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INTRODUCTION



Introduction 

1. Viral cycle 



 



 



2. Translation of mRNAs 



1.1. Canonical translation initiation 







 



2.1. Translation elongation and termination 

2.2. Ribosomal recyling 



3. Non-canonical translation initiation mediated by viral RNA 
structures 

3.1. IRESes 



3.2. CITEs 

similarity (Figure 4), as described next.

 









 

4. The cap-binding protein eIF4E  



 



 
 
 
               
Cm eIF4E      SWTFWFDNPSAKSKQATWGASIRPIYTFSTVEEFWSVYNNIHHPSKLAMRADLYCFKHKIEPKWEDPVCANGGKWTVNFPRG----KSDNGWLYTLLAMI  160  
At eIF4E      SWTFWFDNPAVKSKQTSWGSSLRPVFTFSTVEEFWSLYNNMKHPSKLAHGADFYCFKHIIEPKWEDPICANGGKWTMTFPKE----KSDKSWLYTLLALI  160 
Ps eIF4E      SWTFWFDTPAAKSKQAAWGSSMRPIYTFSTVEEFWSIYNNIHHPGKLAVGADFYCFKHKIEPKWEDPICANGGKWTANYPKG----KSDTSWLYTLLAMI  153 
Ta eIF4E      AWTFWFDNPQGKSRQVAWGSTIHPIHTFSTVEDFWGLYNNIHNPSKLNVGADFHCFKNKIEPKWEDPICANGGKWTISCGRG----KSDTFWLHTLLAMI  140 
Hs eIF4E      RWALWFFK---NDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMPGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRSDLDRFWLETLLCLI  138 
Mm eIF4E      RWALWFFK---NDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMPGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRSDLDRFWLETLLCLI  138 
Xl eIF4E      RWALWFFK---NDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMSGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRNDLDRFWLETLMCLI  152    
Dm eIF4E      VWTLWYLE---NDRSKSWEDMQNEITSFDTVEDFWSLYNHIKPPSEIKLGSDYSLFKKNIRPMWEDAANKQGGRWVITLNKSS-KTDLDNLWLDVLLCLI  181 
Sc eIF4E      KWTLWYTKPA-VDKSESWSDLLRPVTSFQTVEEFWAIIQNIPEPHELPLKSDYHVFRNDVRPEWEDEANAKGGKWSFQLRGK--GADIDELWLRTLLAVI  138 
 
 
 
 
 
Cm eIF4E      GEQFD-CGDEICGAVVNVRSGQDKISIWTKNASNEAAQASIGKQWKEFLDY--NESIGFIFHDD-AKKFDRHAKNKYMV   235  
At eIF4E      GEQFD-HGDEICGAVVNIRGKQERISIWTKNASNEAAQVSIGKQWKEFLDY--NNSIGFIIHED-AKKLDRNAKNAYTA   235 
Ps eIF4E      GEQFD-HGDEICGAVVNVRGRAEKISIWTKNASNEAAQVSIGKQWKEFLDY--NETMGFIFHDD-ARKLDRNAKNKYVV   228 
Ta eIF4E      GEQFD-FGDEICGAVVSVRQKQERVAIWTKNAANEAAQISIGKQWKEFLDY--KDSIGFIVHED-AKRSDKGPKNRYTV   215 
Hs eIF4E      GESFDDYSDDVCGAVVNVRAKGDKIAIWTTECENREAVTHIGRVYKERLGLPPKIVIGYQSHADTATKSGSTTKNRFVV   217 
Mm eIF4E      GESFDDYSDDVCGAVVNVRAKGDKIAIWTTECENRDAVTHIGRVYKERLGLPPKIVIGYQSHADTATKSGSTTKNRFVV   217 
Xl eIF4E      GESFDEHSDDVCGAVVNVRAKGDKIAIWTTEFENKDAVTHIGRVYKERLGLPAKVVIGYQSHADTATKSGSTTKNRFVV   231 
Dm eIF4E      GEAFD-HSDQICGAVINIRGKSNKISIWTADGNNEEAALEIGHKLRDALRLGRNNSLQYQLHKDTMVKQGSNVKSIYTL   259 
Sc eIF4E      GETIDEDDSQINGVVLSIRKGGNKFALWTKSED-KEPLLRIGGKFKQVLKLTDDGHLEFFPHSSAN---GRHPQPSITL   213 

 

   

