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Abstract 
 

MicroRNA (miRNA) is small regulatory non-coding single stranded RNA molecule that can 

repress protein expression either at transcriptional or translational level. Since their 

discoveries in nematodes in the early 1990´s extensive research have shown that this 

mechanism is conserved across species. Because the miRNA is so small, about 22 

nucleotides (nt) long and only requires a minimum of 6nt to interact imperfect with its 

intended target 3´UTR, therefore a single miRNA could potentially have hundreds of 

potential targets, which have been suggested by computational prediction. 

 

The goal of the project is to experimentally verify three predicted Caenorhabditis elegans 

mir-2 miRNA targets in cell culture, with as candidate targets fos-1, mek-1 and sel-5.  In 

addition C. elegans mir-2 and its mechanism is conserved in Drosophila Melanogaster, miR-

2. We want to elucidate if not only mir-2 miRNA is cross species conserved but also it 

targets. To test this hypothesis we selected the following predicted mir-2 target candidate 

genes: C. Elegans iff-1 and Drosophila Melanogaster protein ortholog eIF-5A.  

 

Validation of miRNA and its functionality was done by transfecting cells with a luciferase-

3´UTR reporter only or luciferase-3´UTR and a miRNA-expression plasmid. After the 

reporter gene was induced, cells were harvested and the luciferase activity measured and the 

results normalized and compared. Unfortunately our data were inconclusive and future 

experiments are needed to give a clear picture. 
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Introduction 
 

Background  

In the early 1990´s a new field in RNA biology emerged when microRNA (miRNA) lin-4 

was discovered in C. elegans. This short single stranded non-coding RNA molecule, which 

is only 22 nucleotides (nt) long proved to work as a negative regulator of lin-14 protein 

levels. lin-4 miRNA acts via partially binding complementary to 3´Untranslated region 

(3´UTR) of lin-14 mRNA and in that way repressing translation  (Lim, et al., 2003; Carthew 

& Sontheimer, 2009). Since then extensive research has been done, transitioning to other 

organisms and verifying that miRNA machinery is a conserved mechanism, which can be 

found today in a broad spectrum of organisms such as: animals, plants, viruses and fungi.  

As a result, the interest in function and origin of miRNA has intensified and new classes of 

small RNA and their targets have been identified (Grimson, et al., 2008; Flynt & Lai, 2008).  

 

MicroRNA biogenesis - maturation process  

Most miRNA are transcribed in the cells as non-coding RNA (ncRNA), a small RNA 

molecule that will never be translated into a protein. This ncRNA transcript can base pair 

with itself and contains two or more hair-pin loops and is at this stage called a primary 

miRNA (pri-miRNA) (Fig 1). To mature into miRNA, the pri-miRNA in metazoans is 

processed and trimmed in the nucleus by Drosha, an RNase III enzyme. Drosha cuts the 

double stranded RNA (dsRNA) at the phosphate groups, this leaves a ~60-70 nucleotide 

long hairpin-loop with a staggered end and ~2-3 nucleotide 3´overhang and is now a 

precursor to the mature miRNA and is at this stage known as pre-miRNA. The pre-miRNA 

is now able to interact with Ran-GTP and Exportin-5 (Exp5), where Exp5 actively assist in 

exporting the pre-miRNA carrying it as a cargo, from the nucleus to the cytoplasm via the 
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nuclear pore complex. Once in the cytoplasm, the Ran-GTP is hydrolysed to Ran-GDP, this 

causes it to release its cargo. The pre-miRNA is processed in the cytoplasm by Dicer, also an 

RNase III enzyme. It cleaves the at loop site of the pre-miRNA, leaving a ~21- 24 long 

miRNA:miRNA duplex, with a ~2-3nt 5´overhang at the end. By yet unidentified helicase 

the duplex is unwound and separated, leaving one single strand left and the other strand 

degraded/lost. This single strand is now a mature miRNA and is ready to be embedded into 

an assembled heterogeneous molecular complex called RNA-induced silencing complex 

(RISC) (Bartel, 2004; Yi, Qin, Macara, & Cullen, 2008). The miRNA is embedded in the 

RISC via Argonaute (Ago), a catalytic component that can specifically bind to small RNAs. 

Once incorporated, the complex helps guide the miRNA to its target and the Ago mediates 

interaction with mRNA, which is silenced. 

 

Fig 1. miRNA biogenesis in animals. 1.  primary miRNA. 2. pri-miRNA is processed and trimmed in the nucleus by 

Drosha, an RNase III enzyme and becomes pre-miRNA. 3. Exportin5 exports the pre-miRNA from the nucleus to 

the cytoplasm via the nuclear pore complex. 4. pre-miRNA is processed in the cytoplasm by Dicer, also an RNase III 

enzyme and becomes miRNA duplex. 5. miRNA duplex is unwound by an unidentified helicase and separated, 

leaving one single strand left and the other strand degraded/lost. 6/7 mature miRNA is embedded in the RISC via 

Argonaute (Ago). Once incorporated, the complex helps guide the miRNA to its target and the Ago mediates 
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interaction with miRNA, which is silenced (Cell, Vol. 116, 281–297, January 23, 2004, Copyright 2004 by Cell 

Press). 

Silencing can occur in three ways: 1) RISC binds to the mRNA and prevent translation; 2) 

RISC cleaves the target mRNA at specific sites and therefore tag it for degradation; 3) RISC 

binds directly to the DNA thereby preventing mRNA transcription (Pratt & MacRae, 2009). 

The Method of repression is determined by how complementary the 5´end of miRNA can 

bind to the 3´UTR of the mRNA, e.g. if the binding is imperfect, the RISC will only repress 

translation. The region where the miRNA can bind to mRNA is only ~2-8nt long and known 

as the seed, this seed-region is so small that a single miRNA is predicted to have the 

capability to regulate several hundreds of genes negatively. This seed-region is conserved in 

other species and researchers have verified that a minimum of 6nt is required to enable 

complementary base-paring (Bartel, 2004; Ghildiyal & Zamore, 2009).  

