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ABSTRACT 

 

 Characterization of a Novel Nuclear Specific Dicer-isoform in 

Human Cells 

Fatema H Alquraish 

 

For more than a decade, studies focused on RNA interference (RNAi) pathway as a 

pivotal gene regulatory mechanism. RNAi components are attracting considerable 

interest due to the recent evidence demonstrating that they play a role not only in 

post-transcriptional regulation but also in transcriptional level. The involvement of  

RNAi components in heterochromatin formation and RNA Pol II processivity and 

alternative splicing in different organisms has been shown.  Dicer protein, a highly 

conserved protein among kingdoms,  is one of the main effectors in this pathway. 

There is a considerable amount of literature on Dicer’s role in the cytoplasm; 

however, there is still vast ambiguity concerning nuclear Dicer. More recent evidence 

reveals the existence of  Dicer1 variants that are differentially expressed in some 

cancer cells. Our experiments set out to investigate one of these variants that we 

hypothesise is responsible for the nuclear function. We undertook genomic and 

biochemical approaches applied to HAP 1 cells as a model system to characterise 

Dicer1-s, taking advantage of a custom-made antibody in our research group. Here, as 

anticipated, our experiments proved that Dicer1-s is enriched in the nuclear 

compartment compared to full-length Dicer1, indicating that it might be a putative 

contributor to nuclear gene regulation activity. Unfortunately, it was not possible to 

establish a mutant cell line to investigate the significant nuclear function of Dicer1-s, 

due to the need for further optimisation of the methods used. Exploitation of 
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previously optimised gene knock-out tools might accelerate shedding light on protein, 

DNA, and RNA partners, disclosing the exact nuclear mechanisms that might exhibit 

similar activity. 
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1. INTRODUCTION 

 

1.1 RNA Interference (RNAi)  

 

RNA interference (RNAi) evolved as a defence mechanism against endogenous and 

exogenous double-stranded RNA (dsRNA). It was first documented as a form of 

posttranscriptional gene silencing (PTGS), which in plants is known as “co-

suppression” and in fungi as “quelling” (Fulci and Macino, 2007). The term “RNA 

interference” (RNAi) was coined by Craig Mello and colleagues based on their work 

on nematodes Caenorhabditis elegans (Montgomery, 2004). Fire et al., (1998) 

provided the first evidence, that the interference and resulting gene silencing on 

endogenous genes were generated by homologs dsRNA. In practice, counteractively, 

it was observed that the introduction of dsRNA copies of a given gene was 

suppressing, instead of increasing, the expression of the endogenous copy. This 

revealed a previously unforeseen level of gene regulation, with important implications 

also for its potential applications. Not surprisingly, Andrew Fire and Craig Mello 

were awarded The Nobel Prize in Physiology or Medicine 2006 for their discovery. 

 

1.1.1. RNAi Mode of Action 

 

Endogenous and exogenous effectors can trigger gene silencing. Gene silencing is 

induced upon the encounter of invading genetic material such as viral RNA and small 

interfering RNA (siRNA) which is of ~21 nt in length. RNAi pathway can also be 

activated in response to dsRNA that accumulates in the cell during stress response  

(White et al., 2014).  

https://www.nobelprize.org/prizes/medicine/2006/summary/
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dsRNA molecules are processed by Dicer, a  ribonuclease III enzyme, to generate 

short RNA molecules. siRNA or miRNA are subsequently loaded into an RNA-

induced silencing complex (RISC). The cleavage activity on the mRNA is brought 

about by Argonaute proteins (AGO), which are part of the core effector complex in 

a partial or perfect sequence complementarity-derived manner (Montgomery, 2004).  

The pathway governs gene expression as: i) post-transcriptional gene silencing 

(PTGS) and ii) transcriptional gene silencing (TGS). While the former affects the 

level of RNA translation/ stability leading to mRNA cleavage and degradation, the 

latter is suggested to impact the transcription/chromatin structure (Kim and Rossi, 

2007; Martin and Caplen, 2007; Cobb et al., 2008).  
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Figure 1. Schematic of RNA Interference Mechanisms in Mammalian Cells: 

 i. transcriptional gene silencing (TGS);  histone methylation to promoter regions in the 

nucleus directed by siRNA. ii. Moreover, ii.post-transcriptional gene silencing (PTGS);  as 

illustrated in ii. microRNA transcripts are transcribed by RNA polymerase II (Pol II) and 

initially processed in the nucleus and exported to the cytoplasm.  The miRNAs are then 

processed by ATP-dependent RNase III-like enzyme Dicer and loaded into the RNA-induced 

silencing complex RISC.  Argonaute 2 (AGO2) bind to complementary sequences resulting in 

translational repression by mRNA degradation. Similarly with cytoplasmic double-stranded 

RNA’s  (dsRNA) (Kim and Rossi, 2007) 
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PTGS is a phenomenon that is present across all kingdoms (Table1).  This universal 

conservation among organisms could be used as an indicator of its fundamental 

regulatory role in gene regulation (Cogoni and Macino, 2000).  Preliminary work in 

this field was carried out in the early 1990s in transgenic plants (Napoli, Lemieux and 

Jorgensen, 1990) followed by Neurospora  (Romano & Macino,1992) and animals, 

Caenorhabditis elegans (C. elegans) (Guo and Kemphues, 1995).  In vivo and in vitro 

studies in Drosophila melanogaster have significantly contributed to our current 

understanding of the mechanism. Hutvágner and colleagues showed that 

during  development, a  regulated precursor of  RNA is cleaved by an RNA 

interference-like mechanism to produce a smaller precursor that represses gene 

expression. This resulted in a noticeable decrease in the level of the mRNA of both 

the homologous host gene, in addition to the introduced transgenes. This is claimed to 

be a remarkably common feature of PTGS (Chicas and Macino, 2001).  

Another mechanism is the blockage of protein synthesis. miRNA complementary 

region is critical in this process. miRNA can repress protein translation targeting 

different stages of mRNA translation. During the initiation event, miRNA can base 

pair to 3′ untranslated (3′ UTR) regions of mRNAs of target genes inhibiting protein 

synthesis. In post-initiation events,  a ribosome drop-off model was proposed to 

explain the halt of translation in miRNA-associated mRNAs. Moreover, enhanced 

degradation of nascent polypeptides (Petersen et al., 2006; Pillai, Bhattacharyya and 

Filipowicz, 2007) was reported. 
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 Finally, RNAi silencing machinery works also in the nucleus to directly control 

transcriptional regulation  and in particular heterochromatin formation  (Matzke and 

Birchler, 2005; Janowski et al., 2006; Kim et al., 2006; Zheng et al., 2007; Cobb et 

al., 2008; Moazed, 2009; Ameyar-Zazoua et al., 2012; Gullerova and Proudfoot, 

2012; Huang et al., 2013; Meister, 2013). 