 





5. eIF4E-binding proteins 

~



6. RNA recombination as an evolutionary mechanism for the 
acquisition of functional modules 



6.1. Mutations 

6.2. Recombination 







6.3. Reassortment 

7. Evolutionary role of RNA recombination 



8. The experimental system MNSV/melon 

8.1. Melon necrotic spot virus 





8.2. The melon/MNSV model 
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Aims of the study 

 

 

 



 

 

 

 

 

 

 

 

 

Chapter 1 

Interfamilial recombination between viruses led to 
acquisition of a novel translation enhancing RNA 

element that allows resistance breaking  



1. INTRODUCTION 







2. EXPERIMENTAL PROCEDURES 

2.1. Plants, viruses and virus inoculations 

α



2.2. Analysis of viral virulence 



2.3. cDNA synthesis and sequencing 

2.4. Construction and analysis of chimeric viruses 

α

α



α

2.5. Luc-constructs 

2.6. In vivo translation in melon protoplasts 

μ

μ



2.7. Analysis of RNA structure 

2.8. Nucleotide sequence accession numbers 

3. RESULTS 

3.1. MNSV-N breaks down the melon nsv resistance and is more virulent 
than MNSV-264 







3.2. MNSV-N is a natural recombinant between MNSV and CABYV 



MNSV-N        TTTGCTTTGTGGAGATGAGCGTGACTCCACCCGGCATCCAGTGTGCCTGTCCAAATCACTG 61 
R-TW82        -tcgctttgtggagacgcgcgagactccacccggtctccagtgaacccgaccaaatcactg 60 
C_TW20        -gcgctttgtggagacgagcgagactccacccggcttccagtgggcctgtccaaaccactg 60 
Beijing       -tcgctctgtggggacaagcgtgactccacccggcccccagtgagcctgtccaaatcactg 60 
JAN           -ccgctctgtggagacaagcgtgactccacccggcatccagtgagcccgaccaaatcactg 60 
FJ            -ccgctctgtggagacgagcgtgactccacccggcagccagtgggcccgaccaaatcactg 60 
Xinjiang      -ccgctctgtggagacgagcgtgactccacccggcatccagtgggcccgaccaaatcactg 60 
                 *** ***** **   *** ************   ******  ** * *********** 

                                                                           
MNSV-N        -GTCT------------------------------------------------------ 65 
R-TW82        ggaaacatcaagccaaagatgtaaaattggaacgactccgtaaggataggcaacggatg 120 
C_TW20        -ggaacatcaagccaaagatgtaaaattggaacgactccgaaaggataggcaacgaacg 119 
Beijing       -atgacatcaagccaaagatgtaaaattggaacgactccgaaaggataggcaacgaacg 119 
JAN           -atgacatcaagccaaagatgtaaaattggaacgactccgaaaggataggcaacgaacg 119 
FJ            -atgacatcaagccaaagatgtaaaattggaacgactccggaaggataggcaacgaacg 119 
Xinjiang      -atgacatcaagccaaagatgtaaaattggaacgactccgaaaggataggcaacgaacg 119 

                                                                            
MNSV-N        ----------------------------------------------- 
R-TW82        ttctcacttctgtgagcacagggggactccccctggcattccggtgt 147 
C_TW20        ttctcactatggtggaaacaggggttttccccctggcgtttcggtgt 146 
Beijing       ttcccactttagtggaaacagggggattccccctggcgtttcggtgt 146 
JAN           ttcccactttagtggagacagggggattccccctggcgtttcggtgt 146 
FJ            ttcccaccttagtggaaacaggggaattccccctggcgtttcggtgt 146 
Xinjiang      ttcccaccttagtggaaacagggggactccccctggcatttcggtgt 146 
 