 

Biological function of miRNA  

miRNA mechanisms have a regulatory function in many different life aspects, like 

development, physiology, etc. miRNAs are predicted to involve thousands of transcripts, 

emergent themes are now beginning to illustrate how microRNAs have been incorporated 

into diverse settings. These include potent inhibition of individual key targets, fine-tuning of 

target activity, the coordinated regulation of target batteries, and the reversibility of some 

aspects of microRNA-mediated repression.  
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Aim of the project  

The goal of the project is to experimentally verify computational predicted miRNA targets 

from C. elegans and determine their ability to bind and down regulate it´s candidate mRNA 

target in D. Melanogaster Schneider 2 cells (S2 cells).  As miRNA we will use C. elegans 

mir-2 and we selected three C. elegans targets genes  fos-1, mek-1 and sel-5. This was done 

by a luciferase assay were S2 cells were transfected with mir-2 miRNA and the 3´UTR 

sequence of a target, which was hooked up to a reporter gene, the firefly luciferase (FL). The 

cells were harvested and the cell extract was assayed, by measuring the enzyme activity of 

the FL. This to experimentally verify if mir-2 miRNA has the ability, to bind to selected 

targets imperfect and was able to down-regulate expression in cell cultures as predicted, in 

comparison to cells that weren´t transfected with mir-2.  

 

 In addition C. elegans mir-2 and its mechanism is conserved in Drosophila Melanogaster, 

miR-2. We want to elucidate if not only mir-2 miRNA mechanism is cross species conserved 

but also it targets. To test this hypothesis we selected the following predicted mir-2 target 

candidate genes: C. Elegans iff-1 and D. Melanogaster protein ortholog eIF-5A. The 

predicted homologues targets from both organisms will be verified using the experimental 

outline as described above for fos-1, mek-1 and sel-5. 
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Method and Materials 

Preparing constructs and the principle of polymerase chain reaction 

The gene sequences from C. elegans mir-2 (cel-mir-2) and D. melanogaster miR-2 (dme-

miR-2) were already cloned into a pAc5a vector from Invitrogen, while 3´UTR sequences 

from D. melanogaster  rpr, eIF-5A were cloned into a MT-fLuc-Ttk-3´UTR (MT-fLuc) 

vector. This is a modified pGL3 basic Firefly vector provided by Promega now inserted with 

metallothionein promoter derived from PRnHa-3 vector, which is inducible by the heavy 

metal Cu2+. C. elegans iff-1 was also already cloned into a MT-fLuc-Ttk-3´UTR (MT-fLuc) 

vector. 

 

Renilla (RL) luciferase reporter gene was included, which works as an internal control to 

account for variations due to cell treatments or other errors that can occur in a multistep 

procedure. The internal control vector MT-rLuc-Adh-3′UTR (MT-rLuc) expressing Renilla 

luciferase (RL) and the MT-fLuc vector, were provided by Fergal O’Ferrell, former PhD 

student at the Department of Natural Sciences, Södertörns Högskola, Huddinge, Sweden 

(O’Farrell , Esfahani, Engström , & Kylsten, 2008; Okabe & Cummins , 2007; Promega).  

 

Gene sequence from fos-1 (472 bp), mek-1 (431 bp) and sel-5 (352 bp), needed each to be 

cloned separately into a MT-fLuc vector containing the metallothionein promoter. 

Therefore, the primers for fos-1, mek-1 and sel-5 were ordered. The principle behind 

polymerase chain reaction (PCR) is that, when DNA is heated and cooled in repeated cycles 

in presence of DNA polymerase, nucleotides and the primers, it allows an enzymatic 

reaction to occur on a target region of a DNA strand, allowing it to be a template for DNA 

synthesis. First a solution containing primers, DNA polymerase, nucleotides and template 
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DNA is mixed. The DNA is then denatured at a high temperature of the cycle. At the next 

step of the cycle temperature is lowered to allow the primers to bind to the DNA template at 

the 3´end, which in turn enables the DNA polymerase to bind to the complex and replicate 

the target sequence by adding complementary nucleotides (Alberts, Johnson, Lewis, Raff, 

Roberts, & Walter, 2002). This repeated DNA amplification of sequences needed to be done 

for fos-1, mek-1 and sel-5, see table 1 for summary of materials used in PCR. 

Table 1 Summary of materials for PCR 
 

 

 

 

 

 

PCR: 3´UTRs of fos-1, mek-1 and sel-5  

The primers were diluted according to the instruction. Three PCR reaction mixes were 

created for each gene sequence to be amplified. Each mix was transferred to a PCR tube and 

run for 31 cycles according to table 2. 

 

Table 2 PCR reaction mix and cycle script 

PCR reaction mix   PCR cycle script   

H2O 3,8 µl  Step Time Temperature 

5x HF buffer 2 µl  Initial activation step 2 min 98ºC 

Primer Forward 10 µM 1 µl  Denaturation 10s 98ºC 

Primer Reverse 10 µM 1 µl  Annealing 20s 56 ºC 

10mM dNTP 0,2 µl  Extension 1min 30s 72 ºC 

PFU enzyme 0,2 µl  Number of cycles 31  

Worm DNA 1 µl  Extension 10min 72 ºC 

   Cooling down/Ending PCR Indefinite 8 ºC 

Summary of materials 

PCR mix: 

Primers for fos-1, mek-1, sel-5 

5x HF buffer, Fermentas 

dNTP, Fermentas 

Pfusion, Fermentas 

Worm DNA 
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PCR product, electrophoresis and gel purification 

To isolate the product obtained in each of the PCR reaction, the PCR mix was checked by 

agarose gel electrophoresis. The gel was made of 1% agarose (0.5 g) in 50ml of 1xTBE 

buffer and length of the PCR product was confirmed using a DNA ladder.  The bands 

corresponding to the expected sizes were cut out of the gel under UV-light with a scalpel, 

weighted in and purified using Qiagen Gel extraction Kit, according to the standard method 

(Qiagen, 2008).  

Restriction digest and inserting DNA fragment into MT-fLuc vector  

In order to insert the DNA into a vector correctly, the ends of the DNA sequences needed to 

be cut so, as to get the right type of ends for insertion. For restriction scheme for each DNA 

sequence, see table 3. The restriction mixes incubated in water incubator at optimum 

temperatures, then enzyme reaction inactivated before being placed on ice according to 

Fermentas product-use recommendations. 