 

1.1.2. Examples of RNAi-Mediated Gene Regulation and Chromatin 

Structure 

 

i. RNAi-mediated Heterochromatin Formation in Fission Yeast 
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Demonstrated by several studies in fission yeast “Schizosaccharomyces pombe", 

RNAi machinery has been linked to heterochromatin formation at centromeres. 

Investigating the effect of RNAi components is made feasible since the model 

organism used consists of one copy of each Dicer and AGO.  Gene deletion studies of 

AGO, Dicer, and RNA-dependent RNA polymerase homologous resulted in the 

disruption of heterochromatin formation. Mutants manifest the accumulation of 

transcripts from centromeric heterochromatic repeats, and the loss of histone H3 

lysine-9 methylation. As a consequence, centromere function was demolished with 

aberrant de-repression of transgenes integrated at the centromere. (Volpe et al., 2002). 

These findings were supported by Cam et al., (2005) analysing heterochromatin 

and euchromatin profiles of the fission yeast. The analysis experimentally proved that 

RNAi components were distributed throughout some heterochromatin domains.  

 

ii. RNAi-mediated Transcriptional Gene Regulation in Drosophila.  

 

Recent developments in Drosophila have revealed that some RNAi core components 

are also present in the nucleus. Cellular fractionation of embryonic cultured cell 

shows that AGO2  and Dicer2  are uniformly present in both nuclear and cytoplasmic 

compartments. (Cernilogar et al., 2011). A first study performed in Drosophila 

revealed that, in contrast to what was reported in yeast regarding heterochromatin 

formation, in metazoan cells, RNAi components are associated with euchromatic, 

transcriptionally active loci (Cernilogar 2011).  

In particular, the study showed that RNAi components AGO2  and Dicer2 regulate 

Hsp70 promoter by sustaining RNA Pol II pausing. Loss of function and co-

localization experiments concluded that Dicer2 and AGO2 are globally associated 
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with transcriptionally active loci by controlling the processivity of RNA polymerase 

II. (Cernilogar et al., 2011). 

 

iii. RNAi-mediated Transcriptional Gene Regulation in Humans  

 

In somatic cells, more recent evidence highlights that RNAi components interact with 

the transcriptional complex and chromatin factors. A study conducted Allo and co-

workers revealed that siRNA which targets intronic or exonic sequences is capable of 

inducing a closed chromatin structure. This was accompanied by changes in 

epigenetic marks (H3K9me2 and H3K27me3), thus affecting Pol II elongation (Alló 

et al., 2009). However, a more recent study investigating nuclear AGO1 target has 

found that AGO1 is associated and binds explicitly to enhancers and promoters of 

active genes, showing an effect on alternative splicing (Allo et al., 2014). Huang and 

colleagues showed the direct interaction between nuclear AGO and RNA Polymerase 

II in human cancer cells. (Huang et al., 2013). In addition, two different studies 

conducted in our research group revealed that AGO1 regulates gene expression by 

affecting chromatin architecture in human cells and contributes to nuclear 

organisation (Shuaib et al., Unpublished Data).    However, mechanistic evidence for 

a role in global gene transcriptional regulation remains to be elucidated. 

 

1.1.3. RNAi Components; Dicer  

 

Dicer protein is a multi-domain protein that belongs to the RNase III family (Song 

and Rossi, 2017). It is best known for its (dsRNA) endoribonuclease activity-

processing miRNA in the RNAi pathway as it is one of the core components playing a 
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pivotal role in this process.  (Liu et al., 2018). It is believed to be a highly conserved 

protein among organisms. However,  it differs in the number of copies. In humans, for 

instance, a single copy is present, whereas multiple copies are present in other 

organisms. Drosophila, for example, utilises two Dicer proteins, while plants have 

four different Dicer-Like proteins (DCL).  

 

1.1.3.1.  Human Dicer (hDicer) Structure 

 

The Dicer structure consists of a helicase domain in the N-terminal, followed by  

DUF283 (domain of unknown function), PAZ (Piwi/Argonaute/Zwille), two RNase 

III domains, and double-stranded RNA-binding domains (dsRBD), which are located 

in the C-terminal.  (Lau et al., 2012; Doyle et al., 2013; Liu et al., 2018). The helicase 

domains act as an auto-inhibitor, essential for correct recognition and unwinding of 

the target (Doyle et al., 2013; Wilson and Doudna, 2013). The cleavage and RNA 

binding activities are accomplished by PAZ and RNaseIII domains (Doyle et al., 

2013). Apart from recruiting the protein to its specific RNA targets, dsRBD has been 

demonstrated to function as a nuclear localization signal; This lends support to 

previous findings in the literature indicating the presence of RNAi components in the 

nuclear compartment.   

 

1.1.3.2.Nuclear Dicer: Does it Exist? What is it doing?   

 

Seminal studies performed in yeast have revealed that Dicer acts not only in PTGS via 

the RISC complex loading, but also in heterochromatin formation (Volpe et al., 2002; 

Moazed 2009). However,  for some time,  evidence for the presence or a role of RNAi 
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components in animal cells has been questioned. As mentioned above, the first report 

in Drosophila showed an association with active promoters and RNA Pol II 

regulation (Cernilogar 2011). Later, evidence that was provided that Dicer is indeed 

present in both the nucleus and cytoplasm in mammalian cells (Doyle et al., 2013; 

White et al., 2014).   

 

A study conducted by Doyle et al., (2013) has proven that dsRBD has the nuclear 

importing signal which is inhibited by the presence of the helicase domain. However, 

under certain circumstances Dicer would be imported to the nucleus. Duplication of 

dsRBD in full-length reporter Dicer and mutants which are defected in the helicase 

domain were partially or fully accumulated in the nucleus.  

 

Immunofluorescence analysis conducted in human tissue culture cells by White et al., 

(2014) showed that Dicer was present both in the cytoplasm and nucleoplasm. 

