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Cloning of intronic sequence within DsRed2 increased the number of cells
expressing red fluorescent protein

Rishikaysh V. Pisal’, Hana Hrebikova?, Jana Chvatalova®, Tomas Soukup?, Stanislav Filip®, Jaroslav Mokry?

Aim. Cloning of artificial intronic sequence within the open reading frame (ORF) of DsRed2 gene.

Method. Splice prediction software was used to analyze DsRed2 sequence to find an ideal site for cloning artificial
intronic sequence. Intron was cloned within DsRed?2 using cyclic ligation assembly. Flow cytometry was used to quantify
the number of cells expressing red fluorescence.

Result. Sequencing data confirmed precise cloning of intron at the desired position using cyclic ligation assembly.
Successful expression of red fluorescence after cloning of intron confirmed successful intron recognition and splicing
by host cell line. Cloning of intron increased the number of cells expressing red fluorescent protein.

Conclusion. Cloning of intronic sequence within DsRed2 has helped to increase the number of cells expressing red

fluorescence by approximately four percent.
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INTRODUCTION

DsRed is a red fluorescent protein (RFP) from coral
Discosoma sp.' with excitation and emission maxima at
558 and 583 nm respectively?. Shi-Lung Lin et al used
EcoO109I restriction site within hcRed1 for cloning an
intron within its ORF (ref.?). Intron cloned HcRed1 con-
struct was successfully utilized to generate transgenic
miRNA-expressing cell lines and animals*> and gene-
knockout mice for human disease research®. The authors
show successful splicing of preemRNA and further exci-
sion into small miRNA, which in turn are able to trigger
targeted gene silencing making this type of construct a
good platform for miRNA expression’.

We extended this finding to DsRed2 and after ana-
lyzing the sequence using splice prediction software it
was found that EcoO 1091 restriction site within ORF of
DsRed2 encompasses a prominent intron splicing en-
hancer region, which can be used for cloning intronic se-
quences. In this study, we opted for cycled ligation based
DNA assembly procedure to clone the intron within the
ORF. This method employs a thermostable ligase and
short scaffold oligonucleotides connectors (SOCs) that
are homologous to the ends and beginnings of two adja-
cent DNA sequences’.

A brief overview of cyclic ligation assembly is as fol-
lows: First, denaturation of the two fragments is carried
out in the presence of suitable SOC, which allows the
SOC access to the complementary strands of the two se-
quences when the reaction is returned to an annealing
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temperature’. Binding of the SOC to the complementary
strands creates a temporary dsDNA structure with an ab-
sence of a single phosphodiester bond between the two
complementary strands’. The thermostable Taq Ligase?®
specifically ligates the complementary strands together to
produce a continuous ssDNA structure without any loss
or addition of nucleotides at the joint. SOCs serve only
as initial scaffolds for fragment assembly, with success-
fully assembled products becoming additional templates
as they assemble’. The two ligated strands anneal to their
complementary strands, again creating a single nick in
a dsDNA structure. The amount of correctly assembled
product increases exponentially as the reaction cycles be-
tween denaturing and annealing/ligation temperatures’.

In the current study, we have successfully cloned
intron within ORF of DsRed?2 using cyclic ligation as-
sembly. This cloning resulted an increase in number of
cells expressing red fluorescent as compared to un-cloned
DsRed?2.

MATERIALS AND METHODS

Splicing prediction

DsRed?2 sequence was analyzed for splice site pre-
diction using NetGene2 World Wide Web Server soft-
ware developed and maintained by Center for Biological
Sequence Analysis, The Technical University of Denmark
DK-2800 Lyngby, Denmark® Link to website is http://
www.cbs.dtu.dk/services/NetGene2/
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Table 1. Sequences of synthetic oligonucleotides used in the experiment.

Primer name Sequence

FP LF DsRed 5-ATCTCGAGCTCAAGCTTCGAATTCTG-3
RP LF DsRed 5-CTTGTGGGTCTCGCCCTTCA-3’

FP SF DsRed 5-GCCCTGAAGCTGAAGGAC-3’

RP SF DsRed 5-CTCTACAAATGTGGTATGGCTG-3

Intron amplification FP
Intron amplification RP
DsRed2N1 FP (Hind III RS)
DsRed2N1 RP (Xbal RS)
SOCl1

