shows the functional structure of the Reverse Primer designed for cTLR4, which
has not been employed in this set of experiments (3’-5’), and the complementary sequence of the
gene (5’-3’). Light blue represents the protein linker, where the region of overlap with tNLRP3 is
underlined.
← CCTCCGCCGCCAAGACCACCTCCTCCAAGA-5’
…GGAGGCGGCGGTTCTGGTGGAGGAGGTTCT-3’

Bacterial strains and plasmid
Escherichia coli strain DH5-α (Invitrogen) was used as a host for plasmid amplification, both prior
(meaning amplification of the standard plasmid) and after cloning. Vector pQE-trisystem
(Qiagen), was used as source of the NLRP3 gene, a modified* segment of which was extracted and
amplified by PCR with the Phusion polymerase kit (NEB) using the NLRP3_FP and
NLRP3trunc_RP, using 10 ng of template DNA. PCR conditions are shown in Table 2. For further
information regarding reagents and concentrations, see the protocol in Appendix 2: protocol
instructions.
The plasmid pDual GC (Agilent), provided by ThermoFischer, was used as a vector intended for
cloning, amplifying and transfecting the hybrid of the two genes.
Table 2: PCR program employed for the PCR extraction, amplification and truncation of NLRP3.

T (ºC)

T (s)

Cycles

98
98
65
72
72
4

30’’
10’’
30’’
1’00’’
5’00’’
∞

1
30
1
1

Because the primer employed on the amplification targets the middle of NLRP3, between domains 2 and 3, the latter is
not amplified, and therefore the PCR product has the LRR domain removed, meaning the gene has been truncated. Because
of this, the truncated gene —with a size of 1858 bp— is referred to as truncated NLRP3 (or tNLRP3), the primer that causes
this truncation is labelled NLRP3trunc_RP and this PCR has been called truncating PCR.
*

Construction of the hybrid sequence
The desired sections of TLR4 (signal peptide and transmembrane domain) were custom
synthesized by Invitrogen. A two-step SOE-PCR procedure (see complete program in Table 3) was
developed and optimized wherein both sequences were first allowed to anneal at 70 ºC and
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combine by extension; and then the terminal TLR4synt_FP and NLRP3trunc_RP were added to
allow amplification of the hybrid. Template amount totalled 100 ng, with 14 ng of TLR4 and 86 ng
of tNLRP3 (equimolar amounts). The kit employed was HiFi polymerase (PCRBio). The rest of the
PCR components can be found in the corresponding protocol of Appendix 2: protocol instructions.
NOTE: the first step was performed with a volume of 46 µL (with the amounts specified for a 50 µL
reaction minus primers). Then 2 µL of each primer were added.
In order to protect several inner restriction recognition sites from cleavage, 5-methyldCTP (NEB) was added in the later steps of subsequent amplifications.

Table 3: PCR programs employed for the two-step SOE-PCR (fusion of the genes).

T (ºC)

T (s)

Cycles

98
98
70
70
4
Addition of primers
98
98
68
72
72
4

1’00’’
15’’
15’’
5’00’’
∞

1
3

1’00’’
15’’
15’’
1’30’’
5’00’’
∞

1
30

1

1
1

Prior to the described two-step PCR, six 20 µL PCR reactions were prepared, containing 2 ng of
synthetic TLR4, labelled cTLR4, and 11.6 ng tNLRP3, to achieve equimolar amounts of both genes
in the solution. Three of the reactions were loaded with primers (TLR4synt_FP; NLRP3trunc_RP)
and three were not. The program was identical to the second half of the one described in Table 3
(after “addition of primers”), except annealing temperatures were set on a gradient. This
procedure failed but was fundamental for the design of the definitive method.

Methylation of the hybrid
During the execution of later steps, it was discovered that the restriction enzyme employed was
able to cut within the sequence of the hybrid, which made it impossible to proceed. Because of
that fact, the hybrid construct had to be methylated to prevent the cleavage of inner sites.
A PCR was set up with conditions identical to those of the second step in Table 2. After 25 cycles,
1.25 µL m5dCTP were added to the product in the remaining 5 cycles, to serve as a protection
against Eam1104 I. The terminal regions contained primers, which were not methylated, and no
modified nucleotides could be added to the target site on the complementary chain during
amplification, meaning terminal cleavage sites were still suitable for digestion.

Cloning and screening
In order to clone the hybrid into pDual GC, target sites for the restriction enzyme Eam1104 I
(ThermoFischer) had been added to the primer overhangs, since this is the only restriction
enzyme compatible with the plasmid. A 2-hour incubation at 37 ºC was performed according to
the protocol, found in Appendix 2: protocol instructions. Specific concentrations are shown in
Table 4. Ligations of digested vector and digested hybrid (referred to as insert) employed T4 DNA
ligase kit (NEB). See concentrations in Table 5.
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Table 4: components and concentrations of Eam1104 I digestions.

Plasmid
15 µL H2O
2 µL 10x Tango Buffer
1 µL plasmid (1µg)
2 µL enzyme
20 µL; 50 ng/µL

Insert
15 µL H2O
2 µL 10x Tango Buffer
1 µL plasmid (1µg)
2 µL enzyme
20 µL; 50 ng/µL

Table 5: components and concentrations of DNA ligation.