Moreover,  further tests carried out within the same study reported that although Dicer 

was restricted to the cytoplasmic compartment, depletion of Dicer resulted in 

accumulation of dsRNA that induces cellular apoptosis death caused by activation of 

the interferon response pathway. Multiple phenotypes are associated with Dicer 

mutations or a reduced level which is observed in cancer cell lines and aging animals   

(Kanellopoulou et al., 2005; Foulkes, Priest and Duchaine, 2014; White et al., 2014)   

Finally, a role for Dicer was reported to be crucial in DNA damage response and 

genome stability (Francia et al., 2012) 
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Figure 2: Schematic Diagrams of Dicer Isoforms: 

C 
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A) Dicer1variants in cancer cells. B) Protein analysis using an antibody that could 

recognise different bands. C) The architecture of Dicer1 canonical isoform and 

Dicer1-s. 

1.2. Background  

 

Ongoing work in our research group provides evidence that in human cells, the 

nuclear function of Dicer might be attributed to one of the Dicer isoforms, not the 

canonical one, present exclusively in the nucleus. In particular, this isoform would be 

shorter (92kDa) than the canonical one and lacking the dicing domain (see figure 3). 

In plants, Dicer-like homolog (DCL-3) mutants were associated with the loss of 

heterochromatic marks in some loci  (Xie et al., 2004). The DLC-3 length is slightly 

shorter than the other isoforms existing in plants and localised in the nucleus.  

Grelier and colleagues in 2009 were one of the first to report Dicer-1 splice variants in 

epithelial and mesenchymal breast cancer cells, predicted by AceView software and 

using an antibody that was able to recognise different bands in western blot analysis. 

Five different variants were documented; among these reported is a variant named 

Dicer-e with a corresponding protein of  ~ 93 kDa (Grelier et al., 2009). Subsequent 

investigation in oral cancer cells revealed that Dicer-e protein was similarly 

overexpressed in cancer cells in comparison to normal cells (Cantini et al., 2014).  

The two isoforms are produced by alternative splicing. The structural difference 

between the two isoforms is illustrated in figure 2. Ribonuclease III domain and RNA 

binding domains are shared between the two isoforms, whereas DUF283 , PAZ, and 

the helicase are only present in the canonical isoform. 
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1.3. Thesis Objective 

 

Our objective is to explore the subcellular localisation and characterisation of human 

92kDa Dicer isoform, previously not reported.  

To address this, I undertook genomic and biochemical approaches applied to HAP1 

cells os a model system. This model system was chosen because it is the most feasible 

way to study gene edit. HAP1 cell line is derived from Male Chronic Myelogenous 

Leukemia (CML) cell line KBM-7 and has been widely used since it is a near-haploid 

cell line. This characteristic ensures that the gene edit would manifest and would not 

be masked by the presence of another allele.  

The subcellular localization will be investigated in HAP1 cell line by 

immunoprecipitation and immunofluorescence studies.  

Moreover, I will be optimising the condition of Dicer1-s knockdown by CRISPR 

Cas13 technology targeting Dicer1-s mRNA transcript. Furthermore, I will use 

CRISPR Cas9 in an attempt to edit Dicer1-s gene targeting Exon1, and dsRBD 

encoded regions.  
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2. MATERIALS AND METHODS 

 

2.1. Plasmid Construction and Preparation  

 

2.1.1. Vector Preparation 

 

2.1.2.  GST- Tag Dicer1 Cloning and Protein Expression.   

 

10 μg pGEX5X1-GST was digested with NotI and Xho1 restriction enzymes (New 

England Biolabs) at 37 ° C. The digests were performed overnight. Digested plasmids 

were resolved by agarose gel electrophoresis. Dicer N-terminal was amplified from 

genomic DNA and digested with the same restriction enzymes. After ligation, 

transformation to E. coli BL21 was done using standard heat shock transformation 

method.  

GST fusion Dicer1 isoform was expressed in Escherichia coli strain BL21 at 30°C 

after induction with IPTG for 3 hrs. The total soluble proteins were extracted and 

were purified on glutathione Sepharose 4B beads (Amersham) by standard methods. 

 

2.1.3.  Cas13 Vector  

 

10 μg PspCas13b-backbone and PspCas13b-NES derived from previous construct, 

was digested with PvuI and BamH1 restriction enzymes (New England Biolabs) at 37 

°C respectively. The digests were performed overnight. Digested plasmids were 

resolved by agarose gel electrophoresis for quality checking.   
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PspCas13b-NES was digested with BbsI (New England Biolabs) at 37 °C overnight 

and was resolved by agarose-gel electrophores.  The band was gel excised, and 

purified via QIAquick Gel Extraction Kit (QIAGEN) 

 

2.1.4. Cas9 Vector 

 

10 μg PspCas9 derived from previous construct was digested with BbsI (New 

England Biolabs) at 37°C overnight and was resolved by agarose gel electrophoresis 

and purified by QIAquick Gel Extraction Kit (QIAGEN) 

 

2.1.5. gRNA Design and Cloning  

 

2.1.2.1.  Cas13 

 

Four gRNAs were designed using CRISPR Design website (crispr.mit.edu)  

60 ng of the digested PspCas13b-backbone was ligated with the annealed sgRNA 

oligonucleotide by Golden Gate Assembly with the BbsI site of the vector.  

 

2.1.2.2. Cas9  

 

Seven different gRNAs were designed, using CRISPR Design website 

(crispr.mit.edu), targeting different protein domains in RNAi component proteins. The 

same protocol was followed to clone the annealed phosphorylated sgRNA’s stands 

into PspCas9 vector.    
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2.1.6. Homology-directed repair (HDR) Vectors  

 

For homologous recombination,  the arm cloning HR720 vector was first digested 

with BsrGI and BsaI  (New England Biolabs). The homology repair templates were 

amplified from HAP1 wild type genomic DNA by PCR using NEBNext® High-

Fidelity 2X PCR Master Mix (New England Biolabs) using primers harboring the 

region of interest.  Following this, products were purified using QIAquick PCR 

Purification Kit (QIAGEN) followed by cloning. The clones were checked by 

digestion and Sanger sequencing. Having done this, the successful clones were 

digested with NotI and SalI restriction enzymes (New England Biolabs) and ligated 

with the amplified region of the right arm. 

