Eukaryotic rRNA processing


Nucleolytic Cleavage
Enzymes
Base Modification

5-external transcribed spacer (ETS
)  removed to give transcript with mature 5' end of the small subunit RNA. (two steps). This appears to also be the case in mammals

So suggest we can make a generic term here..

 and some 3' processing of 3-ETS (not total removal). 

Involvement of U3, and other SnoRNAs . 

Since this appears to also be the case in mammals



Cbf5p catalyzed-  pseudouridine modification . Ribose methylation also complete, perhaps co-transcriptionally. Both Cbf5p and Dim1p are  required for the enzymatic cleavage, but not their enzymatic activity
.
A  Ribosomal RNA 2'-O-methylation
 




B. Ribosomal RNA Pseudouridylation
 




ribosomal RNA 

C. dimethylation of A at 3' end of SSU RNA

D. Base methylations

Cleavage in first ITS generates RNA with mature 5'end small rRNA and a 3' extension and an RNA with ITS1-5.8s-ITS2-large rRNA  and small 3'ETS  . This step separates the SSU RNA from the LSU.




pSSU RNA: Following Dim1p dimethylation, removal of 3' extension to yield mature small rRNA

Dim1p catalyzed 


Major path for 5.8 and LSU RNA::  

1. RNase mMRP cleavage  

2. Exonuclease removal  remaining ITS1 and 3'ETS 

3. Endonuclease releases mature large RNA and 5.8 s with small amount of  ITS2; 

4. Remaining ITS2 removed by exonuclease to yield mature 5.8s.  

Rnase MRP 







5s RNA transcribed separately by Pol III; binds L5p prior to assembly into LSU.









General Comments: 

Eukaryotic cytoplasmic ribosomes contain four RNAs. Three of those derive from a larger ribosomal RNA transcript,  transcribed by RNA polymerase I. Primary transcript is, in order, 5'-ETS 18, ITS1, 5.8, ITS2, 28 s, 3'-ETS. The fourth RNA, 5s, is transcribed separately by RNA polymerase III.

The processing events have been most studied in yeast, aided by a variety of mutants. The first detectable transcript, called “35s” in yeast. 

Key players: MRP, Dimp1, 

Vertebrate rRNA genes contain no introns except for the rodent genus Ctenomys (“tuco-tucos). These actually are the most numerous in species (~50) of all mammals. The LSU RNA gene contains a 106 bp intron. This is the site of a “break” in the LSU RNA seen in all tissues except testis.  Thus, the LSU RNA is recovered as two fragments, with the break in the transcribed intron. However, in testis, the intron appears so be removed by a mechanism that is unknown as of yet, resulting in one contiguous LSU RNA.

Modification: 

The lack of ribose methylation does not effect primary transcript processing (Tollervery). 

�	    Tollervey 1996 Mol. Biol. Reps. 22, 75-79.


	      Fatica & Tollervey, 2002 Current Opinion in Cell Biology, 14:313-381; 


	     Tschochner & Hunt 2003 Trends in Cell Biology 13, 255-263.


	     Fromont-Racine et al. 2003 Gene 313, 17-42 


�	Abbreviations used: ETS (external transcribed spacer. ITS, internal transcribed space. LSU, large ribosomal subunit; SSU, small ribosomal subunit. 


�	Reviewed by Lafontaine & Tollervey 1998 Modification  Editing of RNA ASM Press, Washington DC


�	Requires SnoRNAs for specificity. Methylation of a 2'-O ribose within rRNA. The reaction  specificity is directed by base-pairing of a specific box C/D SnoRNA.  


�	Requires SnoRNAs for specificity. Conversion of a uridine residue with rRNA to pseudouridine. The reaction  specificity is directed by base-pairing of a specific box H + ACA SnoRNA. In yeast, one enzyme, Cbf5p


�	Occurs in cytoplasm, Dimethylated A; extremely conserved from bacteria to eukaryotes.


�	Melen, et al. 1999 EMBO J. 18, 3107-3118.





