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Translationregulation is critical for maintainingcell homeostasisand its misregulationleadsto diseasessuchascancer. Translationinitiation is highly regulatedand requiresseveraleukaryoticinitiation factors(eIFs). eIF3
hasbeen found to serveasboth a scaffoldin preinitiation complexesand a regulator of translation for certain mRNAs. eIF4A unwinds mRNAin preparation for recruitment to initiation complexes. Both eIF3 and eIF4A
havebeenfound to bind to and regulatetranslation of the JUNmRNA. Thissuggestsa new mechanismfor translation regulation that canalsoact on other mRNAsin the cell. Fromthis analysis,we were able to identify
commonsequencefeaturesof eIF3 and eIF4A target mRNAs. Asa whole, this study broadensthe understandingof the mechanismsof translation regulation mediated by eIF3 and eIF4A, which servesasa blueprint for
targetingdisease.
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Introduction
Figure 1. First steps of translation initiation

Fig. 1| Mechanismof translationinitiation adaptedfrom Jacksonet al. (2010).1 eIF3

acts as a scaffold for pre-initiation complexesand eIF4A unwinds mRNA in

preparationfor recruitmentto initiation complexes.

Fig. 2| Datafrom Leeet al. (2015) showsthedifferent processesandfunctionsthat

eIF3 targetmRNAs are involved in.2 As well, datashowsthat eIF3 predominantly

interactswith the 5ôUTRof mRNAs. Moreover, eIF3 can act as a repressoror

activatorin mRNAs. In thecaseof JUN it actsasanactivator.

Figure 2. eIF3 interacts with a subset of mRNAs and 
regulates translation

Figure 4. Multifactor Complex (MFC)

Figure 5. eIF4A target sequences 

• To investigate the sequence features of a select group of 

mRNAs that are eIF3 and eIF4A target mRNAs

• To find common sequence features between a select 

group of eIF3 and eIF4A target mRNAs and hypothesize 

a mechanism for translation regulation of these mRNAs

Cross reference analysis:
- 116 mRNAs found to be targeted by eIF3 & eIF4A

- 37 found to interact significantly w/ eIF4A (p>0.05)

- 17 found to have highest significance w/ eIF4A (p>0.001)
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Figure 6. mRNAs chosen for further 
analysis

Figure 8. Location of the PAR-CLIP 
site per mRNA 

Figure 9. Quantification of eIF4A target 
sequences relative to the PAR-CLIP site

Figure 10. Quantification of secondary 
structure predictions
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Figure 3. eIF3 binding site (PAR-CLIP site) interacts 
with a stem loop in JUN

Fig. 3| Secondarystructuredatafor ~250nt of the JUN 5ôUTR,reportedby Lee et

al. (2015).2 eIF3 interactswith thismRNA at theboxedregion(PAR-CLIP site).

Mapped out Features: 
Using SnapGene and the genomic DNA sequence the eIF3 

binding site (PAR-CLIP site), annotated & unannotated 5’UTR, 

annotated & unannotated CDS, and eIF4A target sequences 

(GAAA/G) were mapped 
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Figure 7. PAR-CLIP site length per 
mRNA

Figure 11. BRD2 secondary structure

Fig. 5| Iwasaki et al. (2016) publisheda study about RocaglamideA (RocA), a

compoundthat clampseIF4A onto specificmRNA sequences.4 The study showed

thatJUN washighly sensitiveto RocA, meaningit is aneIF4A targetmRNA. They

alsoshowedthatGAAG andGAAA aretargetsequencesof eIF4A.
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Fig. 6| UsingDAVID BioinformaticsResourcesDatabase,a

subsetof 21 mRNAswerefound to havecommonfunctions

of nuclearprocessesandRNA binding.

Fig. 7| Using IGV, the PAR-CLIP sequenceof eachmRNA

was found most of PAR-CLIP sites were recordedto be ~

30nt long.