All constructs were transformed into E. coli strain TOP10 using a standard heat shock 

transformation method. All clones were verified by digestion and sequencing. 

Cas13 gRNA’s: 

g1_Cas13_DS1_F CACCGCAGGAAGTGATCTGACTCCCACGCCAGC 

g1_Cas13_DS1_R CAACGCTGGCGTGGGAGTCAGATCACTTCCTGC 

g2_Cas13_DS1_F CACCTCGCTGAGCAACGTTCTGCAGTTCACAGA 

g2_Cas13_DS1_R CAACTCTGTGAACTGCAGAACGTTGCTCAGCGA 

g3_Cas13_DS1_F CACCCACTTGAATAGTGTCTGTCGTACCAGGC 

g3_Cas13_DS1_R CAACGCCTGGTACGACAGACACTATTCAAGTG 

g4_Cas13_DS1_F CACCGGTTCCATTTCAAGCAATTCTCGCACAGG 

g4_Cas13_DS1_R CAACCCTGTGCGAGAATTGCTTGAAATGGAACC 

Cas9 sgRNA’s : 

hDcrS-G1-Ex1-up CACCGGACTCCCACGCCAGCATCGC 
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hDcrS-G1-Ex1-dw AAACGCGATGCTGGCGTGGGAGTCC 

hDcrS-G2-Ex1-up CACCGGCCCAGACTGCCAGCGATGC 

hDcrS-G2-Ex1-dw AAACGCATCGCTGGCAGTCTGGGCC 

hDcrS-G3-Ex1-up CACCGACTGCCAGCGATGCTGGCGT 

hDcrS-G3-Ex1-dw AAACACGCCAGCATCGCTGGCAGTC 

hDcrS-G1-RBD-up CACCGATTTCAAGCAATTCTCGCAC 

hDcrS-G1-RBD-dw AAACGTGCGAGAATTGCTTGAAATC 

hDcrS-G2-RBD-up CACCGATTTTTTGCTTACCTAAATT 

hDcrS-G2-RBD-dw AAACAATTTAGGTAAGCAAAAAATC 

HDR Primers: 

hDS1_Ex1_LHM_BsrG1

-up 

GCTGTACAAAATCCCATTTGGCCTTAGAG 

hDS1_EX1_LHOM_Bsa

1_dw 

TAGGTCTCTTTAGCTGGCAGTCTGGGCTCTTAG 

DS1_EX1_RHM_Not-up AAGGAAAAAAGCGGCCGCGTATGCCTGTGCAGT

CAGCCA 

DS1_EX1_RM_Sal_dw ACGCGTCGACGAGTGTTTAAGCCAACAGTTTC 

hDS1_RBD_LHM_BsrG

1-up 

GCTGTACACCATAAATGGTATTTCCCCCCTT 

hDS1_RBD_LHM_Bsa1

_dw 

TAGGTCTCTTTACTGCAATCAAAATGAAAGAATA

ATATG 

DS1_RBD_RHM_Not-

up 

AAGGAAAAAAGCGGCCGCCATCAAAGGGGAAAA

GTTCACA 

DS1_RBD_RHM_Sal_d

w 

ACGCGTCGACATTGGGAACCTGAGGTTGATTAGC 
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Oligonucleotides were synthesized by Sigma-Aldrich. 

 

2.2. Cell Culture  

 

HAP1cells were cultured in Iscove's Modified Dulbecco's Medium (IMDM) (Life 

Technologies), supplemented with 10 % fetal bovine serum (Sigma) and penicillin-

streptomycin (Thermo Fisher Scientific) at 37 in 5% CO2   

 

2.3. Transfection 
 

Transfection was done using three different methods, chemically and traditionally by 

electroporation, Lipofectamine 3000(Life Technologies) and Lipofectamine 

LTX (Life Technologies) according to the manufacturer's instructions. 1.5 

x 10 5 cells were transfected by a Nucleofector Kit V (Lonza) with a Nucleofector 

device (Lonza) using a program "X-005" according to the manufacturer's instructions. 

A total of 3µg of the plasmids was used for each reaction. 

 

 

qPCR Primers: 

hGAPDH-F GCACCGTCAAGGCTGAGAAC                                                                                  

hGAPDH-R TGGTGAAGACGCCAGTGGA 

h18S-F  GCAATTATTCCCATGAACG                                                                                  

h18S-R  GGGACTTAATCAACGCAAGC 
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2.4. Selection  

 

Enrichment for transfected cells was done by antibiotic selection with blasticidin, with 

an initial concentration of 2ug/ml up to 10 ug/ml, followed by chemical selection with 

ganciclovir with 2uM to 6um. Single-cell cloning was achieved by serial dilution in a 

96 well plate and single colony picking.   

 

2.5. Genotyping  

 

Genomic DNA was extracted using a Quick-DNA™ Universal Kit (Zymo 

Research) according to the manufacturers' protocol.  The genomic region flanking the 

CRISPR target site for each gene was PCR amplified.  

 

2.6. SURVEYOR Assay and T7 Assay  

 

200-400 ng of purified PCR products were denatured and reannealed. The resulting 

products were then digested by the SURVEYOR nuclease digestion process,  based 

on the manufacturer instructions, or T7 endonuclease. The targeted PCR products 

were melted and annealed in NEB buffer2, followed by digestion with T7 

Endonuclease I for 1 hour at 37 ℃. The digested reactions were then run in 2% 

Agarose gel in the TAE buffer; 90V for 1 hour. The gel was analysed using the 

ChemiDoc System (Bio-Rad) 
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2.7. Genotyping PCR for Targeted Clones for Insertion Validation  

 

Two primers' sets were used: one set has a primer outside of the homology arms and 

one inside the selection marker, whereas the other set has both in primers inside the 

insert for each target.   

 

2.8. Gene Expression  

 

Total RNA was purified using Direct-zolTM RNA MiniPrep (Zymo Research) 

according to manufacturers' protocol. iScriptTM cDNA Synthesis Kit (Bio-Rad) was 

used for cDNA synthesis, which was subsequently used for RT-qPCR using SYBR 

Select Master Mix (Life Technologies). Either GAPDH or 18S or both were used as 

endogenous controls. 

