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STABLE CELL LINES FOR SITE-SPECIFIC 
INCORPORATION OF UNNATURAL AMINO ACIDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[00011 This application claims the benefit of and priority to US. Provisional Patent 

5 Application Nos. 63/063,065, filed August 7, 2020, and 63/210,593, filed June 15, 2021, 

each of which are incorporated herein by reference in their entirety for all purposes.  

FIELD OFTHE INVENTION 

[0002] The invention relates generally to engineered tRNAs, engineered ainoacyl-tRNA 

synthetases, unnatural amino acids, and cells comprising the same, and their use in the 

10 incorporation of unnatural amino acids into proteins.  

BACKGROUND 

[0003] I t proteins are produced in cells via processes known as transcription and 

enco ot interest uistnissenger RNA (mRNA). D gtranlatin, 

15 a rib osom -e, attaches to and moves along the RNA anidicroaesseii am"ino ac.id~s 

o a polypeptidchaon being Synthesized translated'd) flrom t m-RNA atpsio 

corresponding to the coosto pr-oduce. 1te protein. During transltospcfc naturally 

c rngi acids c to transfer RNAs (R eerhetRNAs, 

whichcont a on sequence, h e to their respective cdoequences in 

20 m,,,RNA anrd transfe"-r thle aioacia, they are carrying, into ftenscn protein in at the 

appropriate position a,,,s vte protein is syn-ithesized.  

[0004] Over the last few decades, significant effots have been made to pro-duce hom-nogenous 

preparations-" t s ' , a- ,,' ,a l,, o f s it e --Sp0ciinc -a lly mdfied 1proteins eg. m aniinlian protein s, on al 

commu-ercial scale for use in a variety of applications including, fior example ,, therapeutics andi 

25 diagqnostics, Futemr, fotiave been made to produce thlese- modified ramala 

Proteins in eukaryotic cells (eg., mammalian cells) because the pr.oteins may be maoreeil 

produced in a, proprly folded and fullyactive form and/or pos-tansato i a 

[0005] One approach for producing proten ,s that con~itain st-pcfc oiiain involves 

30 hest-pcfcicroainof one oa more Iunatural amino acids, (U.AAs) into a protein of
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interest. 'The ability to st-pcfalyiorrteUAAs inorotensi visvhsbcma 

powerful tol to augmeprotein function or introsd'Ce e'C cemNical f t ainot 

found in nature. The corec elements required fOr this technology include: an engineered 

tRNA, an engineereidamincyR synthetase (aaRS) that charges t'e' tRNA with a 

5 UAA, and,,t a unique codon, emg, a stop codon, directing the incorporatio-n of the U-A A into the 

Nten as i beinCg synthesize"d.1

[0006] C to this approach is the use of an engineeredl. RAaaRS pair in the 

a~aRS charges theKNA wil the UAAi of interest without cross-reactingwith the tRNAs and 

amino acids normally present in the expression host cell This has been accomplished by 

10 usng an engineered RNA/RS pair derived from an rganism in different domain oflife'C as 

the expression host cell so as to maximize the orhgnltetween- the egineered 

tRNA/aRS pair,. (e~g anegnee b'ac.terial tR'NA/a,,aRS pair) and thRAa Spairs 

naturally fnd in the expression hos cell (etg.mammalian ceA'). The engineered RNA, 

wich is charged w ith thei UJAA via the aaRS, binds or hybridizes to the unique codon, such 

15 as apeauestop cod"lon (UAG, UGIA, UAA) pentin the maRNA e-ncoding theprotein' to 

be expressed See, fo-'r exmlFIGURE 1, witch Shows the synthesis o-f a protein using a 

endogenous RN A and an e n 'aRS from the expression hos and aCn' egi-neered 

ortogn ' A a an orthogon'al ""aaR"S introduced into the host cell So asj ltofc-ilit'ate the 

incorpoa3tion of a UIAA into It prote as J I is synt hes ize d via thli ribosom o da, 

20 variety of rtonatRA/aa-,RS pairs haebeen produce for certain of the naturally 

oc'cu;rring amninr.o acids (see, e~. .Patn ubiato US2017/0349891, and Zhengeta 

(20 I8) BCm57:4-4-44 The app roach faci s to ofprotein"s 

containing site specify f n as bcojgtnCadles and. photoactivatable 

crosslinkers, hican be usedas flherapetics (eCg., antibody (AD'' Cs), bi

25 specific antibodies (eg, bispecific mooclonal antibodies), nan"Oo"ds, chekines, 

vaccin-,es, coaguao fatrsrornnead e-nzymes).  

[0007] Altouh transient transfection tchniqu,,es have been used to int-roduce engi-neereod 
0 RNA/aaRSpis inteprest cellsxthe inaCbilCity to express the proteins reproucil 

C NCJC.C~CK' A,-~M. /fC)" IC'I <3CIC4&N S a-C iI P Cs 

for extended periodJ"s of timne, adWit high titers has made this approach unsuitable fOr the 

30 of coN'eri'al'salepr. Despite tHe efforts mde 

to dat, there rernains a need for rnwamalian cell-based expression platforms that address the 

2
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imitations of transient delivery of te required genetic components, to produce e e-pressi 

systmsoptiidtoexpress parotenis o interest at hihitr for ext e p d o 

5 STMMARY OF THE INVENTION 

[0008] The present disclosure relates, in general, to the field where orthogonal 

tRNA/arninoacyl-tRNA synthetase pairs are used for the incorporation of UAAs into a 

protein of interest as it is being synthesized. The disclosure relates to the optimization of 

tRNAs, aminoacyl-tRNA synthetases, and/or unnatural amino acids for use in the 

10 incorporation of unnatural amino acids into proteins, and to the construction and optimization 

of expression platforms (cell lines) via genome or molecular biology engineering for 

commercial scale production of proteins with unnatural amino acids.  

100091 In one aspect, the invention provides a eukaryotic (e.g., mammalian) cell line capable 

of expressing a target protein containing at least one unnatural amino acid from a gene 

15 containing a premature stop codon at a position corresponding to the position for 

incorporation of the unnatural amino acid. The cell line comprises a genome having stably 

integrated therein (i) a nucleic acid sequence encoding a prokaryotic leucyl-tRNA synthetase 

mutein capable of charging a tRNA (e.g., a cognate tRNA) with an unnatural amino acid and 

(ii) a nucleic acid sequence encoding a prokaryotic suppressor leucyl-tRNA capable of being 

20 charged with the unnatural amino acid.  

[00101 In another aspect, the invention provides a eukaryotic (e.g., mammalian) cell line 

capable of expressing a target protein containing at least one unnatural amino acid from a 

gene containing a premature stop codon at a position corresponding to the position for 

incorporation of the unnatural amino acid. The cell line comprises a genome having stably 

25 integrated therein (i) a nucleic acid sequence encoding a prokaryotic tryptophanyl-tRNA 

synthetase mutein capable of charging a tRNA (e.g., a cognate tRNA) with an unnatural 

amino acid and (ii) a nucleic acid sequence encoding a prokaryotic suppressor tryptophanyl

tRNA capable of being charged with the unnatural amino acid.  

[0011] In certain embodiments of any of the foregoing cell lines, the cell line is capable of 

30 expressing the target protein (e.g.,continuously) for at least 5, 10, 15, 20, 25, 30, 35, 40,45, 

50,60,70, 80, 90, 100, 110, 120, 150, or 180 days. In certain embodiments, the cell line is 

31
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capable of expressing the target protein (e.g., continuously) for at least 5, 10, 15, 20, 25, 30, 

35, 40,45, 50, 60, 70, 80, 90, 100, 110, 120, 150, or 180 days after an initial expression of 

the target protein In certain embodiments, the cell line is capable of expressing the target 

protein at a level of expression that is at least 30%, 40%, 50%, 60%, 70%, 80%, or 90%, or 

5 about 100% of the level of expression of the template protein expressed in a corresponding 

cell line from the gene lacking a premature stop codon. For example, the cell line is capable 

of expressing the target protein (e.g., continuously) at the level of expression for at least 5, 

10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 150, or 180 days.  

[0012] In certain embodiments of any of the foregoing, the cell line comprises from about 50 

10 to about 500, from about 75 to about 500, from about 100 to about 500, from about 125 to 

about 500, from about 150 to about 500, from about 175 to about 500, from about 200 to 

about 500, from about 225 to about 500, from about 250 to about 500, from about I to about 

450, from about 75 to about 450, from about 100 to about 450, from about 125 to about 450, 

from about 150 to about 450, from about 175 to about 450, from about 200 to about 450, 

15 from about 225 to about 450, from about 250 to about 450, from about I to about 400, from 

about 75 to about 400, from about 100 to about 400, from about 125 to about 400, from about 

150 to about 400, from about 175 to about 400, from about 200 to about 400, from about 225 

to about 400, from about 250 to about 400, from about I to about 350, from about 75 to about 

350, from about 100 to about 350, from about 125 to about 350, from about 150 to about 350, 

20 from about 175 to about 350, from about 200 to about 350, from about 225 to about 350, or 

from about 250 to about 350 copies of the nucleic acid encoding the engineered suppressor 

tRNA. In certain embodiments the cell line comprises greater than 500 copies of the nucleic 

acid encoding the engineered suppressor tRNA.  

[0013] In certain embodiments of any of the foregoing cell lines, the cell line comprises from 

25 about I to about 50, from about 5 to about 50, from about 10 to about 50, from about 15 to 

about 50, from about 20 to about 50, from about 25 to about 50, from about 30 to about 50, 

from about 35 to about 50, from about 40 to about 50, from about I to about 40, from about 5 

to about 40, from about 10 to about 40, from about 15 to about 40, from about 20 to about 40, 

from about 2S to about 40, from about 30 to about 40, from about 35 to about 40, from about 

30 1 to about 30, from about 5 to about 30, from about 10 to about 30, from about 15 to about 

30, from about 20 to about 30, from about 25 to about 30, from about I to about 20, from 

4



WO 2022/032186 PCT/US2021/045088 

about to about 20, from about 10 to about 20, or from about 15 to about 20 copies of the 

nucleic acid encoding the engineered synthetase.  

[0014] In certain embodiments of any of the foregoing cell lines, the prokaryotic suppressor 

tRNA is an analog or derivative of a bacterial tRNA (e.g., an E coi tRNA). For example, 

5 the suppressor leucyl-tRNA may comprise a nucleic acid sequence selected from any one of 

SEQ ID NOs: 16-42 or 67, or the suppressor tryptophanyl-tRNA may cornprise a nucleic 

acid selected from any one of SEQ ID NOs: 49-53.  

[0015] In certain embodiments of any of the foregoing cell lines, the tRNA synthetase nutein 

is an analog or derivative of a bacterial tRNA synthetase (e.g. an E coi tRNA synthetase).  

10 For example, the leucyl-tRNA synthetase mutein may comprise the amino acid sequence of 

SEQ ID NO: I and at least one mutation at a position corresponding to Gln2, Glu20, Met4O, 

Leu4-1, Thr252, Tyr499, Tyr527, or His537 of SEQ ID NO: 1. In certain embodiments, the 

mutation is a substitution with a natural amino acid other than the amino acid found in its 

wild-type counterpart. In certain embodiments, the tRNA synthetase mutein comprises the 

15 amino acid sequence of SEQ ID NO: 14, wherein X 2 is Q or E, X2 0 is E, K, V or M, X40 is M, 

I, or V, X41 is L, S, V, or A, X252 is T, A, or R,X499is Y, A, 1, H, or S, X527 is Y,G, A, I, L, 

or V, andX5m is H or G, and the tRNA synthetase mutein comprises at least one mutation 

relative to SEQ ID NO: 1.  

[0016] In certain embodiments of any of the foregoing cell lines, the leucyl-tRNA synthetase 

20 mutein comprises (i) at least one substitution (e.g., a substitution with a hydrophobic amino 

acid) at a position corresponding to His537 of SEQ ID NO: 1, (ii) at least one amino acid 

substitutionselected from E20V, E20M, l41V, L41A, Y499H, Y499A, Y527L, Y527V, 

Y527G, and any combination thereof, (iii) at least one amino acid substitution selected from 

E20K and L41S and any combination thereof and at least one amino acid substitution 

25 selected from M401, T252A, Y4991, and Y527A, and any combination thereof, or (iv) a 

combination of two or more of (i), (ii) and(iii), for example, (i) and (ii), (i) and (iii), (ii) and 

(iii) and (i), (ii) and (iii).  

[0017] In certain embodiments, the tRNA synthetase mutein in the cell line may comprise 

E20K, M40I, L41S, T252A, Y4991, Y527A, or H537G, or any combination thereof (e.g., the 

30 tRNA synthetase mutein may comprise E20K, M401, L41S,T252A, Y4991, Y527A, and 

H5375G).
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[0018] In certain embodiments of any of the foregoing cell lines, the leucyl-tRNA synthetase 

mutein comprises a substitution at position 20 with an amino acid other than a Glu or Lys, 

e.g., a substitution with a hydrophobic amino acid (e.g., Leu, Val, or Met). For example, the 

tRNA synthetase mutein may comprise: E20M, M401, L41S, T252A, Y4991, Y527A, and 

5 H537G; or E20V, M401, L41S, T252A, Y499I, Y527A, and H537G.  

[0019] In certain embodiments of any of the foregoing cell lines, the leucyl-tRNA synthetase 

mutein comprises a substitution at position 41 with an amino acid other than a Leu or Ser, 

e.g., a substitution with a hydrophobic amino acid other than Leu (e.g., Gly, Ala, Val, or 

Met). For example, the tRNA synthetase mutein may comprise: E20K, M401, L41V, T252A, 

10 Y4991,Y527A and H537G;or[E20K,M401, L41A,T252A,Y499,Y527A,andH537G. In 

certain embodiments, the tRNA synthetase mutein comprises L41V.  

[0020] In certain embodiments of any of the foregoing cell lines., the leucyl-tRNA synthetase 

mutein comprises a substitution at position 499 with an amino acid other than aTyr, Ie or 

Ser, e.g., a substitution with a small hydrophobic amino acid (e.g., Gly, Ala, or Val). For 

15 example, the tRNA synthetase mutein may comprise E20K, M401, L41S, T252A, Y499A, 

Y527A, and H537G. In certain embodiments, the tRNA synthetase mutein comprises a 

substitution at position 499 with a positively charged amino acid (e.g., Lys, Arg, or His). For 

example, the tRNA synthetase mutein may comprise E20K, M401, L41ST252A, Y499H, 

Y527A, and H537G.  

20 [0021] In certain embodiments of any of the foregoing cell lines, the leucyl-tRNA synthetase 

mutein comprises a substitution at position 527 with a hydrophobic amino acid other than Ala 

or Leu (e.g., Gly, Ile, Met, or Val). For example, the tRNA synthetase mutein may comprise: 

E20K, M401, L41S,1252A, Y4991, Y5271, and H-537G; E20K, M401, L41S, T252A, Y4991, 

Y527V' and H537G; or E20K, M401L41S, T252A, Y4991, Y527G and H537G.  

25 [0022] In certain embodiments of any of the foregoing cell lines, the leucyl-tRNA synthetase 

mutein comprises the amino acid sequence of any one of SEQ ID NOs: 2-13, or the 

tryptophanyl tRNA synthetase mutein comprises the amino acid sequence of any one of SEQ 

ID NOs: 44-47.  

[0023] In another aspect, the invention provides a method of expressing a protein containing 

30 an unnatural amino acid. The method comprises culturing or growing any of the foregoing 

cell lines under conditions that permit incorporation of the unnatural amino acid into the 

6
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protein being expressed in the cell. In certain embodiments, the protein is expressed (e.g., 

continuously) for at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 

150, or 180 days. In certain embodiments, the protein is expressed (e.g., continuously) for at 

least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100,1 10, 120, 150, or 180 days after 

5 an initial expression of the protein. In certain embodiments, the protein is expressed at a 

level that is at least 30%, 40%, 50%, 60%, 70%, 80%, or 90%, or about 100% of the level of 

expression of the template protein expressed in a corresponding cell line from the gene 

lacking a premature stop codon, for example, the cell line is capable of expressing the target 

protein (e.g., continuously) at the level of expression for at least 5, 10, 15, 20, 25, 30, 35, 40, 

10 45, 50, 60, 70, 80, 90, 100, 110, 120, 150, or 180 days.  

100241 In another aspect, the invention provides a prokaryotic leucyl tRNA synthetase mutein 

capable of charging a tRNA with an unnatural amino acid for incorporation into a protein.  

The tRNA synthetase mutein comprises the amino acid sequence of SEQ ID NO: I and (i) at 

least one substitution (e.g., a substitution with a hydrophobic amino acid) at a position 

15 corresponding to His537, (ii) at least one amino acid substitution selected from E20V, E20M, 

L41lV, L41A, Y499H, Y499A, Y527I, Y527V, Y527G, and any combination thereof, (iii) at 

least one amino acid substitution selected from E20K and L41S and any combination thereof 

and at least one amino acid substitution selected from M40I. T252A, Y499I, and Y527A, and 

any combination thereof, or (iv) a combination of two or more of (i), (ii) and (iii), for 

20 example, (i) and (ii), (i) and (iii), (ii) and (iii) and (i), (ii) and (iii).  

[0025] For example, the tRNA synthetase mutein may comprise E20K, M40I, L4IS, T252A, 

Y4991, Y527A, or 11537G, or any combination thereof (e.g., the tRNA synthetase mutein 

may comprise E20K, M40I L4IS, T252A, Y4991, Y527A, and H537G).  

[00261 In certain embodiments, the leucyl-tRNA synthetase mutein comprises a substitution 

25 at position 20 with an amino acid other than a lu or Lys, e.g., a substitution with a 

hydrophobic amino acid (e.g., Leu, Val, or Met). For example, the tRNA synthetase mutein 

may comprise: E.20M, M401, L41S, T252A, Y4991, Y527A, and 1537G; or E20V, M401, 

L41S, T252A, Y4991, Y527A, and H537G.  

[00271 In certain embodiments, the leucyl-tRNA synthetase mutein comprises a substitution 

30 at position 41 with an amino acid other than a Leu or Ser, e.g., a substitution with a 

hydrophobic amino acid other than Leu (e.g., Gly, Ala, Val, or Met). For example, the tRNA
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synthetase mutein may comprise: E20K, M401, L4IV, T252A, Y4991, Y527A, and H1537G 

or E20K, M401, L41A, T252A, Y4991, Y527A, and H537G.  

[0028] In certain embodiments, the leucyl-tRNA synthetase mutein comprises a substitution 

at position 499 with an amino acid other than aTyr, le or Ser, e.g., a substitution with a 

5 small hydrophobic amino acid (e.g., Gly, Ala, or Val). For example, the tRNA synthetase 

mutein may comprise E20K, M401, L41S,T252A, Y499A, Y527A, and H537G. In certain 

embodiments, the tRNA synthetase mutein comprises a substitution at position 499 with a 

positively charged amino acid (e.g., Lys, Arg, or His). For example, the tRNA synthetase 

mutein may comprise E20K, M401, L41S, T252A, Y499H, Y527A, and H537G.  

10 [00291 In certain embodiments, the tRNA synthetase mutein comprises a substitution at 

position 527 with a hydrophobic amino acid other than Ala or Leu (e.g., Ile or Val). For 

example, the tRNA synthetase mutein may comprise: E20K, M401, L41S, T252A, Y4991, 

Y5271, and H537G; E20K, M401, L4IS,T252A, Y4991, Y527V and H537G; or E20K, M401, 

L41S, T252A, Y499I, Y527G and H537G.  

15 [00301 In certain embodiments, the leucyl-tRNA synthetase mutein comprises the amino acid 

sequence of any one of SEQ ID NOs: 2-13.  

100311 In another aspect, the invention provides a nucleic acid encoding any of the foregoing 

tRNA synthetase muteins.  

[0032] In another aspect, the invention provides a transfer vector comprising any of the 

20 foregoing nucleic acids. In certain embodiments, the transfer vector is capable of introducing 

the nucleic acid into a cell. In certain embodiments, the transfer vector (or a nucleic acid 

from the transfer vector) can stably into the genomeof the cell. In certain embodiments, the 

transfer vector (or a nucleic acid from the transfer vector) can be stably maintained in the cell 

without integration into the genome of the cell.  

25 [0033] In another aspect, the invention provides an engineered cell comprising any of the 

foregoing tRNA synthetase muteins.  

[0034] In another aspect, the invention provides an engineered cell comprising any of the 

foregoing nucleic acids, for example, where the nucleic acid is stable integrated into the 

genome of the cell and/or the nucleic acid is capable of being expressed in the cell to produce 

30 a corresponding tRNA synthetase mutein.  

8
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[0035] In another aspect, the invention provides an engineered cell comprising any of the 

foregoing transfer vectors. In certain embodiments, the transfer vector (or a nucleic acid 

from the transfer vector) is stably integrated into the genome of the cell. In certain 

embodiments, the transfer vector (or a nucleic acid from the transfer vector) is not integrated 

5 into the genome of the cell, but is stably maintained in the cell.  

[0036] In certain embodiments of any of the foregoing engineered cells, the cell further 

comprises a suppressor leucyl-tRNA capable of incorporating an unnatural amino acid into a 

protein undergoing expression in the cell. For example, the suppressor leucyl-tRNA may be 

selected from any one of SEQ ID NOs: 16-42 or 67.  

10 [00371 In certain embodiments, a nucleic acid encoding the suppressor leucyl-tRNA is stably 

integrated into the genome of the cell, and, for example, the nucleic acid is capable of being 

expressed in the cell to produce a corresponding suppressor tRNA.  

[0038] In certain embodiments of any of the foregoing engineered cells, the unnatural amino 

acid is a leucine analog, for example, a leucine analog selected from a linear alkyl halide and 

15 a linear aliphatic chain comprising an alkyne, azide, cyclopropene, alkene, ketone, aldehyde, 

diazirine, or tetrazine functional group.  

100391 In certain embodiments of any of the foregoing engineered cells, the protein is 

expressed from a nucleic acid sequence comprising a premature stop codon, for example, the 

tRNA synthetase nitein is capable of charging a suppressor leucy tRNA with an unnatural 

20 amino acid which is incorporated into the protein at a position corresponding to the premature 

stop codon. In certain embodiments, the suppressor tRNA comprises an anticodon sequence 

that hybridizes to the premature stop codon and permits the unnatural amino to be 

incorporated into the protein at the position corresponding to the premature stop codon.  

[0040] In certain embodiments of any of the foregoing engineered cells, the protein to be 

25 expressed in the cell is an antibody (or a fragment thereof), bispecific antibody, nanobody, 

affibody, viral protein, chemokine, antigen, blood coagulation factor, hormone, growth 

factor, enzyme, or any other polypeptide or protein.  

[0041] In certain embodiments of any of the foregoing engineered cells, the nucleic acid 

sequence encoding the tRNA synthetase mutein has a copy number in the range from about 1 

30 to about 50, from about 5 to about 50, from about 10 to about 50, from about 15 to about 50, 

from about 20 to about 50, from about 25 to about 50, from about 30 to about 50, from about 
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35 to about 50, from about 40 to about 50, from about I to about 40, from aboutf5 to about 

40, from about 10 to about 40, from about 15 to about 40, from about20 to about 40, from 

about 25 to about 40, from about 30 to about 40, from about 35 to about 40, from about I to 

about 30, from about 5 to about 30, from about 10 to about 30, from about 15 to about 30, 

5 from about 20 to about 30, from about 25 to about 30, from about I to about 20, from about 5 

to about 20, from about 10 to about 20, or from about 15 to about 20 copies.  

[0042] In certain embodiments of any of the foregoing engineered cells, the nucleic acid 

sequences encoding the suppressor leucyl tRNA has a copy number in the range from about 

50 to about 500, from about 75 to about 500, from about 100 to about 500, from about 125 to 

10 about 500, from about 150 to about 500, from about 175 to about 500, from about 200 to 

about 500, from about 225 to about 500, from about 250 to about 500, from about 1 to about 

450, from about 75 to about 450, from about 100 to about 450, from about 125 to about 450, 

from about 150 to about 450, from about 175 to about 450, from about 200 to about 450, 

from about 225 to about 450, from about 250 to about 450, from about I to about 400, from 

15 about 75 to about 400, from about 100 to about 400, from about 125 to about 400, from about 

150 to about 400, from about 175 to about 400, from about200 to about 400, from about 225 

to about 400, from about 250 to about 400, from about I to about 350, from about 75 to about 

350, from about 100 to about 350, from about 125 to about 350, from about 150 to about 350, 

from about 175 to about 350, from about 200 to about 350, from about 225 to about 350, or 

20 from about 250 to about 350 copies. In certain embodiments the cell line comprises greater 

than 500 copies of the nucleic acid encoding the engineered, suppressor tRNA.  