N37 N65 

N81 

Dutch      ---TTTGATTTAC-------------------------------------------------------TGCA 14  
MNSV-N     ---TTTGCTTTGTGGAGATGAGCGTGACTCCACCCGGCATCCAGTGTGCCTGTCCAAATCACTGGTCTTGTA 69 
AI         ---TTTGATTTAT-------------------------------------------------------TGTA 14 
Ma71       ---TTTGATTTAC-------------------------------------------------------TGTA 14 
Ma24       ---TTTGATTTAC-------------------------------------------------------TGTA 14 
Ma3        ---TTTGATTTAC-------------------------------------------------------TGTA 14 
ISR        ---TTCGATT-AA-------------------------------------------------------TGTA 13 
Pa58       ---TTTGACTTAC-------------------------------------------------------TGTA 14 
Ma68       ---CTTGATTTAC-------------------------------------------------------TACA 14 
Chiba      -AATTTAATTTAC-------------------------------------------------------TATA 16 
Yamaguchi  --ATTTAATTTAC-------------------------------------------------------TATA 15 
YS         --ATTAAATTTAC-------------------------------------------------------TATA 15 
1Kochi     -AATTACATTTAC-------------------------------------------------------TATA 16 
Nagasaki   GAATTA-ATTTAC-------------------------------------------------------TATA 16 
KS         -TATGAAATA-AC-------------------------------------------------------TACA 15 
Kouchi     -TATGAAATA-AC-------------------------------------------------------TACA 15 
HM         ---TTTAATTTAC-------------------------------------------------------TGCA 16 
                                                                               *  * 

 
                                                                         
Dutch      CTCCAAAT-CCGGTCTCCCTTGTTCCTACCTGTTCTCAGCCTGATATCTGTTCTGGTGTCCTATAGGCGTCC 85 
MNSV-N     CTCCAACC-CCGGTCTCCCTTGTTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGCGTCC 140  
AI         CTCCAAAT-TTGGTCTCCCATATTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGCATCC 85 
Ma71       CTCCAAAT-TTGGTCTCCCATATTCCCACCTGTTCTCAGCCAGATATCTGTTCTGGTGTCCTATAGGCGTCC 85 
Ma24       CTCCAAAT-TTGGTCTCCCATATTCCTACCTGTTCTCTGCCAGATCTCTGTTCTGGTGTCCTATAGGCGTCC 85 
Ma3        CTCCAAAT-TTGGTCTCCCATATTCCTACATGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGCGTCC 85 
ISR        CTCCAAAAATTGGCCTCCCTTATTCCTACCCGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTACAGGCGTTC 85 
Pa58       CTCCAAAT-TTGGTCTCCCATATTCCTACCTGCTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGCGTCC 85 
Ma68       CTCCAAAT-TTTGTCTCCCATATTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 85 
Chiba      CTCC-AAATCTGGTCTCTCTCATACCTTCCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 87 
Yamaguchi  CTCC-AAATCTGGTCTCTCTTATACCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 86 
YS         CTCC-AAATCTGGTCTCTCTTATACCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 86 
1Kochi     CTCCGAAATCTGGTCTCCCTTATACCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 88 
Nagasaki   CTCCAAAATCTGGTCTCCCCTATACCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 88 
KS         CTCCAAAATCTGGTCTCCCTTATTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 87 
Kouchi     CTCCAAAATCTGGTCTCCCTTATTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGGTGTCC 87 
HM         CTCC-AAATCTGGTCTC-CTTATTCCTACCTGTTCTCAGCCAGATCTCTGTTCTGGTGTCCTATAGACGTCC 84  
           **** *      * *** *   * **  *  * **** *** *** ***************** **   * * 

5´-UTR and coding sequence 

Avirulent MNSVs / MNSV-N 

MNSV-264 / MNSV-N 

3´-UTR 

nucleotides 



  
Dutch      TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAATGGCGTATCGGCTTGG-ATTTCCGATGATTTGGCTCCGG 156  
MNSV-N     TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACAGCGTATCGGCTCGG-ATCTCCGATGATTAGGCTCCAG 211 
AI         TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-CTTTCCAATGATTAGGCTCCGG 156 
Ma71       TTGTCGTGTGTAGTGCGGCCTGGCTAACCGTAACGGCGTATCGGCTTGG-TTTTCCAATGATTAGGCTCCGG 156 
Ma24       TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-GTTTCCAATGATTAGGCTCCCG 156 
Ma3        TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGGGTTTTCCAATGATTAGGCTCCGG 157 
ISR        ATGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-ATTTCCAATGATTAGGCTCCAG 156 
Pa58       TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-TTTTCCGATGATTAGGCTCCGG 156 
Ma68       TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGA-ACTTCCAATGATTAGGCTCCGG 156 
Chiba      TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-TTCTCCGACGATTAGGCTCCGG 158
Yamaguchi  TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-TTCTCCGATGATTAGGCTCCGG 157 
YS         TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTTGG-TTCTCCGACGATTAGGCTCCGG 157 
1Kochi     TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTCGG-TTCTCCGACGATTAGGCTCTGG 159 
Nagasaki   TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTCGG-TTCTCCGATGATTAGGCTCCGG 159 
KS         TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTCGG-TTCTTCGATGATTAGGCTCCGG 158 
Kouchi     TTGTCGTGTGTAGTGCGGTCTGGCTAACCGTAACGGCGTATCGGCTCGG-TTCTTCGATGATTAGGCTCCGG 158 
HM         TTGTCGTGTGTAGTGCGGTCTGGCTACCCGTAACGGCGTATCGGCTTGG-GTCTTCGATGATTAGGCTCCGG 155 
            ***************** ******* ******  *********** *     * * * **** *****  * 

