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REGULATION OF TRANSLATION BY ANTISENSE 
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GENERAL 
INTRODUCTION 

HOW DOES IT WORK?? 
  FUNCTIONAL MECHANISM 

JUST A PICULIAR PHENOMENON OR IMPORTANT? 
 SHOW BIOLOGIAL RELEVANCE IN A KNOWN BIOLOGICAL 
PROCESS 

HOW IS THE PAPER STRUCTURED…. 
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STEP 1: IDENTIFY INTERESTING  AS TRANSCRIPTS LINKED TO NEURODEGENERATION 

HOW CAN WE FIND THOSE ANTI-SENSE RNAs??? 

1.  Make a list of genes that have an importance for neurodegeneration 
  Check published literature 
  Use gene expression data and pick genes that are strongly up/downregualted 

 in disease 

2. Take RNA-seq data from the brain and use bioinformatics to identify transcripts that 
Run in antisense to genes with importance for neurodegenration 

Type of strategy: 
 candidate approach or 

 “educated” guess 



STEP 2: PICK BEST CANDIDATE: Uchl1 

Can we classify the class of lncRNAs AS Uchl1 belongs to?? 
- Antisense lncRNA 
- Genic lncRNA 
- Convergent transcription with Uchl1 
- Spliced 
-SPECIAL FEATURE: 2 repetitive seqeuences: 
SINEB1 (F1 subclass) = Alu 
SINEB2 (B3 subclass) 

SINE ELEMENTS:  
(= short interspersed elements) 
Retrotransposons that depend on LINE elements for 
transposition 
Alu elements are a subclass of SINE elements 
SINEs represent ca.: 13% of the human genome 



STEP 3: What is Uchl1?? – Lets get some information: http://www.genecards.org  



STEP 4: WHERE CAN WE FIND CO-EXPRESSION OF Uchl1 and AS Uchl1: 
 In this compartment we can study the functional interaction of these RNAs 

Gene expression array heat map 
RED: high expression 
GREEN: low expression 
Expression of Uchl1; AS Uchl1 
restricted to neuronal cells 

RNA-FISH on dopaminergic 
neurons in the brain 
FISH probe Uchl1: green 
FISH probe AS Uchl1: red 
TH: maker for the identification 
of dopaminergic neuron 
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STEP 5: WHAT FUNCTION DOES Uchl1 HAS IN NEURONAL CELLS 

LETS INCREASE AS Uchl1 EXPRESSION IN A DOPAMERGIC NEURONAL CELL LINE 

Conclusion: AS Uchl1 regulates Uchl1 on the protein level 

MN9D cells transiently transfected with a plasmid 
encoding AS Uchl1  superhigh expression of AS Uchl1 lncRNA  

Western blot: 
Uchl1 protein 
increases 

RT-PCR 
Uchl1 RNA 
Levels do 
not change 



STEP 5: WHICH PARTS OF AS Uchl1 ARE IMPORTANT TO CONTROL Uchl1 PROTEIN LEVELS 

Uchl1 protein coding gene 

Uchl1 3’ and 5’ region are important 
for the regulation of Uchl1 

Uchl1 AS lncRNA gene AS Uchl1 



STEP 5: WHICH PARTS OF AS Uchl1 ARE IMPORTANT TO CONTROL Uchl1 PROTEIN LEVELS 

More deletion constructs in overexpression experiments 

As Uchl1 Uchl1 AS lncRNA gene 

Increased 
Uchl1 protein YES NO NO NO NO 

Uchl1 protein coding gene 

CONLCUSION: SINEB2 element in anti-sense orientation is 
important for Uchl1 regulation 

AS Uchl1 mutants have a DOMINANT NEGATIVE effect 



STEP 5: WHICH PARTS OF AS Uchl1 ARE IMPORTANT TO CONTROL Uchl1 PROTEIN LEVELS 

Lets make a construct that contains only essential pieces of AS Uchl1 

ESSENTIAL PIECES: 1. 73nt AS Uchl1 RNA that overlaps with Uchl1 protein coding gene 
        2. SINEB2 (+ Alu element) 

1+2 ARE SUFFICIENT TO INCREASE Uchl1 PROTEIN EXPRESSION 



STEP6: LOOKS NICE, BUT DOES IT ALSO WORK FOR OTHER GENES??????? 