[0043] In certain embodiments of any of the foregoing engineered cells, the suppressor 

leucyl-tRNA and tRNA synthetase mutein are present in a ratio selected from 2:1, 4:1, 8:1, 

12:1, 16:1, 24:1, 36:1, 48:1, and 64:1.  

25 [0044] In certain embodiments of any of the foregoing engineered cells, the cell is a 

prokaryotic cell (e.g., a bacterial cell) or a eukaryotic cell (e.g., a mammalian cell).  

[0045] These and other aspects and features of the invention are described in the following 

detailed description and claims.  

DESCRIPTION OF THE DRAWINGS 

30 [0046] The invention can be more completely understood with reference to the following 

drawings.  
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[0047] FIGURE I depicts a schematic overview of genetic code expansion using 

unnatural amino acids (UAAs).  

[0048] FIGURES 2A-2C depicts a subset of JAAs that are exemplary substrates for a 

mutant leucyl tRNA-synthetase.  

5 [00491 FIGURE 3 depicts a subset of UAAs that are exemplary substrates for a mutant 

tryptophanyl tRNA-synthetase.  

[0050] FIGURE 4 shows the result of a leucyl tRNA synthetase inutein activity assay, 

using fluorescence activity as a reporter for UAA incorporation. Leucyl tRNA synthetase 

mutations are shown in FIGURE 4A, quantified fluorescence representative of stop codon 

10 suppression and UAA incorporation is shown inFIG RE 4B, and representative 

fluorescence images are shown in FIGURE 4C.  

[0051] FIGURE 5 shows polyspecificity (i.e., the ability of a single synthetase to 

incorporate different unnatural amino acids) of the depicted leucyl tRNA synthetase muteins.  

FrRE 5A depicts UAAs used in the polyspecificity assay described in Example 1, and 

15 FIGURE5B shows fluorescence images demonstrating polyspecificity.  

[0052] FIGURE 6 demonstrates an exemplary workflow for the generation of a stable 

cell line. FIGURE 6A is a flowchart depicting the steps of an exemplary stable cell line 

generation process, and FIGURE 6B is a schematic demonstrating the process from stable 

transfection, characterization with a dual fluorescent reporter, and integration through clonal 

20 isolation.  

[0053] FIGURE 7 shows fluorescence activated cell sorting (FACS) pool analysis and 

clonal isolation of stable Leucyl suppressor cell lines after transfection and antibiotic 

selection. A population shift into the 45 degree axis is indicative of changes in the 

conditional GFP signal and UAA incorporation. FIGURES 7A-7C depict results for 

25 controls, FIGURES 7D-7E depict results for stable cell lines obtained through lipofectamine 

(LF)-based transfection, and FIGURES 7F-7H depict results for stable cell lines obtained 

through nucleofection (NF)-based transfection. Clonal populations are identified in 

FIGURE 71. Puromycin (Puro) concentration is indicated.  

[0054] FIGURE 8A and FIGURE 8B show recharacterization of clonal isolates between 

30 2-4 weeks of propagation following cell sorting via fluorescent microscopy with a conditional 

mCherry-GFP* reporter. GFP fluorescence, as shown in the second row of images, indicates 

successful incorporation of the JAA.  
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[0055] FIGURES 9A-9L depict FACS histograms showing the recharacterization of 

clonal isolates between 2-4 weeks of propagation following cell sorting with an mCherry

GP reporter. FIGURES 9A-9J are FACS plots of various clonal populations. FIGURE 

9K is a transient transfection control using the transfer vector, and FIGURE 9L demonstrates 

5 a sample gate from the FACS.  

100561 FIGURE 10 is a comparison of clonal suppression efficiency and protein 

expression in the indicated cell lines. FIGURE I1A depicts average mCherry and GFP 

fluorescence using the conditional dual reporter across the clonal lines, FIGURE OB depicts 

the ratio of average mCherry and GFP fluorescence using the conditional dual reporter across 

10 the clonal lines, and FIGURE 10C depicts the ratio of percentage mCherry positive cells and 

GFP positive cells using the conditional dual reporter across the clonal lines.  

[0057] FIGUREI I is an SDS-PAGE Coomassie gel demonstrating productivity of an 

exemplary leucyl stable cell line, using GFP protein production as a readout of suppression 

activity.  

15 100581 FIGURE 12 is a FACS comparison of stable cell line pools generated under the 

same selection conditions with either"wild-type" leucyl tR.NA amber suppressor or hi leucyl 

tRNA amber suppressor, using the conditional dual reporter as a readout. FIGURES 12A

12B are fluorescent controls, FIGURES 12C-12D show results using "wild-type" leucyl 

tRNA and results using hIl eucyl tRNA, respectively. FIGURE 12E depicts the number of 

20 selected clones identified in each target gate PS and P6.  

[0059] FIGURE 13 is a FACS pool analysis and clonal isolation of stable tryptophan 

suppressor cell lines after transfection and antibiotic selection. FIGURES 13A-13B 

represent fluorescent controls, and FIGURES 13C-13D show two different conditions for 

puromycin selection of tryptophan synthetase clonal isolates.  

25 [0060] FIGURE 14A depicts UAAs C5Az, LCA, and AzW. FIGURE 14B depicts a 

synthetic route for C5Az. FIGURE 14C depicts a synthetic route for 5-AzW. FIGURES 

14D-F depict synthetic routes for LCA.  

[00611 FIGURE 15 is a comparison of clonal suppression efficiency and protein 

expression in the indicated cell lines. FIGURE 15A depicts the ratio ofaverage mCherry 

30 and GFP fluorescence using the conditional dual reporter across the indicated clonal lines 

(generated using a single leucyl suppressor tRNA and leucyl tRNA-synthetase plasmid), and 

FIGURE 15B depicts the ratio of average mCherry and GFP fluorescence using the 
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conditional dual reporter across the indicated clonal lines (generated using separate leucyl 

suppressor tRNA and leucyl tRNA-synthetase plasmids sequentially).  

[0062] FIGU RE 16 is a comparison of clonal suppression efficiency and protein 

expression in cell lines including either "wild-type"leucylsuppressortRNA(clnes 

5 numbered starting with v1) or mutant leucyl suppressor tRNA (clones numbered started with 

v2). FIGURE 16A depicts the relative activity (measured using the mCherry and GFP 

conditional dual reporter) of the indicated clonal lines. FIGURE 16B depicts the median 

relative activity of clones generated with the "wild-type" tRNA (vI) or mutant tRNA (v).  

[0063] FIGURE 17 is a comparison of clonal suppression efficiency and protein 

10 expression and genomic copy number (GCN) in cell lines including either "wild-type" leucyl 

suppressor tRNA (clones numbered starting with v1) or mutant leucyl suppressor tRNA 

(clones numbered started with v2). GCN was measured at day 0 (tO) and day 60 (t60). Like 

numbered cell lines refer to the same cell lines as in Example 5 (FIGURE 15A) and 

Example 6 (FIGURE 16). GCN of tRNA/aaRS is plotted on the primary axis, and shown as 

15 bars. UAA incorporation activity (average GFP fluorescence divided by average mCherry 

fluorescence measured using the MG* reporter as described in Example 2) is plotted on the 

secondary axis, and shown as dots.  

DETAILED DESCRIPTION 

20 [0064] The present disclosure relates, in general, to the field where orthogonal 

tRNA/aminoacyl-tRNA synthetase pairs are used for the incorporation of unnatural amino 

acids into a protein of interest. The disclosure relates to the optimization of engineered 

orthogonal tRNAs, engineered aminoacyl-tRNA synthetases, and/or unnatural amino acids 

for use in the incorporation of unnatural amino acids into proteins and to the construction and 

25 optimization of expression platforms (cell lines) via genome or molecular biology 

engineering for commercial scale production of proteins with unnatural amino acids.  

[0065] As used herein, the term "orthogonal" refers to a molecule (e.g., an orthogonal tRNA 

or an orthogonal aminoacyl-tRNA synthetase) that is used with reduced efficiency by an 

expression system of interest (e.g., an endogenous cellular translation system). For example, 

30 an orthogonal tRNA in a translation system of interest is aminoacylated by any endogenous 
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aminoacyl-tRNA synthetase of the translation system of interest with reduced or even zero 

efficiency, when compared to aminoacylation of an endogenous tRNA by an endogenous 

aninoacyl-tRNA synthetase. In another example, an orthogonal aminoacyl-tRNA synthetase 

aminoacylates any endogenous tRNA in the translation system of interest with reduced or 

5 even zero efficiency, as compared to aminoacylation of an endogenous tRNA by an 

endogenous aminoacyl-tRNA synthetase.  

[0066] Various features and aspects of the invention are discussed in more detail below.  

1. Arninoaevl-tRNA Synthetases 

[0067] The invention relates to engineered aminoacyl-tRNA synthetases (or aaRSs) capable 

10 of charging a tRNA with an unnatural amino acid for incorporation into a protein. As used 

herein, the term "aminoacyl-tRNA synthetase" refers to any enzyme, or a functional 

fragment thereof, that charges, or is capable of charging, a tRNA with an amino acid (e.g., an 

unnatural amino acid) for incorporation into a protein. As used herein, the term functional 

fragment" of an aminoacyl-tRNA synthetase refers to fragment of a full-length aminoacyl

15 tRNA synthetase that retains, for example, at least 10%, at least 20%, at least 30%, at least 

40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or 

100% of the enzymatic activity of the corresponding full-length tRNA synthetase (e.g., a 

naturally occurring tRNA synthetase). Aminoacyl-tRNA synthetase enzymatic activity may 

be assayed by any method known in the art. For example, in vitro aminoacylation assays are 

20 described in Hoben et al. (1985) METHODS INZYMOL. 113:55-59 and in U.S. Patent 

Application Publication No. 2003/0228593 and cell-based aminoacylation assays are 

described in U.S. Patent Application Publication Nos. 2003/0082575 and 2005/0009049. In 

certain embodiments, the functional fragment comprises at least 100, 150, 200, 250, 300, 

350, 400, 450, 500, 550, 600, 650, 700, 750, or 800 consecutive amino acids present in a full

25 length tRNA synthetase (e.g., a naturally occurring aminoacyl-tRNA synthetase).  

100681 The term aminoacyl-tRNA synthetase includes variants (i.e., muteins) having one or 

more mutations (e.g., amino acid substitutions, deletions, or insertions) relative to a wild-type 

aminoacyl-tRNA synthetase sequence. In certain embodiments, an aminoacvl-tRNA 

synthetase mutein may comprise, consist, or consist essentially of, a single mutation (eg. a 

30 mutation contemplated herein), or a combination of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 

or more than 15 mutations (e.g., mutations contemplated herein). It is contemplated that an 
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aminoacyl-tRNA synthetase mutein may comprise, consist, or consist essentially 1-15, 1-10, 

1-7, 1-6, 1-5, 1-4, 1-3, 1-2,2-15,2-10,2-7,2-6,2-5,2-4,2-3, 3-15, 3-10, 3-7, 3-6, 3-5, or4

10, 4-7, 4-6, 4-5, 5-10, 5-7, 5-6, 6-10, 6-7, 7-10, 7-8, or 8-10 mutations (e.g., mutations 

contemplated herein).  

5 [00691 An aminoacyl-tRNA synthetase mutein may comprise a conservative substitution 

relative to a wild-type sequence or a sequence disclosed herein. As used herein, the term 

"conservative substitution" refers to a substitution with a structurally similar amino acid. For 

example, conservative substitutions may include those within the following groups: Ser and 

Cys; Leu, Ile, and Val; Glu and Asp; Lys and Arg; Phe,Tyr, and Trp; and GIn, Asn, Glu, 

10 AspandHis. Conservative substitutions may also bedefined by the BLAST (Basic Local 

Alignment SearchTool) algorithm, the BLOSUM substitution matrix (e.g., BLOSUM 62 

matrix), or the PAM substitution:p matrix (e.g., the PAM 250 matrix).  

[0070] In certain embodiments, the substrate specificity of the aminoacyl-tRNA synthetase 

mutein is altered relative to a corresponding (or template) wild-type aminoacyl-tRNA 

15 synthetase such that only a desired unnatural amino acid, but riot any of the common 20 

amino acids, is charged to the substrate tRNA.  

[0071] An aminoacyl-tRNA synthetase may be derived from a bacterial source, e.g, 

Escherichia col, Thermus thermophilus, or Bacillus stearothermphilus. An aminoacyl

tRNA synthetase may also be derived from an archaeal source, e.g., from the 

20 Alethanosarcinacaea or Desulfitobacterium families, any of the L barkeri (Mb), M alvus 

(Ma), A mazei (Mm) or D. hafisense (Dh) families, Methanobacterni 

thermoautotroplicum, Halqferax volcanii, Halobacterium species NRC-1, orArchaeoglobus 

fulgidus. In other embodiments, eukarvotic sources can also be used, for example, plants, 

algae, protists, fungi, yeasts, or animals (e.g.. mammals, insects, arthropods, etc.). As used 

25 herein, the terms "derivative" or "derived from" refer to a component that is isolated from or 

made using information from a specified molecule or organism. As used herein, the term 

"analog" refers to a component (e.g., a tRNA, tRNA synthetase, or unnatural amino acid) 

that is derived from or analogous with (in terms of structure and/or function) a reference 

component (e.g., a wild-type tRNA, a wild-type tRNA synthetase, or a natural amino acid).  

30 In certain embodiments, derivatives or analogs have at least 40%, 50%, 60%, 70%, 80%, 

90%, 100% or more of a given activity as a reference or originator component (e.g., wild

type component).  
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[0072] It is contemplated that the aminoacyl-tRNA synthetase may aminoacylate a substrate 

tRNA in vitro or in vivo, and can be provided to a translation system (e.g., an in vitro 

translation system or a cell) as a polypeptide or protein, or as a polynucleotide that encodes 

the aminoacyl-tRNA synthetase.  

5 [00731 In certain embodiments, the aminoacyl-tRNA synthetase is derived from an E. coi 

leucyl-tRNA synthetase and, for example, the aminoacyl-tRNA synthetase preferentially 

aminoacylates an E. coi leucyl tRNA (or a variant thereof) with a leucine analog over the 

naturally-occurring leucine amino acid.  

[0074] For example, the aminoacyl-tRNA synthetase may comprise SEQ ID NO: 1, or an 

10 amino acid sequence that has at least 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 

identity to SEQ ID NO: In certain embodiments, the aminoacyl-tRNA synthetase 

comprises SEQ ID NO: 1. or a functional fragment or variant thereof, and with one, two, 

three, four, five or more of the following mutations: (i) a substitution of a glutamine residue 

at a position corresponding to position 2 of SEQ ID NO: 1, e.g., a substitution by glutamic 

15 acid (Q2E); (ii) a substitution of a glutanic acid residue at a position corresponding to 

position20 of SEQ ID NO: 1, e.g., a substitution by lysine (E20K), methionine (E20M), or 

valine (E20V); (iii) a substitution of a methionine residue at a position corresponding to 

position 40 of SEQ ID NO: 1, e.g., a substitution by isoleucine (M40).r valine (M40V) (iv) 

a substitution of a leucine residue at a position corresponding to position 41 of SEQ ID NO: 

20 1, e.g., a substitution by serine (L41S), valine (L41V), or alanine (L4IA); (v) a substitution 

of a threonine residue at a position corresponding to position 252 of SEQ ID NO: 1, e.g., a 

substitution by alanine (T252A) or arginine (1252R); (vi) a substitution of a tyrosine residue 

at a position corresponding to position 499 of SEQ ID NO: 1, e.g. a substitution by 

isoleucine (Y4991), serine (Y499S), alanine (Y499A), or histidine (Y499H); (vii) a 

25 substitution of a tyrosine residue at a position corresponding to position 527 of SEQ ID NO: 

1, eg., a substitution by alanine (Y527A), leucine (Y527L), isoleucine (Y527I), valine 

(Y527V), or glycine (Y527G); or (viii) a substitution of a histidine residue at a position 

corresponding to position 537 of SEQ ID NO: 1, e.g., a substitution by glycine (11537G), or 

any combination of the foregoing.  

30 [0075] In certain embodiments, the aminoacyl-tRNA synthetase comprises (i) at least one 

substitution (e.g., a substitution with a hy drophobic amino acid) at a position corresponding 

to His537 of SEQ ID NO: 1, (ii) at least one amino acid substitution selected from E20V, 
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E20M, L41V, L41A, Y4991-, Y499A, Y5271, Y527V, Y527G, and any combination thereof, 

(iii) at least one amino acid substitution selected from E20K and L41S and any combination 

thereof and at least one amino acid substitution selected from M401,T252A, Y4991, and 

Y527A, and any combination thereof, or (iv) a combination of two or more of (i), (ii) and 

5 (iii), for example, (i) and (ii), (i) and (iii), (ii) and (iii) and (i), (ii) and (iii) 

[0076] In certain embodiments, the aminoacyl-tRNA synthetase comprises a substitution of a 

glutamic acid residue at a position corresponding to position 20 of SEQIDNO 1, eg., a 

substitution with an amino acid other than a Glu or Lys, e.g, a substitution with a 

hydrophobic amino acid (e.g., Leu, Val, or Met). In certain embodiments, the aminoacl

10 tRNA synthetase comprises a substitution of a leucine residue at a position corresponding to 

position 41 of SEQ ID NO: 1, e.g., a substitution with an amino acid other than a Leu or Ser, 

e.g., a substitution with a hydrophobic amino acid other than Leu (e.g., Gly, Ala, Val, or 

Met). In certain embodiments, the aminoacyl-tRNA synthetase comprises a substitution of a 

tyrosine residue at a position corresponding to position 499 of SEQ ID NO: 1, e.g., a 

15 substitution with a small hydrophobic amino acid (e.g., Gly, Ala, or Val) or a substitution 

with a positively charged amino acid (e.g., Lys, Arg, or His). In certain embodiments, the 

aminoacyl-tRNA synthetase comprises a substitution of a tyrosine residue at a position 

corresponding to position 527 of SEQ ID NO: 1, e.g, a substitution with a hydrophobic 

amino acid otherthan Ala orLeu (e.g., Gly, Ile, Met, or Val). Incertain embodiments,the 

20 tRNA synthetase mutein comprises L4IV.  

[0077] In certain embodiments, the aminoacyl-tRNA synthetase comprises a combination of 

mutations selected from: (i) Q2E, E20K, M401, L41S, T252A, Y4991, Y527A, and H537G; 

(ii) Q2E, E_20K, M40V, L41S, T252R, Y499S, Y27L, and H537G; (iii) Q2E, M401, T252A, 

Y4991, Y527A, and 11537G; (iv) Q2E, E/20M, M401,1L41 S, T252A, Y4991, Y527A, and 

25 H537G; (v) Q2E, E2OV, M40I, L4IS, T252A, Y4991, Y527A, and H537G; (vi) Q2E, E20K, 

M401L4IV, T252A, Y4991, Y527A, and H537G; (vii) Q2E, E20K, M401, L41A, T252A, 

Y4991, Y527A, and H537G; (viii) Q2E, E20K, M40I, L41S, T252A, Y499A, Y527A, and 

H537G; (ix) Q2E, E20K, M401.L4S, T252A, Y49911, Y527A, and 11537G; (x) Q2E, E20K, 

M40I, L41S,252A, Y4991, Y5271, and H537G; (xi) Q2E, E20K, M401, L41 S, T252A, 

30 Y4991, Y527V, and H537G; (xii) Q2E, E20K, M40I, L41S, T252A, Y4991, Y527G, and 

H537G; (xiii) E20K, M40I,L41S, T252A, Y4991, Y527A, and H537G; (xiv) E20M, M401, 

L41S, T252A, Y4991, Y527A, and H537; (xv) E20V, M401, L41S, T252A Y4991, Y527A, 
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and H537G; (xvi) E20K, M401, L4V, T252A, Y4991, Y527A, and H537G; (vii)E2K, 

M40I, L41A, T252A, Y4991, Y527A, and H537G; (xviii) E20K, M40I, L41S, T252A, 

Y499A,Y527A, andH537G; (xix)[E20K,M401,L41S, 1252A, Y499H,Y527A, and 

H537G; (xx) E20K, M401, L41S, T252A, Y4991, Y5271, and H537G; (xxi) E20K, M40I, 

5 L41S, T252A, Y499I, Y527V, and H537G; and (xxii) E20K, M401, L41S, T252A, Y499I, 

Y527G, and H537G.  

[0078] In certain embodiments, the aminoacyl-tRNA synthetase comprises the amino acid 

sequence of any one of SEQ ID NOs: 2-13, or an amino acid sequence that has at least 85%, 

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to anyo ne of SEQ ID NOs: 2-13.  

10 [00791 In certain embodiments, the tRNA synthetase mutein comprises the amino acid 

sequence of SEQ ID NO: 14, wherein X 2 is Q or E, X 2 0 is E, K, V or M, X 40 is M, I, or V, 

X4 is L, S, V, or A, X2 52 is T, A, or R, X199 is Y, A, I, H, or S, X5 2 7 is Y, A, I, L, or V, and 

X 5 3 7 is H or G, and the tRNA synthetase mutein comprises at least one mutation (for 

example, 2,3, 4, 5, 6, 7, 8, 9, or more mutations) relative to SEQ ID NO: 1. In certain 

15 embodiments, the tRNA synthetase mutein comprises the amino acid sequence of SEQ ID 

NO: 15,wherein X20 is K, V or M, X4 1 is S, V, or A. X4 9q is A, I, or H, and X527 is A, I, or V, 

and the tRNA synthetase nutein comprises at least one mutation relative to SEQ ID NO: 1.  

[0080] In certain embodiments, the aminoacyl-tRNA synthetase is derived from an L 

coli tryptophanyl-tRNA synthetase and, for example, the aminoacyl-tRNA synthetase 

20 preferentially aminoacylates an E coli tryptophanyl tRNA (or a variant thereof) with a 

tryptophan analog over the naturally-occurring tryptophan amino acid.  

[0081] For example, the aminoacyl-tRNA synthetase may comprise SEQ ID NO: 43, or an 

amino acid sequence that has at least 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence 

identity to SEQ ID NO: 43. In certain embodiments, the aminoacyl-tRNA synthetase 

25 comprises SEQ ID NO: 43, or a functional fragment or variant thereof, but with one or more 

of the following mutations: (i) a substitution of a serine residue at a position corresponding to 

position 8 of SEQ ID NO: 43, e.g., a substitution by alanine (S8A); (ii) a substitution of a 

valine residue at a position corresponding to position 144 of SEQ ID NO: 43, eg., a 

substitution by serine (V144S), glycine (V144G) or alanine (V144A); (iii) a substitution of a 

30 valine residue at a position corresponding to position 146 of SEQ ID NO: 43, e.g., a 

substitution by alanine (V146A), isoleucine (V1461), or cysteine (V146C). In certain 
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embodiments, the aminoacyl-tRNA synthetase comprises a combination of mutations 

selected from: () S8A, V144S, and V146A, (ii) S8A, V144G, and V146I, (iii) S8A, V144A, 

and VI46A, anid (iv) S8A, V144G, and V146C.  

[0082] In certain embodiments, the aminoacyl-tRNA synthetase comprises the amino acid 

5 sequence of any one of SEQ ID NOs: 44-47, or an amino acid sequence that has at least 85%, 

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ ID NOs: 44-47.  

100831 Sequence identity may be determined in various ways that are within the skill of a 

person skilled in the art, e.g., using publicly available computer software such as BLAST, 

BLAST-2, ALIGN or Megalign (DNASTAR) software. BLAST (Basic Local Alignment 

10 Search Tool) analysis using the algorithm employed by the programs blastp, blastn, blastx, 

tblastn and tblastx (Karlin et al., (1990) PROC. NATL. ACAD. SLSA 87:226422268; 

Altschul, (1993) J. MOL. EVOL. 36:290-300; Altschul e al., (1997) NUCLEIC ACIDS RES.  

25:3389-3402, incorporated by reference herein) are tailored for sequence similarity 

searching. For a discussion of basic issues in searching sequence databasessee Altschul et 

15 al., (1994) NATURE GENETiCs 6:119-129, which is fully incorporated by reference herein.  

Those skilled in the art can determine appropriate parameters for measuring alignment, 

including any algorithms needed to achieve maximal alignment over the full length of the 

sequences being compared. The search parameters for histogram, descriptions, alignments, 

expect (i.e., the statistical significance threshold for reporting matches against database 

20 sequences), cutoff, matrix and filter are at the default settings. The default scoring matrix 

used by blastp, blastx, tblastn, and tblastx is the BLOSUM62 matrix (Henikoff et al, (1992) 

PROC. NATL. ACAD. SCL USA 89:10915-10919, fully incorporated by reference herein).  