 

Table 3 restriction scheme for fos-1, mek-1 and sel-5 

Fos-1 mix Mek-1 mix Sel-5 mix 

17 µl DNA insert 17 µl DNA insert 17 µl DNA insert 

0.5 µl NheI 0.5 µl XbaI 0.5 µl XbaI 

0.5 µl BamHI 0.5 µl BamHI 0.5 µl BamHI 

 

A ligation mix for each DNA fragment was prepared to insert the DNA sequence to an open 

MT-fLuc vector by adding 11.5 µl cold insert, 1 µl cold MT-fLuc vector, 1.5 µl cold ligase 

buffer and 1 µl cold T4 ligase enzyme. This ligation mix incubated for 1 ½ h at room 

temperature (RT).  Now the constructs were checked then ready for cloning. 
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Cloning constructs fos-1, mek-1 and sel-5  

The constructs where transformed with DH5α competent cells according to MAX Efficiency 

DH5α Competent Cells protocol and under sterile conditions. Three tubes of 100 μl 

competent were thawed on ice and 15 μl of each plasmid construct was added to each tube. 

All tubes were gently tapped on, before incubating 40 min on ice. The cells were heat-

shocked for 45 sec in 42ºC water bath and placed back on ice for 2 min. After that, 900 μl of 

RT LB medium was added, cells were placed in a 37ºC shaking incubator for 40 min. The 

cells carrying the fos-1, mek-1and sel-5 constructs were centrifuged at 1000 rpm for 1 min, 

the supernatant was discarded. For each sample and 1 drop was spread on to a 100 µg/ml 

LB-ampicillin plate, the rest of contents were spread to second LB-ampicillin plate. All-in-

all 6 plates were incubated at 37ºC overnight (Invitrogen, 2006). Colonies able to grow on 

LB-ampicillin plates are colonies that were transformed since the constructs are ampicillin 

resistant. Five colonies from each plate were picked and inoculated to a separate 15 ml 

Falcon tube, containing 3 ml of LB-ampicillin medium (100 µg/ml ampicillin) loosely 

sealed. All-in-all 15 tubes were incubated at 37ºC shaking incubator, overnight. Constructs 

were harvested according Qiagen mini-prep (Qiagen, 2005) and determining the DNA yield 

was done by using Nanodrop machine, a spectrophotometer that helped determine the DNA 

concentration. For summary of materials, see table 4. 
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Table 4 Summary of materials for cloning and checking DNA concentrations 
 

 

 

 

 

 

 

 

 

 

Construct control - Test restriction digest  

To test that the insert was successful, the plasmids were digested using XbaI and BamHI 

enzymes. The digest mix was prepared on ice for each plasmid construct in a 1.5 ml 

microtube and was incubated for 1 h at 37ºC. To stop the restriction digest the tubes were 

put back on ice for 5 min. The samples together with a DNA ladder were the loaded on to a 

1% agarose gel and the band sizes checked with the help of the ladder, see table for 5 for 

digest mix and expected band sizes. 

 

Table 5 Digest mix and expected band sizes 

Reaction mix  Plasmid Band size  
7 µl H2O fos-1 133 bp and 5367 bp 
1 µl Plasmid DNA fek-1 600bp and 4800 bp 
1 µl 1xTango Buffer sel-5 815 bp and 4800 bp 
0.5 µl BamHI enzyme   
0.5 µl XbaI enzyme   

 

 

Summary of materials 

DH5-α, competent cells, Invitrogen Cat. No. 18258-012 

LB medium 

LB-ampicillin plate 100µg/ml 

Ampicillin 100µg/ml 

Qiagen gel extraction kit 

Qiagen miniprep and midiprep kit 

SM0331 DNA ladder, Fermentas 

MT-fLuc-Ttk-3´UTR, Promega 

Bünsen burner 

Nanodrop 

Water 
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From results, the starter culture containing the right plasmid was chosen and to get a higher 

yield DNA concentration. 2ml from each of the starter culture was incubated in 25 ml LB-

ampicillin medium and grown over night in 37ºC in a shaking incubator. The cells were 

harvested. Determining the DNA yield was done by using Nanodrop, a spectrophotometer 

that helped determine the DNA concentration. DNA was then analysed according to the 

Qiagen plasmid purification protocol for midi prep (Qiagen, 2005). Once the amount 

plasmid DNA was acquired a S2 cell culture was initiated. 

 

Initiating a Schneider 2 cells culture  

Cells used for these experiments are S2 cells derived from Drosophila Melanogaster. These 

cells are from the later embryonic phase, from 20-24h old embryos. Since  S2 cells is a 

stable cell line and  maintains the same appearance and proliferation rate as a primary 

culture would, without differentiating (Schneider, 1972), it is ideal for culturing and sub-

culturing. Initiating an S2 cell culture and maintaining it requires work under a laminar flow 

hood and all handling of S2 cells, was done using sterile techniques. The cells were cultured 

in Schneider Drosophila medium (S2-medium). Medium preparation was done by first heat-

inactivating Fetal Bovine Serum (FBS) in 56ºC water bath for 1h, cooled down to RT, then 

filtered, before mixing it to filtered RT S2-medium to a concentration of 10%. As a 

precaution a mixture of Penicillin-Streptomycin was added to a final concentration of 10%. 

5 ml of RT S2-medium was transferred to a T-25 flask with vented cap. The cryovial with 

frozen S2 cells were placed on ice, before being thawed in 30ºC water incubators.  The 

unopened thawed vial was decontaminated with 70% ethanol and the cells were transferred 

to the flask and placed in a 28 ºC Non-CO2 incubator for overnight (Invitrogen, 2002). To 

remove leftovers of freezing medium, containing DMSO, S2 cells where transferred to a 15 

ml falcon tube and centrifuged 5 min at 1000xg, the supernatant was discarded and S2 cells 
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where split and re-suspended to two T-25 flasks, containing 6ml S2-medium each. The cells 

were left to recover at 28 ºC non-CO2 incubators and checked every 2-3 days for general 

maintenance, see table 6 for material summary for S2 maintenance. 