Fig. 8| By mappingthePAR-CLIP sequence,the locationof

thePAR-CLIP wasfoundfor eachmRNA. While mostwere

found in the annotated5ôUTR,somePAR-CLIP siteswere

foundin otherregions.

Fig. 9| The amount of GAAA/Gs were quantified in the

regions-200nt 5ôof thePAR-CLIP siteand+200nt 3ôof the

PAR-CLIP site.

Fig. 11| UsingUniversityof ViennaRNAFold WebSever&

MathewsGroup RNAstructurePredictionWeb Server the

secondarystructurewas found for the PAR-CLIP site &

eIF4A targetswithin ~ +/- 200nt of thePAR-CLIP.

Fig. 11| Secondarystructure prediction for a region of

BRD2ôs5ôUTR. PAR-CLIP site and an eIF4A target

sequence(GAAA) secondarystructurepredictionareshown

in red and blue box respectively. The PAR-CLIP is

predominantlyin astemloop while theGAAA is in astem.

Fig. 4| The MFC is a translationinitiation intermediate. The previously reported

MFC by Asanoet al. (2000) wasshownto be composedof eIF1, eIF2, eIF3, eIF5

and methionyl tRNA (Met-tRNA).3 However, the Cate Lab has found a novel

humanMFC (unpublisheddata),which was found to be composedof eIF2, eIF3,

eIF4A, eIF4G andMet-tRNA. (Figurecourtesyof AngélicaM. González-Sánchez,

createdwith BioRender.com).
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Figure 12. eIF4A targets per region per 
mRNA

Fig. 12| The eIF4A targets(GAAA/G) were countedper

regionper mRNA. Most mRNAs showeda greateramount

of GAAA/G sequenceson theCDSopposedto the5ôUTR.

• ThemRNAs thatwereboth targetsof eIF3 andeIF4A had

many common functions including some that were

previouslyseenin eIF3 targetmRNAs

• Most of the PAR-CLIP siteswerefound to be ~30nt long,

giving anestimateof thesequencelengtheIF3 bindsto

• While the PAR-CLIP sitesin mostmRNAs werefound in

the 5ôUTRsupportingthe Lee et al. (2015) data,eIF3 was

seento alsointeractin otherregionsof themRNA

• Someregionsof the 5ôUTRwerepoorly annotatedin the

databases,which we havelabeledasñunannotated5ôUTRò

for thepurposesof this study

• The CDS containsmore eIF4A targetsequencesthan the

5ôUTRpotentially due to the substantialdifference in

lengths

• None of the eIF4A target sequenceswere found on the

PAR-CLIP site and the majority were found upstreamof

thePAR-CLIP site

• Most of thePAR-CLIP siteswerefoundin stemsandstem

loopssuggestingthateIF3 bindsto highly structuredareas

• The eIF4A target sequenceswere found in a variety of

secondarystructureswhich canbepotentiallyexplainedby

thefact thateIF4A scansmRNAsratherthanbindsto them

like eIF3

Secondary Structure 

Predictions: 
‾ University of Vienna RNA 

Fold Web Sever &  Mathews 

Group RNA Structure 

Prediction Web Server used 

to find secondary structure 

predictions of PAR-CLIP site 

& GAAA/G sites

Functional Analysis:
- GeneCard & UniProt: literature search on top 17

- DAVID Bioinformatics Resources database: investigate roles 

of all 37 significant eIF4A targets 

- Subset of 21 mRNAs involved nuclear processes and RNA-

binding

Analyze sequence features: 
- ENSEMBL: genomic DNA sequence, 5’UTR sequence, 

CDS, transcript isoform info

- UCSC Genome Browser: 5’UTR sequences and 

secondary structures

- Using SnapGene: UCSC and ENSEMBL 5’UTR was 

compared 

- IGV: Sequence of PAR-CLIP found

Primers: 
‾ Used In-Fusion Cloning 

Primer Design Tool to 

design primers for 

NanoLuciferase reporter 

constructs for future 

experiments
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Conclusions
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