Four blastn parameters may be adjusted as follows: Q=10 (gap creation penalty); R=10 (gap 

extension penalty); wink=1 (generates word hits at every wink sup.th position along the 

25 query); and gapw=16 (sets the window width within which capped alignments are 

generated). The equivalent blastp parameter settings may be Q:::9 R:::2 wink::; and 

gapw=32. Searches may also be conducted using the NCBI (National Center for 

Biotechnology Information) BLAST Advanced Option parameter (e.g.: -G, Cost to open gap 

[Integer]: default = 5 for nucleotides/I I for proteins; -E, Cost to extend gap [Integer]: default 

30 2for nucleotides/ 1 for proteins; -q, Penalty for nucleotide mismatch [Integer]: default:= 

3;-rrewardfor nucleotide match [Integer]: default:= 1; -e, expect value [Real]: default:= 10; 

-W, wordsize [Integer]: default = 11 for nucleotides/ 28 for megablast/3 for proteins; -y, 
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Dropoff (X) for blast extensions in bits: default = 20 for blastn/ 7 for others; -X, X dropoff 

value for gapped alignment (in bits): default = 15 for all programs, not applicable to blastn; 

and --Z, final X dropoff value for gapped alignment (in bits): 50 for blast, 25 for others).  

ClustalW for pairwise protein alignments may also be used (default parameters may include, 

5 e.g., Blosum62 matrix and Gap Opening Penalty = 10 and Gap Extension Penalty = 0.1). A 

Bestfit comparison between sequences, available in the GCG package version 10.0, uses 

DNA parameters GAP:::50 (gap creation penalty) and LEN=3 (gap extension penalty). The 

equivalent settings in Bestfit protein comparisons are GAP=8 and LEN=2.  

[0084] Methods for producing proteins, e.g., aminoacyl-tRNA synthetases, are known in 

10 the art. For example, DNA molecules encoding a protein of interest can be synthesized 

chemically or by recombinant DNA methodologies. The resulting DNA molecules encoding 

the protein interest can be ligated to other appropriate nucleotide sequences, including, for 

example, expression control sequences, to produce conventional gene expression constructs 

(i.e., expression vectors) encoding the desired protein. Production of defined gene constructs 

15 is within routine skill in the art.  

100851 Nucleic acids encoding desired proteins (e.g., aminoacyl-tRNA synthetases) can be 

incorporated (ligated) into expression vectors, which can be introduced into host cells 

through conventional transfection or transformation techniques. Exemplary host cells are E 

col cells, Chinese hamster ovary (CHO) cells, human embryonic kidney 293 (HEK 293) 

20 cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human 

hepatocellular carcinoma cells (e.g., Hep G2), anid myeloma cells. Transformed host cells 

can be grown under conditions that permit the host cells to express the desired protein.  

[0086] Specific expression and purification conditions will vary depending upon the 

expression system employed. For example, if agene is to be expressed in K coi, it is first 

25 cloned into an expression vector by positioning the engineered gene downstream from a 

suitable bacterial promoter, e.g., Trp or Tac, and a prokaryotic signal sequence. The 

expressed protein may be secreted. The expressed protein may accumulate in refractile or 

inclusion bodies, which can be harvested after disruption of the cells by French press or 

sonication. The refractile bodies then are solubilized, and the protein may be refolded and/or 

30 cleaved by methods known in the art.  
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[0087] If the engineered gene is to be expressed in eukaryotic host cells, e.g., CH cells, it 

is first inserted into an expression vector containing a suitable eukaryotic promoter, a 

secretion signal, a poly A sequence, and a stop codon. Optionally, the vector or gene 

construct may contain enhancers and introns. The gene construct can be introduced into 

5 eukaryotic host cells using conventional techniques.  

[0088] A protein of interest (e.g., an aminoacyl-tRNA synthetase) can be produced by 

growing (culturing) a host cell transfected with an expression vector encoding such a protein 

under conditions that permit expression of the protein. Following expression, the protein can 

be harvested and purified or isolated using techniques known in the art, e.g., affinity tags 

10 such as glutathioie-S-transferase (GST) or histidine tags.  

[0089] Additional methods for producing aminoacyl-tRNA synthetases, and for altering the 

substrate specificity of the synthetase can be found in U.S. Patent Application Publication 

Nos. 2003/0108885 and 2005/0009049, Hamano-Takaku et al. (2000)JOURNAL OF 130L 

CHEM. 275(51):40324-40328, Kiga et al. (2002) PROC. NATL. ACAD. SCI USA 99(15): 

15 9715-9723, and Francklyn et al (2002) RNA, 8:1363-1372.  

[0090] The invention also encompasses nucleic acids encoding aminoacyl-tRNA synthetases 

disclosed herein. For example, nucleotide sequences encoding leucyl-tRNA synthetase 

muteins disclosed herein are depicted in SEQ ID NOs: 55-66. Accordingly, the invention 

provides a nucleic acid comprising the nucleotide sequence of any one of SEQ ID NOs: 55

20 66, or a nucleotide sequence that has at least 85%, 90%, 95%, 96%, 97%, 98%, or 99% 

sequence identity to any one of SEQ ID NOs: 55-66. The invention also provides a nucleic 

acid comprising a nucleotide sequence encoding the amino acid sequence encoded by any 

one of SEQ ID NOs: 55-66, or a nucleotide sequence that has at least 85%, 90%, 95%, 96%, 

97%, 98%, or 99% sequence identity to a nucleotide sequence encoding the amino acid 

25 sequence encoded by any one of SEQ I) NOs: 55-66.  

II. tRNAs 

[0091] The invention relates to transfer RNAs (tRNAs) that mediate the incorporation of 

unnatural amino acids into proteins.  

[0092] During protein synthesis, a tRNA molecule delivers an amino acid to a ribosome for 

30 incorporation into a growing protein (polypeptide) chain. tRNAstypicallyareabout70to 

100nucleotidesinlength. ActivetRNAscontaina3' CCA sequence that may be transcribed 
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into the tRNA during its synthesis or may be added later during post-transcriptional 

processing. During aminoacylation, the amino acid that is attached to a given tRNA 

molecule is covalently attached to the 2 or 3'hydroxyl group of the 3-terminal ribose to 

form an aminoacyl-tRNA (aa-tRNA). It is understood that an amino acid can spontaneously 

5 migrate from the 2-hydroxyl group to the 3-hydroxyl group and vice versa, but it is 

incorporated into a growing protein chain at the ribosome from the 3-OH position. A loop at 

the other end of the folded aa-tRNA molecule contains a sequence of three bases known as 

theanticodon. When this anticodon sequence hybridizes or base-pairs with a complementary 

three-base codon sequence in a ribosome-bound mRNA, the aa-tRNA binds to the ribosome 

10 and its amino acid is incorporated into the polypeptide chain being synthesized by the 

ribosome. Because all tRNAs that base-pair with a specific codon are aminoacylated with a 

single specific amino acid, the translation of the genetic code is effected by tRNAs, Each of 

the 61 non-termination codons in an mRNA directs the binding of its cognate aa-tRNA and 

the addition of a single specific amino acid to the growing polypeptide chain being 

15 synthesized by the ribosome. The term "cognate" refers to components that function 

together, e.g, a tR.NA and an aminoacyl-tRNA synthetase.  

[0093] Suppressor tRNAs are modified tRNAs that alter the reading of a mRNA in a given 

translation system. For example, a suppressor tRNA may read through a codon such as a stop 

codon, a four base codon, or a rare codon. The use of the word in suppressor is based on the 

20 fact, that under certain circumstance, the modified tRNA "suppresses" the typical phenotypic 

effect of the codon in the mRNA. Suppressor tRNAs typically contain a mutation 

(modification) in either the anticodon, changing codon specificity, or at some position that 

alters the aminoacylation identity of the tRNA. The term "suppression activity" refers to the 

ability of a tRNA, e.g., a suppressor tRNA, to read through a codon (e.g., a premature stop 

25 codon) that would not be read through by the endogenous translation machinery in a system 

of interest.  

[0094] In certain embodiments, a tRNA (e.ga suppressor tRNA) contains a modified 

anticodon region, such that the modified anticodon hybridizes with a different codon than the 

corresponding naturally occurring anticodon 

30 [0095] In certain embodiments, a tRNA comprises an anticodon that hybridizes to a codon 

selected from UAG (i.e., an ambere" termination codon), UGA (i.e., an "opal" termination 

codon), and UAA (i.e., an "ochre"termination codon).  
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[0096] In certain embodiments, a tRNA comprises an anticodon that hybridizes to a non

standard codon, e.g., a 4- or 5-nucleotide codon. Examples of four base codons include 

AGGA, CUAG, UAGA, and CCCU. Examples of five base codons include AGGAC, 

CCCCU, CCCUC, CUAGA, CUACU, and UAGGC. tRNAs comprising an anticodon that 

5 hybridizes to a non-standard codon, e,g., a 4- or 5-nucleotide codon, and methods of using 

such tRNAs to incorporate unnatural amino acids into proteins are described, for example, in 

Moore et al. (2000) J. MoL. BoL. 298:195; Hohsaka et al. (1999) J. AM.CHEM. SOC.  

121:12194; Anderson et al. (2002) CHEMISTRY AND BIOLOGY 9:237-244; Magliery (2001) J.  

MOL. BIOL. 307: 755-769; and PCT Publication No. W02005/007870.  

10 [00971 As used herein, the tern "tRNA" includes variants having one or more mutations 

(e.g.nucleotidesubstitutions,deletions, or insertions) relative to a reference (e.g., a wild

type) tRNA sequence. In certain embodiments, a tRNA may comprise, consist, or consist 

essentially of, a single mutation (e.g., a mutation contemplated herein), or a combination of 

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or rnore than 15 mutations (e.g., mutations 

15 contemplated herein). It is contemplated that a tRNA may comprise, consist, or consist 

essentially 1-15, 1-10, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-15, 2-10, 2-7, 2-6, 2-5, 2-4, 2-3, 3-15, 3

10, 3-7, 3-6, 3-5, or 3-4 mutations (e.g., mutations contemplated herein).  

[0098] In certain embodiments, a variant suppressor tRNA has increased activity to 

incorporate an unnatural amino acid (e.g., an unnatural amino acid contemplated herein) into 

20 a mammalian protein relative to a counterpart wild-type suppressor tRNA (in this context, a 

wild-type suppressor tRNA refers to a suppressor tRNA that corresponds to a wild-type 

tRNA molecule but for any modifications to the anti-codon region to impart suppression 

activity). The activity of the variant suppressor tRNA may be increased relative to the wild

type suppressor tR.NA, for example, by about 2.5 to about 200 fold, about 2.5 to about 150 

25 fold, about2.5 to about 100 fold abo.ut2.5 to about 80 fold, about 2.5 to about 60 fold, about 

2.5 to about 40 fold, about 2.5 to about 20 fold, about 2.5 toabout 10 fold, about 2.5 to about 

5 fold, about 5 to about 200 fold, about 5 to about 150 fold, about 5 to about 100 fold, about 

5 to about 80 fold, about 5 to about 60 fold, about 5 to about 40 fold, about 5 to about 20 

fold, about 5 to about 10 fold, about 10 to about 200 fold, about 10 to about 150 fold, about 

30 10 to about 100 fold, about 10 to about 80 fold, about 10 to about 60 fold, about 10 to about 

40 fold, about 10 to about 20 fold, about 20 to about 200 fold, about 20 to about 150 fold, 

about 20 to about 100 fold, about 20 to about 80 fold, about 20 to about 60 fold, about 20 to 
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about 40 fold, about 40 to about 200 fold, about 40 to about 150 fold, about 40 to about 100 

fold, about 40 to about 80 fold, about 40 to about 60 fold, about 60 to about 200 fold, about 

60 to about 150 fold, about 60 to about 100 fold, about 60 to about 80 fold, about 80 to about 

200 fold, about 80 to about 150 fold, about 80 to about 100 fold, about 100 to about 200 fold, 

5 about 100 to about 150 fold, or about 150 to about 200 fold.  

[0099] It is contemplated that the tRNA may function in vitro or in vivo and can be provided 

to a translation system (e.g., an in vitro translation system or a cell) as a mature tRNA(e.g., 

an aminoacylated tRNA), or as a polynucleotide that encodes the tRNA, 

[001001 A tRN'A may be derived from a bacterial source, e.g., Es'cherichia coli, 

10 Thermus thermophilus, or Bacillus stearothermphilus. A tRN A may also be derived from an 

archaeal source, e.g., from the Methanosarcinacaca or Desufitobicterium families, any of 

the M. barker (Mb), MI avus (Ma), M mazei (Mm) or D. hafnisense (Dh) families, 

MVethanobacterium ihermoautotrophicum, Haloferax iolcanii, Nalobacterium species NRC

1, or Archaeoglobusfjiigidus. In other embodiments, eukarvotic sources can also be used, for 

15 example, plants, algae, protists, fungi, yeasts, or animals (e.g., mammals, insects, arthropods, 

etc.).  

[00101] In certain embodiments, the tRNA is derived from an E coli leucyl tRNA and, 

for example, is preferentially charged with a leucine analog over the naturally-occurring 

leucine amino acid by an aminoacyl-tRNA synthetase derived from an E col leucyl-tINA 

20 synthetase, e.g., an aminoacyl-tRNA synthetase contemplated herein.  

[00102] For example, the tRNA may comprise, consist essentially of, or consist of the 

nucleotide sequence of any one of SEQ ID NOs: 16-42 or 67, or a nuclotide sequence that 

has at least 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ 

ID NOs: 16-42 or 67.  

25 [00103] In certain embodiments,thetRNA is derived from an E coi tryptophanyl 

tRNA and, for example, is preferentially charged with a tryptophan analog over the naturally

occurring tryptophan amino acid by an aminoacyl-tRNA synthetase derived from an E coli 

tryptophanyl-t-RNA synthetase, e.g., an aminoacyl-tRNA synthetase contemplated herein.  

[00104] For example, the tRNA may comprise, consist essentially of, or consist of the 

30 nucleotide sequence of any one of SEQ ID NOs: 49-53, or a nucleotide sequence that has at 
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least 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ ID 

NOs: 49-53.  

[001051 Additional suppressor tR-NAs, and methods of generating suppressor tRNAs, 

are described in International (PCT) Publication No. WO 2020/257668.  

5 [001061 It is understood that, throughout the description, in each instance where a 

tRNA comprises, consists essentially of, or consists of a nucleotide sequence including one or 

more thymines (T), a tRNA is also contemplated that comprises, consists essentially of, or 

consists of the same nucleotide sequence including a uracil (U) in place of one or more of the 

thymines (T), or a uracil (U) in placeof all the thymines (T). Similarly, in each instance 

10 where a tRNA comprises, consists essentially of, or consists of a nucleotide sequence 

includingoneormoreuracils(U),atRNA is also contemplated that comprises, consists 

essentially of, or consists of a nucleotide sequence including a thymine (T) in place of the one 

or more of the uracils (U), or a thymine (T) in place of all the uracils (U). In addition, 

additional modifications to the bases can be present.  

15 [001071 Methods for producing recombinant tRNA are described in U.S. Patent 

Application Publication Nos. 2003/0108885 and 2005/0009049, Forster et al. (2003) PROC.  

NATL. ACAD. SCI. USA 100(1i):6353-6357, and Feng etal. (2003), PROC. NATL. ACAD. SCi.  

USA 100(10): 5676-5681.  

[001081 A tRNA may be aminoacylated (i.e., charged) with a desired unnatural amino 

20 acid (UAA)byany methodincluding enzynaticor chemical methods.  

[001091 Enzymatic molecules capable of charging a tRNA include aminoacyi-tRNA 

synthetases, e.g., aminoacyl-tRNA synthetases disclosed herein. Additional enzymatic 

molecules capable of charging tRNA include ribozymes, for example, as described in 

Illangakekare et al. (1995) SCIENCE 267:643-647, Lohse et al. (1996) NAUR 381:442-444, 

25 Murakami et aL. (2003) CHEMISTRY AND BIOLOGY 10:1077-1084, U.S. Patent Application 

Publication No. 2003/0228593, 

1001101 Chemical aminoacylation methods include those described in Hecht (1992) 

ACC. CHEM.'ES. 25:545, Heckler et al. (1988) BOCHEM. 1988, 27:7254, Hecht et eal. (1978) 

J. BIOL. CHEM. 253:4517, Cornish et al. (1995) ANGEW. CHEM. INT. ED. ENGL. 34:621, 

30 Robertson et al. (1991) J. AM. CHM.SOC. 113:2722, Noren el al. (1989) SCIENCE 244:182, 

Bain et al. (1989) J. AM. CHM. SoC. 111:8013, Bain et al. (1992) NATURE 356:537, Gallivan 

25



WO 2022/032186 PCT/US2021/045088 

etal. (1997) CHiM. BIOL. 4:740, Turcatti et al. (1996). 1L. CHEM. 271:19991, Nowak et 

a. (1995) SCIENCE 268:439, Saks etal. (1996)J.BIOL. CHEM. 271:23169, and. Hohsakaetal.  

(1999) J Am. CHN. SOC. 121:34.  

IH. Unnatural Amino Acids (UAAs) 

5 [001111 The invention relates to unnatural amino acids (UAAs) and their incorporation 

into proteins.  

[001121 As used herein, an unnatural amino acid refers to any amino acid, modified 

amino acid, or amino acid analogue other than the following twenty genetically encoded 

alpha-amino acids: alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic 

10 acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, 

threonine, tryptophan, tyrosine, valine. See, e.g., Biochemistry by L Stryer, 3rd ed. 1988, 

Freeman and Company, New'York, for structures of the twenty natural amino acids. The 

term unnatural amino acid also includes amino acids that occur by modification (e.g post

translational modifications) of a natural amino acid but are not themselves naturally 

15 incorporated into a growing polypeptide chain by the translation complex.  

[001131 Because unnatural amino acids typically differ from natural amino acids only 

in the structure of the side chain, unnatural amino acids may, for example, form amide bonds 

with other amino acids in the same manner in which they are formed in naturally occurring 

proteins. However, the unnatural amino acids have side chain groups that distinguish them 

20 from the natural amino acids. For example, the side chain may comprise an alkyl-, aryl-, 

acyl-, keto-, azido-, hydroxyl-, hydrazine, cyano-, halo-, hydrazide, alkenyl, alkyl, ether, 

thiol, seleno-, sulfonyl-, borate, boronate, phospho, phosphonophosphine, heterocyclic, 

enone, imine, aldehyde, ester, thioacid, hydroxylamine, amine, and the like, or any 

combination thereof Other non-naturally occurring amino acids include, but are not limited 

25 to, amino acids comprising a photoactivatable cross-linker, spin-labeled amino acids, 

fluorescent amino acids, metal binding amino acids, metal-containing amino acids, 

radioactive amino acids, amino acids with novel functional groups, amino acids that 

covalently or noncovalently interact with other molecules, photocaged and/or 

photoisomerizable amino acids, amino acids comprising biotin or a biotin analogue, 

30 glycosylated amino acids such as a sugar substituted seine, other carbohydrate modified 

aminodacis, keto-containing amino acids, amino acids comprising polyethylene glycol or 
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polvether, heavy atom substituted amino acids, chemically cleavable and/or photocleavable 

amino acids, amino acids with an elongated side chains as compared to natural amino acids, 

including but not limited to, polvethers or long chain hydrocarbons, including but not limited 

to, greater than about 5 or greater than about 10 carbons, carbon-linked sugar-containing 

5 amino acids, redox-active amino acids, amino thioacid containing amino acids, and amino 

acids comprising one or more toxic moiety.  

[001141 In addition to unnatural amino acids that contain novel side chains, unnatural 

amino acids also optionally comprise modified backbone structures.  

[001151 Many unnatural amino acids are based on natural amino acids, such as 

10 tyrosine, glutamine, phenylalanine, and the like. Tyrosine analogs include para-substituted 

tyrosines, ortho-substituted tyrosines, and meta substituted tyrosines, wherein the substituted 

tyrosine comprises a keto group (including but not limited to, an acetyl group), a benzoyl 

group, an amino group, a hydrazine, an hydroxyamine, a thiol group, a carboxy group, an 

isopropyl group, a methyl group, a C6-C20 straight chain or branched hydrocarbon, a 

15 saturated or unsaturated hydrocarbon, an O-methyl group, a polyether group, a nitro group, 

or the like. In addition, multiply substituted aryl rings are also contemplated. Glutamine 

analogs include, but are not limited to, a-hydroxy derivatives, y-substituted derivatives, 

cyclic derivatives, and amide substituted glutamine derivatives. Exemplary phenylalanine 

analogs include, but are not limited to, para-substituted phenylalanines, ortho-substituted 

20 phenylalanines, and meta-substituted phenylalanines, wherein the substituent comprises a 

hydroxy group, a methoxy group, a methyl group, an allyl group, an aldehyde, an azido, an 

iodo, a bromo, a. keto group (including but not limited to, an acetyl group), or the like.  

Specific examples of unnatural amino acids include, but are not limited to, a p-acetyl-L

phenylalanine, a p-propargyl-phenylalanine, 0-methyl-L-tyrosine, anL-3-(2

25 naphthyl)alanine, a 3-methyl-phenylalanine, an 0-4-allyl-L-tyrosine, a 4-propyl-L-tyrosine, a 

tri-O-acetyl-GlcNAc-serine, an L-Dopa, a fluorinated phenylalanine, an isopropyl-L

phenylalanine, a p-azido-L-phenylalanine, a p-acyl-L-phenylalanine, a p-benzoyl-L

phenylalanine, an L-phosphoserine, a phosphonoserine, a phosphonotyrosine, a p-iodo

phenylalanine, a p-bromophenylalanine, a p-amino-L-phenylalanine, an isopropyl-L

30 phenylalanine, and a p-propargyloxy-phenyialanine, and the like.  
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[00116] Examples of structures of a variety of unnatural amino acids are provided in 

U.S. Patent Application Publication Nos. 2003/0082575 and 2003/0108885, PCT Publication 

No. WO 2002/085923, and Kiick et al. (2002) PROC. NATL ACAD, SC. USA 99:19-24 

[001171 An unnatural amino acid in a polypeptide may be used to attach another 

5 molecule to the polypeptide, including but not limited to, a label, a dye, a polymer, a water

soluble polymer, a derivative of polyethylene glycol, a photoactivatable crosslinker, a 

radionuclide, a cytotoxic compound, a drug, an affinity label, a photoaffinity label, a reactive 

compound, a resin, a second protein or polypeptide or polypeptide analog, an antibody or 

antibody fragment, a metal chelator, a cofactor, a fatty acid, a carbohydrate, a polynucleotide, 

10 a DNA, a RNA, an antisense polynucleotide, a saccharide, a water-soluble dendrimer, a 

cyclodextrin, an inhibitory ribonucleic acid, a biomaterial, a nanoparticle, a spin label, a 

fluorophore, a metal-containing moiety, a radioactive moiety, a novel functional group, a 

group that covalently or noncovalently interacts with other molecules, a photocaged moiety, 

an actinic radiation excitable moiety, a photoisomerizable moiety, biotin, a derivative of 

15 biotin, a biotin analogue, a moiety incorporating a heavy atom, a chemically cleavable group, 

a photocleavable group, an elongated side chain, a carbon-linked sugar, a redox-active agent, 

an amino thioacid, a toxic moiety, an isotopically labeled moiety, a biophysical probe, a 

phosphorescent group, a chemiluminescent group, an electron dense group, a magnetic 

group, an intercalating group, a chromophore, an energy transfer agent, a biologically active 

20 agent, a detectable label, a small molecule, a quantum dot, a nanotransmitter, an 

immunomodulatory molecule, or any combination of the above.  

[001181 Any suitable unnatural amino acid can be usedwith the methods described 

herein for incorporation into a protein of interest.  

[001191 The unnatural amino acid iiay be a leucine analog. The invention provides a 

25 leicine analog depicted in FIGURE 2A, or a composition comprising the leucine analog.  

For example, Formula A in FIGURE 2A depicts an amino acid analog containing a side 

chain including a carbon containing chain n units (0-20 units) long. An 0, S, C1H 2, or N- is 

present in at position X, and another carbon containing chain of n units (0-20 units) long can 

follow. A functional group Y is attached to the terminal carbon of second carbon containing 

30 chain (for example, functional groups 1-12 as depicted in FIGURE 2A, where R represents a 

linkage to the terminal carbon atom the second carbon containing side chain). In one 

example, these functional groups can be used for bioconjugation of any amenable ligand to 
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any protein of interest that is amenable to site-specific UAA incorporation. Formula B in 

FIGURE 2A depicts a similar amino acid analog containing an side chains denoted as either 

Z-Y2 or Z-Y3 attached to the second carbon containing chain or the first carbon containing 

chain, respectively. Z represents a carbon chain comprising (CH2)n units, where n is any 

5 integer from 0-20. Y 2 or Y 3, independently, can be the same or different groups as those of 

Y 1 The invention also provides a leucine analog depicted in FIGURE 2B (LCA, LKET, or 

ACA), or a composition comprising the leucine analog depicted in FIGURE 2B. Additional 

exemplary leucine analogs include those selected from linear alkyl halides and linear 

aliphatic chains comprising a functional group, for example, an alkyne, azide, cyclopropene, 

10 alkene, ketone, aldehyde, diazirine, or tetrazine functional group, as well as structures 1-6 

shown in FIGURE 2C. However, it is contemplated that the amino and carboxylate groups 

both attached to the first carbon of any amino acid shown in FIGURES 2A-2C would 

constitute portions of peptide bonds when the leucine analog is incorporated into a protein or 

polypeptide chain.  