 

Table 6 summary of materials for culturing and maintenance of S2 cells 

       

              

 

 

 

 

 

 

 

 

 

S2 maintenance and cell counting  

To maintain healthy S2 cells and making sure >95 % of them remained viable, the cells were 

sub cultured in a 1:3 dilution, meaning 3ml of conditioned medium; which is the media cells 

have been growing in, was transferred to a new T-25 flask containing 6 ml of fresh media. 

Since the S2 cells have a tendency to cluster during proliferation because of their semi 

adherent capability, passing of S2 cells to fresh media always required careful pipetting to 

help free cells from flask surfaces and other adjacent cells (Invitrogen, 2002). Also to 

prevent cells from overgrowing, the cell density should range from 2x106 cells/ml to 4x106 

cells/ml (Invitrogen, 2002). In preparation for transfection, the ideal cell density that’s going 

to be plated to a 6-well plate was 1x106cells/ml. To stay within range and prepare the S2 

Summary of materials for culturing S2 cells 

Schneider Drosophila medium, GIBCO/Invitrogen Catalog no.11720-034 

10% heat-inactivated FBS, GIBCO/Invitrogen Catalog no.10500-056 

10%  Penicillin-Streptomycin, Invitrogen 

Drosophila- Serum Free Medium, Invitrogen Catalog no. 10797-017 

T-25(25 cm2) and T-75(75 cm2) flask, TPP tissue culture flasks, polystyrene, 

optomechanical treated, vented cap, Sarstedt 

6-well plate(9.6 cm²) and 12-well plate (3.8 cm²) , round wells, VWR 

Bürker counting chamber and coverslip, VWR 

Multiply PCR strips, with anti-contamination shield and writing space on cap, Sarstedt 

15ml and 50ml red cap Falcon tube, Sarstedt 

2ml, 5ml, 10ml, 25 ml  sterile serological pipettes, Sarstedt 

1,5ml and 2ml sterile microtube, Sarstedt 

Glass pipettes, Sarstedt 
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cells for transfection, the cells were counted with a Bürker counting chamber. The counting 

chamber was washed first with 70% ethanol, then with sterile water and dried with a tissue 

paper. A glass cover slip was carefully placed on the chamber. Next step was to re-suspend 

S2 cells and transfer 0.5 ml cells to a 1ml micro centrifuge tube. Up until this point all was 

done under sterile conditions. From the micro centrifuge tube the cells were mixed well and 

20µl was pipetted at the edge of the cover slide. The counting chamber was placed on a 

phase-contrast microscope and several squared S2 cells were counted (Fig  2). Calculating 

the amount of S2 cells present in the T-25 flask was done with the help of the formula: x = n 

* 1.6x105 where n is the mean of cells counted per square. After the cell counting was done, 

the cells in the micro centrifuge tube were discarded. 

 

Fig 2. Showing the set-up for cell counting. 

 

Sub culturing S2 cells for transfection 

S2 cells are sub cultured two to three days before transfecting cells, at the day of the 

transfection, cells were check by counting cells and using the formula x = n x 1.6x105. The 

ideal cell density for freshly plated cells is 1x106cells/ml in fresh RT media to a total volume 

of 3ml/well, meaning 3 x106cells/well (Invitrogen, 2002). When needed, cells were properly 

diluted with formula: C1*V1 = C2*V2. Cells were put back in the incubator to recover for 

1h.   
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Mechanism of transient lipid transfection     

The S2 cells were transfected using the reagent Cellfectin. Cellfectin is a lipid suspension 

that is positively charged and can bind to the negatively charged DNA. This method of 

transfection is non-viral and transient, the liposome binds by electrostatic interactions to the 

DNA vector phosphate groups. Since the overall net value of the liposome-DNA complex 

stays positive, it facilitates DNA uptake in cells by electrostatic interaction with the cells 

negatively charged cell membrane and an uptake occurs via the endocytosis. Once 

internalized and freed from the endosome, it diffuses in the cytoplasm and into the nucleus. 

There it effects the gene expression of transfected cells (Fig 3)(Uddin, 2007; Invitrogen, 

2005).  

 

Fig 3. Mechanism of lipid transfection (Invitrogen) 

Transfecting S2 cells  

For each 1x transfected well, two samples were prepared: sample A: xDNA in 50µl 

Drosophila Serum Free Medium (SFM) and sample B by mixing 4.5 µl re-suspended 

Cellfectin in 45.5µl SFM. The samples were combined with to a total volume of 100 µl and 

incubated for 15-30 min at RT; see tables 6-11 in supplements for summary of materials, 

DNA concentrations, calculations and transfection scheme pages 27-31 (Invitrogen, 1993-

2004). The combined samples (A+B) were then added to each well and mixed carefully by 

tilting the plate and then placed in the incubator for 24h.Wells not transfected with miRNA 

were instead co-transfected with pBS SK+. pBS SK+ works as an empty vector to fill out 

the amount of DNA uptake and makes sure DNA amount is equal to the DNA in the wells 
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that are transfected with miRNA and to keep the same condition for each well. All wells 

were co-transfected with MT-rLuc (Renilla), an internal control that works as a baseline and 

helps to compensate for variation that can occur such as; pipetting errors or low DNA 

uptake. After 24 hours post-transfection, the cells luciferase expression was induced by 

adding 30µl of 100mM CuSO4 to each well and incubated for 24h. 