Molar ratio (vector:insert)
Water
Buffer
Digested plasmid
Digested insert*
T4 DNA ligase

1:1
14.48 µL
2 µL
1 µl
1.52 µL
1 µl

1:3
11.43 µL
2 µL
1 µl
4.57 µL
1 µl

1:5
8.38 µL
2 µL
1 µl
7.62 µL
1 µl

Subsequently, 20 µL of E. coli DH5-α (Invitrogen) were mixed with 3 µL of 1:1 ligation product; 2
µL of 1:3 and 1.4 µL of 1:5, then incubated on ice for 30 minutes. 380 µL of Invitrogen’s SOC
medium were added, and the cells were left to grow for an hour at 37 ºC with 225 rpm shaking
speed.
Transformed liquid cultures were inoculated into LB agar plates with 50 mg/L Kanamycin
(prepared following the pDual GC manual provided by Agilent). Colony samples were screened
for insertion by PCR with TLR4synt_FP and NLRP3trunc_RP (and vector specific universal
primers).
Samples from 8 colonies were heated to 100 ºC for 5 minutes and centrifuged. A colony-PCR was
performed with 10 µL supernatant from each colony, added to PCR mix containing vector-specific
forward primer (T7 promoter) and gene-specific reverse primer (NLRP3trunc_RP). Later, a
second colony PCR was performed, using gene specific primers (NLRP3 FP; NLRP3trunc_RP) only.
Annealing temperature was set at 52 ºC for the first and 61 ºC for the second PCR. Extension time
was set to 1 minute 15 seconds on both assays. Everything else was identical to the steps
described in the second half of Table 3, with the same PCR preparation (HiFi polymerase kit).

Electrophoresis, concentration measurements and purification
All electrophoresis gels were prepared using 1% (w/v) agarose in TAE buffer (except two gels:
one that had 0.6 % agarose, which was employed to analyze multiple steps at once, therefore
labelled “multi-step electrophoresis”; and another used after the two-step SOE-PCR, with a
concentration of 0.7 % agarose) and run at 100 V (except one colony PCR gel, that was run at 85
V). The ladder employed as a size marker was NEB 1 kb DNA ladder. Gel dyes GelRed® and
GelGreen® (Biotium) were employed alternatively.
Concentrations were measured with Qubit® dsDNA HS Assay Kits (ThermoFischer).
Measurements were conducted after resuspension of DNA samples (primers and cTLR4), after
PCR reactions and PCR clean-ups.
After each PCR, products were purified via spin column cleanup (Macherey-Nagel). Bacterial DNA
was extracted by heating at 100 ºC for 5 minutes and 4 minutes of centrifugation at 12 100 x g.
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Ethical considerations and safety
Performing the methods described above requires engineering human genes and handling
genetically modified bacterial cells, including antibiotic resistances. These are procedures that
take place regularly in the field of molecular biology. The strain of E. coli employed corresponds
to a biosafety level of 1, according to the U.S. Center for Disease Control: “not known to cause
disease in normal, healthy humans” (Chosewood, 2007), meaning no special containment
practices are necessary beyond the standard microbiological safety practices. Modification of
human genes/cells is justified as it is motivated only by research and the modification of the
human genetic pool is not intended.
All bibliographical sources, informatic tools and protocols used to guide the laboratory work and
the writing of this report have been cited in the references. When required, publication
restrictions have been bypassed to access them.
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Results
Truncating PCR of the NLRP3 gene
A PCR procedure was performed onto the
NLRP3-carrying
pQE-trisystem
vector,
employing
primers
NLRP3_FP
and
NLRP3trunc_RP.
Concentrations:
Table 6 shows DNA concentration of PCR
products before and after undergoing spincolumn cleanup.
Table 6: product concentration of truncating-PCR.

Replica

Concentration (ng/μL)
Before cleanup

After cleanup

1

73

65.8

2

61

55.6

Electrophoresis:
Results are presented in Figure 4. A single
band below the 2000 bp mark was observed
in both sample lanes, matching the
theoretical amplicon size of 1858 bp, which
points to the success of the PCR in amplifying
a partial region of NLRP3 with added
overhangs (labelled truncated NLRP3 or
tNLRP3).

Fusion PCR v1
Concentrations:
Table 7 shows annealing temperature set for
each of the reactions, whether primers were
added or not, and DNA concentration after
PCR.
Table 7: Conditions and product concentrations of the
first SOE-PCR.

Annealing
T (ºC)
65
68.7
70.9
65
68.7
70.9

Primers

Concentration
(ng/µL)

—
—
—
x
x
x

7.32
5.84
5.34
30.08
54.80
35.00

Figure 4: Truncated NLRP3.Agarose gel electrophoresis
of the PCR performed with pQE-trisystem and the
primers NLRP3_FP2 and NLRP3trunc_RP. Lane 1
contains 1kb DNA ladder (NEB). Lanes 2 and 3 contain
replicas of the PCR product. The expected size of the
truncated gene is 1858 bp, versus the original gene
length of 3105 bp.

Electrophoresis:
As seen in Figure 5, the primer-containing
PCR products showed two intense bands,
one much smaller than the other
(presumably cTLR4, which has a size of 318
bp). The larger ones present roughly the
same migration as the control (1858 bp).
These indicate failure of the fusion.
The primer-lacking PCR products presented
only one band each, with a slightly slower
migration rate compared to the control. This
indicates that the fusion had been successful,
since the predicted size of the hybrid is 2155
bp. However, in the absence of priming
sequences (besides the two genes),
amplification did not occur, so product
concentrations were very low.
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Figure 5: Fusion_v1. Agarose gel electrophoresis of the
first attempt at fusion, employing a gradient PCR with
synthetic TLR4 and truncated NLRP3 as template,
alternatively provided with and deprived of primers
TLR4synth_FP and NLRP3trunc_RP. Lane 1 contains 1 kb
DNA ladder (NEB), while lane 2 was loaded with a
sample of truncated NLRP3 as a control (having a band
size of 1858 bp). Lanes 3, 4 and 5 correspond to the
primer-less reactions. Lanes 6 through 8 correspond to
the primer-containing ones.

Fusion PCR v2
Final concentrations:
A1 → 6.66 ng/μL
A2 → 2.22 ng/μL
A3 → 2.82 ng/μL
B → 108 ng/μL
Electrophoresis:
Either due to improper solidification or
excessive voltage, migration was fuzzy and
the results difficult to see (Figure 6). No
bands appeared in samples A1, A2 or A3.
Sample B presented a clear, slightly heavier
band compared to the control, as expected
for the fusion product (2155 bp, up from
1858 bp).