 

2.9. Immunoblotting 

 

Proteins were denatured, reduced, and resolved on NuPAGE™ Bis-Tris gels 

(Invitrogen™) or Mini-PROTEAN® TGX™ Precast Gels (Bio-Rad) and transferred 

to nitrocellulose or PVDF transfer membranes. The membranes were blocked with 

milk 5% in PBS-tween 0,1%(PBST) and incubated with primary antibodies overnight 

at 4°C. Following three washes with PBST, membranes were immunoblotted with 

antibodies against Dicer isoforms, H3 and Alpha-Tubulin were used as controls.  

 

2.10. Subcellular Fractionation and Immunoprecipitation (IP) 
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To determine the subcellular localisation, HAP1 were harvested and washed with cold 

PBS. For Cytoplasmic extract the cells were  incubated with 500 μL cytoplasmic 

hypotonic buffer (10mMTris pH8. 10mM KCl, 1mM EDTA, 1%NO-40. 

10%glycerol, supplemented with protease inhibitor cocktail (Roche) and 0.5mM 

phenylmethylsulfonyl fluoride (PMSF)) for 10-25 mins on ice, then centrifuged at 

3000 rpm for 10 mins at 4'C.  The supernatant was collected as the Cytoplasmic 

Fraction. The pallet was washed with 2x 500 μL of cytoplasmic buffer. The pallet 

was then re-suspended in 200 μL of nuclear lysis buffer (20mM Tris pH8, 400mM 

NaCl, 1mM EDTA, 1mM EGTA, 30% Glycerol, supplemented with protease 

inhibitor cocktail (Roche) and 0.5mM phenylmethylsulfonyl fluoride (PMSF)) and 

incubated in a rotating wheel for 15-30 mins. Samples were centrifuged at 5000 rpm 

for 10 mins at 4’c and supernatant was collected as the Nuclear Fraction. Having 

done this, the pallet was re-suspended in 200 μL in sucrose buffer, with the addition 

of CaCl2 “0.5 μL Sigma: 5 μL / gram of cells) “ (1mM final concentration) and 

incubated for 1 minute  at 37’C followed by  Mnase digestion  (0.5U/ μL “8 μL" at 

37'C for 10 minutes). The digestion was stopped with 4mM of EDTA. Lastly, 

Chromatin Fraction was collected from the supernatant after 5 mins incubation in ice 

before being sonicated and centrifuged for 15 minutes at 13,000 rpm.    

For total protein extraction, cells were lysed in RIPA buffer (10 mM Tris pH 8.0, 1 

mM EDTA, 0.5 mM EGTA, 1% Triton X-100, 0.1% Sodium deoxycholate, 0.1% 

SDS, 150 mM EDTA and 0.5mM PMSF, 10 U/ml Superase-In, 1X Protease inhibitor 

cocktail), incubated for 30 minutes on ice, and spun at 13000 rpm for 10 min to 

collect supernatant as total protein extracts.  
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Immunoprecipitation was done as described previously by Bonifacino et al. (2016) 

with some modification in which the fixed cells in 1% formaldehyde were used for 

the pull-down assay. 

 

2.11. Immunofluorescence (IF) 

 

HAP1 cells were grown on Nunc™ Lab-Tek™ II Chamber Slide™ System (Thermo 

Scientific™), washed in PBS, fixed in 4% formaldehyde/PBS (10 min, at room 

temperature ), and permeabilised in 0.2% Triton X-100/PBS (10 min, at 4°C). The 

chamber slides were then washed in PBS and blocked with 1% BSA for one hour at 

room temperature. Following overnight incubation with primary antibodies at 4°C, 

the samples were washed and incubated with secondary antibodies (Alexa Fluor® 

488) for one hour at 37°C, and then washed again and counterstained with 4',6-

diamidino-2-phenylindole (DAPI; 1 μg/μl). 
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3. RESULTS 
 
3.1 Dicer1 Subcellular Localisation and Characterisation of Dicer1-specific Short 

Isoform  Antibody.  
 
An antibody specifically made to recognise the unique peptide sequence in Dicer1-s 

was generated. The ELISA was performed to check the antigenecity of the two 

bleeds. One bleed gave a very good antigenic response compared to the other one 

tested, so this was used for the final antibody production(Figur.3.). To examine the 

specificity of the antibody we produced recombinant GST-Dicer1-s. GST-tagged 

protein was produced by cloning it into expression vectors to produce recombinant 

proteins. This was then blotted against an  antibody which specifically recognises the 

recombinant protein GST-Dicer isoform with a total molecular weight of ~118 kDa. 

To further confirm the result obtained, Dicer1-s was immunoprecipitated from the 

nuclear extract from 1% FDA HAP-1 fixed cells, and the eluted samples were 

resolved in SDS PAGE gel and blotted against Dicer isoform. A band of a molecular 

weight of ~92 kDa was detected in the nuclear/chromatin extract pull-down assay 

which was also present in the total extract from the control. Thus, the antibody can 

successfully pull-down Dicer1-s and it is specific.  
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A) Figure 3  Anti-body Characterisation I: A) Alignment result between the two isoforms, 

The blue box  represents  the unique difference in the amino acid sequence which was 



 35 

used to design the antibody against this isoform,  B) ELISA RESULT; Custom 

antibody for Dicer1-s:  The ELISA was performed to check the antigenecity of the two 

bleeds. 

As you can see the second bleed gave a  very good antigenic response, so this was 

used for final antibody production 

 

A) 
 

 

Figure 4.  Anti-body CharacterisationII:  

A) Schematic overview of IP.  B) Testing the Anti-DICER-isoform by  IP from 1% PFA fixed 

HAP-1 Cells  C) Dicer isoform-GST expression in E. coli BL21 cell cultures following 

induction tested by Coomassie blue and WB 
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The cellular distribution of Dicer1 in the nuclear,  cytosolic, and chromatin fractions 

of HAP1 was examined using chromatin fractionation and western blot analysis. 

Cytoplasmic control alpha-tubulin and Histone 3 were used as a nuclear marker. The 

distribution of Dicer1 isoform protein was readily detectable in both nuclear and 

chromatin fractions with a molecular weight of  ~92 kDa, whereas the canonical Dicer 

which is present in the nuclear and cytoplasmic fractions only runs at ~218 kDa. 