15 [00120] In certain embodiments, the unnatural amino acid is a tryptophan analog (also 

referred to herein as a derivative). Exemplary tryptophan analogs include 5-azidotryptophan, 

5-propargyloxytryptophan, 5-aminotryptophan, 5-methoxytryptophan, 5-0-allyltryptophan or 

5-bromotryptophan. Additional exemplary tryptophan analogs are depicted in FIGURE 3.  

However, it is contemplated that the amino and carboxylate groups both attached to the first 

20 carbon of the tryptophan analogs in FIGURE3would constitute portions of peptide bonds 

when the tryptophan analog is incorporated into a protein or polypeptide chain.  

[001211 In addition, the UAAs set forth in FIGURE 14A, referred to as C5AzMe (a 

leucyl analog), LCA (a leucyl analog) and AzW (a tryptophan analog) can be used in the 

practice of the invention.  

25 [00122] C5AzMe (Compound 5 as shown in FIGURE 14B) can be prepared in a 

manner similar to the synthesis outlined in FIGURE 14B. Compound 5 can be furnished by, 

for example, the deprotection of Compound 4. Deprotection of Compound 4 comprises the 

removal of a protecting group (e.g. Boc). Conditions for deprotection may include, but are 

not limited to, ICI in DCM. Compound 4 can be generated, for example, via nucleophilic 

30 substitution of Compound 3 when exposed to a suitable nucleophile (e.g. N). Exemplary 

conditions for nucleophilic substitution include, but are not limited to, NaNs in DMF at 80 

°C. Compound 3 can be prepared, for example, via nucleophilic addition of Compound I to 
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Compound 2. Exemplary conditions for nucleophilic addition include, but are not limited to, 

K2CO3 at 0 °C to RT. Furthermore, if desired, the ester of Compound 5 can be removed by 

exposure to mild aqueous basic conditions to produce the carboxylic acid form of the UAA.  

[001231 AzW (Compound 15 as shown in FIGIiRE 14C) can be prepared in a manner 

5 similar to the synthesis outlined in FIGURE 14C. Compound 15 can be prepared, for 

example, under basic conditions from its hydrochloride salt 14, Exemplary basic conditions 

include, but are not limited to, KOtBu in THF. Hydrochloride salt 14 can be prepared, for 

example, via saponification followed by deprotection of Compound 13. Conditions for 

saponification and deprotection of a protecting group (e.g., Boc) are known to a person of 

10 ordinary skill in the art For example, saponification can be accomplished using IM NaOH 

in MeOH. In certain embodiments, conditions for deprotection include, but are not limited 

to, HCi (aq.). Compound 13 can be synthesized, for example, through a metal-mediated 

coupling of Compound 12 with a suitable azide source. Compound 13 can be made, for 

example, from Compound 12 using NaN3, Cu(OAc)2 in MeOH. Compound 12 can, for 

15 example, be prepared from Compound 11 through metal-catalyzed boronation of Compound 

11. Exemplary conditions for metal-catalyzed boronation include, but are not limited to 

32pin2,PdClz 2 dppf, and KOAc in 1,4-dioxane. Compound 11 can be prepared, for example, 

via protection of Compound 10 using a suitable protecting group (e.g., Boc). Protection of 

Compound 10 can be accomplished using Boc2O, Et3N, and DMAP in CH2Cl2 . Compound 

20 10 can be synthesized, for example, from Compound 9 under conditions suitable for reducing 

an oxime, for example, using Zn in AcOH Compound 9 can synthesized, for example, via 

nucleophilic addition of indole 8 to Compound 7. Narcoleptic addition of Compound 8 to 

Compound 7 can occur in the presence of Na2 CO3 in CH2C2. Compound 7 can be prepared, 

for example, by exposing Compound 6 to hydroxylamine hydrochloride in methanol.  

25 1001241 LCA (Compound 21 as shown in FIGURE 14F) can be prepared in a manner 

similar to the synthesis outlined in FIGURE 14F. Compound 21 can be prepared, for 

example, from Compound20 through exposure of Compound 20 to a suitable acid, for 

example, but not limited to, 4M HCI in dioxane. Compound 20 can be generated through 

hydrolyzation of imine 19. Hydrolyzation of imine 19 can be accomplished, for example, 

30 using I1M HCI (aq.) in THF Compound 19 can be generated, for example, via nucleophilic 

substitution of Compound 18 when exposed to a suitable nucleophile (e.g. N- ). Exemplary 

conditions for nucleophilic substitution include, but are not limited to, NaN3 in DMF.  
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Compound 18 can be prepared via nucleophilic addition of the enolate of Compound 16 to 

Compound 17. Suitable conditions for accomplishing synthesis of compound from 

Compounds 16 and 17 include, but are not limited to, tetrabutylammonium hydrogensulfate 

(TBAHS) and 10% NaOH in DCM. Additional methods for synthesis of LCA are shown in 

SFIGUREs 14D and 14E.  

[00125] Many unnatural amino acids are commercially available, e.g., from Sigma

Aldrich (St. Louis, Mo., USA), Novabiochem (Darmstadt, Germany), or Peptech 

(Burlington, Mass, USA). Those that are not commercially available can be synthesized 

using standard methods known to those of ordinary skill in the art. For organic synthesis 

10 techniques, see, e.g., Organic Chemistry by Fessendon and Fessendon, (1982, Second 

Edition, Willard Grant Press, Boston Mass.); Advanced Organic Chemistry by March (Third 

Edition, 1985, Wiley and Sons, New York); and Advanced Organic Chemistry by Carey and 

Sundberg (Third Edition, Parts A and B, 1990, Plenum Press, New York). Additional 

exemplary publications describing the synthesis of unnatural amino acids appear in PCT 

15 Publication No. W02002/085923, U.S. Patent Application Publication No. 2004/0198637, 

Matsoukas e al. (1995) J. MILD. CHEM. 38:4660-4669, King et al. (1949) J. CHEM. Soc. 3315

3319, Friedman et al. (1959)J. AM. CHEM. Soc 81:3750-3752, Craig et al (1988). JORG.  

CHEM. 53:1167-1170, Azoulay et al. (1991) EUR. J. MED. CHEM. 26:201-5, Koskinen e al.  

(1989) J. ORG. CHEM. 54:1859-1866, Christie et al. (1985) J. ORG CH 50:1239-1246, 

20 Barton et al. (1987) TETRAHEDRON 43:4297-4308, and Subasinghe et al. (1992) J. MED.  

CmM. 35:4602-7.  

IV. Vectors 

[001261 tRNAs, aminoacyl-tRNA synthetases, or any other moleculeso.f interest may 

be expressed in a cell of interest by incorporating a gene encoding the molecule into an 

25 appropriate expression vector. As used herein, "expression vector" refers to a vector 

comprising a recombinant polynucleotide comprising expression control sequences 

operatively linked to a nucleotide sequence to be expressed. An expression vector comprises 

sufficient cis- acting elements for expression; other elements for expression can be supplied 

by the host cell or in an in vitro expression system.  

30 [001271 tRNAs, aminoacyl-tRNA synthetases, or any other molecules of interest may 

be introduced to a cell of interest by incorporating a gene encoding the molecule into an 

appropriate transfer vector. The term "transfer vector" refers to a vector comprising a 
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recombinant polynucleotide which can be used to deliver the polynucleotide to the interior of 

a cell. It is understood that a vector may be both an expression vector and a transfer vector.  

[001281 Vectors (e.g., expression vectors or transfer vectors) include all those known 

in the art, such as cosmids, plasmids (e.g.,naked or contained in liposomes), retrotransposons 

5 (e.g piggyback, sleeping beauty), and viruses (e.g., lentiviruses, retroviruses, adenoviruses, 

and adeno-associated viruses) that incorporate the recombinant polynucleotide of interest.  

[001291 Typical vectors contain transcription and translation terminators, transcription 

and translation initiation sequences, and promoters useful for regulation of the expression of 

the particular target nucleic acid. The vectors optionally comprise generic expression 

10 cassettes containing at least one independent terminator sequence, sequences permitting 

replication of the cassette in eukaryotes, or prokaryotes, or both (including but not limited to, 

shuttle vectors) and selection markers for both prokaryotic and eukaryotic systems.  

[001301 In certain embodiments, the vector comprises a regulatory sequence or 

promoter operably linked to the nucleotide sequence encoding thesuppressor tR.NA and/or 

15 the tRNA synthetase. The term "operably linked" refers to a linkage of polynucleotide 

elements in a functional relationship. A nucleic acid sequence is operabley linked" when it is 

placed into a functional relationship with another nucleic acid sequence. For instance, a 

promoter or enhancer is operably linked to a gene if it affects the transcription of the gene.  

Operably linked nucleotide sequences are typically contiguous. However, as enhancers 

20 generally function when separated from the promoter by several kilobases and intronic 

sequences may be of variable lengths, some polynucleotide elements may be operably linked 

but not directly flanked and may even function in trans from a different allele or 

chromosomne 

[00131] Exemplary promoters which may be employed include, but are not limited to, 

25 the retroviral LTR, the SV40 promoter, the human cytomegalovirus (CMV) promoter, the U6 

promoter, the EFIa promoter, the CAG promoter, the H Ipromoter, the UbiC promoter, the 

PGK promoter, the 7SK promoter, a pol II promoter, a pol III promoter, or any other 

promoter (e.g., cellular promoters such as eukaryotic cellular promoters including, but not 

limited to, the histone, pol 11, and p-actin promoters). Other viral promoters which may be 

30 employed include, but are not limited to, adenovirus promoters, TK promoters, and B19 

parvovirus promoters. The selection of a suitable promoter will be apparent to those skilled 

in the art from the teachings contained herein. In certain embodiments, a vector comprises a 
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nucleotide sequence encoding an aminoacyl-tRNA synthetase operably linked to a CIMV or 

an EFla promoter and/or a nucleotide sequence encoding a suppressor tRNA operably linked 

to a U6 or an H promoter.  

[001321 In certain embodiments, a vector (e.g., an expression vector or a transfer 

5 vector) comprises a nucleic acid encoding a suppressor tRNA (e.g.,asuppressor tRNA 

disclosed herein) and nucleic acid encoding a tRNA synthetase mutein (e.g., a tRNA 

synthetase mutein disclosed herein) and the nucleic acid encoding the suppressor tRNA and 

the nucleic acid encoding the tRNA synthetase mutein are present in a ratio selected from 1:1, 

2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 12:1, 14:1, 16:1, 18:1, 20:1,24:1, 28:1, 32:1, 36:1, 

10 40:1, 44:1 48:1, 54:1, and 64:1. In certain embodiments, the nucleic acid encoding the 

suppressor tRNA and the tRNA synthetase mutein are present in a ratio between 1:1 and 

64:1, 1:1 and 32:1, 1:1 and 16:1, 1:1 and 8:1, 1:1 and 4:1, 4:1 and 64:1, 4:1 and 32:1, 4:1 and 

16:1, 4:1 and 8:1, 8:1 and 64:1, 8:1 and 32:1, 8:1 and 16:1, 16:1 and 64:1, 16:1 and 32:1, or 

32:1 and 64:1.  

15 [001331 In certain embodiments, the vector is a viral vector. The term "virus" is used 

herein to refer to an obligate intracellular parasite having no protein-synthesizing or energy

generating echanism. Exemplary viral vectors include retroviral vectors (e.g., lentiviral 

vectors), adenoviral vectors, adeno-associated viral vectors, hrpesvirsesvectors,estein

barrvirus EBV) vectors,pomairusvectors(e.siianvacuolatingvirus4fSV40) 

20 vectors),poxvirus vectors, and pseudotype virus vectors.  

1001341 The virus may be a RNA virus (having a genome that is composed of RNA) or 

a DNA virus (having a genome composed of DNA.In certain embodiments, the viral vector 

is a DNA virus vector. E DNA v siu p is (.g adeno cie 

viuesadnviue , ! savirss hepsiue (eE tg heripe~s simle virus I an a`2 (H'SV %/-1 

25 adSV-U2, e ar virus (ERV), y e v (CM ), il ovi 

vacciiavus, copox vrs, sapox virst(ow!ox rs sheeppox viuryom iu) 

In certain embodiments, the viral vector is a RNA virus vector. Exemplary RNA viruses 

include bunyaviruses (e.g., hantavirus), coronaviruses, flaviviruses (e.g., yellow fever virus, 

30 west nile virus, dengue virus), hepatitis viruses (e.g., hepatitis A virus, hepatitis C virus, 

hepatitis E virus), influenza viruses (e.g., influenza virus type A, influenza virus type B, 

influenza virus type C), measles virus, mumps virus, noroviruses (e.g., Norwalk virus), 
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poliovirus, respiratory syncytial virus (RSV), retroviruses (e.g., human immunodeficiency 

virus-i (HIV-1)) and toroviruses.  

Adeno-associated virus (A AV) Vectors 

[00135 In certain embodiments, a vector is an adeno-associated virus (AAV) vector.  

5 AAV is a small, nonenveloped icosahedral virus of the genus Dependoparvovirus and family 

Parvovirus. AAV has a single-stranded linear DNA genome of approximately 4.7 kb. AAV 

is capable of infecting both dividing and quiescent cells of several tissue types, with different 

AAV serotypes exhibiting different tissue tropism.  

[001361 AAV includes numerous serologically distinguishable types including 

10 serotypes AAV-i to AAV-12, as well as more than 100 serotypes from nonhuman primates 

(See, e.g. Srivastava (2008) J. CEL c BIOuCHM., 105(1): 17-24, and Gao e cal. (2004) J 

VIROL., 78(12), 6381-6388). The serotype of the AAV vector used in the present invention 

can be selected by a skilled person in the art based on the efficiency of delivery, tissue 

tropism, and immunogenicity. For example, AAV-1, AAV-2, AAV-4, AAV-5, AAV-8, and 

15 AAV-9 can be used for delivery to the central nervous system AAV-1, AAV-8, and AAV-9 

can be used for delivery to the heart; AAV-2 can be used for delivery to the kidney; AAV-7, 

AAV-8, and AAV-9 can be used for delivery to the liver; AAV-4, AAV-5, AAV-6, AAV-9 

can be used for delivery to the lung, AAV-8 can be used for delivery to the pancreas, AAV-2, 

AAV-5, and AAV-8 can be used for delivery to the photoreceptor cells; AAV-1, AAV-2, 

20 AAV-4, AAV-5, and AAV-8 can be used for delivery to the retinal pigment epithelium; 

AAV-1, AAV-6, AAV-7, AAV-8, and AAV-9 can be used for delivery to the skeletal 

muscle. In certain embodiments, the AAV capsid protein comprises a sequence as disclosed 

in U.S. Patent No. 7,198,951, such as, but not limited to, AAV-9 (SEQ ID NOs: 1-3 of U. S.  

Patent No. 7,198,951), AAV-2 (SEQ ID NO: 4 of U S. Patent No. 7,198,951), AAV-i (SEQ 

25 ID NO: 5 of U.S. Patent No. 7,198,951), AAV-3 (SEQ ID NO. 6 of U.S. Patent No.  

7,198,951), and AAV-8 (SEQ ID NO: 7 of U.S. Patent No. 7,198,951). AAV serotypes 

identified from rhesus monkeys, e.g., rh.8, rh 10, rh.39, rh.43, and rh.74, are also 

contemplated in the instant invention. Besides the natural AAV serotypes, modified AAV 

capsids have been developed for improving efficiency of delivery, tissue tropism, and 

30 immunogenicity. Exemplary natural and modified AAV capsids are disclosed in U.S. Patent 

Nos. 7,906,111, 9,493,788, and 7,198,951, and PCT Publication No. WO2017189964A2.  
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[00137] The wild-type AAV genome contains two 145 nucleotide inverted terminal 

repeats (ITRs), which contain signal sequences directing AAV replication, genome 

encapsidation and integration. In addition to the ITRs, three AAV promoters, p5, p19, and 

p40, drive expression of two open reading frames encoding rep and cap genes. Two rep 

5 promoters, coupled with differential splicing of the single AAV intron, result in the 

production of four rep proteins (Rep 78, Rep 68, Rep 52, and Rep 40) from the rep gene. Rep 

proteins are responsible for genomic replication. The Cap gene is expressed from the p40 

promoter, and encodes three capsid proteins (VP1, VP2, and VP3) which are splice variants 

of the cap gene. These proteins form the capsid of the AAV particle.  

10 [001381 Because the cis-acting signals for replication, encapsidation, and integration 

are contained within the ITRs, some or all of the 4.3 kb internal genome may be replaced 

with foreign DNA, for example, an expression cassette for an exogenous gene of interest.  

Accordingly, in certain embodiments, the AAV vector comprises a genome comprising an 

expression cassette for an exogenous gene flanked by a 5' ITR. and a 3' ITR. The ITRs may 

15 be derived from the same serotype as the capsid or a derivative thereof. Alternatively,the 

ITRs may be of a different serotype from the capsid, thereby generating a pseudotyped AAV.  

In certain embodiments, the ITRs are derived from AAV2. In certain embodiments, the 

ITRs are derived from AAV-5. At least one of the ITRs may be modified to mutate or delete 

the terminal resolution site, thereby allowing production of a self-complementary AAV 

20 vector.  

[001391 The rep and cap proteins can be provided in trans, for example, on a plasmid, 

to produce an AAV vector. A host cell line permissive of AAV replication must express the 

rep and cap genes, the ITR-flanked expression cassette, and helper functions provided by a 

helper virus, for example adenoviral genes Ela, Eib55K, E2a, E4orf6, and VA (Weitzman et 

25 al., Adeno-associated virus biology. Adeno-Associated Virus: Methods and Protocols, pp. 1

23,2011). Methods for generating and purifying AAV vectors have been described in detail 

(See e.g.,Mueller et al., (2012) CURRENT PROTOCOLS IN MICROBIOLOGY, 14D.1.1-14D.1.21, 

Production and Discovery of Novel Recombinant Adeno-Associated Viral Vectors).  

Numerous cell types are suitable for producing AAV vectors, including HEK293 cells, COS 

30 cells, HeLa cells, BHK cells, Vero cells, as well as insect cells (See e.g. U.S. Patent Nos.  

6,156,303, 5,387,484, 5,741,683, 5,691,176, 5,688,676, and 8,163,543, U S. Patent 

Publication No. 20020081721, and PCT Publication Nos. WO00/47757, W000/24916, and 
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W096/17947). AAV vectors are typically produced in these cell types by one plasmid 

containing the ITR-flanked expression cassette, and one or more additional plasmids 

providing the additional AAV and helper virus genes.  

[001401 AAV of any serotype may be used in the present invention. Similarly, it is 

5 contemplated that any adenoviral type may be used, and a person of skill in the art will be 

able to identify AAV and adenoviral types suitable for the production of their desired 

recombinant AAV vector (rAAV). AAV particles may be purified, for example by affinity 

chromatography, iodixonal gradient, or CsC1 gradient.  

[001411 AAV vectors may have single-stranded genomes that are 4.7 kb in size, or are 

10 larger or smaller than 4.7 kb, including oversized genomes that are as large as 5.2 kb, or as 

small as 3.0 kb. Thus, where the exogenous gene of interest to be expressed from the AAV 

vector is small, the AAV genome may comprise a stuffer sequence. Further, vector genomes 

may be substantially self-complementary thereby allowing for rapid expression in the cell. In 

certain embodiments, the genome of a self-complementary AAV vector comprises from 5' to 

15 3: a 5'ITR; a first nucleic acid sequence comprising a promoter and/or enhancer operably 

linked to a coding sequence of a gene of interest; a modified ITR that does not have a 

functional terminal resolutionsite; a second nucleic acid sequence complementary or 

substantially complementary to the first nucleic acid sequence; and a 3ITR. AAV vectors 

containing genomes of all types are suitable for use in the method of the present invention.  

20 [00142] Non-limiting examples of AAV vectors include pAAV-MCS (Agilent 

Technologies), pAAVK-EFluc-MCS (System Bio Catalog # AAV502A-1), pAAVK-EFIcl

MCSI-CMV-MCS2 (Systemi Bio Catalog # AAV503A-1), pAAV-ZsGreenl (Clontech 

Catalog #6231), pAAV-MCS2 (Addgene Plasmid#46954), AAV-Stuffer (Addgene Plasmid 

#106248), pAAVscCBPIGpluc (Addgene Plasmid #35645), AAVS_ IPuro PGKI_3xFLAG 

25 _TwinStrep (Addgene Plastid #68375), pAAV-RAM-d2TTA:TRE-MCS-WPRE-pA 

(Addgene Plasmid #63931), pAAV-UbC (Addgene Plasmid #62806), pAAVS1-P-MCS 

(AddgenePlasmid#80488),pAAV-iateway(AddgenePlasmid432671),pAAV-Puro siKD 

(Addgene Plasmid #86695), pAAVS1-Nst-MCS (Addgene Plasmid #80487), pAAVSI-Nst

CAG-DEST (Addgene Plasmid #80489), pAAVSi-P-CAG-DEST (Addgene Plasmid 

30 #80490), pAAVf-EnhCB-lacZnls (Addgene Plasmid #35642), and pAAVSI-shRNA 

(AddgenePlasmid#82697). These vectors can be modified to be suitable fortherapeutic use.  

For example, an exogenous gene of interest can be inserted in a multiple cloning site, and a 
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selection marker (e.g., puro or a gene encoding a fluorescent protein) can be deleted or 

replaced with another (same or different) exogenous gene of interest. Further examples of 

AAV vectors are disclosed in U S. Patent Nos. 5,871,982, 6,270,996, 7,238,526, 6,943,019, 

6,953,690, 9,150,882, and 8,298,818, U.S. Patent Publication No. 2009/0087413, and PCT 

5 Publication Nos. W02017075335A1, W02017075338A2, and W02017201258A1.  

Lentivirus Vectors 

1001431 In certain embodiments, the viral vector can be a retroviral vector. Examples 

of retroviral vectors include moloney murine leukemia virus vectors, spleen necrosis virus 

vectors, and vectors derived from retroviruses such as rous sarcoma virus, harvey sarcoma 

10 virus, avian leukosis virus, human immunodeficiency virus, myeloproliferative sarcoma 

virus, and mammary tumor virus. Retroviral vectors are useful as agents to mediate 

retroviral-mediated gene transfer into eukaryotic cells.  

[00144] In certain embodiments, the retroviral vector is a lentiviral vector. Exemplary 

lentiviral vectors include vectors derived from human immunodeficiency virus-i (HIV-1), 

15 human immunodeficiency virs-2 (HIV-2), simian immunodeficiency virus (SIV), feline 

immunodeficiency virus (FIV), bovine immunodeficiency virus (BIV), Jembrana Disease 

Virus (JDV), equine infectious anemia virus (EIAV), and caprine arthritis encephalitis virus 

(CAEV).  

[00145 Retroviral vectors typically are constructed such that the majority of sequences 

20 coding for the structural genes of the virus are deleted and replaced by the gene(s) of interest.  

Often, the structural genes (i.e., gag, pol, and env), are removed from the retroviral backbone 

using genetic engineering techniques known in the art. Accordingly, a minimum retroviral 

vector comprises from 5' to 3: a long terminal repeat (LIR), a packaging signal, an 

optional exogenous promoter and/or enhancer, an exogenous gene of interest, and a 3LTR.  

25 If no exogenous promoter is provided, gene expression is driven by the 5' LTR, which is a 

weak promoter and requires the presence of Tat to activate expression. The structural genes 

can be provided in separate vectors for manufacture of the lentivirus, rendering the produced 

visions replication-defective. Specifically, with respect to lentivirus, the packaging system 

may comprise a single packaging vector encoding the Gag, Pol, Rev, and Tat genes, and a 

30 third, separate vector encoding the envelope protein Env (usually VSV-i due to its wide 

infectivity). To improve the safety of the packaging system, the packaging vector can be 
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split, expressing Rev from one vector, Gag and Pol from another vector. Tat can also be 

eliminated from the packaging system by using a retroviral vector comprising a chimeric 5' 

LTR, wherein the U3 region of the 5' LTR is replaced with a heterologous regulatory 

element.  

