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The method for isolation of a mutant aminoacyl-tRNA synthettee (aallS) fliat is specific for an unnatural ammo 
acid from a large pool of aaRS nmtants must be: (i) sensitive since the mutarts from the initial rounds could have very 
low levels of activity; (ii) applicable to a wide range of amino acids, i.e., a selection tilmt takes advantage of unique 
chemical reactivity of certain amino acid side chain would be of limited use; (iii) applicable to large libraries - the desired 
library si^ for most in vivo selections in E. colt is about lO' members, as determined by the plasmid transformation 
efficiency or the in vitro phage packaging efficiency; (iv) specific, i.e., camble of excluding mutants with broader 
substrate specificities; and (v) tunable, since the ability to control the stringer cy of the selection from one round to the 
next may be in^ortant 

We desiped and valisiated a selection that talsBs advantage of monwlonal antibodies specific im an uonataral 
amino acid presented in the context of a s^flietic immunogenic peptide, 4e palidvirus C3 epitope. A C3 peptide with a 
TAG stop codon in the middle was fused to the N-terminus of VCSM13 plwge coat protein pIU such that p&age 
production requires suppression of ttie andter nonsense colon. 'E. coli cells we* thto transformed both with a pbagfemid 
encoding the synthetose library and &e orthogonal #NA. followed by inducti.m of s^tfietase expression, and infection 
widi the C3TA© phage. Even a snail topiu)a|^f syitthetase activity resulted m stqjpMsssioiQ of (BTA(3 aftdd^ 
amino acid substnats on the ]^^ suffecev IWeov^ each i&|eimd Caiayiiig ito^^ritiietye pne was prefei^tially 
packaged in the same phage Jiat displays tlie amino acid, since VdSMlS plikge DN^ does not have an intapt M13 
intergenic rtgidn necessaiy fOT efficient p«;kaging, Snbsequen%, the p^^ 
genes in the library was incubatefti with immobilized monoclonal antibodies directed against the onnatural amino acid, in 
order to isolate only the phage carrying the synthetase with the desii^ amino ac id specificity. *. 

One way to analyze the efficieflcy of selection n»thods is to dilute the desired molecular species m an excess of 
undesired species and determine the enrichntent for each method after on-j round of selection. To determine, the 
enrichment in a model phage selection, we took advantage of the siqspression properties of two orthogonal systems 
characterized previously: the glutaminyl and the aspartyl pairs. The glutanunyl orthogonal pair is composed of the yeast 
glutanunyl-tRNA synthetase and the yeast tRNA||; the aspartyl orthogonal pair consists of the yeast aspattyl-tRNA 

synthetase containmg the E188K mutatioii and the yeast tRNA^^. In a chloran^henicol acetyl transferase suppression 
assay (in which a TAG amber codon at a position Di25 in CAT gene is suppressed using the orthogonal pair) the 
chloramphenicol IC50 value for the optimized Gift pair is 350 n^mL, and for the Asp pair, it is 60 (i^mL. He weaker 
activity of the Asp pair relative to the Gin pair approximates the weak activity of a mutant with novel amino add 
specificity in a library containing many more active synthetases specific for the native substrata. Therefore, a substantial 
dilution of cells containing the Asp pair in an excess of ceUs containing the Ghi jjair simulates a library containmg a weak 
hit. The activity of the Asp orthogonal pair was used as selectable phenotype ui a model selection in rader to determine 
the ennchment properties of the new selection method. We observed an 800-lold enrichment of the Asp cells over the 
Ghi cells after one round of antibody-nwdlated selection. Under more stringent conditions, where the Ohi orthogonal pair 
was substituted with a natural supB suppressor tRNA, a 300-fold enrichment was observed. 

We conclude that the specificity of monoclonal antibodies combined with the ability to link the prcMuct of the 
aminoacylation reaction with the enzyme-encoding DNA flffough phage affords a powerftil selection for evolving the 
ammo-acid binding sites of amindacyl-tRNA synthetases. A high enrichment of jp to 300-fold per round of selection was 
observed under model conditions that approximate a real selection, which validiited the utiUty of this novel method; The 
unmunoscreen for the unnatural amino acids displayed on phage complenents a set of other poweifiil methods that are 
currently used in our laboratory to expand ttie genetic code. 
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