Figure 6: Fusion_2. Agarose (0.7%) gel electrophoresis
image of the second attempt at fusion, with a two-step
reaction
where
primers
(TLR4synth_FP;
NLRP3trunc_RP) are added to the mix of synthetic TLR4
and truncated NLRP3 after some PCR cycles. Lane 1
contains the 1 kb DNA ladder (NEB), lane 2 the truncated
NLRP3 gene as a control and lane 3 contains PCR
product (B). The band appears heavier than the 1858 bp
control, in accordance with the expected size of 2155 bp
for the hybrid. Between lanes 2 and 3 there are three
wells that were loaded with samples A1, A2 and A3 but
no bands have appeared.

PCR cleanup:
DNA concentration in sample B after
undergoing PCR-cleanup had a value of 86.8
ng/μL.

Transformation
Bacterial cultures were transformed with
loaded vector samples (product from the
cloning of the hybrid sequence into the
plasmid using restriction enzyme Eam1104 I
and T4 DNA ligase).
Control plates showed abundant colonies,
but only one out of ten sample plates
presented positive results. Ten colonies
which had been transformed with the
product of a ligation with a molar ratio of 1:5.
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Colony PCR 1 & 2
Electrophoresis:
The agarose gel for the first colony PCR
presented negative results for the insert in
all samples (not shown).
The second agarose gel (Figure 7) showed
negative results as well, but a higher
resolution and the presence of a control
replica —using both plasmid-specific
primers for PCR—, allowed to identify the
amplification of very short regions of the
hybrid sequence.

Figure 8: Multi-step analysis. Agarose (0.6%) gel
electrophoresis image. Lane 1 contains a 1 kb DNA
ladder (NEB). Lane 2 contains product of the fusion
reaction (see the 2155 bp hybrid fragment band). Lane 3
contains product of the methylating-PCR. Lane 4
contains Eam1104 I digestion of said product. Lane 5
contains a sample of the pDual GC vector in its original
state; and lane 6, after its cleavage by the previously
mentioned enzyme. Lanes 7 and 8 contain ligation
product of the digested vector (6) and fragment (4) in
different molar ratios (1:2.5 and 1:7.5).

Multi-step electrophoresis
Figure 7: Colony PCR. Agarose gel electrophoresis of the
second PCR performed on bacterial lysate. Lane 1
contains 1 kb DNA ladder (NEB). Lanes 2 through 9 were
loaded with PCR product of reactions containing
samples of different colonies and gene-specific primers
(TLR4synth_FP; NLRP3trunc_RP). Lane 10 contains a
control replica of the reaction used for lane 9, only with
vector-specific primers (T7 promoter, T7 terminator)
instead. Although no amplification appears in sample 10,
the remaining eight show high amounts of short DNA
fragments.

Methylating PCR
A PCR was set up with conditions identical to
those of the second step in Fusion PCR v2.
After 25 cycles, 1.25 µL m5dCTP were added
to the product in the remaining 5 cycles, to
serve as a protection against Eam1104 I.
Final concentration:
72 ng/µL

A 0.6% agarose gel was loaded with samples
from several steps, showing an overview of
the methylation and cloning processes
(Table 8). From the results, shown in Figure
8, it can be deduced that the methylation step
failed, and therefore all subsequent steps
that employed its product failed too. A band
close to 2155 bp is notably missing in lane 3,
indicating the failure of the methylating PCR.
Lane 6 shows the successful cleavage of the
plasmid, with the ~1 kb Ampicillin resistance
gene forming a clear band. Lanes 7 and 8
show there is no increase in plasmid size,
indicating the hybrid has not integrated in it.
Table 8: contents loaded on the different gel wells.

Lane
1
2
3
4
5
6
7
8

Analyte
1 kb DNA ladder
Hybrid DNA
Methylated hybrid
Digested insert
pDual GC
Digested pDual GC
Ligated vector 1:2.5
Ligated vector 1:7.5

Load (µL)
0.2
1.16
1.39
<4
1
2
2
2
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Cloning and Transformation 3
Digestions were performed on both replicas,
and six ligation reactions were left overnight,
with molar ratios of 1:1; 1:3 and 1:5.
However, after a new transformation no
colonies grew on the plates, for the last time.

Electrophoresis
A final electrophoresis was performed to
analyse all six ligation reactions. Only the
bands that would appear on a plasmid
digestion are recognizable (Figure 10).

Figure 9: Methylating PCR 2. Agarose (0.6%) gel
electrophoresis image of the second attempt at
methylating the hybrid construct. Lane 1 contains 1 kb
ladder. Lanes two and 3 contain PCR product of each
replica, from the two step methylating PCR.

Methylating PCR 2
A new transformation with the product of
the second cloning yielded no colonies. Thus,
methylation had to be repeated.
A second methylating PCR was prepared in
the same conditions as before, only with two
replicas.
Final concentration:
Sample 1 → 70 ng/µL
Sample 2 → 77.6 ng/µL
Electrophoresis:
A gel electrophoresis (0.6% agarose) was
performed, albeit its poor quality disallows
conclusions to be made from it (Figure 9).

