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S16 - Template reactions for rRNA modification.

	rRNA target
	Position
	Modified nucleotide
	Protein
	Protein Name
	Generic Reaction
	Comments
	References

	23S
	745
	G ( m1G
	RrmA_dim (b1822)
	(23S rRNA m1G745 methyltransferase
	1 amet --> 1 ahcys + 1 h
	RrmA = RlmAl. Found to be functional in dimer form [1].
	
 ADDIN EN.CITE 
[1-4]


	23S
	746
	U ( Y
	RluA_mono (b0058)
	pseudouridine synthase 
	 --> 
	Pseudouridine pos 746 23S rRNA, pos 32 tRNAphe. Wrzesinski et al purified a protein of about 25kDa 
 ADDIN EN.CITE 
[5]
. No information about associated ions could be found. It was reported that the enzyme has no dependence on Mg2+ 
 ADDIN EN.CITE 
[5]
.
	
 ADDIN EN.CITE 
[3-6]


	23S
	747
	U ( m5U
	RumB_mono_FeS (b0859)
	m(5)U747 methyltransferase
	1 amet --> 1 ahcys + 1 h
	RumB is a homologe to RumA. It has a [4Fe-4S] cluster based on the discussion in [7]. No information about dimerization could be found, so the protein was assumed to be active as monomer.
	
 ADDIN EN.CITE 
[3,4,7]


	23S
	955
	U ( Y
	RluC_mono (b1086)
	23S rRNA pseudouridylate synthase
	 --> 
	RluC is a monomer [8]. No ions beside sulfate were found in the crystal structure.
	
 ADDIN EN.CITE 
[3,4,8-10]


	23S
	1618
	A ( m6A
	MeT_23S_1618
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	No known enzyme carries out this reaction so it is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor).
	
 ADDIN EN.CITE 
[3,4]


	23S
	1835
	G ( m2G
	MeT_23S_1835
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	No known enzyme carries out this reaction so it is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,11]


	23S
	1911
	U ( Y
	RluD_mono (b2594)
	23S rRNA pseudouridine synthase
	 --> 
	RluD is active as a monomer [12]. Its crystal structure has been determined 
 ADDIN EN.CITE 
[8,13]
. No ions were identified in the crystal, but the necessity of Mg2+ was reported [13]. Based on this evidence, 1 Mg2+ per monomer concluded.
	
 ADDIN EN.CITE 
[3,4,8,10,12-15]


	23S
	1915
	U ( m3Y
	RluD_mono (b2594)
	23S rRNA pseudouridine synthase
	Y formation by RluD_mono

-->

m3 formation by MeT_23S_1915

1 amet --> 1 ahcys + 1 h

Overall Reaction

1 amet --> 1 ahcys + 1 h


	RluD is active as a monomer [12]. Its crystal structure has been determined 
 ADDIN EN.CITE 
[8,13]
. No ions were identified in the crystal, but the necessity of Mg2+ was reported [13]. Based on this evidence, 1 Mg2+ per monomer concluded.
	
 ADDIN EN.CITE 
[3,4,8,10,12-15]


	23S
	1917
	U ( Y
	RluD_mono (b2594)
	23S rRNA pseudouridine synthase
	 --> 
	RluD is active as a monomer [12]. Its crystal structure has been determined 
 ADDIN EN.CITE 
[8,13]
. No ions were identified in the crystal, but the necessity of Mg2+ was reported [13]. Based on this evidence, 1 Mg2+ per monomer concluded.
	
 ADDIN EN.CITE 
[3,4,8,10,12-15]


	23S
	1939
	U ( m5U
	RumA_mono_FeS (b2785)
	23S rRNA (uracil-5)-methyltransferase
	1 amet --> 1 ahcys + 1 h
	RumA was found to be active as a monomer with [4Fe-4S]2+ cluster 
 ADDIN EN.CITE 
[7,16,17]

	
 ADDIN EN.CITE 
[3,4,7,16-18]


	23S
	1962
	C ( m5C
	MeT_23S_1962
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. This reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,11]


	23S
	2030
	A ( m6A
	MeT_23S_2030
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. This reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	23S
	2069
	G ( m7G
	MeT_23S_2069
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. This reaction is assumed to be analogous to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	23S
	2251
	G ( Gm
	RlmB_dim (b4180)
	23S rRNA (Gm2251)-methyltransferase
	1 amet --> 1 ahcys + 1 h
	The active form is a homodimer. No ions were reported in the crystal structure [19]
	
 ADDIN EN.CITE 
[3,4,19,20]


	23S
	2445
	G ( m2G
	MeT_23S_2445
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. The reaction is assumed to be analogous to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,11]


	23S
	2449
	U ( D
	DU_23S_2449
	dihydrouridine synthetase, 23S rRNA, position 2449
	1 nadh + 1 h --> 1 nad or 1 nadph + 1 h --> 1 nadp
	The dihydrouridine modification seems to be dispensable, but a pyrimidine base at this position is essential for viability
	
 ADDIN EN.CITE 
[3,4,21,22]


	23S
	2457
	U ( Y
	YmfC_mono (b1135)
	23S rRNA pseudouridine synthase
	 --> 
	The active form is a monomer (based on a molecular weight of 24.9) [23]. No ions were identified in the crystal structure.
	
 ADDIN EN.CITE 
[23,24]
 
 ADDIN EN.CITE 
[3,4]


	23S
	2498
	C ( Cm
	MeT_23S_2498
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. The reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	23S
	2503
	A ( m2A
	MeT_23S_2503
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. This reaction is assumed to be analogous to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,11]


	23S
	2504
	U ( Y
	RluC_mono (b1086)
	23S rRNA pseudouridylate synthase
	 --> 
	The active form is a monomer [8]. Sulfate was the only ionic compound in the crystal structure.
	