SOC2

Sequence of artificial intron
sense strand

5-GTAAGAGTGGTCCGATCGTCGC-3
5-CTGCAGGATATCAAAAAAGGGACAGG-3
5-ATGCAAGCTTGCCACCATGGCCTCCTCCGAGAAC-3’
5-ATGCTCTAGACGGCCGCTACAGGAACAGGTG-3’

5 TGAAGGGCGAGACCCACAAGGTAAGAGTGGTCCGATCGTC-3’
5-CCTTTTTTGATATCCTGCAGGCCCTGAAGCTGAAGGACGG-3’

5-GTAAGAGTGGTCCGATCGTCGCGACGCGTCATTACTAACTATCAAT
ACTTAATCCTGTCCCTTTTTTGATATCCTGCAG-3’

Table 2. CLA reaction setup and thermocycler program’.

Cycled Ligation Reaction

Component Amount Final
(uL) concentration

20 nM Insert Mix 2 2 nM

200 nM SOC Mix 1 10nM

10X Taq Ligase Buffer 2 1X

40 U/uL Taq DNA Ligase 2 80U

H,0 12

Total 20

Thermocycler Program:

1. 95 °C 2 min

2. 95 °C 30s

3. 60 °C 2 min

4. GOTO 2 30x%

5. 55°C 1 0

min

6. 4°C hold

Plasmids construction

Using DsRed2N1 plasmid as template entire DsRed2
gene was PCR amplified as two fragments; a 556 bp frag-
ment (LF) and 233 bp fragment (SF) using LF DsRed and
SF DsRed primer pairs respectively. Intronic sequence
was amplified from 79 bp single stranded oligonucleotide
sequence using primer pair Intron FP and Intron RP. All
PCR amplifications were carried out using high fidelity
polymerase (Q5 high fidelity polymerase NEB).

Three fragments were assembled into a single 763 bp
fragment using cyclic ligation assembly (CLA) procedure.
Reaction setup and thermocycler program is mentioned
in Table 2. Before CLA the PCR amplified fragments
were phosphorylated using T4 kinase. CLA reaction mix
contained scaffold oligonucleotide connectors (SOC),
PCR amplified fragments and Taq ligase a thermostable
ligase. For joining three fragments two SOC connectors
were used sequences of which are in Table 1.

2 uL of CLA product was PCR amplified using
DsRed2N1 FP (Hind III RS) and DsRed2N1 RP (Xbal
RS) primer pair respectively followed by restriction diges-
tion and cloning into HindIII and Xbal sites of multiple
cloning sites of pcDNA3.1 (+) mammalian expression
plasmid.

Cell culture and transfection

HelLa cells were provided by Emil Rudolf (Charles
University, Czech Republic) and were maintained in a
humidified incubator at 37 °C with 5% CO, and grown in
Dulbecco’s modified eagle medium containing 10% fetal
bovine serum (Sigma). Cells were plated into 12-well tis-
sue culture plates at a density of 1.6x10° cells per well
24 hr prior to transfection. Cells were transfected using
X-tremeGENE™ HP DNA Transfection Reagent (Roche).
Transfection was carried out as per manufacturer’s guide-
lines.

Fluorescent image

Fluorescent cells were observed using a Nikon Eclipse
Ti-E inverted fluorescence microscope. The images were
captured by a Nikon DS-Qi2 camera under a 10x objective
and recorded using NIS-Elements for advanced research
(NIS-Elements AR) software.

Flow cytometry

Flow cytometry was performed on transiently trans-
fected HeLa cells using Beckman Coulter Cell Lab
Quanta MPL flow cytometer. More than 15,000 events
of each sample were counted for quantifying number of
cells expressing red fluorescence and only live cells were
gated. Data was analysed using Cell Lab Quanta analysis
software. Cells were analysed by flow cytometry at various
time points over a span of 72 hrs post transfection.
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Fig. 1. Directed assembly of intron between two fragments of DsRed2 gene. Lane 1 2-log DNA
ladder; Lane 2 PCR amplification of 79 bp intron; Lane 3 PCR amplification of 233 bp fragment
of DsRed?2 gene; Lane 4 PCR amplification of 556 bp fragment of DsRed2 gene; Lane 5 PCR
amplification of 763 bp CLA product; Lane 6 PCR amplification of DsRed2 gene.