Figure 10: Ligation. Agarose gel electrophoresis image
of the third and last attempt at cloning. Lane 1 contains
1 kb DNA ladder (NEB). The remaining lanes contain
products from ligation reactions of vector and hybrid
fragment, digested with Eam1104 I. Ligation molar
ratios of the loaded samples were 1:1 in lanes 3 and 6,
1:3 in lanes 4 and 7, 1:5 in lanes 5 and 8.
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Discussion
The original plan was to amplify TLR4 from a plasmid and use that product (after
modifications similar to those of tNLRP3, like the removal of the terminal domain) for the
fusion. However, amplification attempts were unsuccessful, leading to the conclusion that
the gene was degraded or absent from the plasmid. Hence the decision to request a custom
synthetic fragment. But the question arises: why not save time and effort by requesting the
desired sequence of the fusion fragment? A custom sequence provider (Integrated DNA
technologies, because Invitrogen does not display prize information publicly) prizes a
sequence the length of cTLR4 at 145 € and the four primers employed add up to a total of
37 € from ThermoFischer. In contrast, custom synthesis of a sequence the length of the
hybrid (2155 bp) would cost 603 € and require 10 extra days of production. Because of a
prize that is three times as high, and because the need for custom synthesis was only
realised after laboration had already begun, it did not seem very favourable to order the
entire fusion product.
It was initially intended to truncate the gene after amplifying it from the plasmid. However,
in an attempt to save time, these two steps were combined in one. This way, it was not
necessary to use primers without overhangs anywhen on the laboration.
Fusion is a step that had not been optimized, so it was decided to try several replicas in a
temperature gradient. This was apparently unnecessary: as shown in Figure 5, each set of
replicas contain very similar results independently of the annealing temperature of the PCR.
Having 5 ºC of flexibility shows the “reliability” of the technique. The expectation that the
genes would merge successfully and be amplified when primers were added from the
beginning was disproven. Said expectation was based on an article by Thornton (2016), that
served as an early model for understanding and designing a SOE-PCR. In Thornton’s article,
it is recommended to perform a PCR with primers and templates present from the
beginning, which yielded negative results when attempted, but luckily it was shown that the
fragments were able to anneal and extend successfully without them.
When fusion was retried, a temperature gradient was not necessary anymore, as the
viability of a large span of annealing temperatures had been assessed; and an optimal value
had been settled upon. The three successful fusion products were expected to be amplified
by this PCR, given that primers were added, but they were not. It is possible that the amount
added was too low since they had not been amplified in the first place and only a small
volume was added to this second reaction. In the case of sample B (the PCR prepared newly
for the two-step setup, instead of using product from the previous attempt), all the fused
DNA was present when primers were added. Therefore, while the two-step PCR (sample B)
contained 100 ng of template DNA that could potentially merge and later serve as substrate
for amplification, the previous PCR samples contained at most 15 ng of DNA, probably a
smaller amount of hybrid.
A short mention to the purification step: DNA recovery of sample B had an efficiency of
96.3%. PCR cleanup kit (Macherey-Nagel) was quick and easy to use, and according to this
result, is very effective at its task.
The appearance of colonies in only one of the ten plates was a worrying sign, but there was
no clue why. The first colony PCR also did not provide enough information to conclude the
cloning was a failure. Fortunately, the second PCR solved this problem. In the corresponding
gel, the distinction between the primer and amplicon bands was much clearer, showing that
there was amplification indeed. Because the control used vector-specific primers and
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showed no amplification product, it could be concluded that the material amplified was a
region of the hybrid. A very small fragment of the hybrid, probably flanked by Eam1104 I
recognition sites that lead it to be ligated with the vector, pointed to unspecific cleavage of
the enzyme. However, the digestion had not been carried out for a long time, so this
explanation seemed unlikely. Based on a suspicion, the theoretical sequence of the hybrid
was checked for Eam1104 I recognition sites,
and several were found, on the forward and
reverse strands (See Appendix 1).
The random fragmentation of the hybrid
means many of the recognition sites were not
compatible for insertion, as they are
directionally specific (one strand must carry
the recognition sequence and the other must
carry its complementary). So the probability
of a successful religation of the vector was
very low, explaining the scarcity of kanamycin
resistant colonies. The strongest hypothesis
for the origin of the inserted fragment is the 3’terminus of NLRP3, with a size of >200 bp and
the forward and reverse versions of the
recognition site flanking it.
Of course, this was a grave overlook and
seriously delayed the project and should have
been spotted during the experimental design.
Otherwise, a simple electrophoresis after
digesting the fragment would have prevented
much futile work.

Figure 11: Simulated successful version of Figure 8.
Lane 3 now shows a 2155 bp band just like the control,
while lane 4 has a band slightly smaller (perhaps
imperceptibly so). Lanes 7 and 8 might show a faint
band of digested, uninserted hybrid (same size as lane
4) and a band of around 7 kb formed by the religated
vector, containing the hybrid.

In Figure 11 the desired result of the multi-step electrophoresis has been simulated. The
step that failed was methylation, for unknown reasons. If it had worked, perhaps all
downstream steps would have too, and the fusion gene could have been stabilized and
stored in the vector as intended, but it was not the case.
Regarding success of the experimental part; this project was only partially successful. First,
the initial aim was too optimistic for a period of only six-months: it was not realistically
possible to produce a fusion protein, with all the steps that involves (including sequencing,
transfection and protein analysis). Even so, after the aim was reconsidered and limited to
producing a fusion gene, this was not fully completed either. There is evidence that the
hybrid was successful produced, but it is not certain because sequencing results would have
been needed on top of the gel image. Furthermore, failure at cloning the gene into a vector
and creating transformant colonies which can be stored indefinitely at -80 ºC, means that
the physical product will not be useful for further research, as free DNA has a much shorter
shelf-life in its -20 ºC storage. Despite this, there is merit in completing the fusion, which
was, after all, the main experimental objective, and all the work put into this project can still
be of use to later experiments trying to do the same or reach further than we have.
Optimizations and experimental conditions (successful and failed) can be found in this
report and in the original experiment transcription (Lab Book) and can inform and facilitate
new attempts at gene fusion or modification.
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The primary reason no more progress was made is time limitations. While earlier steps
were made carefully and effectively, later steps needed to be rushed and kept failing. For
instance, if there had not been a pause of 27 days before receiving the plasmid, a whole extra
month would have been available for cloning, which also requires waiting days for plate
incubation. In my opinion, with more time and thought, the hybrid would have been
successfully cloned and preserved.
Another important setback was the presence of multiple Eam1104 I cleavage sites in the
hybrid, which was only noticed after causing multiple issues and delays. This was an
undeniable mistake but can be explained by the relative improbability of occurring with
most restriction enzymes. The recognition sequence of Eam1104 I is shorter than most
others, so it poses an unusual problem that is rarely checked for. This is not meant to justify
the error but contextualize it.