5 [001461 The genes can be incorporated into the proviral backbone in several general 

ways. The most straightforward constructions are ones in which the structural genes of the 

retrovirus are replaced by a single gene that is transcribed under the control of the viral 

regulatory sequences within the LTR. Retroviral vectors have also been constructed which 

can introduce more than one geneinto target cells. Usually, in such vectors one gene is under 

10 the regulatory control of the viral LTR, while the second gene is expressed either off a 

spliced message or is under the regulation of its own, internal promoter.  

[001471 Accordingly, the new gene(s) are flanked by 5' and 3'LTRs, which serve to 

promote transcription and polyadenylation of the virion RNAs, respectively. The term "long 

terminal repeat" or "LTR" refers to domains of base pairs located at the ends of retroviral 

15 DNAs which, in their natural sequence context, are direct repeats and contain U3, R and U5 

regions. LTRs generally provide functions fundamental to the expression of retroviral genes 

(eg., promotion, initiation and polyadenylation of gene transcripts) and to viral replication.  

The LTR contains numerous regulatory signals including transcriptional control elements, 

polyadenylation signals, and sequences needed for replication and integration of the viral 

20 genome. The U3 region contains the enhancer and promoter elements. The U5 region is the 

sequence between the primer binding site and the R region and contains the polyadenylation 

sequence. TheR(repeat)region isflanked by the U3 and U5 regions. Incertain 

embodiments, the R region comprises a trans-activation response (TAR) genetic element, 

which interacts with the trans-activator (tat) genetic element to enhance viral replication.  

25 This element is not required in embodiments wherein the U3 region of the 5'LTR is replaced 

by a heterologous promoter.  

[001481 In certain embodiments, the retroviral vector comprises a modified 5' LTR 

and/or'3' LTR. Modifications of the 3' LTR are often made to improve the safety of lentiviral 

or retroviral systems by rendering viruses replication-defective. In specific embodiments, the 

30 retroviral vector is a self-inactivating (SIN) vector. As used herein, a SIN retroviral vector 

refers to a replication-defective retroviral vector in which the 3'[LTRU3 region has been 

modified (e.g., by deletion or substitution) to prevent viral transcription beyond the first 
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round of viral replication. This is because the 3' LTR U3 region is used as a template for the 

5'LTR U3 region during viral replication and, thus, the viral transcript cannot be made 

without the U3 enhancer-promoter. In a further embodiment, the 3' LTR is modified such 

that the US region is replaced, for example, with an ideal polyadenylation sequence. It 

5 should be noted that modifications to the LTRs such as modifications to the 3' LTR, the 5' 

LTR, or both 3'and 5' LTRs, are also included in the invention.  

[001491 In certain embodiments, the U3 region of the 5'LTR is replaced with a 

heterologous promoter to drive transcription of the viral genome during production of viral 

particles. Examples of heterologous promoters which can be used include, for example, viral 

10 simian virus 40 (SV40) (e.g, early or late), cytomegalovirus (CMV) (e.g., immediate early), 

Moloney murine leukemia virus (MoMLV), Rous sarcoma virus (RSV), and herpes simplex 

virus (HSV) (thymidine kinase) promoters. Typical' promoters are able to drive high levels of 

transcription in a Tat-independent manner. This replacement reduces the possibility of 

recombination to generate replication-competent virus, because there is no complete U3 

15 sequence in the virus production system.  

1001501 Adjacent the 5' LTR are sequences necessary for reverse transcription of the 

genome (the tRNA primer binding site) and for efficient packaging of viral RNA into 

particles (the Psi site). As used herein, the term "packaging signal" or "packaging sequence" 

refers to sequences located within the retroviral genome which are required for encapsidation 

20 of retroviral RNA strands during viral particle formation (see e.g., Clever et al, 1995 J 

VIROLOGY, 69(4):2101-09). The packaging signal may be a minimal packaging signal (also 

referred to as the psi ['] sequence) needed for encapsidation of the viral genome.  

[001511 In certain embodiments, the retroviral vector (e.g., lentiviral vector) further 

comprises aFLAP. As used herein, the term "FLAP" refers to a nucleic acid whose sequence 

25 includes the central polypurine tract and central termination sequences (cPPT and CTS) of a 

retrovirus, e.g., HIV-1 or HIV-2. Suitable FLAP elements are described in U.S. Patent No.  

6,682,907 and in Zennou et al. (2000) CELL, 101:173. During reverse transcription, central 

initiation of the plus-strand DNA at the cPPT and central termination at the CTS lead to the 

formation of a three-stranded DNA structure: a central DNA flap. While not wishing to be 

30 bound by any theory, the DNA flap may act as a cis-active determinant of lentiviral genome 

nuclear import and/or may increase the titer of the virus. In particular enbodiments, the 

retroviral vector backbones comprise one or more FLAP elements upstream or downstream 
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of the heterologous genes of interest in the vectors. For example, in particular embodiments, 

a transfer plasmid includes a FLAP element. In one embodiment, a vector of the invention 

comprises a FLAP element isolated from HIV-1.  

[001521 In certain embodiments, the retroviral vector (e.g., lentiviral vector) further 

5 comprises an export element. In one embodiment, retroviral vectors comprise one or more 

export elements. The term "export element" refers to a cis-acting post-transcriptional 

regulatory element which regulates the transport of an RNA transcript from the nucleus to the 

cytoplasm of a cell. Examples of RNA export elements include, but are not limited to, the 

human immunodeficiency virus (HIV) RRE (see e.g., Cullen et al., (1991) J. VIROL. 65: 

10 1053; and Cullen et al., (1991) CLL 58: 423) and the hepatitis B virus post-transcriptional 

regulatory element (HPRE). Generally, the RNA export element is placed within the 3'UTR 

of a gene, and can be inserted as one or multiple copies.  

[00153 In certain embodiments, the retroviral vector (e.g lentiviral vector) further 

comprises a posttranscriptional regulatory element. A variety of posttranscriptional 

15 regulatory elements can increase expression of a heterologous nucleic acid, eg., woodchuck 

hepatitis virus posttranscriptional regulatory element (WPRE; see Zufferey et al., (1999)i.  

VIRoL., 73:2886); the posttranscriptional regulatory element present in hepatitis B virus 

(HPRE)) (Huang et al., MOL. CELL. BIOL., 5:3864); and the like (Liu et al., (1995), GENES 

DEV., 9:1766). The posttranscriptional regulatory element is generally positioned at the 3' 

20 end the heterologous nucleic acid sequence. This configuration results in synthesis of an 

mRNA transcript whose 5'portion comprises the heterologous nucleic acid coding sequences 

and whose 3'portion comprises the posttranscriptional regulatory element sequence. In 

certain embodiments, vectors of the invention lack or do not comprise a posttranscriptional 

regulatory element such as a WPRE or 1-PRE, because in some instances these elements 

25 increase the risk of cellular transformation and/or do not substantially or significantly 

increase the amount of mRNA transcript or increase mRNA stability Therefore, in certain 

embodiments, vectors of the invention lack or do not comprise a WPRE or HPRE as an added 

safety measure.  

[001541 Elements directing the efficient termination and polyadenylation of the 

30 heterologous nucleic acid transcripts increase heterologous gene expression. Transcription 

termination signals are generally found downstream of the polyadenylation signal.  

Accordingly, in certain embodiments, the retroviral vector (e.g., lentiviral vector) further 
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comprises a polyadenylation signal. The term "polyadenylation signal" or "polyadenylation 

sequence" as used herein denotes a DNA sequence which directs both the termination and 

polyadenylation of the nascent RNA transcript by RNA polymerase H. Efficient 

polyadenylation of the recombinant transcript is desirable as transcripts lacking a 

5 polyadenylation signal are unstable and are rapidly degraded. Illustrative examples of 

polyadenylation signals that can be used in a vector of the invention, includes an ideal 

polyadenylationsequence (e~g., AATAAA, ATTAAA, AGTAAA), a bovine growth hormone 

polyadenylation sequence (BGHpA), a rabbit V-globin polyadenylation sequence (rpgpA), or 

another suitable heterologous or endogenous polyadenylation sequence known in the art.  

10 [001551 fIn certain embodiments, a retroviral vector further comprises an insulator 

element. Insulator elements may contribute to protecting retrovirus-expressed sequences, 

e.g., therapeutic genes, from integration site effects, which may be mediated by cis-acting 

elements present in genonic DNA and lead to deregulated expression of transferred 

sequences (i.e., position effect; see, e.g., Burgess-Beusse et al,, (2002) PROC. NATL. ACAD.  

15 Sc., USA, 99:16433; and Zhan et al., 2001, HuM. GENET., 109:471). In certain 

embodiments, the retroviral vector comprises an insulator element in one or both LTRs or 

elsewhere in the region of the vector that integrates into the cellular genome. Suitable 

insulators for use in the invention include, but are not limited to, the chicken p-globin 
insulator (see Chung et al., (1993). CLL 74:505; Chung el al., (1997) PROC. NATL. ACAD.  

20 SC., USA 94:575; and Bell etal., 1999. CELL 98:387). Examples of insulator elements 

include, but are not limited to, an insulator from a f-globin locus, such as chicken HS4.  

[001561 Non-limiting examples of lentiviral vectors include pLVX-EFlalpha

AcGFP1-Cl (Clontech Catalog #631984), pLVX-EFlalpha-IES-mCherry (Clontech 

Catalog 4631987), pLVX-Puro (Clontech Catalog #632159), pLVX-IRES-Puro (Clontech 

25 Catalog#632186),pLenti6/\V5-DETIM(Thermo Fisher), pLenti6.2/V5-DESTTM (Thermo 

Fisher), pLKO.i (Plasmid #10878 at Addgene)., pLKO.3G (Plasmid #14748 at Addgene), 

pSico (Plasmid #11578 at Addgene), pLJM1-EGFP (Plasmid #19319 at Addgene), FUGW 

(Plasmid #14883 at Addgene), pLVTHM (Plasmid #12247 at Addgene), pLVUT-tTR-KRAB 

(Plasmid #11651 at Addgene), pLL3.7 (Plasmid #11795 at Addgene), pLB (Plasmid #11619 

30 at Addgene), pWPXL (Plasmid #12257 at Addgene), pWPI (Plasmid #12254 at Addgene), 

[F.CMV.RFP (Plasmid #17619 at Addgene), pLenti CMV Puro DEST (Plasmid #17452 at 

Addgene), pLenti-puro (Plasmid #39481 at Addgene), pULTRA (Plasmid #24129 at 
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Addgene), pLX301 (Plasmid #25895 at Addgene), pHIV-EGFP (Plasmid #21373 at 

Addgene), pLV-mCherry (Plasmid #36084 at Addgene).pLionI(Plasmid#1730at 

Addgene), plnducer10-mir-RUP-PheS (Plasmid #44011 at Addgene). These vectors can be 

modified to be suitable for therapeutic use. For example, a selection marker (e.g., puro, 

5 EGFP, or mCherry) can be deleted or replaced with a second exogenous gene of interest.  

Further examples of lentiviral vectors are disclosed in U.S. Patent Nos. 7,629,153, 7,198,950, 

8,329,462, 6,863,884, 6,682,907, 7,745,179, 7,250,299, 5,994,136, 6,287,814, 6,013,516, 

6,797,512, 6,544,771, 5,834,256, 6,958,226, 6,207,455, 6,531,123, and 6,352,694, and PCT 

Publication No.W02017/091786.  

10 AcenoraVecors 

[00157j In certain embodiments, the viral vector can be an adenoviral vector.  

Adenoviruses are medium-sized (90-100 nm), non-enveloped (naked), icosahedral viruses 

composed of a nucleocapsid and a double-stranded linear DNA genome. The term 

"adenovirus" refers to any virus in the genus Adenoviridiae including, but not limited to, 

15 human, bovine, ovine, equine, canine, porcine, murine, and simian adenovirus subgenera.  

Typically, an adenoviral vector is generated by introducing one or more mutations (e.g., a 

deletion, insertion, or substitution) into the adenoviral genome of the adenovirus so as to 

accommodate the insertion of a non-native nucleic acid sequence, for example, for gene 

transfer, into the adenovirus.  

20 [00158] A human adenovirus can be used as the source of the adenoviral genome for 

the adenoviral vector. For instance, an adenovirus can be of subgroup A (e.g., serotypes 12, 

18, and 31 ), subgroup B (e.g, serotypes 3, 7, 11 , 14, 16, 21 , 34, 35, and 50), subgroup C 

(e.g., serotypes 1 , 2, 5, and 6), subgroup D (e.g., serotypes 8, 9, 10, 13, 15, 17, 19, 20, 22-30, 

32, 33, 36-39, and 42-48), subgroup E (e.g., serotype 4), subgroup F (e.g, serotypes 40 and 

25 41 ), an unclassified serogroup (e.g., serotypes 49 and 51), or any other adenoviral serogroup 

or serotype. Adenoviral serotypes I through 51 are available from the American Type Culture 

Collection (ATCC, Manassas, Virginia). Non-group C adenoviral vectors, methods of 

producing non-group C adenoviral vectors, and methods of using non- group C adenoviral 

vectors are disclosed in, for example, U S. Patent Nos. 5,801 030, 5,837,511, and 5,849,561, 

30 and PCT Publication Nos. W01997/012986 and W01998/053087.  
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[001591 Non-human adenovirus (e.g., ape, simian, avian, canine, ovine, or bovine 

adenoviruses) can be used to generate the adenoviral vector (i.e., as a source of the adenoviral 

genome for the adenoviral vector). For example, the adenoviral vector can be based on a 

simian adenovirus, including both new world and old world monkeys (see, e.g, Virus 

5 Taxonomy: VIth Report of the International Committee on Taxonomy of Viruses (2005)).  

A phylogeny analysis of adenoviruses that infect primates is disclosed in, e.g., Roy et al.  

(2009) PLoS PAmfo. 5(7):e1000503. A gorilla adenovirus can be used as the source of the 

adenoviral genome for the adenoviral vector. Gorilla adenoviruses and adenoviral vectors are 

described in, e.g., PCT Publication Nos. W02013/052799, W02013/052811, and 

10 W02013/052832. The adenoviral vector can also comprise a combination of subtypes and 

thereby be a "chimeric" adenoviral vector.  

[001601 The adenoviral vector can be replication-competent, conditionally replication

competent, or replication-deficient. A replication-competent adenoviral vector can replicate 

in typical host cells, i.e., cells typically capable of being infected by an adenovirus. A 

15 conditionally-replicating adenoviral vector is an adenoviral vector that has been engineered to 

replicate under pre-determined conditions. For example, replication-essential gene functions, 

e.g.g, ene functions encoded by the adenoviral early regions, can be operably linked to an 

inducible, repressible, or tissue-specific transcription control sequence, e.g., a promoter.  

Conditionally-replicating adenoviral vectors are further described in U.S. Patent No.  

20 5,998,205. A replication-deficient adenoviral vector is an adenoviral vector that requires 

complementation of one or more gene functions or regions of the adenoviral genome that are 

required for replication, as a result of, for example, a deficiency in one or more replication

essential gene function or regions, such that the adenoviral vector does not replicate in typical 

host cells, especially those in a human to be infected by the adenoviral vector.  

25 1001611 Preferably, the adenoviral vector is replication-deficient, such that the 

replication- deficient adenoviral vector requires complementation of at least one replication

essential gene function of one or more regions of the adenoviral genome for propagation 

(e.g, to form adenoviral vector particles). The adenoviral vector can be deficient in one or 

more replication-essential gene functions of only the early regions (i.e., El -E4 regions) of the 

30 adenoviral genome, only the late regions (i.e., L1-L5 regions) of the adenoviral genome, both 

the early and late regions of the adenoviral genome, or all adenoviral genes (i.e., a high 

capacity adenovector (HC-Ad)). See, e.g, Morsy et al. (1998) PROC. NATL. ACAD. SC. USA 
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95: 965-976, Chen et al. (1997) PROC. NATL. ACAD. SciUSA 94: 1645-1650, and Kochanek 

et Cl. (1999) HUM GENE THER. 10(15):2451-9. Examples of replication-deficient adenoviral 

vectors are disclosed in U S. Patent Nos. 5,837,511, 5,851,806, 5,994,106, 6,127,175, 

6,482,616, and 7,195,896, and PCT Publication Nos. W01994/028152, W01995/002697, 

5 WO1995/016772, WO1995/034671, WO1996/022378, WO1997/012986, WO1997/021826, 

and W02003/022311.  

[001621 The replication-deficient adenoviral vector of the invention can be produced in 

complementing cell lines that provide gene functions not present in the replication-deficient 

adenoviral vector, but required for viral propagation, at appropriate levels in order to generate 

10 high titers of viral vector stock. Such complementing cell lines are known and include, but 

are not limited to, 293 cells (described in, e.g, Graham et al. (1977) J. GEN. VIROL. 36: 59

72), PER.C6 cells (described in, e.g.. PCT Publication No. WO1997/000326, and U.S. Patent 

Nos. 5,994,128 and 6,033,908), and 293-ORF6 cells (described in, e.g., PCT Publication No.  

WO1995/034671 and Brough el al. (1997) J. VIROL. 71: 9206-9213). Othersuitable 

15 complementing cell lines to produce the replication-deficient adenoviral vector of the 

invention include complementing cells that have been generated to propagate adenoviral 

vectors encoding transgenes whose expression inhibits viral growth in host cells (see, e.g.  

U.S. Patent Publication No. 2008/0233650). Additional suitable complementing cells are 

described in, for example, U S. Patent Nos. 6,677,156 aid 6,682,929, and PCT Publication 

20 No. W02003/020879. Formulations for adenoviral vector-containing compositions are 

further described in, for example, LS. Patent Nos. 6,225,289, and 6,514,943, and PCT 

Publication No. W02000/034444.  

[001631 Additional exemplary adenoviral vectors, and/or methods for making or 

propagating adenoviral vectors are described in U.S.Patent Nos. 5,559,099, 5,837,511, 

25 5,846,782, 5,851,806, 5,994,106, 5,994,128, 5,965,541, 5,981,225, 6,040,174, 6,020,191, 

6,083,716, 6,113,913, 6,303,362, 7,067,310, and 9,073,980.  

[001641 Commercially available adenoviral vector systems include the ViraPowerTm 

Adenoviral Expression System available from Thermo Fisher Scientific, the AdEasyTM 

adenoviral vector system available from Agilent Technologies, and the Adeno-XTM 

30 Expression System 3 available from Takara Bio USA, Inc.  

V. Host Cells and Cell Lines 
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[00165] Also encompassed by the invention are host cells or cell lines (e.g., 

prokaryotic or eukaryotic host cells or cell lines) that include a tRNA, aminoacyl-tRNA 

synthetase, unnatural amino acid, nucleic acid, and/or vector disclosed herein. The nucleic 

acid encoding the engineered tRNAanid aminoacvl-tRNA synthetase can be expressed in an 

5 expression host cell either as an autonomously replicating vector within the expression host 

cell (e.g., a plasmid, or viral particle) or via a stable integrated element or series of stable 

integrated elements in the genome of the expression host cell, e.g., a mammalian host cell.  

[001661 I-ost cells are genetically engineered (including but not limited to, 

transformed, transduced or transfected), for example, using nucleic acids or vectors disclosed 

10 herein. For example, in certain embodiments, one or more vectors include coding regions for 

an orthogonal tRNA, an orthogonal aminoacyl-tRNA synthetase, and, optionally, a protein to 

be modified bythe inclusion of one or more UAAs, which are operably linked togene 

expression control elements that are functional in the desired host cell or cell line. For 

example, the genes encoding tRNA synthetase and tRNA and an optional selectable marker 

15 (e.g., an antibiotic resistance gene, e.g., apuromycinresistance cassette) can beintegratedin 

a transfer vector (e.g., a plasmid, which can be linearized prior to transfection), where for 

example, the genes encoding the tRNA synthetase can be under the control of a polymerase 

II promoter (e.g, CMV, EFla, UbiC, or PGK, e.g., CMV or EF la) and the genes encoding 

the tRNA can be under the control of a polymerase III promoter (e.g., U6, 7SK, or H1, e.g, 

20 U6). The vectors are transfected into cells and/or microorganisms by standard methods 

including electroporation or infection by viral vectors, and clones can selected via expression 

of the selectable marker (for example, by antibiotic resistance).  

[001671 Exemplary prokaryotic host cells or cell lines include cells derived from a 

bacteria, e.g., lscherichia coi, Thermus thermophilus, Bacillus stearothermophilus, 

25 Pseudomonasfluorescens, Pseudomonas aeruginosa, and Pseudomonasputida. Exemplary 

eukaryotic host cells or cell lines include cells derived from a plant (e.g., a complex plant 

such as a monocot or dicot), an algae, a protist, a fungus, a yeast (including Saccharomyces 

cerevisiae), or an animal (including a mammal, an insect, an arthropod, etc.). Additional 

exemplary host cells or cell lines include HEK293, -IEK293T, Expi293, CHO, CHOKI, Sf9, 

30 Sf21, HeLa, U20S, A549, HT1080, CAD, P19, NIH 3T3, L929, N2.a, MCF-7, Y79, SO

R150, [epG2, DUIKX-X11, J5581,11K, COS, Vero, NSO, or SCs.It is understood that a 
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host cell or cell line can include individual colonies, isolated populations (monoclonal), or a 

heterogeneous mixture of cells.  

[001681 A contemplated cell or cell line includes, for example, one or multiple copies 

of an orthogonal tRNA/aminoacyl-tRNA synthetase pair, optionally stably maintained in the 

5 cell's genome or another piece of DNA maintained by the cell. For example, the cell or cell 

line may contain one or more copies of (i) a tryptophanyl tRNA/aminoacyl-tRNA synthetase 

pair (wild-type or engineered) stably maintained by the cell, and/or (ii) a leucyl 

tRNA/aminoacyl-tRNA synthetase pair (wild-type or engineered) stably maintained by the 

cell.  

10 [001691 For example, in certain embodiments, the cell line is a stable cell line and the 

cell line comprises a genome having stably integrated therein (i) a nucleic acid sequence 

encoding an aminoacyl-tRNA synthetase (e.g., a prokaryotic tryptophanyl-tRNA synthetase 

mutein capable of charging a tRNA with an unnatural amino acid or a prokaryotic leucyl

tRNA synthetase mutein capable of charging atRNA with an unnatural amino acid, e.g., a 

15 tRNA synthetase mutein disclosed herein); arid/or (ii) a nucleic acid sequence encoding a 

suppressor tRNA (e.g., prokaryotic suppressor tryptophanyl-tRNA capable of being charged 

with an unnatural amino acid or prokaryotic suppressor leucyl-tR.NA capable of being 

charged with an unnatural amino acid, e.g., a suppressor tRNA disclosed herein).  