 

Harvesting cells for assaying - making a cell lysate   

24 h post-induction the cells were harvested and the cell lysate was measured, according to 

Promega Dual-Luciferase Reporter Assay System kit. First 200µl of 1x Passive Lysis Buffer 

(1xPLB) was freshly made. The cells from each well were gently pipetted and transferred to 

separate 15 ml pre-chilled falcon tubes and centrifuged 5 min at 500g. The supernatants 

were carefully removed without disturbing the pellets and washed twice with 1x TBS buffer, 

before being centrifuged 5 min at 500g. The supernatant was discarded, the cells were re-

suspended and transferred to 1.5 ml microcentrifuge tubes and placed on ice. 200 µl of pre-

chilled 1xPLB was added to each tube, gently mixed and placed on RT shaker for 15 min 

incubation. All samples were snap-freezed in liquid nitrogen. To extract cell lysate, four 

cycles of thawing in RT water bath and snap-freezing in liquid nitrogen was made, before 

centrifuging the tubes for 2 min at full speed. The clear lysate was transferred to fresh tubes, 

from these tubes 8 µl of sample was transferred in 32 µl H2O, aliquots (1:5 dilution) to be 

used for measuring luciferase activity (Promega). 
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The Dual-Luciferase Assay 

Verifying down-regulation in cells transfected with miRNA is identified by measuring the 

enzymatic activity of reporter genes Firefly (MT-fLuc vector) and Renilla (MT-rLuc vector). 

The emission of light, from these two reporter genes helps establish if repression of protein 

expression have occurred and how effective the miRNA is in silencing a gene. Renilla, 

which is an internal control provides a baseline response to compensate for unforeseen 

factors, such as pipetting errors and variation in transfection efficiency etc. Both luciferases 

are designed and optimized for gene expression in mammalian cells cultures and considered 

to be an extremely sensitive detection method (Promega, 2009). Bioluminescence in firefly 

is created when Firefly luciferase (61kDa) in the presence of the beetle luciferin substrate. 

ATP and Mg2+, catalyses the oxidation of the luciferin to an oxyluciferin, which then emits 

light. While the Renilla luciferase (36kDa) catalyses a reaction that emits light when the 

substrate coelenterazine and O2 reacts with luciferase (Fig 4). Since these two luciferase 

enzymes differ from each other and react to different substrates, the luminescence can be 

assayed from a single sample and quantified with the help of a detector, a so called 

luminometer machine, ideal for measuring multi-sample by using a 96-well plate (Promega, 

2009). In preparation for measurement in a luminometer the reagents Luciferase Assay 

Reagent II (LAR II) and Stop&Glo (100 assays) reagent came from Promega´s dual-

luciferase reporter kit and prepared according manual (Promega, p. 14-15). 

 

Fig 4. Illustration of the enzymatic reaction. 
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Measuring the Firefly and Renilla signals 

The diluted cell lysate was thawed on ice, 10 µl was pipetted in triplicates to a 96-well plate 

and sealed with a film and placed on ice. The Tecan luminometer was programmed 

according to standard protocol described in Promega´s technical manual for luminometer 

fitted with two injectors, with one exception the volume of LARII and Stop&Glo was scaled 

down from 100 µl to only 50 µl to each well. Before use, the injectors were cleaned with de-

ionized water and 70% ethanol and a script was created. All samples were measured 

sequentially, first 50 µl of LAR II was injected to the well, which is a substrate for the firefly 

luciferase, and then the luminescence’s was measured after 5 seconds wait. Then 50 µl of 

Stop&Glo was injected to quench the Firefly luminescence by at least 5000-fold. The 

Stop&Glo works also as a substrate for the Renilla luciferase and after few seconds wait, the 

Renilla expression was measured (data not shown).  

 

Data analysis; normalizing the signals for data comparison  

After signal readings, the results were exported to an excel-file for further analysis, this to 

correct for unforeseen variations due to pipetting errors or transfection efficiency and show 

comparison between wells. The wells containing non-transfected cells (NTC) served as 

background noise. First, a mean for each triplicate was calculated, an average was calculated 

from each mean of the same type of transfection. Once averaged, the background noise was 

deducted from the raw data values. Too enable comparison and show fold change activity 

between wells in a single experiment, a ratio was calculated by dividing the Firefly signal 

with the Renilla signal (internal control) for each tested construct. Wells not transfected with 

miRNA were divided with each other while wells transfected with miRNA were divided 

with the value of the NTC cells, see table 7, page 24 in supplement example how results 

were normalized and fold change calculated. The results were presented as graphs showing 
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fold change. Reason for not using a statistical tool was due to lack of data to prove our 

hypothesis and therefore not applicable on our results as a method of analysis, see tables 8-

12 in supplements for overview of transfection scheme and data values.  

 

Results 

A positive and negative control   

Predicted is that miR-2/6/11 miRNA in D. melanogaster, target and regulates genes such as 

reaper (rpr). rpr is proapoptopic protein with a central role in apoptosis. Since it was already 

proven that miR-6/11 miRNA can repress expression in S2 cells by  ̴ 20-25 %, rpr was 

chosen as a positive control, while non-transfected cells (NTC) served as a negative control 

in this assay (McCarthy & Dixit, 1998; Stark, Brennecke, Russell, & Cohen, 2003; Ge, o.a., 

2012). 

 

Selection of candidate targets genes 

We selected the following predicted C. elegans mir-2 target genes, fos-1, mek-1 and sel-5 for 

experimental verification. To summarize the selected targets; mek-1 encodes for a MAP-

kinase kinase, sel-5 encodes a serine/threonine kinase, while fos-1 encodes for a leucin-

zipper. Both sel-5 and fos-1 are involved in the trans membrane receptor lin-12 pathway 

were sel-5 facilitate the lin -12 activity during cell-fate development and fos-1is necessary in 

vulva and uterine development (Kogan, Zwaal, Guan, Avery, & Oshima, 2002) (Fares & 

Greenwald, 1999) (Seydoux, Savage, & Greenwald, 1993).We next selected predicted cross 

species conserved targets for mir-2 and D. melanogaster miR-2. The following targets were 

chosen the C. elegans iff-1, and its D. melanogaster homolog eIF-5A which are involved in 

germ cell proliferation (Wormbase.org, 2013). The reason for these targets being selected 
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was based on the bioinformatics that was made before the start of the project. This by using 

online prediction software tool such as BLAST, mircoRNA, Targetscan and MirBase, results 

was pooled and analysed, for all families of conserved microRNA and hundreds of potential 

candidates for miRNA-mRNA pairs, were screened (Basic Local Alignment Search Tool; 

MicroRNA - Target and Expression; TargetScanWorm/ TargetScanFly; MirBase). This list 

was narrowed to a top-10 list of candidate targets and from that fos-1, iff-1, mek-1 and sel-5 

were selected.  