Conclusion
Despite not having reached all its objectives, this project has led to the successful Fusion of
two genes. Future research can take advantage of the method developed and perfect it,
possibly leading to a better understanding of how NLRP3 works, and the structure,
mechanism and regulation of the NLRP3 inflammasome. Inflammation, a crucial mechanism
of the immune system, has been linked to a growing number of diseases, and thus
elucidating how and why it becomes unregulated is increasingly important for biomedical
science. Ideally, new therapies can be developed thanks to a greater understanding of these
processes, and the present project can help those efforts.
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Appendix 1
NLRP3
5’ATGGCAAGCACCCGCTGCAAGCTGGCCAGGTACCTGGAGGACCTGGAGGATGTGGACTTGAAGAAAT
TTAAGATGCACTTAGAGGACTATCCTCCCCAGAAGGGCTGCATCCCCCTCCCGAGGGGTCAGACAGAGAA
GGCAGACCATGTGGATCTAGCCACGCTAATGATCGACTTCAATGGGGAGGAGAAGGCGTGGGCCATGGCC
GTGTGGATCTTCGCTGCGATCAACAGGAGAGACCTTTATGAGAAAGCAAAAAGAGATGAGCCGAAGTGGG
GTTCAGATAATGCACGTGTTTCGAATCCCACTGTGATATGCCAGGAAGACAGCATTGAAGAGGAGTGGAT
GGGTTTACTGGAGTACCTTTCGAGAATCTCTATTTGTAAAATGAAGAAAGATTACCGTAAGAAGTACAGA
AAGTACGTGAGAAGCAGATTCCAGTGCATTGAAGACAGGAATGCCCGTCTGGGTGAGAGTGTGAGCCTCA
ACAAACGCTACACACGACTGCGTCTCATCAAGGAGCACCGGAGCCAGCAGGAGAGGGAGCAGGAGCTTCT
GGCCATCGGCAAGACCAAGACGTGTGAGAGCCCCGTGAGTCCCATTAAGATGGAGTTGCTGTTTGACCCC
GATGATGAGCATTCTGAGCCTGTGCACACCGTGGTGTTCCAGGGGGCGGCAGGGATTGGGAAAACAATCC
TGGCCAGGAAGATGATGTTGGACTGGGCGTCGGGGACACTCTACCAAGACAGGTTTGACTATCTGTTCTA
TATCCACTGTCGGGAGGTGAGCCTTGTGACACAGAGGAGCCTGGGGGACCTGATCATGAGCTGCTGCCCC
GACCCAAACCCACCCATCCACAAGATCGTGAGAAAACCCTCCAGAATCCTCTTCCTCATGGACGGCTTCG
ATGAGCTGCAAGGTGCCTTTGACGAGCACATAGGACCGCTCTGCACTGACTGGCAGAAGGCCGAGCGGGG
AGACATTCTCCTGAGCAGCCTCATCAGAAAGAAGCTGCTTCCCGAGGCCTCTCTGCTCATCACCACGAGA
CCTGTGGCCCTGGAGAAACTGCAGCACTTGCTGGACCATCCTCGGCATGTGGAGATCCTGGGTTTCTCCG
AGGCCAAAAGGAAAGAGTACTTCTTCAAGTACTTCTCTGATGAGGCCCAAGCCAGGGCAGCCTTCAGTCT
GATTCAGGAGAACGAGGTCCTCTTCACCATGTGCTTCATCCCCCTGGTCTGCTGGATCGTGTGCACTGGA
CTGAAACAGCAGATGGAGAGTGGCAAGAGCCTTGCCCAGACATCCAAGACCACCACCGCGGTGTACGTCT
TCTTCCTTTCCAGTTTGCTGCAGCCCCGGGGAGGGAGCCAGGAGCACGGCCTCTGCGCCCACCTCTGGGG
GCTCTGCTCTTTGGCTGCAGATGGAATCTGGAACCAGAAAATCCTGTTTGAGGAGTCCGACCTCAGGAAT
CATGGACTGCAGAAGGCGGATGTGTCTGCTTTCCTGAGGATGAACCTGTTCCAAAAGGAAGTGGACTGCG
AGAAGTTCTACAGCTTCATCCACATGACTTTCCAGGAGTTCTTTGCCGCCATGTACTACCTGCTGGAAGA
GGAAAAGGAAGGAAGGACGAACGTTCCAGGGAGTCGTTTGAAGCTTCCCAGCCGAGACGTGACAGTCCTT
CTGGAAAACTATGGCAAATTCGAAAAGGGGTATTTGATTTTTGTTGTACGTTTCCTCTTTGGCCTGGTAA
ACCAGGAGAGGACCTCCTACTTGGAGAAGAAATTAAGTTGCAAGATCTCTCAGCAAATCAGGCTGGAGCT
GCTGAAATGGATTGAAGTGAAAGCCAAAGCTAAAAAGCTGCAGATCCAGCCCAGCCAGCTGGAATTGTTC
TACTGTTTGTACGAGATGCAGGAGGAGGACTTCGTGCAAAGGGCCATGGACTATTTCCCCAAGATTGAGA
TCAATCTCTCCACCAGAATGGACCACATGGTTTCTTCCTTTTGCATTGAGAACTGTCATCGGGTGGAGTC
ACTGTCCCTGGGGTTTCTCCATAACATGCCCAAGGAGGAAGAGGAGGAGGAAAAGGAAGGCCGACACCTT
GATATGGTGCAGTGTGTCCTCCCAAGCTCCTCTCATGCTGCCTGTTCTCATGGATTGGTGAACAGCCACC
TCACTTCCAGTTTTTGCCGGGGCCTCTTTTCAGTTCTGAGCACCAGCCAGAGTCTAACTGAATTGGACCT
CAGTGACAATTCTCTGGGGGACCCAGGGATGAGAGTGTTGTGTGAAACGCTCCAGCATCCTGGCTGTAAC
ATTCGGAGATTGTGGTTGGGGCGCTGTGGCCTCTCGCATGAGTGCTGCTTCGACATCTCCTTGGTCCTCA
GCAGCAACCAGAAGCTGGTGGAGCTGGACCTGAGTGACAACGCCCTCGGTGACTTCGGAATCAGACTTCT
GTGTGTGGGACTGAAGCACCTGTTGTGCAATCTGAAGAAGCTCTGGTTGGTCAGCTGCTGCCTCACATCA
GCATGTTGTCAGGATCTTGCATCAGTATTGAGCACCAGCCATTCCCTGACCAGACTCTATGTGGGGGAGA
ATGCCTTGGGAGACTCAGGAGTCGCAATTTTATGTGAAAAAGCCAAGAATCCACAGTGTAACCTGCAGAA
ACTGGGGTTGGTGAATTCTGGCCTTACGTCAGTCTGTTGTTCAGCTTTGTCCTCGGTACTCAGCACTAAT
CAGAATCTCACGCACCTTTACCTGCGAGGCAACACTCTCGGAGACAAGGGGATCAAACTACTCTGTGAGG
GACTCTTGCACCCCGACTGCAAGCTTCAGGTGTTGGAATTAGACAACTGCAACCTCACGTCACACTGCTG
CTGGGATCTTTCCACACTTCTGACCTCCAGCCAGAGCCTGCGAAAGCTGAGCCTGGGCAACAATGACCTG
GGCGACCTGGGGGTCATGATGTTCTGTGAAGTGCTGAAACAGCAGAGCTGCCTCCTGCAGAACCTGGGGT
TGTCTGAAATGTATTTCAATTATGAGACAAAAAGTGCGTTAGAAACACTTCAAGAAGAAAAGCCTGAGCT
GACCGTCGTCTTTGAGCCTTCTTGGTAG-3’
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cTLR4 (318 bp) and its primers
5’-ACCTCTTCAATGATGTCTGCCTCGCGCCTGG→
5’ACCTCTTCAATGATGTCTGCCTCGCGCCTGGCTGGGACTCTGATCCCAGCCATGGCCTTCCTCTCCT
GCGTGAGACCAGAAGTTGAACGAATGGAATGTGCAACACCTTCAGATAAGCAGGGCATGCCTGTGCTGAG
TTTGAATATCACCTGTGATGACGATGACAAGCAGATGAATAAGACCATCATTGGTGTGTCGGTCCTCAGT
GTGCTTGTAGTATCTGTTGTAGCAGTTCTGGTCTATAAGTTCTATTTTCACCTGATGCTTGAAAACCTGT
ATTTTCAGTCCGGAGGCGGCGGTTCTGGTGGAGGAGGTTCT3’
← CCTCCGCCGCCAAGACCACCTCCTCCAAGA-5’