 
Dutch      GATGTACGACATAGCTGAAGATGGTTGGAGTTTGGTGGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
MNSV-N     GATGTACGACATAGCCGAAGATGGATGGAGCTTGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 283  
AI         GATGTACGACATAGCTGAAGATGGATGGAGTTCGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
Ma71       GATGTACGACATAGCTGAAGATGGATGGAGTTCGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
Ma24       GATGTACGACATAGCTGAAGATGGATGGAGTTCGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 229 
Ma3        GATGTACGACATAGCTGAAGATTGATGGAGTTTGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
ISR        GATGTACGACATAGTTGAAGATGGATGGAGTTTGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
Pa58       GATGTACGACATAGCTGAAGATGGATGGCGTTCGGTAGGCCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
Ma68       GATGTACGACATAGCTGAAGATGGATGGCGTTTGGTAGACCACCGCTAGCAAAATACACTCTGTGTGGGGCG 228 
Chiba      GATGTACGACATAGTTGAAGATGGATGGTGTTTGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 230 
Yamaguchi  GATGTACGACATAGTTGAAGATGGATGGTGTTTGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 229 
YS         GATGTACGACATAGTTGAAGATGGATGGTGTTTGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 229 
1Kochi     GATGTACGACATAGCTGAAGATGGATGGTGTTCGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 231 
Nagasaki   GATGCACGACATAGCTGAAGATGGATGGTGTTCGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 231 
KS         GATGTACGACATAGCTGAAGATGGATGGCGTTCGGTGGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 230 
Kouchi     GATGTACGACATAGCTGAAGATGGATGGCGTTCGGTGGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 230 
HM         AATGTACGACATAGCTGAAGATGGATGGAGTTTGGTAGATCACCGCTAGCAAAATACACTCTGTGTGGGGCG 227 
            *** *********  ****** * *** * * *** *  ******************************** 
 
Dutch      TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
MNSV-N     TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTTTAGGCCCATCCCGCCC 335 
AI         TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
Ma71       TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
Ma24       TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
Ma3        TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTGTAGGCCCATCCCGCCC 281 
ISR        TGCTAGTGGATAGTCATGTATGTCTGAGATGGGTTATAGGC-CATCCCGCCC 279 
Pa58       TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
Ma68       TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 280 
Chiba      TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCC- 281 
Yamaguchi  TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCC- 280 
YS         TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCCC 281 
1Kochi     TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCC- 282 
Nagasaki   TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTATAGGCCCATCCCGCC- 282 
KS         TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTGTAGGCCCATCCCGCCC 282 
Kouchi     TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTGTAGGCCCATCCCGCCC 282 
HM         TGCTAGTGGATAGTCATGTATGTTTGAGATGGGTTGTAGGCCCATCCCGCCC 279 
           *********************** *********** ***** ********* 

 

 
CABYV-X    -CCGCTCTGTGGAGACGAGCGTGACTCCACCCGGCATCCAGTGGGCCCGACCAAATCACT 59 
MNSV-N     TTTGCTTTGTGGAGATGAGCGTGACTCCACCCGGCATCCAGTGTGCCTGTCCAAATCACT 60 
              *** ******** *************************** *** * ********** 
  
CABYV-X    GATGACATCAAGCCAAAGATGTAAAATTGGAACGACTCCGAAAGGATAGGCAACGAACGT 119 
MNSV-N     GGT---------CT---------------------------------------------- 65 
           * *         *                                             
  
CABYV-X    TCCCACCTTAGTGGAAACAGGGGGACTCCCCCTGGCATTTCGGTGT 165 
MNSV-N     ---------------------------------------------- 

TG
TG
**



3´-UTR 
 
 