[001701 It is contemplated that the nucleic acid sequence encoding the aminoacyl

20 tRNA synthetase (e.g., a prokaryotic tryptophanyl-tRNA synthetase mutein capable of 

charging a tRNA with an unnatural amino acid or a prokarotic leucyl-tRNA synthetase 

mutein capable of charging a tRNA with an unnatural amino acid, e.g., a tR-NA synthetase 

mutein disclosed herein), when integrated into the genome of the host cell, has a copy 

number in the range from about I to about 50, from about 5 to about 50, from about 10 to 

25 about 50, from about 15 to about 50, from about 20 to about 50, from about 25 to about 50, 

from about 30 to about 50, from about 35 to about 50, from about 40 to about 50, from about 

I to about 40, from about 5 to about 40, from about 10 to about 40, from about 15 to about 

40, from about 20 to about 40, from about 25 to about 40, from about 30 to about 40, from 

about 35 to about 40, from about I to about 30, from about 5 to about 30, from about 10 to 

30 about 30, from about 15 to about 30, from about 20 to about 30, from about 25 to about 30, 

from about I to about 20, from about 5 to about 20, from about 10 to about 20, from about 15 

to about 20. Copy number may be determined by, for example, full genome sequencing.  
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[00171] In a contemplated stable cell line, the nucleic acid sequence encoding the 

suppressor tRNA (e.g., prokaryotic suppressor tryptophanyl-tRNA capable of being charged 

with an unnatural amino acid or prokaryotic suppressor leucyl-tRNA capable of being 

charged with an unnatural amino acid, e.g., a suppressor tRNA disclosed herein), when 

5 integrated into the genome of the host cell, has a copy number in the range from about I to 

about 500, from about 5 to about 500, from about 10 to about 500, from about 15 to about 

500, from about 20 to about 500, from about 25 to about 500, from about 50 to about 500, 

from about 75 to about 500, from about 100 to about 500, from about 125 to about 500, from 

about 150 to about 500, from about 175 to about 500, from about 200 to about 500, from 

10 about 225 to about 500, from about 250 to about 500, from about I to about 450, from about 

5 to about 450, from about 10 to about 450, from about 15 to about 450, from about 20 to 

about 450, from about 25 to about 450, from about 50 to about 450, from about 75 to about 

450, from about 100 to about 450, from about 125 to about 450, from about 150 to about 450, 

from about 175 to about 450, from about 200 to about 450, from about 225 to about 450, 

15 from about 250 to about 450, from about 1 to about 400, from about 5 to about 400, from 

about 10 to about 400, from about 15 to about 400, from about 20 to about 400, from about 

25 to about 400, from about 50 to about 400, from about 75 to about 400, from about 100 to 

about 400, from about 125 to about 400, from about 150 to about 400, from about 175 to 

about 400, from about 200 to about 400, from about 225 to about 400, from about 250 to 

20 about 400, from about I to about 350, from about 5 to about 350, from about 10 to about 350, 

from about 15 to about 350, from about 20 to about 350, from about 25 to about 350, from 

about 50 to about 350, from about 75 to about 350, from about 100 to about 350., from about 

125 to about 350, from about 150 to about 350, from about 175 to about 350, from about 200 

to about 350, from about 225 to about 350, or from about 250 to about 350, from about I to 

25 about 300, from about 5 to about 300, from about 10 to about 300, from about 15 to about 

300, from about 20 to about 300, from about 25 to about 300, from about 50 to about 300, 

from about 75 to about 300, from about 100 to about 300, from about 125 to about 300, from 

about 150 to about 300, from about 175 to about 300, from about 200 to about 300, from 

about 225 to about 300, or from about 250 to about 300, from about I to about 200, from 

30 about 5 to about 200, from about 10 to about 200, from about 15 to about 200, from about 20 

to about 200, from about 25 to about 200, from about 50 to about 200, from about 75 to about 

200, from about 100 to about 200, from about 12S to about 200, from about 150 to about 200, 

from about 175 to about 200, from about I to about 175, from about 5 to about 17 from 

47



WO 2022/032186 PCT/US2021/045088 

about 10 to about 175, from about 15 to about 175, from about 20 to about 175, from about 

25 to about 175, from about 50 to about 175, from about 75 to about 175, from about 100 to 

about 175, from about 125 to about 175, from about 150 to about 175, from about 1 to about 

150, from about 5 to about 150, from about 10 to about 150, from about 15 to about 150, 

5 from about 20 to about 150, from about 25 to about 150, from about 50 to about 150, from 

about 75 to about 150, from about 100 to about 150, from about 125 to about 150, from about 

I to about 125, from about 5 to about 125, from about 10 to about 125, from about 15 to 

about 125, from about 20 to about 125, from about 25 to about 125, from about 50 to about 

125, from about 75 to about 125, from about 100 to about 125, from about I to about 100, 

10 from about 5 to about 100, from about 10 to about 100, from about 15 to about 100, from 

about 20 to about 100, from about 25 to about 100 from about 50 to about 100, from about 

75 to about 100, from about I to about 75, from about 5 to about 75, from about 10 to about 

75from about 15 to about 75, from about 20 to about 75, from about 25 to about 75, from 

about 50 to about 75, from about I to about 50, from about 5 to about 50, from about 10 to 

15 about 50, from about 15 to about 50, from about 20 to about 50, from about 25 to about 50, 

from about I to about 25, from about 5 to about 25, from about 10 to about 25, from about 15 

to about 25, from about 20 to about 25, from about I to about 20, from about 5 to about20, 

from about 10 to about 20, from about 15 to about 20, from about I toabout 15, from about 5 

to about 15, from about 10 to about 15, from about I to about 10, from about 5 to about 10, or 

20 from about I to about 5. In certain embodiments, the nucleic acid sequence encoding the 

suppressor tRNA has a copy number greater than 500 (e.g., a copy number in the range from 

about 500 to about 2000, from about 500 to about 1800. from about 500 to about 1600, from 

about 500 to about 1400, from about 500 to about 1200, from about 500 to about 1000, from 

about 500 to about 900, from about 500 to about 800, from about 500 to about 700, or from 

25 about 500 to about 600). In certain embodiments, the nucleic acid sequence encoding the 

suppressor tRNA has a copy number less than 500, less than 450, less than 400, less than 350, 

less than 300, less than 250, less than 200, less than 175, less than 150, less than 125, less 

than 100, less than 75, less than 50, less than 25, less than 10, or less than 5. Copy number 

may be determined by, for example, full genome sequencing.  

30 [001721 In certain embodiments, the suppressor tRNA and the tRNA synthetase mutein 

are present in a ratio selected from 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 12:1, 14:1, 

16:1, 18:1, 20:1, 24:1, 28:1, 32:1, 36:1, 40:1, 44:1, 48:1, 54:1, and 64:1. In certain 
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embodiments, the suppressor tRNA and the tRNA synthetase mutein are present in a ratio 

between 1:1 and 64:1, 1:1 and 32:1, 1:1 and 16:1, 1:1 and 8:1, 1:1 and4:1, 4:1 and 64:1, 4:1 

and 32:1, 4:1 and 16:1, 4:1 and 8:1, 8:1 and 64:1, 8:1 and 32:1, 8:1 and 16:1, 16:1 and 64:1, 

16:1 and 32:1, or 32:1 and 64:1.  

5 [001731 In certain embodiments, the cell line is capable of expressing the target protein 

(e.g., continuously) for at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 

120, 150 or 180 days (e.g., when the cells are maintained in continuous culture). In certain 

embodiments, the cell line is capable of expressing the target protein (e.g., continuously) for 

from 5 to 120, 5 to 100, 5 to 75, 5 to 50, 5 to 40, 5 to 30, 5 to 20, 5 to 10, 10 to 120, 10 to 

10 100, 10 to 75, 10 to 50 days, 10 to 40 days, 10 to 30 days, 10 to 20 days, 20 to 120, 20 to 100, 

20 to 75, 20 to 50 days, 20 to 40 days,20 to 30 days, 30 to 120, 30 to 100, 30 to 75, 30 to 50 

days, 30 to 40, 40 to 120, 40 to 100, 40 to 75, 40 to 50, 50 to 120, 50 to 100, 50 to 75, 75 to 

120, 75 to 100, or 100 to 120 days (e.g., when the cells are maintained in continuous culture).  

[001741 In certain embodiments, the cell line is capable of expressing the target protein 

15 (e.g, continuously) for at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 

120, 150 or 180 passages (e.g., when the cells are passaged once per day). In certain 

embodiments, the cell line is capable of expressing the target protein (e.g., continuously) for 

from 5 to 120, 5 to 100, 5 to 75,S to 50, 5 to 40, 5 to 30, 5 to 20, 5 to 10, 10 to 120, 10 to 

100,10to75,10to50,10to40,10to30,10to20,20to 120,20to100,20to75,20to50, 

20 20 to 40, 20 to 30, 30 to 120, 30 to 100, 30 to 75, 30 to 50, 30 to 40, 40 to 120, 40 to 100, 40 

to75,40to50,50to 120,50to100,50to75,75 to 120,75 to 100,or100to l20passages 

(e.g., when the cells are passage once per day).  

[001751 In certain embodiments, the cell line maintains genomic copy number (GCN) 

of the suppressor tRNA and/or the tRNA synthetase for at least 5, 10, 15, 20, 25, 30, 35, 40, 

25 45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days (e.g., when the cells are maintained in 

continuous culture). In certain embodiments, the cell line maintains genomic copy number 

(GCN) of the suppressor tRNA and/or the tRNA synthetase for from 5 to 120, 5 to 100, 5 to 

75, 5to50,5 to40, 5 to30,5 to20,5 to10,10to 120,10to100,10to75,10to50,10to40, 

10 to 30, 10 to 20, 20 to 120, 20 to 100, 20 to 75, 20 to 50, 20 to 40, 20 to 30, 30 to 120, 30 to 

30 100, 30 to 75, 30 to 50, 30 to 40, 40 to 120, 40 to 100, 40 to 75, 40 to 50, 50 to 120, 50 to 

100, 50 to 75, 75 to 120, 75 to 100, or 100 to 120 days (e._, when the cells are maintained in 

continuous culture).  
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[00176] In certain embodiments, the cell line maintains genomic copy number (GCN) 

of the suppressor tRNA and/or the tRNA svnthetase for at least 5, 10, 15, 20, 25, 30, 35, 40, 

45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 passages (e.g., when the cells are passaged 

once per day). In certain embodiments, the cell line the cell line maintains genomic copy 

5 number (GCN) of the suppressor tRNA and/or the tRNA synthetase for from 5 to 120, 5 to 

100,5 to75, 5to50,5 to40, 5 to30,5 to20, 5 to 10,10to 120,10to100,10to75,10to50, 

10 to 40, 10 to 30, 10 to 20, 20 to 120, 20 to 100, 20 to 75., 20 to 50, 20 to 40, 20 to 30, 30 to 

12030to100,30to75,30to50,30to40,40to 120,40toI00,40to75,40to50,50to 

120, 50 to 100, 50 to 75, 75 to 120, 75 to 100, or 100 to 120 passages (e.g., when the cells are 

10 passaged once per day).  

1001771 In certain embodiments, the cell line is capable of expressing the target 

protein at a level of expression that is at least 30%, 40%, 50%, 60%, 70%, 80%, or 90%, or 

about 100% of the level of expression of the template protein expressed in a corresponding 

cell line from the gene lacking a premature stop codon, for example, the cell line is capable of 

15 expressing the target protein (e.g., continuously) at the level of expression for at least 5, 10, 

15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days (e.g., when the 

cells are maintained in continuous culture).  

[001781 In certain embodiments, (i) the cell line is capable of expressing the target 

protein at a level of expression that is at least 30%, 40%, 50%, 60%, 70%, 80%, or 90%, or 

20 about 100% of the level of expression of the template protein expressed in a corresponding 

cell line from the gene lacking a premature stop codon, for example, the cell line is capable of 

expressing the target protein at the level of expression (e.g., continuously) for at least 5, 10, 

15, 20, 25, 30, 35, 40,45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days (e.g., when the 

cells are maintained in continuous culture), and (ii) the nucleic acid sequence encoding the 

25 suppressor tRNA has a copy number less than 500, less than 450, less than 400, less than 350, 

less than 300, less than 250, less than 200, less than 175, less than 150, less than 125, less 

than 100, less than 75, less than 50, less than25, less than 10, or less than 5. Copy number 

may be determined by, for example, full genome sequencing.  

[001791 Methods to introduce a nucleic acid encoding a tRNA and/or an arninoacyl

30 tRNA synthetase into the genome of a cell of interest, or to stably maintain the nucleic acid 

in DNA replicated by the cell that is outside of the genome, are well known in the art.  
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[001801 The nucleic acid encoding the IRNA and/or an aminoacyl-tRNA synthetase 

can be provided to the cell in an expression vector, transfer vector, or DNA cassette, e.g., an 

expression vector, transfer vector, or DNA cassette disclosed herein. The expression vector 

transfer vector, or DNA cassette encoding the tRNA and/or aminoacyl-tRNA synthetase can 

5 contain one or more copies of the tRNA and/or aminoacyl-tRNA synthetase optionally under 

the control of an inducible or constitutively active promoter. The expression vector, transfer 

vector, or DNA cassette may, for example, contain other standard components (enhancers, 

terminators, etc.). It is contemplated that the nucleic acid encoding the tRNA and the nucleic 

acid encoding the aminoacyl-tRNA synthetase may be on the same or different vector, may 

10 be present in the same or different ratios, and may be introduced into the cell, or stably 

integrated in the cellular genome, at the same time or sequentially.  

[001811 One or multiple copies of a DNA cassette encoding the tRNA and/or 

aminoacyl-tRNA synthetase can be integrated into a host cell genomeor stably maintained in 

the cell using a transposon system (eg., PiggyBac), a viral vector (e.g., a lentiviral vector or 

15 other retroviral vector), (RISPR/Cas9 based recombination, electroporation and natural 

recombination, a BxB Irecombinase system, or using a replicating/maintained piece of DNA 

(such as one derived from Epstein-Barr virus).  

[001821 In order to select for cell lines which stably maintain the nucleic acid 

encoding the tRNA and/or aminoacyl-tRNA synthetase and/or are efficient at incorporating 

20 UAAs into a protein of interest, a selectable marker can be used. Exemplary selectable 

markers include zeocin, puromycin, neomycin, dihydrofolate reductase (DH-IFR), glutamine 

svnthetase (GS), mCherry-EGFPI fusion, or other fluorescent proteins. In certain 

embodiments, a gene encoding a selectable marker protein (or a gene encoding a protein 

required for a detectable function, e.g., viability, in the presence of the selectable marker) 

25 may include a premature stop codon, such that the protein will only be expressed if the cell 

lineiscapableofincorporatinga UAA at the site of the premature stop codon. fricertain 

embodiments, the selection of a stable cell line comprises incubating cells with puromycin, 

for example, at about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 pg/ml, greater than or equal to 1, 2, 3, 4, 5, 

6, 7, 8, 9, or 10 ug/mI, less than or equal to 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 pg/ml, or from I to 

30 10, 2 to 10, 4 to 10, 6 to 10, 8 to 10, 1 to 8, 2 to 8, 4 to 8, 6 to 8, 1 to 6, 2 to 6, 4 to 6, 1 to 4, 2 

to 4, or I to 2 pg/ml.  
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[00183] In certain embodiments, to develop a host cell or cell line including two or 

more tRNA/aminoacyl-tRNA synthetase pairs, one can use multiple identical or distinct 

UAA directing codons in order to identify host cells or cell lines which have incorporated 

multiple copies of the two or more tRNA/aminoacyl-tRNA synthetase pairs through iterative 

5 rounds of genomic integration and selection. -lost cells or cell lines which contain enhanced 

UAA incorporation efficiency, low background, and decreased toxicity can first be isolated 

via a selectable marker containing one or more stop codons. Subsequently, the host cells or 

cell lines can be subjected to a selection scheme to identify host cells or cell lines which 

contain the desired copies of tRNA/aminoacyl-tRNA synthetase pairs and express a gene of 

10 interest (either genomically integrated or not) containing one or more stop codons. Protein 

expression may be assayed using anymethod known in the art, including for example, 

Western blot using an antibody that binds the protein of interest or a C-terminal tag.  

[001841 The host cells or cell lines be cultured in conventional nutrient media 

modified as appropriate for such activities as, for example, screening steps, activating 

15 promoters or selecting transformants. These cells can optionally be cultured into transgenic 

organisms. Other useful references, e.g for cell isolation and culture (egfor subsequent 

nucleic acid isolation) include Freshney (1994) Culture of Animal Cells, a Manual of Basic 

Technique, third edition, Wiley-Liss, New York; Payne et al. (1992) Plant Cell and Tissue 

Culture in Liquid Systems John Wiley & Sons, Inc. New York, NY,; Gamborg and Phillips 

20 (eds.) (1995) Plant Cell, Tissue and Organ Culture; Fundamental Methods Springer Lab 

Manual, Springer-Verlag (Berlin Heidelberg N.Y.) and Atlas and Parks (eds.) The Handbook 

of Microbiological Media (1993) CRC Press, Boca Raton, Fla.  

[001851 The production of an exemplary cell line capable of producing antibodies 

incorporating a UAA is described in Roy et al. (2020) MABS 12(1), e1684749). Additional 

25 exemplary methods to generate stable cell lines for the incorporation of a UAA into a protein 

are described in Example 2 and FIGU RE 6 herein.  

[001861 In certain embodiments, a method for the generation of a stable cell line for 

the incorporation of a UAA into a protein comprises one or more of the following steps: (i) 

transfecting cells with one or more plasmids encoding a suppressor tRNA andan aminoacyl

30 tRNA synthetase, wherein the one or more plasmids include a selectable marker (e.g., an 

antibiotic resistance gene) (ii) selecting cells that contain the one or more plasmids using the 

selectable marker, (iii) transiently transfecting cells with a reporter construct (e.g., a 
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fluorescent reporter construct) that gives a detectable signal upon UAA incorporation into a 

protein, (iv) selecting cells that are capable of UAA incorporation using the reporter 

construct, and (v) further propagating the cells. In certain embodiments, the method further 

comprises (vi) transiently transfecting cells with the reporter construct again, and selecting 

5 cells that have maintained capability of UAA incorporation using the reporter construct.  

[00187] In certain embodiments, a method for the generation of a stable cell line 

comprises contacting the cell with one or more vectors (e.., expression vectors or transfers 

vector), wherein the one or more vectors comprise a nucleic acid encoding a suppressor 

tRNA (e.g., a suppressor tRNA disclosed herein) and a nucleic acid encoding a tRNA 

10 synthetase nutein (e.g., a tRNA synthetase mutein disclosed herein) and the nucleic acid 

encoding the suppressor tRNA and the nucleic acid encoding the tRNA synthetase mutein are 

present in a ratio selected from 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 12:1, 14:1, 16:1, 

18:1,20:1,24:1, 28:1, 32:1, 36:1, 40:1, 44:1, 48:1, 54:1, and 64:1. Incertainembodiments, 

the nucleic acid encoding the suppressor tRNA and the tRNA synthetase mutein are present 

15 in a ratio between 1:1 and 64:1, 1:1 and 32:1, 1:1 and 16:1, 1:1 and 8:1, 1:1 and 4:1, 4:1 and 

64:1, 4:1 and 32:1, 4:1 and 16:1, 4:1 and 8:1, 8:1 and 64:1, 8:1 and 32:l, 8:1 and 16:1, 16:1 

and 64:1, 16:1 and 32:1, or 32:1 and 64:1.  

[001881 In certain embodiments, a method for the generation of a stable cell line 

comprises contacting the cell with a single vector (e.g., a single expression vector or transfer 

20 vector), wherein the single vector comprises a nucleic acid encoding a suppressor tRNA (e.g., 

a suppressor tRNA disclosed herein) and a nucleic acid encoding a tRNA synthetase mutein 

(e.g., a tRNA synthetase mutein disclosed herein). In certain embodiments, a method for the 

generation of a stable cell line comprises contacting the cell with a first vector (e.g., a first 

expression vector or transfer vector), wherein the first vector comprises a nucleic acid 

25 encoding a suppressor tRNA (e.g., a suppressor tRNA disclosed herein) and a second vector 

(e.g., a second expression vector or transfer vector), wherein the second vector comprises a 

nucleic acid encoding a tRNA synthetase (e.g., a tRNA synthetase mutein, e.g., a tRNA 

synthetase mutein disclosed herein). In certain embodiments, the cell is contacted with the 

first and second vector simultaneously. In certain embodiments, the cell is contacted with the 

30 first and second vector sequentially (e.g, the cell is first contacted with the first vector and 

then contacted with the second vector, or the cell is first contacted with the second vector and 

then contacted with the first vector).  
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VI. Proteins Including Unnatural Amino Acids (UAAs) and Methods Of Making The 

Same 

[001891 Also encompassed by the invention are proteins including unnatural amino 

acids (UAAs) and methods of making the same.  

5 [001901 The incorporation of an unnatural amino acid can be done for a variety of purposes, 

including tailoring changes in protein structure and/or function, changing size, acidity, 

nucleophilicity, hydrogen bonding, hydrophobicity, accessibility of protease target sites, 

targeting to a moiety (e.g., for a protein array), adding a biologically active molecule, 

attaching a polymer, attaching a radionuclide, modulating serum half-life, modulating tissue 

10 penetration (e.g. tumors), modulating active transport, modulating tissue, cell or organ 

specificity or distribution, modulating immunogenicity, modulating protease resistance, etc.  

Proteins that include an unnatural amino acid can have enhanced or even entirely new 

catalytic or biophysical properties. For example, the following properties are optionally 

modified by inclusion of an unnatural amino acid into a protein: toxicity, biodistribution, 

15 structural properties, spectroscopic properties, chemical and/or photochemical propenies, 

catalytic ability, half-life (including but not limited to, serum half-life), ability to react with 

other molecules, including but not limited to, covalently or noncovalently, and the like. The 

compositions including proteins that include at least one unnatural amino acid are useful for, 

including but not limited to, novel therapeutics, diagnostics, enzymes, and binding proteins 

20 (e.g., therapeutic antibodies).  

1001911 A protein may have at least one, for example, at least two, at least three, at least 

four, at least five, at least six, at least seven, at least eight, at least nine, or at least ten or more 

UAAs. The UAAs can be the same or different. For example, there can be 1, 2, 3, 4,5, 6, 7, 

8, 9, or 10 or more differentsites in the protein that comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or 

25 more different UAAs. A protein may have at least one, but fewer than all, of a particular 

amino acid present in the protein substituted with the UAA. For a given protein with more 

than one UAA, the UAA can be identical or different (for example, the protein can include 

two or more different types of UAAs, or can include two of the same UAA). For a given 

protein with more than two UAAs, the UAAs can be thesame, different or a combination of 

30 a multiple unnatural amino acid of the same kind with at least one different UAA.  

54



WO 2022/032186 PCT/US2021/045088 

[00192] In certain embodiments, the protein is an antibody (or a fragment thereof), 

bispecific antibody, nanobody, affibody, viral protein, chemokine, antigen, blood coagulation 

factor, hormone, growth factor, enzyme, or any other polypeptide or protein.  

[001931 As used herein, unless otherwise indicated, the term "antibody" is understood 

5 to mean an intact antibody (e.g., an intact monoclonal antibody), or a fragment thereof, such 

as a Fe fragment of an antibody (e.g., an Fe fragment of a monoclonal antibody), or an 

antigen-binding fragment of an antibody (e.g., an antigen-binding fragment of a monoclonal 

antibody), including an intact antibody, antigen-binding fragment, or Fc fragment that has 

been modified, engineered, or chemically conjugated. Examples of antigen-binding 

10 fragments include Fab, Fab', (Fab'), Fv, single chain antibodies (e.g., scFv), minibodies, and 

diabodies. Examples of antibodies that have been modified or engineered include chimeric 

antibodies, humanized antibodies, and mnultispecific antibodies (e.g, bispecific antibodies).  

An example of a chemically conjugated antibody is an antibody conjugated to a toxin moiety.  

[001941 Additional examples of therapeutic, diagnostic, and other proteins that can be 

15 modified to comprise one or more unnatural amino acids are described in US. Patent 

Application Publication Nos. 2003/0082575 and 2005/0009049.  

[00195] tRNAs, aminoacyl-tRNA synthetases, and/or unnatural amino acids disclosed 

herein may be used to incorporate an unnatural amino acid into a protein of interest using any 

appropriate translation system.  

20 [001961 The term "translation system" refers to a system including components 

necessary to incorporate an amino acid into a growing polypeptide chain (protein).  

Components of a translation system can include, e.g., ribosomes, tRNA's, synthetases, 

mRNA and the like. Translation systems may be cellular or cell-free, and may be 

prokaryotic or eukaryotic. For example, translation systems may include, or be derived from, 

25 a non-eukaryotic cell, e.g., a bacterium (such as .coli), a eukaryotic cell, e.g., a yeast cell, a 

mammalian cell, a plant cell, an algae cell, a fungus cell, or an insect cell.  

[001971 Translation systems include host cells or cell lines, e.g., host cells or cell lines 

contemplated herein, To express a polypeptide of interest with an unnatural amino acid in a 

host cell, one may clone a polynucleotide encoding the polypeptide into an expression vector 

30 that contains, for example, a promoter to direct transcription, a transcription/translation 
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terminator, and if for a nucleic acid encoding a protein, a ribosome binding site for 

translational initiation.  

[001981 Translation systems also include whole cell preparations such as permeabilized 

cells or cell cultures wherein a desired nucleic acid sequence can be transcribed to mRNA 

5 and the mRNA translated. Cell-free translation systems are commercially available and 

many different types and systems are well-known. Examples of cell-free systems include, 

but are not limited to, prokaryotic lysates such as Escherichia col lysates, and eukaryotic 

lysates such as wheat germ extracts, insect cell lysates, rabbit reticulocyte lysates, rabbit 

oocyte lysates and human cell lysates. Reconstituted translation systems may also be used.  

10 Reconstituted translation systems may include mixtures of purified translation factors as well 

as combinations of lysates or lysates supplemented with purified translation factors such as 

initiation factor-1 (IF-1), IF-2, IF-3 (a or 3), elongation factor T (EF-Tu), or termination 

factors. Cell-free systems may also be coupled transcription/translation systems wherein 

DNA is introduced to the system, transcribed into mRNA and the mRNA is translated.  