Fusion product with all restriction sites
5’ACCTCTTCAATGATGTCTGCCTCGCGCCTGGCTGGGACTCTGATCCCAGCCATGGCCTTCCTCTCCT
GCGTGAGACCAGAAGTTGAACGAATGGAATGTGCAACACCTTCAGATAAGCAGGGCATGCCTGTGCTGAG
TTTGAATATCACCTGTGATGACGATGACAAGCAGATGAATAAGACCATCATTGGTGTGTCGGTCCTCAGT
GTGCTTGTAGTATCTGTTGTAGCAGTTCTGGTCTATAAGTTCTATTTTCACCTGATGCTTGAAAACCTGT
ATTTTCAGTCCGGAGGCGGCGGTTCTGGTGGAGGAGGTTCTATGAAGATGGCAAGCACCCGCTGCAAGCT
GGCCAGGTACCTGGAGGACCTGGAGGATGTGGACTTGAAGAAATTTAAGATGCACTTAGAGGACTATCCT
CCCCAGAAGGGCTGCATCCCCCTCCCGAGGGGTCAGACAGAGAAGGCAGACCATGTGGATCTAGCCACGC
TAATGATCGACTTCAATGGGGAGGAGAAGGCGTGGGCCATGGCCGTGTGGATCTTCGCTGCGATCAACAG
GAGAGACCTTTATGAGAAAGCAAAAAGAGATGAGCCGAAGTGGGGTTCAGATAATGCACGTGTTTCGAAT
CCCACTGTGATATGCCAGGAAGACAGCATTGAAGAGGAGTGGATGGGTTTACTGGAGTACCTTTCGAGAA
TCTCTATTTGTAAAATGAAGAAAGATTACCGTAAGAAGTACAGAAAGTACGTGAGAAGCAGATTCCAGTG
CATTGAAGACAGGAATGCCCGTCTGGGTGAGAGTGTGAGCCTCAACAAACGCTACACACGACTGCGTCTC
ATCAAGGAGCACCGGAGCCAGCAGGAGAGGGAGCAGGAGCTTCTGGCCATCGGCAAGACCAAGACGTGTG
AGAGCCCCGTGAGTCCCATTAAGATGGAGTTGCTGTTTGACCCCGATGATGAGCATTCTGAGCCTGTGCA
CACCGTGGTGTTCCAGGGGGCGGCAGGGATTGGGAAAACAATCCTGGCCAGGAAGATGATGTTGGACTGG
GCGTCGGGGACACTCTACCAAGACAGGTTTGACTATCTGTTCTATATCCACTGTCGGGAGGTGAGCCTTG
TGACACAGAGGAGCCTGGGGGACCTGATCATGAGCTGCTGCCCCGACCCAAACCCACCCATCCACAAGAT
CGTGAGAAAACCCTCCAGAATCCTCTTCCTCATGGACGGCTTCGATGAGCTGCAAGGTGCCTTTGACGAG
CACATAGGACCGCTCTGCACTGACTGGCAGAAGGCCGAGCGGGGAGACATTCTCCTGAGCAGCCTCATCA
GAAAGAAGCTGCTTCCCGAGGCCTCTCTGCTCATCACCACGAGACCTGTGGCCCTGGAGAAACTGCAGCA
CTTGCTGGACCATCCTCGGCATGTGGAGATCCTGGGTTTCTCCGAGGCCAAAAGGAAAGAGTACTTCTTC
AAGTACTTCTCTGATGAGGCCCAAGCCAGGGCAGCCTTCAGTCTGATTCAGGAGAACGAGGTCCTCTTCA
CCATGTGCTTCATCCCCCTGGTCTGCTGGATCGTGTGCACTGGACTGAAACAGCAGATGGAGAGTGGCAA
GAGCCTTGCCCAGACATCCAAGACCACCACCGCGGTGTACGTCTTCTTCCTTTCCAGTTTGCTGCAGCCC
CGGGGAGGGAGCCAGGAGCACGGCCTCTGCGCCCACCTCTGGGGGCTCTGCTCTTTGGCTGCAGATGGAA
TCTGGAACCAGAAAATCCTGTTTGAGGAGTCCGACCTCAGGAATCATGGACTGCAGAAGGCGGATGTGTC
TGCTTTCCTGAGGATGAACCTGTTCCAAAAGGAAGTGGACTGCGAGAAGTTCTACAGCTTCATCCACATG
ACTTTCCAGGAGTTCTTTGCCGCCATGTACTACCTGCTGGAAGAGGAAAAGGAAGGAAGGACGAACGTTC
CAGGGAGTCGTTTGAAGCTTCCCAGCCGAGACGTGACAGTCCTTCTGGAAAACTATGGCAAATTCGAAAA
GGGGTATTTGATTTTTGTTGTACGTTTCCTCTTTGGCCTGGTAAACCAGGAGAGGACCTCCTACTTGGAG
AAGAAATTAAGTTGCAAGATCTCTCAGCAAATCAGGCTGGAGTAGCTTCGAAGAGCGC-3’
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Appendix 2: protocol instructions
Phusion® High-Fidelity PCR Kit: instruction manual (NEB)