 

α

α α α α α
α α

MNSV-N

CABYV_Xinjiang
MNSV-264

MNSV-Chiba

MNSV-Kochi

MNSV-Nagasaki

MNSV-Yamaguchi

MNSV-Al

MNSV-Ma5

MNSV-HM

MNSV-ISR

MNSV-Dutch

CABYV_N

CABYV_Beijing

CABYV_Xinjiang



3.3. The recombined sequence allows MNSV-N to break nsv-mediated 
resistance  

α

α

α

α

α



Δ

3.4. The recombined sequence is a 3´-cap-independent translational 
enhancer (3´-CITE) 



α

α

α
α Δ



Δ

3.5. The newly identified 3´-CITE belongs to a new structural class of 3´-
CITEs and functions in the absence of eIF4E 



α

  none   MNSV-N MNSV-N  MNeSV  PTE     PTEm2  cassette  
           cassette 

trans-inhibitor (200 x) 

5´-N 3´-N 





α

α α

α
α

 

 5´/3´-UTR-Mα5   5´/3´-UTR- N   5´/3´- N65 

Mock                MNSV-Mα5           MNSV-N 



4. DISCUSSION 





5-264     GGATTACTCTAGCCGGATCCCCGACTCTCTTGTTTCTGTAAGTTAGTTCGTGTATTGGTC 60 
5-MNSV-N  GGATTACTCTAGCCGGATCCCCGATTCTCTTGTTTCTGTAAGTGAGTTCGTGTATTGATC 60            
          ************************ ****************** ************* ** 
5-264     ATCTGTCTTGATCAGTATAGGTTAGCA 87 
5-MNSV-N  GTCTGTCTTAATCAATATAGGTTAGCA 87             
           ******** **** ************  





5. REFERENCES 













 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Chapter 2 

Analysis of the interacting partners eIF4F and 3´-CITE required 
for MNSV cap-independent translation 



1.  INTRODUCTION 



2. EXPERIMENTAL PROCEDURES 

2.1. Plant material 



2.2. Plasmids and RNA preparation by in vitro transcription 



2.3. In vivo translation in melon protoplasts 

μ

2.4. Protein expression and purification 

2.5. Protein pull-down assays 



2.6. Analysis of RNA structure and footprinting 

2.7. UV-crosslinking assays 



2.8. Translation complementation by transiently-expressed eIF4E  

β

2.9. Yeast complementation 



μ

2.10. Molecular modeling 

3. Results 

3.1. The 3´-CITE of MNSV maps to a 45 nucleotide sequence 





3.2. The Ma5TE belongs to the I-shaped structural class of 3´-CITEs 



3.3. The Ma5TE interacts with eIF4F 









3.4. Identification of eIF4E residues involved in Ma5TE-driven translation 











4. DISCUSSION 











5.  REFERENCES 







 



6. SUPPORTING INFORMATION 



 



 





 

 

 

 

 

 

 

 

 

Chapter 3 

Crystal structure of a plant eIF4E in complex with eIF4G reveals 
a universal bipartite binding mode for eIF4E interacting 

proteins in higher eukaryotes  



1. INTRODUCTION 

 

φ φ



2. EXPERIMENTAL PROCEDURES  

2.1. Plasmids 



2.2. Protein expression and purification 



2.3. Crystallization, Data Collection and Processing 

°

2.4. eIF4E-eIF4G Structure Solution and Refinement 



 

2.5. Protein pull-down assays 

2.6. Binding efficiency 



2.7. Translation complementation by transiently-expressed eIF4E  

β



2.8. Yeast complementation 

μ



3. RESULTS AND DISCUSSION  

3.1. Crystal structure of the eIF4F complex 





 
 
 
               