Furthermore, immunofluorescence (IF) analysis confirmed that the distribution Dicer1 

isoform was evident in the nucleus of HAP-1(Figure3).  
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Figure 5.  Subcellular Localisation  of Dicer : 

 A) Schematic overview of Chromatin Fractionation Protocol, B) Protein analysis of HAP1 

Chromatin Fractionation extracts; Dicer isoform was detected in the nuclear extract in 

contrast to Full-length Dicer which was detected in nuclear and cytoplasmic extracts.  Alpha-

tubulin and histone 3 antibodies were used as cytoplasmic and nuclear markers, respectively, 

C) Immunofluorescence of HAP-1 cells illustrating the localisation of Dicer isoform in the 

nucleus. This is in line with an earlier investigation in the lab of HepG2 cells.  
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3.2.Optimisation of Cas13 Knockdown of Dicer isoform  
 

Cas13 protein was employed to target Dicer1-s mRNA transcripts for cleavage and 

degradation. The system consists of two main components; Cas protein, which carries 

out the cleavage activity and guide RNA (gRNA). gRNA act in a complimentary-

based manner and could be tailor-made.         

To construct CRISPR Cas13 system commercially available vectors PspCas13b- 

Backbone for cloning gRNA and PspCas13b-NES encoding Cas13 protein were used. 

The plasmids were previously prepared in the lab. Further confirmation was done by 

digestion with PvuI for the former and BamHI for the latter. As expected, based on 

the simulation carried out, a band of a molecular weight of 10kb and 2.5 kb was 

present in the digested PspCas13b-NES plasmid, similarly with PspCas13b- 

Backbone digested vector (2kb and 800bp) (Figure.5).  
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Figure 3.  Vectors preparation for Cas13: 

 A) PspCas13b- backbone B) PspCas13b-NES. C) Analysis of Psp Cas13b-NES and 

Backbone DNA digestions in 1% Agarose Gel by Digestion two bands highlighted by the red 

arrows (10kb and 2.5 kb in NES and 2Kb and 800 bp in the backbone vector).  

 

Four different gRNA's sequences were designed, targeting different sites of  Dicer1 

transcript and cloned into PspCas13b- Backbone. After annealing by standard cloning 

procedures, Diagnostic digest was performed in order to assess the quality of the 

clones. Successful clones were identified by the presence of a single band after 
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digestion, as BbsI site is lost after cloning. All clones were confirmed by sequencing. 

These constructs were used for subsequent transfections into HAP1 cells. 

 

We co-transfected HAP1 cells with plasmids expressing Cas13 protein and gRNAs, 

respectively. GFP reporter plasmid was used as a positive control for transfection. 

After 48 hours, the cells were collected for genotyping and total protein extraction. 

gRNAs were transfected separately or two were co-transfected jointly gRNA 

1;gRNA2 and gRNA 3; gRNA4. (Figure.6.) 
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Figure 4. gRNA’s Design and Cloning: 

 A) Schematic Representation of Dicer gene transcripts with target site (gRNA). B) Schematic 

overview of the procedure taken to construct the gRNA’s clones. C) Diagnostic Digestion in 

1% Agarose Gel; the loss of BbsI site indicates successful cloning. D) Confirmation of gRNA 

clones in pC0043 by Sanger sequencing  
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To assess the activity of the mutant cells compared to the wild-type, total RNA was 

extracted, and RT-qPCR was performed against Dicer1-s. The knockdown efficiency 

was also examined at the protein level. We extracted the total protein, followed by 

Western blotting with antibodies directed against Dicer1 canonical sequence, Dicer 

isoform, H3, and Alpha-Tubulin, where the last two were used as loading controls. 

The slow migrating, highest molecular weight band corresponds to the Dicer1 

canonical (~220 kDa). The second band corresponds to Dicer Isoform (~92kDa).  

 As can be observed from the data obtained, Dicer isoform was clearly the least 

abundant in the knockout cells when contrasted with the wild type. The canonical 

Dicer seemed to be equal in all lanes, while none of the double transfected cells or 

gRNA3 showed a significant difference when compared to the wild-type control. 

gRNA1 and 2 transfected cells showed a decreased level of Dicer isoform expression. 

These results are consistent with the RT qPCR results. 

Dice1-s expression was decreased among all. One might expect to increase the 

likelihood by targeting different locations of the transcript simultaneously. However, 

when this was examined,  it appeared that it has no consequential impact.  The joint 

transcript did not manifest any significant difference to the single transfected ones. 

Thus, it seems reasonable to suggest that the gRNA 2 is likely to be most efficient in 

knocking down the target. (Figure.7.) 
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Figure 5. Cas13 mediated Knockdown of Dicer Isoform: 

  A) Schematic overview of the experimental procedures. Protein analysis of samples from 

transfected HAP1 cells(C). Dicer expression was decreased among all mutants, and gRNA 2 

shows the lowest decrease in expression. These results are consistent with RT qPCR results 

(B).   
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3.3.Optimisation of Cas9 Knockout of Dicer isoform 
 

Fei et al., (2018) point out that in the process of gRNA selection for knockout 

experiments, two options are to be considered.  The first approach is to design the 

gRNAs close to the translation start codon; alternatively, to design the gRNA to target 

a critical functional domain of the gene.  

Seven gRNA's were designed to target different RNAi components; RNA binding 

domain, Exon1, Ago1 were cloned into PspCas9  by standard cloning procedures and 

confirmed by Sanger sequencing.  

HDR vectors donating plasmid were also designed harbouring the knock-out area in 

order to knock in positive transfection selectable marker. The arms of homology were 

amplified from HAP1 wild-type genomic DNA using primers harbouring the targeted 

regions. PCR products were resolved in 1% agarose gel to confirm the amplification. 

Bands of expected sizes were present corresponding to each target. The right arm of 

homology was cloned in a subsequent step after the successful cloning of the left arm 

corresponding to each target,  Schematic overview of the procedure taken is 

illustrated in Figure8. The plasmid expressing Cas9-gRNA was co-transfected with 

the HDR.  
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Figure 6. Design and Cloning of gRNA’s Targeting Human Dicer and AGO1: 

 A)Schematic representation of Dicer1 gene with target site (gRNA). B) Schematic 

representation Schematic overview of the procedure taken to construct the clones. For 
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Homology Arms for HDR-Cas9. C)PCR amplification of homology arms from genomic DNA 

resolved in 1% Agarose Gel. D)Confirmation by Sanger sequencing; DNA sequence 

chromatograms demonstrating gRNA's in PspCas9 

 

To check the gRNA's efficiency,  genomic DNA was extracted post-transfection 

followed by PCR amplification of the targeted regions.  Different assays were used; 

however, we decided to use T7EI henceforth. The relative efficiencies calculated 

among the gRNAs slightly differed.  

