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We have shown that the number and nature of genetically Table 1. Data and Refinement Statistics for the pAcPhe TyrRS/
encoded amino acids can be expanded in both prokaryotes and?-Acetylphenylalanine Crystal Complex

eukaryotes by the use of orthogonal aminoacyl-tRNA synthetase  space group P432,2
(RS)tRNA pairs and unique three- and four-base codoh one unit cell parag\weters *) a=b=103.4c=7038
example, aMethanococcus janna'_schGM.j.) tyrosyl tRNA syn- \r'\éz\(’)iﬁg%t?a(ng)e A) 17'8 o5
thetase (TyrRS) was evolved, which together with a coghaje Reymm (highest resolution shell) 0.065 (0.557)
tRNA can incorporate the amino acig-acetylphenylalanine No. unique reflections 15559
(pAcPhe) into proteins irEscherichia coliwith good efficiency completeness (%) (highest shell) 99.4 (99.8)
highest resolution shell (A) 2.58.5

and high fidelity in response to the nonsense codon TAG. Five

. . . . . meanl/o(l) 15.9 (2.3)
amino ac!ds (Y32, D158, 1159, L_162, and A167) in _the active site refinement parameters
of the M,j. TyrRS were randomized, and alternating rounds of No. of reflections (total) 12978
positive and negative selection were used to identify mutant No. of reflethiOHS (test) 700
synthetases that aminoacylate pAcPhe but do not accept endogenous ~ Rewsf’ (Rree’) 0.21(0.28)
. . . No. of protein atoms 2462
host amino acids. The pAcPhe TyrRS had the following muta- No. of heterogen atoms 23
tions: Y32L, D158G, 1159C, and L162RTo begin to determine No. of water atoms 80
the structural basis for the surprising evolvability of aminoacyl- rmsd bonds (&) 0.012
tRNA synthetase specificity, we have determined the crystal rmsd angles (deg) 1.40
e : ave isotropic B-value (3 37.3
structure of the pAcPhe-specific tyrogyl,j. TyrRS.
The .pAcP.he synthetase was expressedE.Ln coli with a Ry = 3|1 — IS |li| wherel; is the scaled intensity of thith
C-terminal Hig fusion tag. Crystals were grown in the presence of measurement, arffiCis the mean intensity for that reflectiohRyee = same
p-acetylphenylalanine (2 mM) and belong to space gried2;2, as that forRqys, but for 5.0% of the total reflections chosen at random and

containing one molecule per asymmetric unit. The structure of a °mitted from refinement.

pAcPhe TyrRSs-acetylphenylalanine complex was solved to 2.5

the structure of the pAcPhe synthetase, suggestive of disulfide
A (Table 1) ithReys;= 0.21 ancRyes = 0.28. Like the wild-type uetu P 4 uggestive ot AISUTl

. 56 . . ~_ formation within the crystallized protein. The only free thiol present
M.j. TyrRS?>®the pAcPhe s_yntheta_se is composed of f'Ye regions: i the crystallization conditiong}-mercaptoethanol, was modeled
the Rossmgnn-fold catz_ilytlc domain, the_ short N-term-mal reglo_n, into this density to form a disulfide bond with 1159C, as well as a
the connective polypeptide 1 (CP1) domain, the C-terminal domain, hydrogen bond with the backbone nitrogen of Gly34 (3.3 A

and th_e KMSKS. loop which links the Rossmann-fold to the distance). Although disulfide formation between 1159C Anaer-
C-term!nal dom_aln. Although th_e overall structure of the AcPhe captoethanol is observed in the crystal structure, this is likely not
TyrRs 1S pearly identical t(.) the wﬂd-type syn thetase strugture, th.e.r € representative of the oxidation state of this residue in the reducing
are significant changes within the active site that result in specific environment of. coli cytoplasm. Indeed, residue 159 is the most

re(frohgnltlon OI tthe unlnat(l;rfll imtlgo T}[C'd gAhclzhe. bondi dvariable among the resulting hits from the selectibsaggesting
ese mutations fead to both aftered hydrogen bonding andy, 5, 5 cysteine at this position is not necessary for amino acid

packing intgractions with the bound substrate. The D1$8G .and recognition: for example, another pAcPhe-specific synthétase
Y32.L mutations remove tv_vo hydrogen bonds to the tyrosme_ side- mutations identical to those of this synthetase, except for 1159T
chain hydroxyl group, which would be expected to dramatically instead of 1159C. Finally, the structure of the wild-typé;.
reduce binding of the natural substrate to the enzyme (Figure 1). TyrRS*6 also shows that Li62 is distal to the active site, suggesting
The DI58G mutation also deepens the binding pocket to accomM-ynat the L162R mutation was selected for favorable solvent
modate the para substituentmficetylphenylalanine, while Y32L interactions rather than substrate recognition.

forms a suitable hydrophobic packing surface for the acetyl methyl The D158G mutation also alters the backbone structure of helix
group (Figure 1b). In addition, the side-chain carbonyl oxygen of 8. The glycine residue truncates the C-terminus of haBxby
PAcPhe forms a hydrogen bond to GIleQ (ﬂ)AcPh_e carbon_yl four residues (Figure 1a), resulting in a new C-terminal cap (C-
O/GIn 109 N dlstan(:(_a: 3.2 '.&)' In the Wlld-_typeM. Ja_nnaschu cap). Studies of amino acid preferences at specific locations within
TyrRS structuré,the side chain of Asp158 disrupts this hydrogen a helix have shown glycine to be strongly preferred as a C-cap for
bond vector (Figure 1b); in the pAcPhe-specific synthetase the a-helices (used in one-third of the helices surveye@everal
D158G mutation removes this intervening side chain. Interestingly, intrahelical main-chain hydrogen bonds are broken by premature

extra electron density was observed for the side chain of 1159C in termination of helixu8 (GIN1550-lle159NH, Val1560-His160NH,
*The Scripps Research Institute. Asn1570-Tyrl61NH, Gly1580-ArgZ!.62.NH, and .Cy51596
* Genomics Institute of the Novartis Research Foundation. Gly163NH). However, a short;ghelix is formed in the new
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Figure 1. (a) Structure of the pAcPhe synthetase boung-txetylphe-
nylalanine (pAcPhe). Residues Y32L, D158G, 1159C, and L162R are shown.
A o-weightedF, — F. electron density map (contoured af) 3or the pAcPhe
amino acid is also shown. The electron density map was derived prior to

solvate the exposed residues. In addition, the use of a focused library
of mutated residues in close proximity increases the likelihood of
selecting compensatory mutations that stabilize the new conforma-
tion.

In conclusion, we have shown that a handful of random mutations
alter the substrate specificity of thé.j. TyrRS by changing the
pattern of hydrogen bonding and packing interactions with bound
substrate. These mutations lead to changes in both side-chain and
backbone conformation, indicating a high degree of structural
plasticity in the active site of the enzyme. We are currently
attempting structural studies with the unliganded pAcPhe synthetase
to determine if amino acid binding is involved in the induced
conformational changes observed for the pAcPhe synthetase. In
addition, we are conducting studies with synthetases specific for
other unnatural amino acids to determine if structural plasticity is
a general characteristic of these enzymes.
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