Protocol for a Routine PCR Reaction:
We recommend assembling all reaction components on ice and quickly transferring the reactions to a
thermocycler preheated to the denaturation temperature (98°C). All components should be mixed and
centrifuged prior to use. It is important to add Phusion DNA Polymerase last, in order to prevent any primer
degradation caused by the 3´→5´ exonuclease activity. Phusion DNA Polymerase may be diluted in 1X HF or
GC Buffer just prior to use in order to reduce pipetting errors. Please note that protocols with Phusion DNA
Polymerase may differ from protocols with other standard polymerases. As such, conditions
recommended below should be used for optimal performance.

1. Set up the appropriate reactions on ice:
20 µl
REACTION

COMPONENT
Nuclease-free water

50 µl
FINAL
REACTION CONCENTRATION

to 20 µl

to 50 µl

4 µl

10 µl

1X

0.4 µl

1 µl

200 µM

10 µM Forward Primer

1 µl

2.5 µl

0.5 µM

10 µM Reverse Primer

1 µl

2.5 µl

0.5 µM

Template DNA

variable

variable

< 250 ng

DMSO (optional)

(0.6 µl)

(1.5 µl)

3%

0.2 µl

0.5 µl

1.0 units/50 µl PCR

5X Phusion HF or GC
Buffer
10 mM dNTPs

Phusion DNA
Polymerase

2. Gently mix the reaction and spin down in microcentrifuge.
If the thermocycler does not have a heated lid, overlay the sample with mineral oil.

3. Cycling Conditions for a Routine PCR Reaction:
CYCLE STEP
Initial
Denaturation
Denaturation
Annealing
Extension

CYCLES

TEMP

TIME

1

98°C

30 seconds

30

98°C
45–72°C
72°C

5–10 seconds
10–30 seconds
15–30 seconds per kb

Final Extension

1

72°C

5–10 minutes

Hold

1

4°C

∞

PCR Optimization:
The following guidelines are provided to ensure successful PCR using Phusion DNA Polymerase. These
guidelines cover routine PCR reactions. Amplification of templates with high GC content, high secondary
structure, low template concentrations or longer amplicons may require further optimization.
1. Template:
Use of high quality, purified DNA templates greatly enhances the success of PCR reactions.
Recommended amounts of DNA template for a 50 μl reaction are as follows:
DNA
Genomic
Plasmid or Viral