»16_Pisalek 1 20161130 _3_R0&_3130
CATGHGARYWIATAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCT TACTGGCTTATCGAARTTARTACSAYTYACTATA

GEEAGACCCARGCTGECTAGCGI T TARACT T ARG T TGO CACCATGECCTOCTCOGAGRACGT CATCACCGAGTICATGEGET

TGATCAGCCTCGACT .:IGCCTT“IA.:I‘TGCCAGCCA]‘“I.:I TGTTTGCC
CACTCCCACTGTCCTT IO CTAAT AR AR TGAGGRARTTGCAT CGCATTGT CTGAATAGGTGTCATTCTATICTIGGGGGET GGG
GIGEEECAGGRARACCRAGEEE

Fig. 2. Result of sequencing reaction shows precise cloning of intron within DsRed2 gene. Font
in light grey depicts DsRed2 gene, font which is in black and underlined depicts intronic sequence
and font in plain black is the sequence outside the DsRed2 gene.

RESULTS

NetGene2 software predicted that the intron would be
recognised and spliced by splicing machinery

Even though the region around EcoO109I restriction
site was reported rich in splicing enhancer sequences it
was essential to find out if it was also true in the case of
DsRed2 since the previous experiment was carried out in
hcRed1 (far red fluorescent protein). In order to find the
precise site we had to repeatedly perform the analysis by
re-entering the engineered sequence close to the EcoO1091
restriction site until the highest confidence level for donor
splice site and acceptor splice site was obtained.

After a couple of trials, finally NetGene2 software
analysis revealed 0.99 confidence for donor splice site
on direct strand and 1.0 confidence for acceptor splice
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site on direct strand. This gave us an assurance that the
site around EcoO 1091 restriction site was rich in splicing
enhancer sequence.

Successful cloning of intron within ORF of DsRed2 gene
Cyclic ligation assembly was used to rope the three frag-
ments together. Elegance of CLA lies in the fact that no
optimization of reaction condition is essential for new
assembly. Hence we used the pre-standardised conditions
mentioned by Roth et al.” and obtained the site specific
cloning with precision and in the first attempt (Fig. 1
and 2). Exclusion of nuclease from the reaction makes
this procedure precise, time-saving and less complicated.
Precision of cloning was confirmed by DNA sequencing
and intron splicing was confirmed by checking expression
of red fluorescence (Fig. 3).
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C

Fig. 3. Successful splicing of the intron. HeLa cells were transiently transfected with pcDNA3.1
(+) plasmid containing intron cloned DsRed2 gene. Expression of red fluorescence at (a) 24 h;
(b) 48 h; (c) 60 h and (d) 72 h post transfection was recorded.
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Fig. 4. Comparative analysis of number of cells expressing red fluorescence when transfected with
native DsRed2 gene and intron cloned DsRed2 gene.
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Effect of intron cloning on dsRed2

Flow cytometry results of intron cloned DsRed2 and
native DsRed2 showed four percent increase in number
of cells expressing red fluorescence in intron cloned
DsRed2 over native DsRed2 (Fig. 4). The expression
was measured at different time point over a period of 72
h post transfection. In both variants i.e. intron cloned
DsRed2 and native DsRed2 number of cells expressing
red fluorescence increased exponentially, peaked at 48 h
post transfection and then declined. At 24 hour there was
marginal difference between number of cells expressing
red fluorescence in the variants but at later time points,
difference started to increase gradually; at the peak of ex-
pression i.e. 48 h post transfection intron cloned DsRed?2
showed 3 percent increase over native DsRed2 while at
60 h and 72 h there was a 4 percent increase.

DISCUSSION

A non-classical approach to cloning made the daunting
task easier and with utmost precision. In the beginning,
we tried the classical way of using restriction endonu-
clease, single strand exonuclease and T4 polymerase to
clone the intron at the precise position within EcoO 1091
restriction site but without any success. Recent advances
in synthetic biology have provided more powerful and
efficient in vitro genetic assembly strategies than restric-
tion digestions'.

Apart from cyclic ligation assembly there are other ap-
proaches like Gibson assembly, Successive hybridization
assemblies, Golden gate assemblies etc. for assembling
DNA fragments. Each of these approaches has its own
advantages and disadvantages. Gibson assembly'' and
successive hybridization assembly'?> are not suitable for
cloning small fragments and reaction set up for Gibson
assembly is expensive and the reaction parameters need
to be standardized for each new assembly. A major dis-
advantage of golden gate assemble is that it has complex
preparatory work, it is not 100% sequence independent
and it can only be applied for cloning if type IIS restric-
tion site essential for generating flanking ends is not pres-
ent within the fragments to be assembled'* ™.