15 [001991 The invention provides methods of expressing a protein containing an 

unnatural amino acid and methods of producing a protein with one, or more, unnatural amino 

acids at specified positions in the protein. The methods comprise incubating a translation 

system (e.g., culturing or growing a host cell or cell line, e.g., a host cell or cell line disclosed 

herein) under conditions that permit incorporation of the unnatural amino acid into the 

20 protein being expressed in the cell. The translation system may be contacted with (e.g. the 

cell culture medium may be contacted with) one, or more, unnatural amino acids (e.g., leucyl 

or tryptophanyl analogs) under conditions suitable for incorporation of the one, or more, 

unnatural amino acids into the protein.  

[002001 In certain embodiments, the protein is expressed from a nucleic acid sequence 

25 comprising a premature stop codon. The translation system (e.g., host cell or cell line) may, 

for example, contain a leucyl-tRNA synthetase mutein (e.g., a leucyl-tRNA synthetase 

mutein disclosed herein) capable of charging a suppressor leucyl tRNA (e.g., a suppressor 

leucyl tRNA disclosed herein) with an unnatural amino acid (e.g., a leucyl analog) which is 

incorporated into the protein at a position corresponding to the premature stop codon. In 

30 certain embodiments, the leucyl suppressor tRNA comprises an anticodon sequence that 

hybridizes to the premature stop codon and permits the unnatural anino to be incorporated 

into the protein at the position corresponding to the premature stop codon.  
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[00201] In certain embodiments, the protein is expressed from a nucleic acid sequence 

comprising a premature stop codon. The translation system (e.g.,host cell or cell line) may, 

for example, contain a tryptophanyl-tRNA synthetase mutein (e.g., a tryptophanyl-tRNA 

synthetase mutein disclosed herein) capable of charging a suppressor tryptophanyl tRNA 

5 (e.g, a suppressor tryptophanyl tRNA disclosed herein) with an unnatural amino acid (e.g., a 

tryptophan analog) which is incorporated into the protein at a position corresponding to the 

premature stop codon. In certain embodiments, the tryptophanyl suppressor tRNA comprises 

an anticodon sequence that hybridizes to the premature stop codon and permits the unnatural 

amino to be incorporated into the protein at the position corresponding to the premature stop 

10 codon.  

1002021 Throughout the description, where compositions are described as having, including, 

or comprising specific components, or where processes and methods are described as having, 

including, or comprising specific steps, it is contemplated that, additionally, there are 

compositions of the present invention that consist essentially of, or consist of, the recited 

15 components, and that there are processes and methods according to the present invention that 

consist essentially of, or consist of, the recited processing steps.  

[002031 In the application, where an element or component is said to be included in and/or 

selected from a list of recited elements or components, it should be understood that the 

element or component can be any one of the recited elements or components, or the element 

20 or component can be selected from a group consisting of two or more of the recited elements 

or components.  

[002041 Further, it should be understood that elements and/or features of a composition or a 

method described herein can be combined in a variety of ways without departing from the 

spirit and scope of the present invention, whether explicit or implicit herein. For example, 

25 where reference is made to a particular compound, that compound can be used in various 

embodiments of compositions of the present invention and/or in methods of the present 

invention, unless otherwise understood from the context. In other words, within this 

application, embodiments have been described and depicted in a way that enables a clear and 

concise application to be written and drawn, but it is intended and will be appreciated that 

30 embodiments may be variously combined or separated without parting from the present 

teachings and invention(s). For example, it will be appreciated that all features described and 
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depicted herein can be applicable to all aspects of the invention(s) described and depicted 

herein.  

[002051 It should be understood that the expression "at least one of" includes individually 

each of the recited objects after the expression and the various combinations of two or more 

5 of the recited objects unless otherwise understood from the context and use. The expression 

"and/or" in connection with three or more recited objects should be understood to have the 

same meaning unless otherwise understood from the context.  

[002061 The use of the term "include,""includes,""including," "have" "has," "having," 
"contain," "contains," or "contaiinng," including grammatical equivalents thereof, should be 

10 understood generally as open-ended and non-limiting, for example, not excluding additional 

unrecited elements or steps, unless otherwise specifically stated or understood from the 

context.  

[002071 Where the use of the term "about" is before a quantitative value, the present 

invention also includes the specific quantitative value itself, unless specifically stated 

15 otherwise. As used herein, the term "about" refers to a±10% variation from the nominal 

value unless otherwise indicated or inferred.  

1002081 It should be understood that the order of steps or order for performing certain 

actions is immaterial so long as the present invention remain operable. Moreover, two or 

more steps or actions may be conducted simultaneously.  

20 [002091 The use of any and all examples, or exemplary language herein, for example, "such 

as" or "including," is intended merely to illustrate better the present invention and does not 

pose a limitation on the scope of the invention unless claimed. No language in the 

specification should be construed as indicating any non-claimed element as essential to the 

practice of the present invention.  

25 
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SEQUENCE L[STING 

SEQ Description Sequence 
ID 
NO 
1 coil MQEQYRPEEIESKVLIHWDEKRTFEVTEDESKEKYYCLSMLPYPSGR 

LeuRS L HMGHVRNYTIGDVIARYQRMLGKNVLQPIGWDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 

ELYKKGLVYKKTSAVNWCPNDQTVLAEQIDGCCWRCDTKVERKEI 
PQWFIKITAYADELLNDLDUKLDHWPDTVKTMQRNWIGRSEGVEITFN 
VNDYDNTLTVYTTRPDTFMGCTYLAVAAGHPLAQKAAENNPELAAFI 
DECRNTKVAEAEMATMEKKGVDTGFKAVHPLTGEEIPVWAANFVLME 
YGTGAVMAVPGHDQRDYEFASKYGLNIKPVILAADGSEPDLSQQALT 

EKGVLFNSG FNGLDHEAAFNAI.\J.IADKLTA'VGEi,'RKVNYRLRDWGVS 

RQRYWGAPIPMVTLEDGTVMPTPDDQLPVILPEDVVMDGITSPIKAD 

PEWAKTTVNGMPALRETDTFDTFIMESSWYYARYTCPQYKEGMLDSEA 
ANYWLPVDIYIGGIEHAIMHLLYFRFFHKLMRDAGMVNSDEPAKQLL, 
CQGMVLADAFYYVGENGERNWVSPVDAIVERDEKGRIVKAKDAAGHE 
LVYTGMSKMSKSKNNGIDPQVMVERYGADTVRLFMMFASPADMTLEW 
QESGVEGANRFLKRVWKLVYEHTAKGDVAALNVDALTENQKALRRDV 

HKTIAKVTDDI1GRRQT FNTAIAAY- IMELMNK<LAKAPTL)GEQDRALiMQE 

ALLAVVRMLNPFTPHICFTLW Q ELKGEGDIDNAPWPVADEKAM4VEDS 
TLVVVQVNGKVRAKITVPVDATEEQVRERAGQEHLVAKYLDGVTVRK 

VTIY/PGKLLNLTVGGPV 

(SEQ ID NO: 1) 

2 LeuRSv1 ME EQYRP 'EEIE -%SKVQLHWDKKRT FEVTEDESKEKYYCLS iSPYPSGR 
LHMGHVRNYTIGDVIARYQRMLGKNVL QPIGWDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 
ELYKKGLYYKKTSAVNWCPNDQTVLANEQVIDGCCWRCDTKVERKEI 
PQW F IKITAYADELLNDLDKLDHWPDTVKTMQRNWIGRSEGVEITFN 
VN D YDN T LT VYTTRPDAFMGCTYLAVA 

AGHPLAQKAAENNPELAAFIDECRNTKVAEAEMATMEKKGVDTGFKA 
VHPLTGEEIPVWAANFVLMEYGTGAVMAVPGHDQRDYEFASKYGLNI 

KPVILAADGSEPDLSQQALTEKGVLFNSGEFNGLDHEAAFNAIADKL 

TM'GVGFRKNYRLRDWGVSRQRYWGAPIPMVTLEDGTVMPTPDDQL 
PVILPEDVVMDGITSPIKADPEWAKTTVNGMPALRETDTFDTFMESS 
WIYARYTCPQYKEGMLDSEAAY i WLPVDIAIGGIEHAIMGLLYFRFF 
HKLMRDAGMVNSDEPAKQLLCQGMVLADAFYYVGENGERNWVSPVDA 

VERDEKjRIK7AKDACHELVYTGMSKMSKSKNNGIDPQVMVERYG 
ADTVRLFMMFASPADMTLEWQESGVEGANRFLKRVWKLVYEHTAKGD 
VAALNVDALTENQKALRRDVHKTIAKVTDDIGRRQTFNTAIAAIMEL 
MNKLAKAPTDGEQDALMQEALLAVVRMLNPFTPHICFTLWQELKGE 

GDIDNAPWPVADEKAMVEDSTLVVVQVNGKVRAKITVPVDATEEQVR 
ERAGQEHLVAKYLDGVTVRKVIYVPGKLLNLVVGGPV 
(SEQ ID NO: 2) 

3 LeuRS.v2 MEEQYRPEEIESKVQLHWDKKRTFEVTEDESKEKYYCLSVSPYPSGR 
L HMGHVRNYTIGDVIARYQRMLGKNVLQPIGWDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 
ELYKKGLVYKKTSAVNWCPNDQTVLANEQVIDGCCWRCDTKVERKEI 
PQWFIKITAYADELLNDLDKLDHWPDTVKTMQRNWIGRSEGVEITFN 
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VNDYDNTLTVYT TRPDRFMGCTYLAVAAGHPLAQKAAENNPELAAFI 
.DECRNTKV/EAEMATMEKKGVDTGFKAVHPLTGEEIPVWAANFVLME 
YGTGAVMAVPGDQRDYEFASKYGLNIKPILAATJTGSEPD)LSQQAL'T 
EKGVLFNSGEFN' T HEAFNAIADLTMVGERKVNYRLRDWGVS 
RQRYJWGAPIPMVTLBEPTVMPPDDQLPVILPBDVVMDGITSPIKA 

PE.WAKT TVN:GM PAL.-,R ET.DTFDTFMESSWSYARYTCPQYKEGMLDSEA 
ANYWLijPVDIL IGIEHAMGRLLYFRF IMFLMRDAGVNSDEPA-KQLL 

CQGMVLPADAFYYVGENGERNWVSPVDAP VERDEKPRIVKA.KD/AAGHE 
LVYTGMSKMS KSTKNNG IDPQJMVE RYGATVPLFMMFASPADMTLEW 
QESGVEGANPRL KRVWKLVYEHTA/kKGDVA xALNFVpATTENQKALRRpV 

HK TIAKVTTThPDDIGRRFNTAIA I-MELMNKLAKAPTDGEQRALMQE 
AIL AVVRM LNPFTPH1CFL E 1 LKGEGDIDNAPWPVADE KAMVEDS 
TLVTVQVNGKVRPAKIVPVFATEEFVRERAGQEHLVAKYLDGVTVRK 
VIYVPPKLLNLVV'GG 

(SEQ ID NO: 3) 

4 LeuRS.v3 MEEQYRPEISKVQLHWDEKRTFEVTEDESKEKYYCLSILPYPSGR 
L HMGHVRNY TI GDVA/RYQMLKNVLQP PGWDFGLP PA GAVKNN 

TAPAPWTYDNIAYMKNQLKMLGFYDWSELTCTPEYYRWEFFT 

ELYKKGLYK TSVNWCPNDQTVLANEQVIDGC WRCDTKVERKEI 
PQWFIKITAYADELLNLDKLDHWiPDTVK TMQKRNWIGDV'RSEGVEITFN 
VN-D'DNTTTVY'T'TRPDAFMGCTYLAVAAP AQKAAENNPELAAFI 
DECRNTKVAEAEMATMElKKGVDFKAVHPLTGEEIPVWAANFVLME 

YGTGAVMAVPG-DQRDYEF ASKYGLNIKPVIL.P AAD LSQQALT 
KGVLFNSPEFNGLDEAFNAIADKLTAMGPVGERKVNYRLRDWGPVS 

RQRYWGAPIPMVTL ED-TVM P'JTPDDQLPVILPEEDVDGI T'S PiKAD 
PEWAKTTVNGMPALRETDT FDT'FMESSWIYARYTCPQIYKEGMLDSEA 
ANYWLPVDIAI GGI AMLLYFRFFHKL MRDAGMVNSDEPAKQLL 
CQGMVLADA.'YYVGENG.ERN'VSPVDAIVERDEKGRIVKAKDAAGH"EF 
LVYITGTMSKSKKNNIPQVVERYA DTVRLMMFA DMTLEW 
QESGVEGANRFLKRVWKT VY ETAKGDVAALNVDAITEN\QKALRDV 

KTIAKVTDDIGRRQTFNTAINA I4MNKLAKAPTDGEQDRALMQE 

ALLAVV\JRMLNPFTPHTCFTLWQELKGEGDIDNAPWP D EKAMVEDS 
TVVV7 QVNKVRAKITnVPVDATEEQVRERAGQEHLVAKYLDGV TTVRK 

VIY I VPGK LLNLViGGPV 

5 V9 MEEQYPEE TESK"Q HWDM KRTFEVTEDESKEKYYC SISPYPSGR 
Li'HMGHVRNY'T IGDVIARYQRML GKNVLQP IT WDAFGL PAEGA.AVKNN 

TAPAPWTYDNIAYMKNQLKMJFGYDvWSRELATCTPEYYR'WQKFFT 
ELYKKGLVYKKT SiAV'NWCPNDQTVLANEQVIDGCCWRCDTKVERKEI 

PQWFIKITAYADEL LND LDKLDHWPDTKTMQRNWIGRSEGV TT 

VNDTYDTP MTVNTLTY V PQKAAENNPELAAFI 
DECNTKAEAEMATMEKGVDTGFGAEHPLTGEIPVWAAN-ITF LMVIE 

YGTAVMVPG DQRDYEFASKGLNIKPVA ADGSEPDLsQQAL T 
K`VLNS G FIN GLD'EA-' AI ADKTMG"VGERKVNYRLPDWlVS 

RQ'YWGAP1 -'IPMVTLEDG'VPPDDQ TPLPV iEDVVMDGITSP KAD 
PKWAKTTVNGMPALRETDTFDTFMESSW7IYARYTCPQYKEGMLDSEA 

ANYWLPVDIAIG l E HA IMGLPL YFR FFHKLMRDAGMVNSDEPAKOLL 
COGM1VL.ADAFYYVGENGTERNWS PVDA VERDEKGR IVKAKDAAGHE 
LVYTPMSKMSKSKNNGIDPQVMVERYGATVRLFMM14FASPADMTLEW 
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QESGVEGANRFLKRVWKLVYEHTAKGDVAALNVDALTENQKALRRDV 
HKTIAKVTDDIGRRQTFNTAIAAIMELMNKLAKAPTDGEQDRALMQE 
ALLAVVRMLNPFTPHICFTLWQELKGEGDIDNAPWPVADEKAMVEDS 
TLVVVQVNGKVRAKITVPVDATEEQVRERAGQEHLVAKYLDGVTVRK 
VIYVPGKLLNLVVGGPV 
(SEQ ID NO: 5) 

6 VIO MEEQYRPEEIESKVQLHfWDVKRTFEVTEDESKEKYYCLSISPYPSGR 
LHMGHVRNYT I GDVIARYQRML GKNVLQP 1 G)DAFGLPAEGAYVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 

ELYKKGLVYKKTSAVNWCPNDQTVLANEQVIDGCCWRCDTKVERKEI 
PQWFIKITAYADELLNDLDKLDHWPDTVKTMQRNWIGRSEGVEITFN 
VNDYDNTLTVYTTRPDAFMGCTYLAAAGHPLAQKAAENNPELAAFI 

DECRNTKVAEAEMATMEKKGVDTGFKAVHPLTGEEPVWAYNFVLME 
YGTGYVMA4YVPHDQRDYEFISKYGLNIKPVILAAGSEPDLSQQALT 
EKGVLFNSGEFNGLDHEAAFNAIADKLTAMGVGERKVNYRLRDWGVS 

RQRYWGAPIPMVTLEDGTVMPTPDDQLPVILPEDVVMDGITSPIKAD 
PEWATTVNGMPALRETDTFDTFMESSWIYARYTCPQYKEGMLDSEA 
ANYWLPVDIAIGGIEHAIMGLLYFRFFHKLMRDAGMVNSDEPAKQLL 
CQGMVLADAFYYVGENGERNWVSPVDAIVERDEKGRIVKAKDAAGHE 
LVYTGMSIKMSKSKNNGIDPQVMVERYGADT)'IVMPLFMMFASPADMTLEW 

QESGVEGANRFLKRVWKLVYEHTAKGDVAALNVDALTENQKALRRDV 
HKTIAKVTDDIGRRQTFNTAIAAIMELMLAKAPTDGEQDRALMQE 
ALLAVVRMLNPFTPHICFTLWQELKGEGDIDNAPWPVADEKAMVEDS 
TLVTQVNGKVRAKITVPVDATEEQVRERAGQEHLVAKYLDGVTVRK 
VIYVPGKLLNLVVGGPV 

(SEQ ID NO: 6) 

7 V26 MEEQYRPEEIESKVQLHWDKKRTFEVTEDESKEKYYCLSIVPYPSGR 
LHMGHVRNYTIGDVIARYQRMLGKNVLQPIGWDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 
ELYKKGLVYKKTSAVNWCPNL)QTVLAYNEQVIDGCCW'RCDTKVERKEI 
PQWFIKITAYADELLNDLDKLDHWPDTVKTMQRNWIGRSEGVEITFN 
VNDYDNTLTVYTTRPDAFMCTYLAVAAGHPLAQKAAENNPELAAFI 

DECRNTKVAEAEMATMEKKGVDTGFKAVHPLTGEEIPVWAANFVLME 
YGTGAVMAVPGHDQRDYEFASKYGLNIKPVILAADGSEPDLSQQALT 
EKGVLFNSGEFNGLDHEAAFNAIADKLTAMGVGERKVNYRLRDWGVS 
RQRYWGAPIPMVTLEDGTVMPTPDDQLPVILPEDVVMDGITSPIKAD 
PEWAKTTVNGMPALRETDTFDTFMESSWITARYTCPQYKEGMLDSEA 
ANYWLPVDIAIGGIEHAIMGLLYFRFFHKLMRDAGMVNSDEPAKQLL 
CQGMVLADAFYYVGENGERNWVSPVDAIVERDEKGRIVKAKDAAGHE 
LVYTGMMSMSKSKNNGIDPQVMVERYGADTVRLFMMFASPADMTLEW 
QESGVEGANRFLKRVWKLVYEHTAKGDVAALNVDALTENQKALRRDV 
HKTIAKVTDDIGRRQTFNTAIAAIMELMNKLAKAPTDGEQDRALMQE 

ALLAVVRMLNPFTPHICFTLWQELKGEGDDNAPWP-VA/DEKAM\i4VEDS 
TLVVVQVNGKVRAKITVPVDATEEQVRERAGQEHLVAKYLDGVTVRK 
VIYVPGKLLNLVVGGPV 
(SEQ ID NO: 7) 

8 V29 MEEQYRPEEIESKVQLHWDKKRTFEVTEDESKEKYYCLSIAPYPSGR 
LHMGHVRNYITIGDVIARYQRMLGKNVLQPIGWDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQLKMLGFGYDWSRELATCTPEYYRWEQKFFT 
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ELYKKGLVYKKTSAVNWCPNDQTVL.ANEEVEDGCWRCDTKVERKEI 
PQW-FIKITAYADFELLNDL'DKLD,' HWPD'TTV"KTMQRNWIGR--SEGVETFTN 

VNDYDNTLT"Y T PPDAMAGCTYLAVAAGHPLAQKAAFNNPFLAAI 
DERNTK A TM' *"1 EVETOFKAVHPL TGEEPVWiAANFVLME 

YETGAVMIAVPGDQRDYEFASKYGLNIKPVILAADGSEPDLSQQA T 

EKGVLFINSEFNGLDEAAFlNAIADKLTAMGVGERKVNYRLRDWVS 

RQRYWGAPIPMVTLEDGTVMPTPDDQLPV IPEDVPMDGITSPEAD 

PEWAKTTVNAGMPALRFTDTFDTFESSWIYARYTCPQYKEGMLDSEA 
ANYWLPVEIATIGGIEIA'MGLTYERFFHEKLMRD- AJMVNSDEPAKQLL 

CQGMAVLADAFYYVEN 
GERNWVSPVDATVERDEKGR'IN'KAEEAAGELVY'TGMAKMSSKNEE 

iDPQV(MVERYGAD'TVRLFMMFASPADTLEWQESGVEEGARFLKRVW 
L T KEVAALNVALTENQKA.LRRDVHKTTIAKVTDDIGRRQT 

FNAI.AAMFLMNKLAKAPTDGEQDEALIMQEALLAVVERMLNPFTPHI 
TLWQELKGEGDNAPW\T PVADEKAMVEESTLVWVOVEQKVRAKIT 

VPVDATFEQIREEAEQEHLVAKYLDEVTVRK 

VIYVPGK LLVVGGPV 

(SEQ NO: 8) 

9 V48 MEEQYRPEEiESKVQLHWDkKRTFEVTEESKEKYYELSISPYPSGR 
LDHMGHVRNY T I GDVIARYQRML GKNVL QEP I GWDAFG L PAE GAVKNN 
TAPAPWTYDNIAYMKNQLKMILGFGYEWSRELATCTEYYRWEQKFFT 
ELYKKGLVYMKTAVNWPNQTVLAEQVIDGEWRDTEVERKEFI 

PQWFIKITAYA DELNDDKLDHWTTKTMQRNWIGRSEGETFN 
VNDYDNTLTTYT TPDATMGCTYTAVAAGPLAQKAAENPELAAFI 

DERETEVAEAEMA7TMEKKGVDTGlFKAVHELT04FFPVWAANFVLE 
YGTGAVMIAVPGDQRDE F"ASKYGLEIKVILAGSEPELSQQA'T 

EKGVLFNSEFNGLEAAFN IADL T AMGVGERKVNYRLRDWGVS 

RQRYWGAPIPMVTLEDG TVMPTPDEDQLEVILPEDVVMDGITSP1KAD 

PEWAKT TVNGMPALRETDTFiDTFMESSWAARYTCPQYKEGMLDSEA 

ANYWLEVEDIIGGEAiIMGLLYFRFFHKLMRDY~AMVNSDEPAKQL 
EQGMIVLAAFYYVGENGERNWVPVDAVERDEKGI' VKAiKDAA.GEE 
LVYTGMSMSKSKNNGIDP QVM/VERV'GAD\T'VPLMNlFASPADMTLEW 
QESGVEGAR'FKRVWKLVYEHTAKG DVAANDAL,T- -'LENQKALPRRVH-I 
KT T AKVTDD ̀IGRQTFNTAIAMELMNKAKAPTDGEQDRALMQEA 
LLAfVVERM'N'PF"T"HICFTI,LWJQELKGEGDIDAPWPVADEKAMVEDST 
LiVVVQ'vNG KVRAKITVDATEQVRERAGQEHLVAKYLDGVTVRKV 

YPGK LLjVGGPV 

(SEQ TID NO: 9) 

10 V50 MEEQYRPEESKVHWDkKRTFEVTEDESKEKYYTLSISPYPSGR 
LHMGHVRNYT I GDVIA.RYOMLGKNVLQ'EIEWDAFEL PAEGAAVKNN 
T APAPWTY'\TNIAYMKNQTMLGFGYDWSRELATCTPEYYRWEQKFFT 

EEKLVYKA V NWC4QPNDQTVLANEQVIDGCWRCDTKVEKEI 
PQWFIKITAADLND LLDHWPTVTMAQRNWIGRSEGVE'rITFN 
VNDYDNTLTVY"'TRP.DAFMGCTYLAV AHPLAAAENELAAFI 

DERNTKVAEAEMATMEKKGVDTGFKAVHPLTGEEFVWAANFVLME 
YGTGEkAAVPGHDQRDYEFPASKYELETKPVTLAADGSFEPDLSQQALT 

EKGVLNSGEF FEAFNAIADKLTAMGVGERKVNYRLRDWEVS 

RERYWGAPIPMVTL:E'T M'I'EEPPDQLPViLPEEVVDGTITSPkIAD 
PEWAKTTVNGMPALRETDTFDESSWHYARYTCPQYKNEMLDSEA 
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ANYWLPVDIATCGGIAIMGLLYFRFFHKLMRDAGMVNSDEPAKQLL 
CQGMVLADA'YY'VGENFGERNWSPVDAiVERDEKGRIVKAKDAAGUE 
LVYTOHSKMSIKKNGIDPQVMVERYGADTVRLEMM1FASPADMTLEW 

QESGVEGAR K' VWKLVYE TAKGDVAALN VDALTENQKALRRDV 
UKTIAKVTDDIGPQTFNTAIAAIELMNLAKAPTDGEQDRALMQE 
ALLAVVRMLN ifTPH T IDFTLEK DAPWPVADEKAMVEDS 
TLVVVQVNGKVAAKITVPVDATJEEQVR'ERAGQELVAKYLDGVTVRK 
VTYVPGKLLNIVGGPV 