The INDELs formation frequencies ranged from 11% at the lowest to 34% at the 

highest. Dicer1-EX1-gRNA3 had the highest frequency of INDELs, followed by h-

AGO1 gRNA1  and Dicer1-RBD gRNA1, with 32% and 29% respectively, while the 

rest of frequencies were under 20% (Figure.9). 
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Figure 7. T7 Endonuclease I Assay: 
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 A)Genomic DNA Amplification of CRISPR Targeted Regions. B)T7 Assay Analysis in 2% 

Agarose Gel: more than one band is present in the mutants in comparison to one band in the 

wt.  C)The Parentages of INDELs Formation; Dicer-EX1-G3 achieved the highest. 

 

 

Positive and negative selections were used to enrich the transfected cells. Blasticidin 

was used as a positive transfection selectable marker. In a subsequent selection, 

Ganciclovir was used to select against transfected cells with off-target integration of 

HDR vector in the genome.  

 

Different outcomes could be generated depending on the repair pathway that the cell 

machinery would proceed with (Figure 10). HDR was stimulated by co-transfecting 

the cells with HDR vector (Cong and Zhang, 2014; Zhang et al., 2017). The off-target 

cut might have resulted in random integration of HDR plasmid in the genome, which 

has been observed using a PCR-based approach to determine Cas9-HDR regions. 

Selection with blasticidin and ganciclovir was employed to enrich positive cells. In 

the absence of homology in the genome, HDR vector will be integrated with PGK-

hsvTK “human herpes simplex virus thymidine kinase type 1 gene”  cassette that 

could be selected against.   

Initially, mixed populations were tested for Cas9-HDR integration. This was 

investigated by a PCR -based method using three sets of primers.  Off-target, 

integration was observed in the vast majority of the samples tested when the PCR 

products were analysed by gel electrophoresis. Positive cells for integration, negative 

for the off-target should have amplicons on the 1st two sets of primers, not the third 
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set. To address this issue, we isolate monoclonal cell populations and culture them to 

be further tested. Figure.11  

 

Figure 8. Possible Outcomes  of Cas9 induced double-strand break: 

the cell machinery could try to repair the non-homologous end joining or homology direct 

repair resulting in different mutations.  
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Figure 11. Validation of the integration sites: 

 A)Schematic representation of the possible outcome of the genomic DNA after HDR 

plasmid integration on target (A) off-target (B) if HDR occurred the negative 

selection marker " red box" will be eliminated B) Representation of the primers' 
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designed used to investigate the type of integration. C) Analysis of Cas9-HDR 

Targeted Regions; all clones showed bands with expected sizes except clone G2 "1" 

where there is no amplification AGO ( 474. 500 617 bp), EX1( 342, 461, 573 bp), 

RBD(437, 574. 685 bp) respectively.    

 

After a single clone was selected the genomic DNA of RBD and EX1 mutants were 

tested with in/out PCR to determine the site of the insertion 2.6 kb and 3 kb 

respectively for the mutants. In/out PCR fragments of the expected size was present in 

RBD knockdown; however, it was not present in the others. Thus, some clones which 

showed the correct fragment were further analysed by checking if there was any 

depletion in the protein level. Interestingly, no significant depletion was detected in 

the WB analysis; Dicer isoform level shows no change. (Figure.12) 
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Figure 12 Analysis of Cas9-HDR Targeted Regions: validation of the region of 

integration. All clones from DS-EX1 showed fragment size corresponding to the wt 

(In/Out; 714bp, Out/Out; 1.2 kb ) (i).  The vast majority of DS-RBD showed different 

fragments corresponding to both the knocked in and wt ( In/Out;  2.7 kb and  505, 

Out/Out; 2.6kb and 992bp) 
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4. DISCUSSION: 

 

4.1.Dicer1-s Subcellular Localisation in the Nucleus   

 

Current investigation in the lab shed light on a novel Dicer isoform present in human 

cell lines and, hypothesized, it is the pivotal anonymous player functioning in the 

nucleus. A custom-made antibody which has been characterised and tested for its 

specificity was used against Dicer isoform. To confirm the specificity of the antibody, 

we tried to characterise the antibody by IP and the production of recombinant protein. 

Several modifications were applied to the extraction protocol, such as the addition of 

Dnase and Rnase treatment step, the buffers used and the elution methods. Despite 

several attempts, we were unsuccessful in pulling down the protein from the 

nuclear/chromatin extract of freshly lysed cells. Instead, by using fixed cells, we 

managed to obtain satisfactory results. Perhaps fixing the cells stabilises the protein 

and preserves its native structure (Klockenbusch and Kast, 2010). Therefore, it could 

be recognised by the antibody.Our result suggests that the antibody made can 

specifically recognise Dicer1-s.  

To assess the possibility of Dicer1-s existence in the nucleus , we carried out 

chromatin fractionation experiments. A substantial amount of Dicer isoform was 

detected in the nuclear compartment. By contrast, little or no signal was detected in 

the cytoplasm. This observation is consistent with our IF results. Thus, it seems 

reasonable to suggest that Dicer1-s is indeed present in the nuclear compartment. 

Knockdown experiments would be one of the strategies to facilitate a thorough 

investigation of this novel isoform function. 
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One explanation that influences this localisation could be attributed to the Dicer 

structure. In a study conducted by White et al., (2014) investigating the nuclear signal 

in full-length Dicer,  it was pointed out that Dicer protein domains play a vital role in 

the localisation. The nuclear localisation signal is present in the dsRBD which is 

inhibited in the full-length Dicer by the helicase domain. Deletion of the helicase 

domain or duplication of dsRBD resulted in the accumulation of full-length Dicer in 

the nucleus. These data correlate favorably with our argument regarding Dicer1-s. 

The main difference in the structure is the lack of some domains in the N-terminal, 

such as the helicase, PAZ, and DUF in the isoform that we investigated. Furthermore, 

RnaseIII and dsRBD are common domains in both. These differences possibly 

facilitate this compartmentalization,  predominantly in the nucleus.  