Cm eIF4E      QPHPLEHSWTFWFDNPSAKSKQATWGASIRPIYTFSTVEEFWSVYNNIHHPSKLAMRADLYCFKHKIEPKWEDPVCANGGKWTVNFPRG----KSDNGWLYT  155  
At eIF4E      ESHPLEHSWTFWFDNPAVKSKQTSWGSSLRPVFTFSTVEEFWSLYNNMKHPSKLAHGADFYCFKHIIEPKWEDPICANGGKWTMTFPKE----KSDKSWLYT  155 
Hs eIF4E      IKHPLQNRWALWFFK---NDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMPGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRSDLDRFWLET  133 
Xl eIF4E      IKHPLQNRWALWFFK---NDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMSGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRNDLDRFWLET  147   
Dm eIF4E      YKHPLMNVWTLWYLE---NDRSKSWEDMQNEITSFDTVEDFWSLYNHIKPPSEIKLGSDYSLFKKNIRPMWEDAANKQGGRWVITLNKSS-KTDLDNLWLDV  176 
Sc eIF4E      VKHPLNTKWTLWYTKPAV-DKSESWSDLLRPVTSFQTVEEFWAIIQNIPEPHELPLKSDYHVFRNDVRPEWEDEANAKGGKWSFQLRGK--GADIDELWLRT  133 
 
 
 
 
 

Cm eIF4E      LLAMIGEQFD-CGDEICGAVVNVRSGQDKISIWTKNASNEAAQASIGKQWKEFLDY--NESIGFIFHDD-AKKFDRHAKNKYMV   235  
At eIF4E      LLALIGEQFD-HGDEICGAVVNIRGKQERISIWTKNASNEAAQVSIGKQWKEFLDY--NNSIGFIIHED-AKKLDRNAKNAYTA   235 
Hs eIF4E      LLCLIGESFDDYSDDVCGAVVNVRAKGDKIAIWTTECENREAVTHIGRVYKERLGLPPKIVIGYQSHADTATKSGSTTKNRFVV   217 
Xl eIF4E      LMCLIGESFDEHSDDVCGAVVNVRAKGDKIAIWTTEFENKDAVTHIGRVYKERLGLPAKVVIGYQSHADTATKSGSTTKNRFVV   231 
Dm eIF4E      LLCLIGEAFD-HSDQICGAVINIRGKSNKISIWTADGNNEEAALEIGHKLRDALRLGRNNSLQYQLHKDTMVKQGSNVKSIYTL   259 
Sc eIF4E      LLAVIGETIDEDDSQINGVVLSIRKGGNKFALWTKSED-KEPLLRIGGKFKQVLKLTDDGHLEFFPHSSAN---GRHPQPSITL   213 

 



3.2. Structure of the canonical eIF4E binding site of Cm eIF4G 

φ

φ



3.3. The elbow loop 

3.4. Structure of the non-canonical binding site of Cm eIF4G 









3.5. Structure validation 









3.6. Testing substitutions in eIF4G-binding residues of eIF4E in a 
translation efficiency assay   





4. Conclusions 
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6. SUPPORTING INFORMATION 





Data Collection 4EG 4E 4E+CAP 

Resolution range 
(outermost shell) (Å) 

29.3-1.9 (1.99-1.9) 47.1-2.2 (2.32-2.2)  47.1-2.56 (2.7-
2.56) 

Space group P21 P212121 P212121 

Cell dimensions a=38.1; b=70.3; 
c=42.8; β=93.6  

a=57.7; b=109.0; 
c=122.1 

a=57.7; b=108.9; 
c=122.8 

Number of total/unique 
reflections 

66637/17809 145891/39619 125316/24722 

Rmerge (%) 7.9 (60.8) 10.3 (38.4) 24.4 (88.1) 

I/sigmaI 11.2 (2.1) 7.9 (2.8) 4.2 (1.5) 

Completeness (%) 99.8 (99.7) 99.3 (97.8) 96.7 (78.2) 

Redundancy 3.7 (Collaborative 
computational 
project) 

3.7 (3.6) 5.1 (4.8) 

Refinement statistics    

Rwork % 18.9 (23.5) 18.5 (26.2) 21.8 (25.3) 

Rfree % 22.9 (29.3) 21.1 (27.1) 25.6 (26.1) 

Number of residues    

Protein 151 (eIF4E) 
37 (eIF4G) 

703 703 

Solvent 61 142  

Ion (SO4) 2   

Glycerol  5  

Ligand (CAP)   2 

Rmsd    

Bond lengths (Å) 0.007 0.015 0.006 

Bond angles (°) 1.031 1.660 1.194 

Average temperature 
factors (Å) 

   

Protein 29.6 25.7 18.4 

Solvent 32.3 40.9  



Ion 44.8   

Glycerol  77.6  

Ligand   27.5 

Model 
quality/Ramachandran 
plot (%) 

   

Residues in favored 
regions 

98.4 97.3 95.6 

Residues in allowed 
regions 

1.6 2.4 4.1 
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