Lets check another example: Utx and AS Utx represent an identical scenario 
1.  Sense – antisense transcription 
2.  SINEB2 element and small overlap of Utx ORF with AS Utx 

Overexpression of AS UXT1 increases  
UXT protein expression but not 

UXT RNA expression 

Make construct that contains the 
The AS Uchl1 SINEB2 and Alu element 

and a 70 nt seqeunce that  
complements with  a short piece of GFP   

Overexpression of AS Ucl1 – AAS GFP 
construct increases  

GFP protein expression but not 
GFP RNA expression 



GENERAL 
INTRODUCTION 

HOW DOES IT WORK?? 
  FUNCTIONAL MECHANISM 

EXPRESSION OF SINEB1/ALU FUSED WITH A SHORT  
ANTISENSE SEQEUNCE OF A TARGET GENE OF 
CHOICE 
INCREASES TARGET PROTEIN EXPRESSION (not 
RNA) 
 A completely new mechanism of gene regulation 
JUST A PICULIAR PHENOMENON OR IMPORTANT? 
 SHOW BIOLOGIAL RELEVANCE IN A KNOWN BIOLOGICAL 
PROCESS 

HOW IS THE PAPER STRUCTURED…. 



STEP7: LINKING Uchl1 REGUALTION TO PHYSIOLOGICAL PROCESS IN NEURONS 

Biological context: treat cells with compounds or stimuli and find condition 
that increases Uchl1 protein expression 

RAPAMYCIN 

Rapamycin: reduced translation 



STEP7: LINKING Uchl1 REGUALTION TO PHYSIOLOGICAL PROCESS IN NEURONS 

Rapamycin 

Rapamycin 

AS Uchl1 

Uchl1 
increase 

Hypothesis: 

Rapamycin 

AS Uchl1 

NO Uchl1 
increase 

AS Uchl1 
Knock-down 

(siRNA) 

Up-regulation 
of Uchl1 by Rapamycin 
depends on AS Uchl1 



AS Uchl1 deltaSINEB2 

Rapamycin 

AS Uchl1 

NO Uchl1 
increase 

Overexpression of  
delta SINEB2 Uchl1 

Has a dominant negative 
effect on endogenous AS Uchl1 

In rapamycin treated cells 
(blocking the function of endogenous 

AS Uchl1) 

STEP7: LINKING Uchl1 REGUALTION TO PHYSIOLOGICAL PROCESS IN NEURONS 



RAPAMYCIN TREATMENT CAUSES ACCUMULATION 
OF AL Uchl1 IN THE CYTOPLASMA 

 ALTERATION IN PROTEIN TRANSLATION 

HOW IS UCHL1 PROTEIN TRANLATION AFFECTED??? 

STEP7: LINKING Uchl1 REGUALTION TO PHYSIOLOGICAL PROCESS IN NEURONS 



STEP7: LINKING Uchl1 REGUALTION TO PHYSIOLOGICAL PROCESS IN NEURONS 

heavier polysome 
complexes 

heavier polysome 
complexes 

Under Rapamycin conditions Uchl1 mRNA shifts to heavy ribosome fraction 
 More Ribosomes per Uchl1 mRNA = more translation 

No Uchl1 peak at 
heavy polysome 
fraction upon 
overexpression of 
dominant negative 
deltaSINEB2 construct 



CONCLUSION 

RAPAMYCIN 

Translocation of AS Uchl1 
to cytoplasma 

Interaction with Uchl1  
Dependent on sense-antisense orientation 

of Uchl1 and AS-Uchl1 (72nt at 5’ end of AS Uchl1) 
and SINEB2 element in AS Uchl1 

Increased association 
of Uchl1 to polysomes 

MECHANISM 
NOT KNOWN 



An application for the AS-Uchl1 mechanism for therapeutic applications 

“SINEUP”: upregulation of protein expression by using SINEB2 elements 



Engineered SINEUPs to upregulate gene expression of genes of interest 

1.  Pairing region designed 
according to target gene 
2. SINEB2 element fused 
3. Overexpression in cell 
lines 




