
Temporal and spatial post-transcriptional regulation of zebrafish tie1 mRNA by long non-coding RNA  

BACKGROUND AND OVERVIEW 
 

Tyrosine kinase containing Immunoglobulin and Epidermal growth factor 

homology-1(Tie1), an endothelial and hematopoietic cell specific receptor 

tyrosine kinase1, is an important regulator of angiogenesis and critical for 

the maintenance of vascular integrity2. We have previously reported the 

identification of non-coding natural antisense transcripts (NATs) from the 

tie1 locus in zebrafish, mice and humans3. We have also demonstrated 

that two of these NATs – one in zebrafish and another in humans – are 

capable of binding tie1 mRNA in the cytoplasm, and down regulating tie1 

mRNA levels3. However, the mechanism of this down regulation is not 

known. Here, we analyzed the mechanism involved in the tie1 antisense 

(tie1AS) RNA mediated regulation of tie1 mRNA in zebrafish embryos. 

  

The zebrafish tie1AS long non-coding RNA that regulates tie1 mRNA is 

804 bases long. The first 148 bases of the tie1AS are non-complementary 

to tie1 mRNA, the next 456 bases are complementary to the last exon of 

tie1 mRNA and the last 200 bases are complementary to the last intron-

exon boundary. We hypothesized that the tie1AS RNA uses the non-

complementary region, referred to as “unique” sequences to bind proteins 

involved in the regulation of the tie1 mRNA. Testing our hypothesis 

identified Embryonic Lethal and Abnormal Vision Drosophila like-1 (Elavl1) 

to be a specific interactor of tie1AS which is involved in the regulation of 
tie1 mRNA.  
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RESULTS 

tie1AS binds Elavl1 in vivo 

Hypothesis  of mechanism 

tie1AS uses a 10 bases long AU rich element at the 

5’end to interact with Elavl1. The interaction of 

Elavl1 with tie1AS, places Elavl1 close to the 

poly(A) tail of tie1 mRNA where it interacts with the 

poly(A) tail of tie1 mRNA and recruits proteins to 

destabilize tie-1 mRNA. A similar scenario has 

been reported in Elavl1 orthologue, HuR, mediated 

destabilization and degradation of nucleophosmin 

mRNA4.. Elav-family of proteins have been shown 

to interact with poly(A) sequences and AU rich 

element simultaneously in vitro5.  

 

 

Figure 1. Schematic representation of tie1 mRNA and tie1AS lncRNA 

Probes shown above (purple, green and red were used in assays in Fig 2 & 4) 
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Figure 2A: RNA pulldown assay shows that 

tie1AS(88 – 151) gives a specific RNA-

protein complex (arrow). Figure 2B: Western 

blot confirms that Elavl1 binds tie1AS in vitro.  
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Figure 3. RNA Binding Protein (RIP) – 

Immunoprecipitation shows that Elavl1 binds 

tie1AS specifically  in vivo 
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Fig 4: UV crosslinking assay identifies a 10nt AU rich 

element within tie1AS to be the Elavl1 binding site. 

Mutations within the AU rich element  from 

UUAAUUUUAU to GCUGCUGGC abrogates protein 

binding (lane 5, compared to lane 3 & 4)  

tie1 mRNA, tie1AS lncRNA and Elavl1 protein expression overlap in the head but not in trunk or tail  

eGFP tie1 mRNA tie1AS Merged eGFP Elavl1 Merged eGFP = cyan, tie1 = magenta 

tie1AS =  yellow 

eGFP = cyan, Elavl1 = red  
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Figure 5: Double fluorescence in-situ hybridization (A,B,C,D, and H) for tie1 and tie1AS, and immunofluorescence (E, F, G, and I) for Elavl1 performed on 28 hpf transgenic zebrafish, Tg(kdrl: eGFP), that express enhanced green 

fluorescent protein (eGFP) in the blood vessels show that tie1 mRNA, tie1AS lncRNA and Elavl1 expression overlap in the head but not in the tail and trunk. Endogenous eGFP expression is used as a point of reference. Yellow arrows 

indicate carotid arteries (CrDIs), green arrows indicate primordial midbrain channels (PMBCs), yellow tringles indicate middle cerebral veins (MCeV) and white arrows indicate intersomitic vessels.  

Microinjection into 1 cell 

stage zebrafish embryo 

Three distinct approaches were used to characterize the functional relevance of the interaction between tie1AS and Elavl1 

1. Constitutively active MO approach 

OR OR 

MOs prevent tie1AS from interacting with Elavl1 

2. Photoactivatable MO approach 

Caged p-MO unable to bind tie1AS 

365 nm UV 

14 – 16 somite embryo 

365 nm UV exposure 

cleaves p-MO uncaging 

tie1AS-Elavl-bMO1 and 

prevents Elavl1 binding 

3. CRISPRi : KD of tie1AS approach 

dCas9-KRAB binds tie1AS transcription 

start site with the help of gRNAs and 

prevents transcription of tie1AS 

Highly reduced  tie1AS transcription 

D 

V 

A P 

SUMMARY of RESULTS 

1. tie1AS lncRNA binds Elavl1 in vivo and in 

vitro through a 10 nt AU rich element. 

2. Elavl1 – tie1AS interaction takes place in 

zebrafish embryo head between 28 - 31 hpf.  

3. Disturbing Elavl1 – tie1AS interaction 

through 3 independent methods led to  2-fold 

increase (p<0.05) in tie1 mRNA levels and a 

decrease in tie1AS RNA levels  only in the 

head between 28 - 31 hpf (data not shown). 

4. The changing levels of RNA correlates with 

reduced ventricular space, smaller eye size, 

dilated primordial midbrain channels 

(PMBCs) and an increase in endothelial cells 

within the PMBCs.  
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Figure 6: Phase contrast and their corresponding fluorescence images (lateral) of 28 hpf transgenic zebrafish embryos that express eGFP in blood vessels; 

green = blood vessels, white dotted line = dilation, red arrow = smaller eye compared to control and black arrow = reduced ventricular space, scale bar = 100 μm 

Figure 7: Fluorescence images (lateral) of 28 hpf transgenic fish embryos that express eGFP in endothelial cell nuclei and mcherry in blood vessels. White 

rectangular boxes depict PMBC where the number of endothelial cells were counted. Disturbing tie1AS – Elavl1 caused 1.5 fold increase in endothelial cell numbers. 

Elavl1 binds tie1AS through AU element 
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