 

Fold change - rpr and eIF-5A  

mir-2 miRNA is a known and experimentally predicted repressor of rpr. Therefore the 

expected result should show a down regulation similar as mir-6/11 miRNA and should serve 

as a positive control for this assay.  The results showed that S2 cells from the 1st transfection 

were slightly down-regulated and on the 2nd transfection, the results showed a clear up-

regulation. For eIF-5A, the 1st transfection showed a down-regulation, but on the 2nd 

transfection the results showed instead a clear up-regulation (Fig 5). 

 

 

Fig 5. Showing fold change for rpr and eIF-5A 
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Fold change - fos-1 and iff-1 

The result for fos-1 showed a clear down-regulation on the 1st transfection, but on the 2nd 

transfection a minor down-regulation but less than the first try. While for the iff-1, the 1st 

transfection results were inconclusive and results of the 2nd transfection, showed a clear 

down-regulation (Fig 6).  

 

 

Fig 6. Showing fold change for fos-1 and iff-1. 
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Fig 7.  Showing fold change in mek-1 and sel-5. 

Discussion & Conclusion 

In science, research requires the development of test methods, a set of conditions necessary, 

to test and conduct experiments that are not only reliable but also reproducible. This type of 

experimental testing and finding a reliable  method is a form a pilot study, to see if what one 

plans is feasible or not and to uncover which method is the best approach to investigate and 

resolve a problem. This thesis is a part of such a necessary process, in developing a basic 

framework for future studies. Based on our experimental results, a few issues need to be 

looked at and reconsidered, when experimentally verifying miRNA targets.  

 

Since miRNA´s biological function is to repress protein expression, expected outcome for all 

experiments should have been a clear or complete repression of selected targets 3´UTRs. 

Previous research from other similar set-ups but from other tested targets, the down-

regulation has varied from 0.8-0 2. Since our targets have never been tested we weren’t sure 

what to expect and we don´t have enough data to say that the result we see is what we should 

have anticipated.  
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Now it has already shown that our positive control rpr can be down regulated by miR-6/11 

and computational predicted to also be down regulated by mir-2 miRNA. Therefore, when 

the result from the control experiment first showed a slight down-regulation and on the 

second trial a clear up-regulation, indicates that our results were not reliable. The result for 

eIF-5A was the same as for rpr, the 1st transfection showing a down-regulation, whereas on 

the 2nd transfection was up-regulated. For fos-1, the results were as expected a clear down-

regulation, but the difference in repression varied too much. The first experiment with iff-1 

was inconclusive and the result not usable, but on the second trial, iff-1 showed repression of 

expression. mek-1 was the only target that almost was silenced on the 1st transfection, 

however on the 2nd transfection was very up-regulated. The same can be said for sel-5, first 

showing a clear down-regulation in the first experiment while on the second experiment, one 

sees an up-regulation of sel-5. The results from the 1st transfections seems to be more 

trustworthy than the 2nd transfections, because our results from the 1st transfection we 

actually see down regulation in rpr (our positive control), eIF-5A, fos-1, mek-1 and sel-5, 

while the iff-1 from the 1st transfection was inconclusive, in comparison to 2nd transfection 

results, where we see that our positive control doesn´t work and that some of the targets are 

instead up regulated. In summary, the results were not reliable and the lack of 

reproducibility within and between experiments. This indicates that we cannot either prove 

or disapprove our hypothesis, but that the 1st transfection might have been successful in 

comparison to the 2nd transfection and to prove this more data is needed. Which could have 

been overcome by repeating the transfection 3-5 times, but due to time constrains was not 

possible. 

 

A good explanation of our results could well be the incubator conditions, which couldn´t 

maintain the temperature of 28ºC, used to culture S2 cells. Highly likely this temperature 
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error affected the physiological state of cells and impacted the gene expression and stressed 

the cells especially when subjected to transfection. It was also noticeable that the internal 

control Renilla did not work, values were at the same level as the background noise from the 

NTC. This could cause a trans effect meaning that Renilla, was supressed in the presence our 

strong promoter. Solution would be to adjust the DNA concentration to rule this possibility 

out. Furthermore the luminometer had a mechanical error; the injector didn’t work properly, 

so future experiments and are needed to properly test our hypothesis. 

 

Another reason that could explain the result we see, would be that the choice of target wasn´t 

optimal for this assay.  It might not have been enough to choose targets based on a top-10 

list of predicted candidates for mir-2. For example mek-1 in C. elegans encodes for MAP-

kinase kinase, which activates a MAP-Kinase that has the ability to activate transcription 

factor in the nucleus and induce a stress response when subjected to the heavy metal Cu+ or 

starvation in worms (Kogan, Zwaal, Guan, Avery, & Oshima, 2002). In our experiment we 

used a strong promoter that is inducible by Cu+. This suggests that maybe the choice of 

promoter wasn´t ideal to test this specific target and that we should have looked closer at the 

targets and screened them based on their function too. In this case the expression of mek-1 

may have stressed the cells and affected the S2 machinery and thereby impacting our results.  
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Supplements 

Table 7 Example how data was normalized and fold change calculated. Here in this table values came from the 1st 

transfection for rpr and rpr+mir-2. 