Cyclic ligation assembly’ is an ideal cloning technique
for our experiment because the fragments to be assembled
are relatively small and insertional precision is obligatory
as insertion or deletion of a single base pair would cause
frame shift leading to formation of nonsense protein; also
reaction setup is comparatively inexpensive and the liga-
tion of fragments is scarless. Another important feature
of CLA is that standardization of reaction parameters is
not essential and same parameters can be extended to any
new assembly reaction.

Even though DsRed has wide application it has some
major shortcomings like cells expressing high levels of
DsRed show cytotoxic effect due to oligomerization and
aggregation®. Correlation between Bcl-xL protein and
DsRed mediated cytotoxicity has been established and
it has been shown that DsRed supresses translation of
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BclxL protein and over-expression of Bel-xL alleviates the
cytotoxicity mediated by DsRed protein'®.

Here we report an increase of four percent in num-
ber of cells expressing red fluorescence upon transfec-
tion with intron cloned DsRed2 when compared to cells
transfected with native DsRed2. Excluding the initial
reading of 24 h, intron cloned DsRed2 showed consistent
increase in number of cells expressing red fluorescence
over native DsRed2. The exact mechanism underlying
the increase in number of cells expressing red fluores-
cence after intron cloning is still unclear. Our research
has confirmed that without meddling with Bcl-xL protein
it is possible to increase the number of cells expressing
red fluorescent protein by cloning an intron within ORF
of DsRed2 gene. Increasing number of cells expressing
red fluorescence might translate to reduced cytotoxicity
and this was achieved without any interference from ex-
ogenous protein. This improvement will help in widening
the application scope of the DsRed?2 protein.

It has been reported that overexpression of BclxL in-
creased percentage of DsRed-Express2 expressing cells by
2 to 3% (ref.'®). On a comparative note, we have obtained
slightly better increase in percentage of cells expressing
red fluorescence and without any exogenous interference.
From an application point of view, the increase is sig-
nificant because the percentage of cells expressing native
DsRed?2 is comparatively low and secondly if we increase
the total count of cells taken into consideration then the
number depicting the increase would be significantly
large.

Even though we have demonstrated an increase in
number of cells expressing red fluorescent protein, further
research needs to be done in order to confirm the mecha-
nism behind the increase and to check whether further
increase is possible. In theory, it is possible to achieve
larger number of cells expressing red fluorescence than
reported, by increasing the length of intronic sequence.
This increase in length will prolong the time required for
transcription, translation'’ and in turn protein aggrega-
tion; which might reduce the aggregation-mediated cy-
totoxicity, resulting in an increase in the number of cells
expressing red fluorescent protein.

Apart from increasing the percentage of cells express-
ing red fluorescence, intron cloned DsRed2 can also be
used in acquiring advanced details of splicing mechanism
as well as for cloning intronic microRNA (miRNA); in
our case we have introduced cloning sites within its se-
quence. Intronic miRNA is a class of miRNAs derived
from the processing of non-protein-coding regions of gene
transcripts. The intronic miRNAs differ uniquely from
intergenic miRNAs in the requirement of RNA poly-
merase (Pol)-II and spliceosomal components for its bio-
genesis®!”. Cloning of intronic miRNA within the intron
of DsRed2 will firstly serve as an indicator for miRNA
expression and secondly it will help to increase miRNA
expression by readily promoting spliceosome assembly
and splicing as the adjoining sequences contain promi-
nent splicing sites.

One prominent use of this construct would be to en-
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hance expression of genes by cloning any recombinant
gene downstream of intron cloned DsRed2 (ref.?°); the
underlying mechanism is unknown but might be due to
increase in stability of the fusion protein formed after
splicing. Another application includes studying RNAi
by targeting the cloned small interfering RNAs (siRNA)
against the red fluorescent protein®'. For RNAI study dual
marker system like DsRed2 and eGFP is essential as the
second marker i.e. eGFP will confirm expression of the
construct since absence of red fluorescence gives rise to
two possibilities, the construct is not expressed or success-
ful targeting of siRNA.

CONCLUSION

We have demonstrated that cloning of intron within
the DsRed2 gene helps to increase the number of cells
expressing red fluorescent protein.

To the best of our knowledge, this is the first time an
artificial intron has been cloned within the ORF of the
DsRed?2 gene using cyclic ligation assembly. The success-
ful cloning increased the number of cells expressing red
fluorescence by approximately four percent compared to
native DsRed?2 protein.
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