 ADDIN EN.CITE 
[3,4,8,10,24]


	23S
	2552
	U ( Um
	RrmJ_mono (b3179)
	23S rRNA methyltransferase
	1 amet --> 1 ahcys + 1 h
	Identification of RrmJ 
 ADDIN EN.CITE 
[25,26]
. This protein exists as a monomer based on results from its purification [25]. It is strictly dependent on Mg for the methylation reaction; however, the authors suggested that this dependency might be similar to the Mg2+ requirement of RsmC which acts only on ribosomal particles but not on free 23S rRNA. Mg is more likely to be needed for structural aspects of the ribosomal particle than for the reaction [25]
	
 ADDIN EN.CITE 
[3,4,25-28]


	23S
	2580
	U ( Y
	RluC_mono (b1086)
	23S rRNA pseudouridylate synthase
	 --> 
	The active form is a monomer [8] Sulfate was the only ionic compound in the crystallized protein.
	
 ADDIN EN.CITE 
[3,4,8,10,24]


	23S
	2604
	U ( Y
	YjbC_mono (b4022)
	23S rRNA pseudouridine synthase
	 --> 
	RluF=YjbC. The protein is a monomer (based on the molecular weight of 32.5) [23]. No ions were identified in the crystallized protein.
	
 ADDIN EN.CITE 
[3,4,23]


	23S
	2605
	U ( Y
	RluB_mono (b1269)
	23S rRNA pseudouridylate synthase
	 --> 
	The active form is a monomer (based on the molecular weight of 32.7) [23]. No ions were identified in the crystallized protein.
	
 ADDIN EN.CITE 
[3,4,23,24]


	16S
	516
	U ( Y
	RsuA_mono (b2183)
	16S rRNA pseudouridylate 516 synthase
	 --> 
	The active form is a monomer [29]. No ions were identified in the crystallized protein. Deletion of protein did not affect growth rates.
	
 ADDIN EN.CITE 
[3,4,29-31]


	16S
	527
	G ( m7G
	MeT_16S_527
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. Reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	16S
	966
	G ( m2G
	MeT_16S_966
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. Reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	16S
	967
	C ( m5C
	RsmB_mono (b3289)
	16S rRNA m5C967 methyltransferase, S-adenosyl-L-methionine-dependent
	1 amet --> 1 ahcys + 1 h
	Identification of RsmB 
 ADDIN EN.CITE 
[32,33]
. It was found that Mg2+ is needed for the proper folding of substrate (16 S rRNA that is already incorporated in 30S ribsome) but NOT for the catalytic activity [32]. The protein has a specific activity of 3.1 × 106 units/mg of protein at 37C, corresponding to a turnover number of 2.6 mol min-1 (mol of protein)-1 [34]. RsmB is a monomer based on molecular and crystal structure 
 ADDIN EN.CITE 
[35]

	
 ADDIN EN.CITE 
[3,4,32-36]


	16S
	1207
	G ( m2G
	RsmC_mono (b4371)
	16S RNA m2G1207 methylase
	1 amet --> 1 ahcys + 1 h
	Identification of RsmC [37] It was found that Mg2+ is needed for the proper folding of substrate (16 S rRNA that is already incorporated in 30S ribsome) but NOT for the catalytic activity [37]. RsmC is a monomer according to [37].
	
 ADDIN EN.CITE 
[3,4,37]


	16S
	1402
	C ( m4Cm
	MeT_16S_1402
	Unknown methyltransferase
	2 amet --> 2 ahcys + 2 h
	A catalytic enzyme has not been identified for this reaction. The reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,38]


	16S
	1407
	C ( m5C
	MeT_16S_1407
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. Reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4,38]


	16S
	1498
	U ( m3U
	YggJ_mono (b2946)
	2'O-ribose methyttansferase
	1 amet --> 1 ahcys + 1 h
	yggJ = RsmE. It is not clear if it exists as a monomer, dimer, or other multimeric form. The crystal structure from homologuous gene (=RsmE family) in H. influenzae showed a dimer form. However based on these finding it was originally suggested that yggJ is a 2'O-ribose methyltransferas. Given the present evidence (or lack thereof), RsmE will be a monomer without associated ions in the model until evidence in the literature shows otherwise (function has been discovered just recently: Jan '06)[39].
	
 ADDIN EN.CITE 
[3,4,39]


	16S
	1516
	G ( m2G
	MeT_16S_1516
	Unknown methyltransferase
	1 amet --> 1 ahcys + 1 h
	A catalytic enzyme has not been identified for this reaction. Reaction is assumed to be similar to the other methylation reactions (with S-adenosyl-methionine as methyl-group donor)
	
 ADDIN EN.CITE 
[3,4]


	16S
	1518
	A ( m6(2)A
	KsgA_mono (b0051)
	S-adenosylmethionine-6-N',N'-adenosyl (rRNA) dimethyltransferase
	2 amet --> 2 ahcys + 2 h
	No ions were identified in the crystallized protein [40].
	
 ADDIN EN.CITE 
[3,4,40,41]


	16S
	1519
	A ( m6(2)A
	KsgA_mono (b0051)
	S-adenosylmethionine-6-N',N'-adenosyl (rRNA) dimethyltransferase
	2 amet --> 2 ahcys + 2 h
	No ions were identified in the crystallized protein [40].
	
 ADDIN EN.CITE 
[3,4,40,41]
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