  Firefly (FL) Renilla (RL) Mean FL Mean RL 

NTC well 25 36,37,36 41,46,36 (36+37+36)/3=36 (41+46+36)/3=41 

Rpr well 21 3175, 3196, 3132 52, 49, 44 (3175+3196+3132)/3 = 
3168 

(52+49+44)/3 = 
48 

Rpr well 22 1959, 1859,1845 45, 43, 41 (1959+ 1859+1845)/3 = 
1888 

(45+43+41)/3 = 
43 

Rpr+mir-2 well 23 2323, 2214, 2029 52, 48, 50 (2323+ 2214+ 
2029)/3=2189 

(52,48,50)/3 = 50 

Rpr+mir-2 24 2196, 2662, 2050 44, 42, 41 (2196+2662+2050)/3 = 
2303 

(44+42+41)/3 = 
42 

 Firefly (FL) Renilla (RL)   

Averaging between wells of 
rpr no.21 & 22 

(3168+1888)/2 = 2528 (48+43)/2=46   

Averaging between of wells 
rpr+mir-2 no. 23 & 24 

(2189+2303)/2=2246 (50+42)/2=46   

 Firefly (FL) Renilla (RL)   

Subtract background noise rpr-
NTC 

2528-36 = 2492 46-41=5   

Subtract background noise 
rpr+mir-2-NTC 

2246-36 = 2210 46-41= 5   

Ratio FL/RL rpr 2492/5 = 534    

Ratio FL/RL rpr+mir-2 2210/5= 442    

calculating fold change rpr 534/534 = 1    

calculating fold change 
rpr+mir 

442/534= 0,82 ≈ 0,8    
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Table 8 Overview of 1st transfection 
 

Wells no. Well content MT-rLuc mir-2 pBS SK+ Induced cells 

1 eIF-5A Yes No Yes Yes 
2 eIF-5A Yes No Yes Yes 

3 eIF-5A Yes Yes No Yes 

4 eIF-5A Yes Yes No Yes 

5 iff-1 Yes No Yes Yes 

6 iff-1 Yes No Yes Yes 

7 iff-1 Yes Yes No Yes 

8 iff-1 Yes Yes No Yes 

9 sel-5 Yes No Yes Yes 

10 sel-5 Yes No Yes Yes 

11 sel-5 Yes Yes No Yes 

12 sel-5 Yes Yes No Yes 

13 mek-1 Yes No Yes Yes 

14 mek-1 Yes No Yes Yes 

15 fos-1 Yes No Yes Yes 

16 fos-1 Yes No Yes Yes 

17 fos-1 Yes Yes No Yes 

18 fos-1 Yes Yes No Yes 

19 mek-1 Yes Yes No Yes 

20 mek-1 Yes Yes No Yes 

21 rpr Yes No Yes Yes 

22 rpr Yes No Yes Yes 

23 rpr Yes Yes No Yes 

24 rpr Yes Yes No Yes 

25 NTC No No No Yes 
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Table 9 Overview of 2nd transfection 
 

Wells no. Well content MT-rLuc mir-2 pBS SK+ Induced cells 

1 eIF-5A Yes No Yes Yes 
2 eIF-5A Yes No Yes Yes 

3 eIF-5A Yes Yes No Yes 

4 eIF-5A Yes Yes No Yes 

5 iff-1 Yes No Yes Yes 

6 iff-1 Yes No Yes Yes 

7 iff-1 Yes Yes No Yes 

8 iff-1 Yes Yes No Yes 

9 sel-5 Yes No Yes Yes 

10 sel-5 Yes No Yes Yes 

11 sel-5 Yes Yes No Yes 

12 sel-5 Yes Yes No Yes 

13 fos-1 Yes No Yes Yes 

14 fos-1 Yes No Yes Yes 

15 fos-1 Yes Yes No Yes 

16 fos-1 Yes Yes No Yes 

17 mek-1 Yes No Yes Yes 

18 mek-1 Yes No Yes Yes 

19 mek-1 Yes Yes No Yes 

20 mek-1 Yes Yes No Yes 

21 rpr Yes No Yes Yes 

22 Rpr Yes No Yes Yes 

23 rpr Yes Yes No Yes 

24 rpr Yes Yes No Yes 

25 NTC No No No Yes 
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Table 10 Overview of sample reading from 1st transfection wells 1-12 
 

Content Wells on transfection plate position on 96 well plate FL RL 

eIF-5A (+) 1 A1 34 34 
eIF-5A (+) 1 A2 40 38 

eIF-5A (+) 1 A3 42 35 

eIF-5A (+) 2 A4 293 45 

eIF-5A (+) 2 A5 1187 43 

eIF-5A (+) 2 A6 1448 41 

eIF-5A+mir-2 (+) 3 A7 2592 53 

eIF-5A+mir-2 (+) 3 A8 2691 47 

eIF-5A+mir-2 (+) 3 A9 2425 44 

eIF-5A+mir-2 (+) 4 B1 2149 41 

eIF-5A+mir-2 (+) 4 B2 2111 34 

eIF-5A+mir-2 (+) 4 B3 2299 41 

iff-1 (+) 5 B4 2021 39 

iff-1 (+) 5 B5 1784 42 

iff-1 (+) 5 B6 1683 44 

iff-1 (+) 6 C1 1729 40 

iff-1 (+) 6 C2 1851 43 

iff-1 (+) 6 C3 1786 39 

iff-1+mir-2 (+) 7 C4 1553 44 

iff-1+mir-2 (+) 7 C5 1517 40 

iff-1+mir-2 (+) 7 C6 1429 37 

iff-1+mir-2 (+) 8 C7 1307 40 

iff-1+mir-2 (+) 8 C8 1326 40 

iff-1+mir-2 (+) 8 C9 1335 44 

Sel-5 (+) 9 D1 3128 49 

Sel-5 (+) 9 D2 2792 40 

Sel-5 (+) 9 D3 2962 45 

Sel-5 (+) 10 D4 1891 37 

Sel-5 (+) 10 D5 1866 42 

Sel-5 (+) 10 D6 1799 44 

Sel-5+mir-2 (+) 11 D7 1238 42 

Sel-5+mir-2 (+) 11 D8 1313 42 

Sel-5+mir-2 (+) 11 D9 1176 44 

Sel-5+mir-2 (+) 12 E1 1942 45 

Sel-5+mir-2 (+) 12 E2 1782 41 

Sel-5+mir-2 (+) 12 E3 1811 46 
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Table 11 Overview of sample reading from 1st transfection wells 13-25 
 

