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Scanning favors initiation at 5’-proximal AUGs
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…and near-cognate triplets in good context can be used instead
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Translation initiation defects in human disease

• Mutations adding or removing upstream AUGs or changing AUG 
context: melanoma, breast cancer, thalassemia, thrombocytemia, 
hereditary pancreatitis, familial hypercholesterolemia 

• Overexpression of eIFs: malignant transformation.

• Mutations affecting eIF2B, the GEF for eIF2:  
leukoencephalopathy with vanishing white matter. 

• eIF2g mutation: intellectual disability

• eIF1A mutations: uveal melanoma (UM) and thyroid carcinomas
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eIF1 and eIF1A promote “open” conformation of the 40S
conducive to TC loading and scanning…
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eIF1 and eIF1A promote “open” conformation of the 40S
conducive to TC loading and scanning…
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Translational Control of GCN4 by phosphorylation of eIF2
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Translational Control of GCN4 by phosphorylation of eIF2

AUG AUG AUG



Integrated Stress Response by phosphorylation of eIF2



GCN4 translation: in vivo reporter of defective TC loading on 40S 
subunits
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GCN4 translation: in vivo reporter of defective TC loading on 40S 
subunits
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Prediction: eIF1 mutations that weaken 40S binding should reduce 
TC loading rate (Gcd- phenotype)…
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 eIF1 affinity for 40S subunit is finely tuned for
optimum initiation accuracy
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48S PIC 
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Cryo-EM structures of yeast PICs at 4.0 Å

Hussain & Llacer et al (Ramakrishnan)

• Assembled using Sui-

mutants of tRNAi and eIF2
characterized at NIH
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Transition to PIN alters eIF1 location to alleviate clash with 
tRNAi

•
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likely facilitates eIF1’s dissociation for AUG selection



mRNA

•

Transition to PIN alters eIF1 location to alleviate clash with 
tRNAi
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Anil Thakur: mutations in 
eIF1 loops that should 
diminish the clash stabilize 
PIN at UUG codons (Sui-)
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eIF1A NTT interacts with AUG-anticodon helix

Hussain & Llacer et al (Ramakrishnan)

• Ssu- mutations in the eIF1A NTT impede start
codon recognition



eIF1A NTT interacts with AUG-anticodon helix



Conserved bases in tRNAi play distinct roles in the 
accuracy of AUG selection
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G70A mutation decreases rate of TC binding in vitro…
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Base-pair substitutions of G31-C39 confer Sui- but not Gcd-

phenotypes
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G31:C39 impedes PIN state & demands perfect AUG-anticodon 
duplex
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Hussain & Llacer et al (Ramakrishnan)
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Greater cleavage of P-site residues in “open” (AUC) 
versus “closed” (AUG) complex
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AUG recognition evokes closure of P site (PIN)
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Cleavages in P-site and mRNA binding cleft 
suppressed in AUG vs AUC complex

• AUG recognition constricts mRNA binding cleft
and closes the P site



Open PIC conformation at AUC shows upward 
movement of 40S head

Llacer et al (Ramakrishnan)

•

py48S-open: (AUC)mRNA 

py48S-closed: (AUG)mRNA 

Conducive for mRNA recruitment & scanning
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AUC AUG

Open PIC conformation at AUC shows widened P-site

• Compatible with triplet sampling by tRNAi during scanning

Llacer et al (Ramakrishnan)



eIF2β contacts tRNAi, eIF1, and eIF1A in
open complex
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eIF2β contacts eIF1 exclusively in open complex
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eIF2β mutations eIF1 mutations eIF2β mutations
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•

rps5-E144R impairs AUG recognition by 
destabilizing PIN state 

Rps5 is on par with eIFs in 
controlling AUG recognition
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Conformational rearrangements in transition from scanning 
to AUG selection

• Downward head movement constricts mRNA cleft
• P site closes around tRNAi

• eIF1A NTT interacts with codon:anticodon duplex
• eIF1 displaced by tRNAi from P site

• eIF1 dissociates to allow Pi release from eIF2
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