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A model of synthetase/transferRNA interaction as deduced by protein engineering Hugues Bedouelle* & Greg Winter Laboratory of Molecular Biology, Medical ResearchCouncil. Hills Road, Cambridge CB2 2QH, UK



The recognition of transfer-RNA by their cognate aminoacyltRNA synthetases is the crucial step in the translation of the genetic code. In order to construct a structural model of the complex betweenthe tyrosyl-tRNA synthetase(TyrTS) from Bacillus stearothermophilusand tRNArv', 40 basic residuesat the surface of the TyrTS dimer have been mutated by site-directed mutagenesis and heterodimers created in oitro by recombining subunits derived from different mutants. As reported here a cluster of basic residues(Arg}D7-Lys 208) in the N-terminal domain of one TyrTS subunit interacts with the acceptor stem of tRNArv' and two separated clusters of basic residues (Arg 36g-A19 371; Arg 407-Arg 408-Lys 410-Lys 4ll) in the c-terminal domain of the other subunit interact with the anticodon arm. The TyrTS would thus clamp the tRNA in a fixed orientation. The precise alignment of the flexible . .. ACCA 3' end of the IRNA for attack on the tyrosyl adenylate is made by contacts closer to the catalytic groups of the enzyme,such as with Lys l5l. TyrTS catalysesthe aminoacylation of tRNArv' in a two_stage reaction. The tyrosine is first activated with ATp to form tyrosyl adenylate and pyrophosphate, then the adenylate is attacked by the 3'-terminal ribose of the tRNA to form Tyr-tRNArr anà AMP. TyrTS is a dimer which shows'half-of-the-sites'reactivity, forming one tyrosyl adenylate and binding tightly one tyrosine and one tRNArv' per dimer in solution. itrJt*à subunits are related by symmetry through a 2-fold axis. Each subunit has an N-terminal domain (residues l-319), which makes all the interactions with the tyrosyl adenylate and forms the subunit interface, and a C-terminal domain (residues 320-419), which is disordered in the crystal (reviewed in ref. l).By creating a truncated TyrTS at the level of the gene,Waye et al.2have shown that the N-terminal domain of TyrTS catalysesthe formation of tyrosyl adenylate with unchanged k"., and K, but does not charge and does not bind tRNArv'; this shows that the Cterminal domain of TyrTS is essentialfor tRNA binding. To identify residuesof TyrTS that interact with tRNArv., we chosethe following strategy:(l) we assumedthat basic residues of the synthetasecould form salt bridges with the phosphates * Present address: UPMTG, 15. France.
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Table I



Mutant Wild type KNl5I RQ207 KN2O8 RQ368 RQ37l RQ407 RQ408 KN4IO KN4Il



k.., ( s - rx 1 0 3 ) 450 a J



ND ND ND ND ND ND ND ND



of the tRNA backbone or hydrogen bonds with the nucleotide bases.(2) Becausethe B. stearothermophilus and Escherichiacoli TyrTS have homologous sequencesand similar propertiesr.o,we consideredmainly the conservedbasic residues.(3) we changed the arginine and histidine residues to glutamine, and lysine to asparagine;such changesremove the charge but not the hydro_ philic character of the residue. we therefore mutated 40 basic residuesof the B. stearothermophilusTyrTS by oligonucleotidedirected mutagenesis of the encoding gene ( ryrS) (see Fig. I legend). To test the overall activity of the mutant synthetases,we devised an in uirsogenetic complementation assay.In this assay, the B. stearothermophilustyrs gene is carried by and expressed from a recombinantM13 phage5.The host is HB2lll, an E. coli strpin which harbours a thermosensitive mutation in its own tyrS gene, which is an essential gene. The HB2ll l cells can grow at 42"C, the non-permissivetemperature, only if they are infected by a phage which directs the production of an active B. stearothermophilus TyrTS. Most of the 40 mutant phages could complement HB2lll and were therefore eliminatèd. However, 13 mutants were either unable to complement-KNg2, RQ86, KN151, KN20g, KN230, KN233, RQ36g,RQ407,KN4l0 and KN4ll-or did so weakly-RQz}7, Re37t and Re40g ( F i g . 1) . The 13 TyrTS mutants identified from the complementation assayand the wild-type TyrTS were purified from phage-infected cells. All the mutant enzymeswere able to form enzyme-bound tyrosyl adenylate, albeit slowly for mutants Reg6 and KN233 (half life, tr/z:8 and 27 min respectively, compared with 2 s for the wild-type enzyme)6.The pyrophosphate exchangeassay showed that the mutant and wild-type enzymes had similar activities (4.6 s-t at 2 mM ATP, 50 pM Tyr and 2 mM pyrophosphate) except for mutants KN82, Re86, KN230 and KN233 ( 100 >28 > 100 > 100 > 100 > 100 > 100 > 100



k"ur/K* ( s - ' 1 4 - tx l 0 - 3 )



AG.pp (kcalmol-')



315 2.3 19.4 I 1.3 2.4 t7.l 11 . 9 16.5 9.3 12.8



0 2.9 1.7 2.0 2.9 1.7 r.9 1.8 2.1 1.9



Complementation .T



+/+/+/-



ÂAe":. mutant; wt, wild type)tt. For genelic complernentationassay,see Fig. I legend. ND, not . l?'11(&"*/KM)-",/(k""t/I(M)* d€termined. Puri-ficationof the wild-type and-(mut, mrrtant enzymesfrom phaÀe-infectedaelb7, activc:site tirotion, py.o:pio.pùt'" exchangeand tRNA chargingassays"were done as describedelsewhere.we ôbtaineddiherJnt valuesfor the wild+ype go"h.i"*"., 'ijl.:iflï.'i"i" ltTs witli puà i.irlrrinNatl.i l.00Opmolof t),Iosineincorporationper A?ôounit) and crude E .ori rRNAs (/ 
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