Content Wells on transfection plate position on 96 well plate FL RL 

mek-1 (+) 13 E4 417 42 
mek-1 (+) 13 E5 402 47 

mek-1 (+) 13 E6 439 36 

mek-1 (+) 14 E7 437 39 

mek-1 (+) 14 E8 442 43 

mek-1 (+) 14 E9 437 44 

fos-1 (+) 15 F1 3968 43 

fos-1 (+) 15 F2 4324 41 

fos-1 (+) 15 F3 4147 46 

fos-1 (+) 16 F4 6162 48 

fos-1 (+) 16 F5 5647 47 

fos-1 (+) 16 F6 5908 46 

fos-1+mir-2 (+) 17 F7 1830 46 

fos-1+mir-2 (+) 17 F8 1826 43 

fos-1+mir-2 (+) 17 F9 1859 44 

fos-1+mir-2 (+) 18 G1 2874 46 

fos-1+mir-2 (+) 18 G2 2908 42 

fos-1+mir-2 (+) 18 G3 2884 49 

mek-1+mir-2 (+) 19 G4 311 48 

mek-1+mir-2 (+) 19 G5 382 38 

mek-1+mir-2 (+) 19 G6 339 43 

mek-1+mir-2 (+) 20 G7 598 46 

mek-1+mir-2 (+) 20 G8 588 47 

mek-1+mir-2 (+) 20 G9 543 56 

rpr (+) 21 H1 3175 52 

rpr (+) 21 H2 3196 49 

rpr (+) 21 H3 3132 44 

rpr (+) 22 H4 1959 45 

rpr (+) 22 H5 1859 43 

rpr (+) 22 H6 1845 41 

rpr+mir-2(+) 23 H7 2323 52 

rpr+mir-2(+) 23 H8 2214 48 

rpr+mir-2(+) 23 H9 2029 50 

rpr+mir-2(+) 24 A10 2196 44 

rpr+mir-2(+) 24 B10 2662 42 

rpr+mir-2(+) 24 C10 2050 41 

NTC 25 B7 36 41 

NTC 25 B8 37 46 
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NTC 25 B9 36 36 
 
 
 

Table 12 Overview of sample reading from 2nd transfection wells 1-12 

Content Wells on transfection plate position on 96 well plate FL RL 

eiF-5A (+) 1 A1 47 36 

eiF-5A (+) 1 A2 43 43 

eiF-5A (+) 1 A3 44 49 

eiF-5A (+) 2 A4 153 43 

eiF-5A (+) 2 A5 493 49 

eiF-5A (+) 2 A6 598 51 

eiF-5A +mir-2 (+) 3 A7 696 50 

eiF-5A +mir-2 (+) 3 A8 642 55 

eiF-5A +mir-2 (+) 3 A9 674 58 

eiF-5A +mir-2 (+) 4 A10 1086 60 

eiF-5A +mir-2 (+) 4 A11 1176 49 

eiF-5A +mir-2 (+) 4 A12 1288 50 

iff-1 (+) 5 B1 3621 44 

iff-1 (+) 5 B2 3515 41 

iff-1 (+) 5 B3 3873 46 

iff-1 (+) 6 B4 1790 47 

iff-1 (+) 6 B5 1828 45 

iff-1 (+) 6 B6 1917 46 

iff-1+mir-2 (+) 7 B7 1981 44 

iff-1+mir-2 (+) 7 B8 2259 44 

iff-1+mir-2 (+) 7 B9 2352 44 

iff-1+mir-2 (+) 8 B10 2202 45 

iff-1+mir-2 (+) 8 B11 2259 51 

iff-1+mir-2 (+) 8 B12 2310 49 

Sel-5 (+) 9 C1 1192 45 

Sel-5 (+) 9 C2 1391 47 
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Sel-5 (+) 9 C3 1221 52 

Sel-5 (+) 10 C4 1637 50 

Sel-5 (+) 10 C5 1677 49 

Sel-5 (+) 10 C6 1818 49 

Sel-5+mir-2 (+) 11 C7 1021 40 

Sel-5+mir-2 (+) 11 C8 1386 36 

Sel-5+mir-2 (+) 11 C9 1466 45 

Sel-5+mir-2 (+) 12 C10 2448 48 

Sel-5+mir-2 (+) 12 C11 2326 45 

Sel-5+mir-2 (+) 12 C12 2322 40 

 
 

Table 13 Overview of sample reading from 2nd transfection wells 13-25 
 

Content Wells on transfection plate position on 96 well plate FL RL 

fos-1 (+) 13 D1 2134 53 
fos-1 (+) 13 D2 2417 48 

fos-1 (+) 13 D3 1331 51 

fos-1 (+) 14 D4 1910 45 

fos-1 (+) 14 D5 2036 48 

fos-1 (+) 14 D6 2130 50 

fos-1+mir-2 (+) 15 D7 1410 44 

fos-1+mir-2 (+) 15 D8 1661 50 

fos-1+mir-2 (+) 15 D9 1698 49 

fos-1+mir-2 (+) 16 D10 1635 54 

fos-1+mir-2 (+) 16 D11 1607 47 

fos-1+mir-2 (+) 16 D12 1549 49 

mek-1 (+) 17 E1 280 50 

mek-1 (+) 17 E2 296 47 

mek-1 (+) 17 E3 240 55 

mek-1 (+) 18 E4 191 43 

mek-1 (+) 18 E5 179 50 

mek-1 (+) 18 E6 172 45 

mek-1+mir-2 (+) 19 E7 204 45 

mek-1+mir-2 (+) 19 E8 236 45 

mek-1+mir-2 (+) 19 E9 218 45 

mek-1+mir-2 (+) 20 E10 215 51 

mek-1+mir-2 (+) 20 E11 261 45 
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mek-1+mir-2 (+) 20 E12 248 46 
rpr (+) 21 F1 2141 57 

rpr (+) 21 F2 2208 52 

rpr (+) 21 F3 2009 54 

rpr (+) 22 F4 1828 54 

rpr (+) 22 F5 1814 51 

rpr (+) 22 F6 1889 48 

rpr+mir-2 (+) 23 F7 1252 45 

rpr+mir-2 (+) 23 F8 1507 50 

rpr+mir-2 (+) 23 F9 1557 47 

rpr+mir-2 (+) 24 F10 1610 50 

rpr+mir-2 (+) 24 F11 1490 43 

rpr+mir-2 (+) 24 F12 1811 56 

NTC 25 G1 35 40 

NTC 25 G2 37 42 

NTC 25 G3 43 40 
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