AMOUNT
50 ng–250 ng
1 pg–10 ng

If the template DNA is obtained from a cDNA synthesis reaction, the volume added should be less
than 10% of the total reaction volume.
2. Primers:
Oligonucleotide primers are generally 20–40 nucleotides in length and ideally have a GC content of
40–60%. Computer programs such as Primer3 (http://frodo.wi.mit.edu/primer3) can be used to design
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or analyze primers. The final concentration of each primer in a PCR reaction using Phusion DNA
Polymerase may be 0.2–1 μM, while 0.5 μM is recommended.
3. Mg++ and additives:
Mg++ is critical to achieve optimal activity with Phusion DNA Polymerase.
The final Mg++ concentration in 1X Phusion HF and GC Buffer is 1.5 mM. Excessive Mg ++ can prevent
full denaturation of DNA as well as cause non-specific binding of primers. The optimal Mg++
concentration is affected by dNTP concentration, the template being used and supplements that are
added to the reaction. If the chelators (e.g. EDTA) are present, it may be necessary to increase the
Mg++ concentration. Mg++ can be optimized in 0.5 mM increments using the MgCl2 provided.
Amplification of difficult targets, such as those with GC-rich sequences or secondary structure, may
be improved by the presence of additives such as DMSO (included). A final concentration of 3%
DMSO is recommended, although concentration can be optimized in 2% increments. It is important to
note that if a high concentration of DMSO is used, the annealing temperature must be lowered as it
decreases the primer Tm (8). Phusion DNA polymerase is also compatible with other additives such
as formamide or glycerol.
4. Deoxynucleotides:
The final concentration of dNTPs is typically 200 μM of each deoxynucleotide. Phusion cannot
incorporate dUTP and is not recommended for use with uracil-containing primers or template.
5. Phusion DNA Polymerase Concentration:
We generally recommend using Phusion DNA Polymerase at a concentration of 20 units/ml (1.0
units/50 μl reaction). However, the optimal concentration of Phusion DNA Polymerase may vary from
10–40 units/ml (0.5–2 units/50 μl reaction) depending on amplicon length and difficulty. Do not
exceed 2 units/50 µl reaction, especially for amplicons longer than 5 kb.
6. Buffers
5X Phusion HF Buffer and 5X Phusion GC Buffer are provided with the enzyme. HF buffer is
recommended as the default buffer for high-fidelity amplification. For difficult templates, such as GCrich templates or those with secondary structure, GC buffer can improve reaction performance. GC
buffer should be used in experiments where HF buffer does not work. Detergent-free reaction buffers
are also available for applications that do not tolerate detergents (e.g. microarray, DHPLC).
6. Denaturation:
An initial denaturation of 30 seconds at 98°C is sufficient for most amplicons from pure DNA
templates. Longer denaturation times can be used (up to 3 minutes) for templates that require it.
During thermocycling, the denaturation step should be kept to a minimum. Typically, a 5–10 second
denaturation at 98°C is recommended for most templates.
7. Annealing:
Annealing temperatures required for use with Phusion tend to be higher than with other PCR
polymerases. The NEB Tm Calculator (www.neb.com/ TmCalculator) should be used to
determine the annealing temperature when using Phusion. Typically, primers greater than 20
nucleotides in length anneal for 10–30 seconds at 3°C above the Tm of the lower Tm primer. If the
primer length is less than 20 nucleotides, an annealing temperature equivalent to the Tm of the lower
primer should be used. A temperature gradient can also be used to optimize the annealing
temperature for each primer pair. For two-step cycling, the gradient can be set as high as the
extension temperature.
For high Tm primer pairs, two-step cycling without a separate annealing step can be used.
8. Extension:
The recommended extension temperature is 72°C. Extension times are dependent on amplicon
length and complexity. Generally, an extension time of 15 seconds per kb can be used. For complex
amplicons, such as genomic DNA, an extension time of 30 seconds per kb is recommended.
Extension time can be increased to 40 seconds per kb for cDNA templates, if necessary.

23

PCRBIO HiFi Polymerase

PCRBIO HiFi
Polymerase
Reaction setup
1. Allow 5x PCRBIO HiFi Buffer to reach room temperature, briefly vortex.
2. Prepare a master mix based on the following table:
Reagent

50µl reaction

Final concentration

Notes

10.0µl
2.0µl

1x
400nM

See above for optimal

Reverse primer (10µM)

2.0µl

400nM

primer design

Template DNA

<100ng cDNA, <500ng genomic

variable

See above for template
considerations

5x PCRBIO Reaction Buffer
Forward primer (10µM)

PCRBIO HiFi Polymerase (2u/µl)

0.5µl

PCR grade dH2O

Up to 50µl final volume

3. Cycle using conditions based on the following table:
Cycles

Temperature

Time

Notes

1

95°C

1min

Initial denaturation

95°C
55°C to 65°C
72°C

15 seconds
15 seconds
30 seconds per kb

Denaturation
Anneal
Extension (30 seconds per kb)

25-35

version 1.4

Eam1104I: product information (ThermoFischer)
Recommended Protocol for Digestion
• Add:
nuclease-free water 16 µL
10X Buffer Tango
2 µL
DNA (0.5-1 µg/µL)
1 µL
Eam1104I
0.5-2 µL
• Mix gently and spin down for a few seconds.
• Incubate at 37°C for 1-16 hours.
The digestion reaction may be scaled either up or down.
Recommended Protocol for Digestion of PCR Products Directly after Amplification
• Add:
PCR reaction mixture 10 µL (~0.1-0.5 µg of DNA) nuclease-free water
2 µL
Eam1104I
1-2 µL

18 µL 10X Buffer Tango

• Mix gently and spin down for a few seconds.
• Incubate at 37°C for 1-16 hours.
Thermal Inactivation
Eam1104I is inactivated by incubation at 65°C for 20 min.
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Ligation Protocol with T4 DNA Ligase (NEB)
Protocol
1. Set up the following reaction in a microcentrifuge tube on ice.
(T4 DNA Ligase should be added last. Note that the table shows a ligation using a
molar ratio of 1:3 vector to insert for the indicated DNA sizes.) Use NEBioCalculator
to calculate molar ratios.
COMPONENT
T4 DNA Ligase Buffer (10X)*
Vector DNA (4 kb)
Insert DNA (1 kb)
Nuclease-free water
T4 DNA Ligase

20 μl REACTION
2 μl
50 ng (0.020 pmol)
37.5 ng (0.060 pmol)
to 20 μl
1 μl

* The T4 DNA Ligase Buffer should be thawed and resuspended at room temperature.
2. Gently mix the reaction by pipetting up and down and microfuge briefly.
3. For cohesive (sticky) ends, incubate at 16°C overnight or room temperature for 10
minutes.
4. For blunt ends or single base overhangs, incubate at 16°C overnight or room
temperature for 2 hours (alternatively, high concentration T4 DNA Ligase can be used
in a 10 minute ligation).
5. Heat inactivate at 65°C for 10 minutes.
6. Chill on ice and transform 1-5 μl of the reaction into 50 μl competent cells
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