4.2.Attempt to Establish Stable Dicer1-s Mutant Cell Lines 

 

In an attempt to unveil Dicer1-s biological function, knock-out/down experiments 

were conducted. CRISPR Cas technology was used as a tool to target Dicer mRNA 

and DNA. Cas 13 and Cas9 proteins were used for this aim. Dicer1-s mRNA was 

targeted by  Cas13 (Cong and Zhang, 2014; Zhang et al., 2017). Upon transfection 

biochemical evidence from WB and qPCR analysis support the knockdown 

efficiency. Reductions in protein and RNA levels were observed. The present findings 

might have important implications for generating mutant cell order to solve the 

Dicer1-s mystery. However, more experiments need to be done to confirm the 

absence of off-target and to evaluate the reduction in Dicer1-s expression level 

compared to collateral RNA degradation. Additional work on transcriptome-wide 

mRNA sequencing would help us to analyse that (Abudayyeh et al., 2017).  
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In the absence of suitable selectable markers, with mRNA transcript of Dicer-FL and 

Dicer1-s overlapping, we needed more precise tools for functional analysis, so we 

moved to Cas9 to introduce specific mutations in some essential domains, such as 

RNA binding domain (RBD) or to impair the catalytic activity by targeting exon1. 

The highest INDELs frequency achieved was 34%, which is considered to be ideal if 

the frequency was tested by gel-based methods (Hendriks, Warren, and Cowan, 

2016). 

In our experiments, both Surveyor assay and T7 endonuclease I (T7EI) were used to 

analyse the cutting efficiency. Multiple analyses resulted in false-negative results due 

to the need for careful optimisation. We adopted T7EI assay methodology as it has 

been previously optimised and reported to be more sensitive to mismatch. 

Nonetheless, the T7EI is unable to detect INDELs if they are present in the minority 

of the population (less than 1% or 2% of the genetic populations). Thus, gel-based 

methods are ineffective for precisely detecting INDELs, which might result in false-

negative results (Hendriks, Warren and Cowan, 2016).   

Alternative solutions could be used in order to give a more precise indication of HDR 

or NHEJ. Examples of this are digital droplet PCR (ddPCR)-based methods or 

sequencing-based analysis methods such as tracking of INDELs by decomposition 

(TIDE) (Brinkman et al., 2014), and single-molecule real-time (SMRT).  These 

methods are less lengthy though slightly cumbersome; however,  they advance 

previous methods by increasing the chance of getting positive results due to their high 

sensitivity. A drawback of this framework is the limitation of the PCR amplicon 

length (Hendriks, Warren and Cowan, 2016).   
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In order to identify and enrich mutants cells, negative and positive selection is 

required, as mentioned previously. Regardless of how harsh the selection was,  some 

obstacles were encountered while selecting the positive clones after successful 

transfections. Since the tested samples were harvested from a pool of populations, 

negative cells might differ in their degrees of resistance. One explanation for the 

reoccurring mixed population could be attributed to the variation of hsvTK expression 

level due to the nature of the insertion site (LeBowitz, Cruz and Beverley, 1992). To 

address this issue, single-cell clonal selection was the way forward. However, having 

employed single clonal selection, unexpectedly, this strategy falls short of illustrating 

the knockdown effect on both RNA and protein expression level, despite the fact PCR 

validated the insertion with the correct expected size. The antibody used recognizes a 

specific sequence that it may not be able to after the KO if the structure is disturbed, 

thus the sequence is not able to be recognised.  

 

All mutants display correct and random integration. One possible explanation is that  

EX1 mutants might be repaired without using the donor (NHEJ) whereas the rest of 

the mutants seem to have both mutant and WT copy, suggesting that the mutant cell 

lines might be heterozygous. HAP1 cells are near-haploid containing one copy of 

each chromosome except for chromosome 8 and 15 (Dorshkind, Narayanan and 

Landreth, 1992), assuming that the cell line is haploid for chromosome 14, where 

DICER 1 is located on its long arm (q). It can thus be conceivably hypothesised that 

duplication might have occurred with continuous culturing and passaging of the cells. 

Dorshkind, Narayanan and Landreth(1992) state that the cell line is only stable for 

several weeks in culture before some percentages of cells start to duplicate a specific 

set of chromosomes. This might explain the negative results obtained. 
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4.3. How to Improve the Knock-down/ Out efficiency  

 

gRNA design is one of the most crucial aspects to consider to increase the knockout 

efficiency and eliminate the possibility of an off-target. The use of HDR vector used 

to make it feasible to discriminate against off-target cells. Using overlapping 

sequences of gRNAs is highly likely to further enhance the knockout efficiency, and 

Jang et al., (2018) argued that overlapping sgRNAs exhibit enhanced HDR efficiency 

as compared with results using multiple sgRNAs with non-overlapping target sites. 

How Cas protein is delivered could have a noticeable outcome, and CRISPR Cas 

systems can be delivered to the cells as DNA, RNA, or protein. In our experiments, 

both attempts using  CRISPR Cas13 and Cas9 systems were delivered as DNA in the 

form of plasmids. Despite the relatively straightforward constructs preparation, the 

off-target issue is still an issue to be further optimised. On the other hand, transfecting 

the system as mRNA is argued to have the benefit of faster protein expression. To 

overcome the challenges posed by off-target INDEL's formation,  delivering the 

system as protein might enhance the specificity and eliminate off-targets. The 

advantage lies in the prompt degradation of the protein after delivery, which has a 

significant impact on minimising the off-target effect. 

 

4.4. Conclusions  

 

Data presented here concur that the protein Dicer1-s isoform is undoubtedly present in 

the nuclear compartment of mammalian cells. A comprehensive picture of the 
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structure, function, and particularly the effects on transcriptional regulation, is still 

lacking. We have already prepared the constructs needed for Dicer1-s structural 

analysis which is to be investigated.  

These findings add to a growing body of literature on RNAi components in the 

nucleus. Our work clearly has some limitations. Despite this, we believe our work 

could be a starting point to further investigate the novel isoform, Dicer1-s function. 

We are currently in the process of investigating putative protein-DNA interaction by 

ChIP experiments. The design and development of Dicer1-s mutant cell lines is a 

challenge. Conditional mutants such as the integration of an inducible degron could 

be used for Dicer1-s depletion(Sheridan and Bentley, 2016). Future work should 

concentrate on enhancing the quality of the method used to generate mutants and 

studying RNA/DNA and protein interaction (Popova, Kurshakova and Kopytova, 

2015).  
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