----------------- (SE Q ID N O : 1 0 ) 

11 V54 MEEQYRPEE TESKQLHWDkK<T FE TEDESKEKYYCLSISPYPSGR 
LHMGHVRNYTCIGD'VIARYQRML GKNQPTT 7*I WD.A.FGLPAEGAAVKNN 

TAPAPWTYDJNIAYMKNQKMIQ'JLGFGYDWSRELAzTCTPEYYRWEQKFFT 
ELYKKGLVYKKT_ SAVNWCPNDQ TVLANE QV IDPGCC'WRCDKLUVERKEI 

PQWFIKITA YADELLDLDLDWPDTVKTMQIG ERSEGVET 
VNDYDNTTLTV YTTRPDAFMGCTYLAVAAGhLAKAAENNPELAAFI 

DECRNTKVAEAEMTME.KKGVDTGFKAVHPTEE PVWAANFVLME 
YCTGAVMJAPG DQ'RDYEFASKYGLNIKPVI'ADGSEPDLSOQALT 

EKGVLFNSGFNGLDEAAFNAADKTAMVERVYRLRDWGVS 
RQRYWGAPIPMVLEDGTVMPTPDDQLPVILPEDVVMDGITSPIAD 
PEWAKTTVNGMPALRETlD TFFESSW1IYAR"TICPQYKEGMLDSEA 

ANYWLPVDIIIGGIElA MGL YFRFFKLM DAGMiIIKVNSDEPAKQLL 

LVYTOMSKSKSKNNGIDPQVMlVERYADTVRLN1MFFA.SPADMTLEW 

QESGVEGANRFLU-IKVWKLVF ETAKGDVAA.LNVDALTENQKA.LRRDV 
UKTIAKVTDDIGRR)QTFNTAIAAYIMELMJNKLAKAPTDGEQDPAYLMQE 
ALLAVVRMLNPFPHCT L WELUCECDIDNAPWPVADEKVEDS 

TVVVQ)VNGKVR~"AK'ITVPDAT'EEQVREPAQEH 1LVAKYLDGVTVRK 

VI YVPGK LINLVVGGPV 
__ _ _1_D(SEQ ID N.: 11) 

12 V55 MEE'QYRPEEESKVQHIWDKKRTF EVTED7-ESKEKY'YCLSI1SPY PSGR 
L HMGHVRNY T IVIARYQRML GKNVL'QP LIGWDFG LPAEC GMKNN 

TAPAP -WTY,-DNIAYMKNQ-'LKM, NLGFGC'YDWSRELATCTPE.- ,YY-RWEQKFF-,-T 
EYKKGLVYKKTSzA.VNWCPNDQTVL.ANE0QVIDGCCWRCDTKVFRKEI 

PQIK ITAADEL N IDLDHWPDVKTMQRNWGRSEGEI T N 
VN-DYDSNLTVY TRPD"AFMGC f TYAAGPQKP ELAAFI 

DhECRNTKVAEAEMATML~EKGDPTGFKA'~VHPLTGEEIPVWJAANFVLME 
YGTGCAVM'AVPG1-D)RDYEFASKYGiLNKPILAADGSEPD -L-QQATT 

EKGLFSGENGDAAFAIDKT'AMG-VGERKV ,NYRL",RDWGVS 

FRQRYWPIPMVTLEDGTVMPTDDQLPVLPEDVVMD PTUSKAD 
PEWIA.KT TVNGMPALRETDTFDT FMESSWIYV'ARYTCPQVKEGMLDSEA 
AHYWLPVDIVIGGIEHAIMGLLYFRFFKLMRA G-' MVNSDEPAKQLL 
CQGMVLADAFYYVGENGERNWVSPVDAIVERDEK.GRIVKK\DAAI-G1E 

LVYTGMSKM145SSKNNIDPQ)VMVERYGADTVR'FL'FMMFASPADMTLEW 

Q)ESGVEGANRFLRVWK1LVYEUTAKGDVAALALTE JNKAKLRRDV 
HUTIAKVTDDIRRQFNT IAELMNK<LAKAPTDGEQDRALMQ'E 
AIL ,AVVRMLNPFTPHICFTLWQELKGEGDIDINAPWPVADEKAMFVEDS 
TLVVQVNGKVRAKITVPVDATEEQVRERAGQEULVAKYLDGVTVRK 
VIYVPGKLLHLVVGGPV 
(SEQ ID NO: 12) 
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13 V56 MEEQYRPEEIESKVQLHWDKKRTFEVTEDESKEKYYCLSISPYPSGR 
LHMGHVRNYI T DVIARYQRMLOGKNVL QPO WDAFGLPAEGAAVKNN 
TAPAPWTYDNIAYMKNQJLKGFGYDWSRELATCTPEYYRWEQKFFT 

ERKLVYKKTSAVNWCPNDQTVLANEQVID:CWRCDTRKVERKEI 

PQWFIKITAY'ADRELLDLDLDHWPDTVRTQRNWIGRSEGVETIN 
VNDYDNITLTVYTTRIPDAFMGCTYLAVAAGLQKAAENNPELAAEI 

DECRNTKVAEAEMATMEKKGVDOTGFKAHPLTGEEPVWAANFVLME 
YOTGAVMYAVPODQRDYEFASKYGLNIKPVI'AADGSEPDLSQQALT 
EKVLFNSGEFNGLDHEAAFNAIAD KL ,jJTAMGGERKVNYRLRDWGVS 

RQRYWGAPIPMVTLEDTVMJIPTPDDLPVL~'LbELDVVMDGTPIKAD 
PEWARTT'VNGMPALRETD T FIAESSWIYARYTCP-YKEGMLDSEA 
ANyPVDIIIG GEAIMG LL YFRFFHKLMRDAGMVSDEPAKQLL 

CQGMVLADAIFYV GENGERNWTSPVDAIVERDEKGRITTKAKDAAGHE 
LVYTGMSKMTSKSKNNGIDP QVERYGADTVRLAEMFASPAMTLEW 
QESGVEGANR F:K VWK'LVYETAKGDVAALNVDALTENQKALRRDV 

KTIAKVTDDIGRPmQTFNTAIAAMEL1MINKLAKAPTDGEQDPALMQE 
ALLAVVRML1NPTPIC ITWQELRGECDIDNAPWPVDEKAMVEDS 
TLVVVQVNGKVRAKI'TVPDTEQVREAQEHLVA'KYLDGVT'VRK 

VIYVPGKLLINLVVGGPV 
(SEQ ID NO: 13) 

14 MX EQYRPEEIESKVQLHVDXRKRTFEVTEDESKEKYYCT SX40XzP 

YDSGRLHMGHVRNYTIGDVIARYQRMLGKNVLQPIGWDAFGLPAEGA 

QKFFTELYKKGLVYKKTSAVNWCPQTVLANEQVIDGCCWRCDTKV 

ERKEIPQWFIKITAYADELLNDLDKL'''WPTVKTMQl/RNWIGRSEGV 
EITFNNDYDNTLTVYTTRPDX252FMCTYA~AGHPLAKAAENN 

PELAAFIDECRNTKVAEEM1ATPMEKKGVDTGFn-KAVPLTCEEIPVWA 
ANFVLMEYGTGOAVMAVPGHDQRDYEFASKYGLIKPVILAADGSEPD 

LSQQALTE'JKGVMLENGEEFNOLDHAAFAIADLTAMVERKVENYR 
LRIDWVSRQRYVGA-Z-PPVTLEDGTVM'PTPDDQLPVIVT '7Mlj TDGI 
TSPT KADPEWAKTTVNGPCALRETDFDTFM.ESSWX4 9YARYTCPQY 

KEGMLDSEMjNY i'"WLPDIX 2 7 IGGIEHAIJXs3 7 LLYFRFFH\LMRDA 
GO''NSDEPAQ'.LCQGMVLADAF'YVG'ENGERNWVSPVDAIVERDEK 

GR:TVKAIKDAAGE LVYTGMSKMJS K S-NNG1IDPQVIMVERYGAPTVRLF 
MMFASPADMITLdEWQEGVEGANRLKRLVYEHTAK GDAALNVD 

ALTEQKALRRDVTIAKVTDDIGR QTFNTAIAAIME'iMNKLAKA 
PTDGEQDRALMQEALAVVRMLNPFTP TCFTLWQELKGEGDIDNAP 

WVADEKMVflEPSTLVVVQVNGKVRAK'T T PVDATEE REGQEH 
LVAKY.DGVTVRKVIYVPGKLLNLVVOGPV 

wherein X 2 is Q or E, 20 S E, K, V or M, 740 is 
M4, ,or V, X s S, V, or A, X252 is T, A, 

or- R, X499 iS Y, A, I, H, 0or S , X,52 iS Y, A, I, 
L, or V, and X,37 is or G 

SEQ D NO: 14) 
15 MEEQYRPEETE SKVL HWDX2iK'TEVTEDESKE<YYCLSIXPYP 

SI.LHMGHVRNYTIGDVIARYQRMLGKN7LQPIWDAFGLPAEGAAV 
KNNTAPAPWTYDNIAYMKNQLKMILGFGYDWSRELATCTPEYYRWEQK 

FFTELYKKGLVYKKTSAVNWCPNDQTVLANEQVIDGCCWRCDTKVER 
KEIPQWFIKITAYADELLNDLDLDHWPDTVKTMQRNWIGRSEGVEI 
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TFNvNDYDNTTVYTRTRPDAFGCTYLAVAAGHPLAQKAAENNPELA 
A.FDECRNT'KVATzE.AEM. ATMEKKGV\DTG.KAVL_ *TGEEIPVWAANF11V 

LMEYG1TGAVMAVPGSDRDYE F GNiKPViLA PLS 
ALTEKGVLF NSGEFNGLDHEAAFNIT 1ADKL TTAMGVGERKVNYRLRDW 

GVSRQRYWGAP P MVLEDGTVMPTPDDQL.PVILPEDVVMDGITSPI 
KADEA TIVGPA ET D DT M SXYARY T CPQYKE G_'M 

LDSEAANYWLPVDIXr21GGIEHAIMGLLYFRFFHKLMRDAGMVNSD 

PAKQLLCQGMVLADAFYYVFGNGERNWVSPVDAIVERDEKGRIVKA 

KDAAIGHELVYTGMSMSKSKNNi\I)PQOMVERYGADTVRLFMMFASP 

ADMTLEWQESGVEGANRFLKRVWKLVYETAKGDVAALINVDALTENQ 

KALPRDV 1KT IAKVTD LIGRQTNTAIAAIMELNKLAKAPTDGEQ 

DRALMQ'C'EALLAVVJRMLNPFTPHICFITL ;3QELKEGDIDNAPWPVADE 
KAMVEDS IVTVVNGKVRAKITVPVDATFEEQV-<FRAGQEHLVAKYL 

DVTVTIYVPGKLLNLVVGGPV 

where ei n X20 is K, V or M, X is S, V, or A, Xo99 

s A, I, or H, and X727 is A, I, or V 
(SEQ 11D NO: 15) 

16 Leu- GCCCGGATGGTGGAATC GGTAGACACAA.GDGGAT Tc taAATCCCTCG 

tRNA wtC AGGCGTGTGCGGGTTCAAGTDCGCTCG 

UA (SEQ ID NO: 16) 

17 Leu- GCCCGGATGGTGGAATCGGTAGACA.CAAGGGATtcaAAIT'CCT'C 
tRNA.wtU GTITrGCGTGTCG0GGTCAGTCCCGC TCCGG.tA 

CA (SEQ ID NO: 17) 

18 Leu- GCCCGGATGGTGGTCGTAGACACAAGGATTttaATCCCTCGG 

tRNA.wtU C' T CG'CGT GTGCGGGTTCAAGTCCCGCTrCCGtA 
UA (SEQ ID NO: 18) 

19 Leu- GCCCGGATGTGGAATGTAACACAAGGGACTcaAATCCCTCGG 

tRNA.hlC C,GGGTTGCTTCAAGTCCCGCTCGoA 

UA (SEQ ID NO: 19) 

20 Leu- GCCCGGGT GAATCGGTAGACACAAGGGAC"tcaAATCCCTCGG 

tRNA.hlU C1 TCCGCTGGGTTAATCDTCGcA 
CA (SEQ ID NO: 20) 

21 Leu- G CCCGGATGGTGGAATCGTAGACACAA GGAC ttaAATCCCTCGG 

tRNA hIU GGGA 

UA (SEQ ID NO: 21) 

22 Leu- GDC'CGGA GGT GGAA T'AG ACACAAGGGATctaAATC CG 

tRNAAtC CGTT GCG"CTGGCGTTCAATCCCGCCCGGtACCA 
UA eca (SEQ TD NO: 22 

23 Leu- lCGATGGTGGAATCGGTAGACACAAGGAT'tcaAATCCCTCGG 

tRNA.wtU CGTTCGCGCTGTGCGGTTCAAGTCCCGCT"CGGtACCA 

CA cea (SEQ ID NO: 23) 

24 Leu- CCGGATGTGAATCGGTAGACCAAGGATTtaATCCCTCGG 

tRNA.wtU CTTCGC'GCTGTGCGGGTTCAAGTCCCGCTCCGGtACCA 
UA cca (SEQ ID NO: 24) 

25 Leu- GpCCGAGGTDDATCG GTAACAAAGGGAC'taARTCC0'CGG 

tRNA.hiC CGTCCGCTGTGCGGGTTCAAGTCCCGCTC RACA 

UA cca SEQ D NO: 25) 

26 Leu- GCCCGGATGTGGAAT'G mAGACAC-AGGGAC tcaAATCCCTCGG 

GTTG -Gj TGTGCGGGT TCAAGTACGTCCcA 
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tRNA.hlU (SEQ ID NO: 26) 
CA cca 

27 Leu- GCCCGGATGGTGGAATCGGTAAAAGAC'C/JAAGACl\CTttaAATCCCTCGCG 
tRNA hIU CGT1GrGTGGT TAT GTC cC 

UA cea (SEQ ID NO: 27) 
28 Lu CCCG G AT GGT GGATGGIT'AGACA.CAAGGG,-,AC,,.,nn,,nAATCCTG 
tRNA.003. CGTTGCGCTGTGCGGGTAGTCCCGCTCGGGCACCA 
3() wherein nnn is CTA, TCA, or TTA 

ElD(SE DNO: 28) 
29 Leu- G GGCGTGTGGTGGoATCGGTAGACACAAGGGATrnninnAATCCCTCGG 

tRNA.003. CGTTCGCGCTGTGCGGGTTCAA\GTCCCGCCGCCCACCA 
31 wherein nn is CTA, TCA, or TTA 

(SEQ ID N: 29) 

30 Leu- GGGCGCGTGGTGGAATCGGTAGACACAAGGGAT nnAATCCCTCGG 

tRNA003 CGTGGCTTGCGGGTTCAAGTCCCGCC CCACCA 

32 where n nnn is CTA, TCA, or TTA 
(SEQ ID NO: 30) 

31 Leu- GCTGTG GGATCTAGACCAAGGATTnnATC CCOGG 

tRNA.003 CGT C GC G TCGGGTTCAAGTCCGC.CATGC5CCACCA 

33 where n nnn is CTA, TCA, or TTA 

(SEQ D N r 3) 
32 Leu- G G GCACGjTGGTGGAATCG GAGACACAAGGG'ATTnnnAA TCCTCGG 

tRNA.003T CGTTC GIT CCGTTCAAGTCOGCTCCr.CACCA 
34 wen nnn CTA, TCA, or TTA 

(SE ._Q ID NO: 32) 
3 Leu- G0G GG GTGGTGGACGGTAGACACAAGGGATTnnnAATCCTC 

tRNA.003. CGTTCCCTGTGCGTTCAAGTCCCGCCCCCACCA 
35 wherein nn-n is CTA, TCA, or TTA 

(SEQ ID NO: 33) 
34 Leu- 0GGTGAGACACAAGGGATnA T 

tRNA.003. CGTTCGCGCTGTGCGGTTCAAGTCCCCGCCGTCCCCACCA 
36 wherein non is CTA, TCA, or TTA 

(SEQ TD NO: 34) 
35 Leu- GGGGAT ;GT TGTGAAT7rC'TA.GACACAAGGGCAT''nnnAA.CCCG 

tRNA.003. CGTTCGC-GTGTGCGGTGTTCAAGTCCGCCGTCCCCACCA 
37 wherein nnn iS CTA, TCA, or TTA 

(SEQ TD NO: 35) 

36 Leu- GGACGTGGGAACGGTGACAAAGGTrnnnATCCCTCGG 
tRNA.003. CGTCGGCGGGCGGGT. TCAAGTCCCGTC CCCACCA 

38 wherein non is CTA, TCA, or TTA 
(SEQ ID NO: 36) 

37 Leu- GCCCGTATGGTGGAATCGGTAGACACAAGGGAT nnnAAT-CCTGG 
tRNA003 CGTTCGCGCTGTGCGGGTTCAAGTCCCGTGCGGCACCA 
39 where n nnn is CTA, TCA, or TTA 

(SEQ ID NO: 37) 

38 Leu- GGGTTGTGG AATCGGT AGACACAAGGGATTnn.ATCCCTCGG 
tRNA.003. CTGTCGCCTGTGCGGGTTCA0GTCCCGCCTATCCCACCA 
40 where'i nnn is CTA, TCA, or TTA 

(SEQ ID NO: 38) 
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39 Leu- GOGCAT G T GG T GGAAT CGG TAGACACAAGGGA T TnnnAA- CCC CGG 

tRNA.003. CIGTTCGOCGCTGOTGGGTTCAAGTCCCGCCGTGCCCACCA 
41 wherein nnn is CTA, TCA, or TTA 

(SEQ ID NO: 39) 

40 Leu- GGCAGATGGTGGAATCGGTAGAACAAGGGATnnnAATCCTCGG 
tRNA003 CGTTCGCGCTGTGCGGGTTCAAGTCCCGCTCTGC00CACCA 
42 wherein nnn is CTA, TCA, or TT 

(S-'Q TD NO: 40) 

41 Leu- GGCGTA GATCGGTA GA CA CAA GGATTnnA - TCC GG 

tRNA.003. C G G G GCC''-A 

43 wherein nnn is CTA, TCA, or TTA 

_____ -1-D (S D N 0: 41 

67 Leu- GG rCGTGGTGGAATCGGTAGACATCAG GTi TnnnAATnCC-TCGGC 

tRNA003 c G GTT-G(GTGTCG TT CAAGCCG CCTGACCA 
44 where i nnnM iS CTA, TCA, or TTA 

(SEQ DN: 67) 

42 Leu- GCACY'C A'T GG T.GGAAG1pWGAACA TCAA GGGATnnATCCC 

tRNA.003. C GTCAAG CCCG 

45 wherein nn n is CTA, TCA, or TTA 

(SET-Q ID N.O: 4-- j-2) 

43 E. co/i MTKJPIVF SAQLSlGE M T TG1MGLRQVNMQDY TIY CIVDQHAI 

TrpRS.wt T1R QDJAQKLRTL'LALYLACGIDEKS TF'VQSHVPEHAQLGWA 
LNCYTYFGELSRM.TQFKDKSARYAENINAGLFDYPVLMAADILLYQT 
NLVPV GEDOKQHLELSRDIAQRFNALYGEIFKVPEPFIPKSGAR VMS 
LLEPTKIKISKSDDNRNNVIGLLEDPKSVVKIKRAVITDSDEPPVVRY 
DVQNKAGVSNLLDILATG0 IQPEL.EKQFEGKMYGHLKGEVADAVS 
MLTEQ' RHRFRNDEALQQVMKDGAEKASAHARTPLKYEAIGT 

FVAKP) 

(S JEQ I D NO: 4 3 1) 
44 TrpRSh4 MTKPIVyFAGAQPSGELT'TIGNYMG'ALRQWVVMQDDYH Y C IVD QHAI 

<VQD -l l'AQK LRA TLTALYL ACIDPENKI FVQSHVPEHAQ'WA 
LNITF RT QF'KDKSAR-YAENINAGLIFDyPVLMAADLL -1_ T YQT 

NLG-PCGFDOQLELSRDIARFNALYGE FKVPFPF T PKSGAR'VMS 
LLEPTMSKDDNRNNVTIEDPNSVVKTKA:VITDSFEPPVV-RY 

DVQTNKAGVSNLLDILSAVTGQSIPELEKQFEGKMLYGHLKGEVADAVS 
GMLELQERYHRFRNDEAFLQQVMKDGAEKASAHASRLKAVYEAIC 
FVANP 

___ __ _ (SEQ ID NO: 44) 

45 TrpRS.hl3 MTKPIVFAGAQPSGETIGNYMLRQVINQDDYHCIYCIVDQHAI 
TVRQD)AQKLRKTILDTLALYLACIDPEKWTIFDVQSHVPEHAQLCWA 
LNCY TYFGELSRMTQFKDKSARYAENINAGL I FDyPVLMAADLTTYQT 
NLAPAGEDOKQHLELSRDIAQRFN AL YGEFKVPFPFIPSSGARVIMS 
LiEPTKKMSKSDDNRNNVIGLLEPKSVV KKAVTDSDEPPVVRY 

DVQ\TNKAGVSNLLDILSAVTGQSIPD EKQEGMYGHLKGEVADAVS 
ONETEL.QE'YHRFRNDEAFLQQVMKDGAEKASAHASRTLKAVYEAIC 

FVANP 
(SEQ ID NO: 45) 

46 TrpRS.h9 MTKPIVFAGAQPSGELTINYMGALROWV 
TVRQDAQKLRKTILDILALYLAOGIDPEK1TIFVQSHVPEHAQLGCWA 
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LNCYTYFGELSRMTQFKDKSARYAENINAGLFDYPVLM4AADILLYQT 
NiLSPAGEDOKQLELSRDIAROFNALYGEIFKVPEPFIPSGARVMS 
LLEPTKKM3SKSDDNRNNVIGLLEDPKSVVKKIKRAVTDSDEPPVVRY 
1VQNKAGVSNLLDILVTGS IPELEK)QFEGKMYGHLKGEVADAVS 

GML T ELEY lRFRNDEAFLQQVMKDGAEKASAHASRTLKAVYEAIG 
FiV AKP) 

(SEQ `D NO: 46) 

47 TrpRShlO MTKPI VFAGAQP SGELTGNYMGALRQW1VNT:'M Q D Y lCIYCIVD QHA I 
TPV"R 'DA.QLRKTL.DTALY LACIDPEKS TIF VQcSHVPEHAQLWA 
LNCYTYFGELS'RM'TQFKDKSARYAENINAGLFDYPV/LMAADIL IYQT 
NLGPAGEDQFTKQLELSRDIAORFNALYGE FKVPEPFIPKSGARVMS 
L EPTKKMSKSDDNRNNVIGL EDPKSVVKKIK7VTDSDEPPVVRY 

VQNKAGVSNLLD`L-LATGQSIPELEKFEGKMYGHLKGEVADAVS 
MLTELQEPH-LRFRNDEAFlVKDGAEKASAHASRI'LKAVYEAIc 

FVAKP 
(SE_ _ Q ID NO: 47) 

48 E coli Tp AGGGGCGTAGT TCAATOTGGTGAGCACCGTCTcoaAACCGGGTGT 

tRNA TGCAGTTCiGAGTCTCTCCCCCCTGC.CA 
( IQ ID NO: 48) 

49 Trp- AGGGCGTAGTTC.AATTOGTAGAGCACCGGTCTctaAAACCGGGTGT 
tRNACUA T GGGAGTTCAGTCTCTCCGCCCCTCCA 

(SEQ D OD 49) 

50 Trp- AGCGTAGTTCAATTGGTAGAGCACCGGTCTtcaAAACCGGGTGT 
tRNAUCA TGCCAGTTCEGAGTCTCTCCCCCCTGCCA 

(SE' Q TD NO: 50) 

51 Trp- AGGGGCT ' TCTCTAATTGGTACAGCACCCCTCTttaAAACCGGGTCT 
tRNAUUA TGGGAGTTCGAGTCTCTCCCCCTGCCA 

EE (SEQ 1D NO: 5 1 

52 Trp- TGGGGTATC'CGCCAA'CCGTAAGGCACCGGATTCnnnTTCCGGCATTC 

tRNA.001 CGOAG G1TCGAATCTCGTAOCCCCACC- A 

4 wherein nnn IS CTA, TCA, or TTA 
(EID NO1: 52 ) 

53 Trp- AGTACTCAGCGGTAAAGCACCGGACTnnAAACCGGCAGT 

tRNA.001. CCGAAGTTr.CGAATC CCCCACCCCACCCA 

5 whereill nnn 1s CTA, TCA, or T'.A 

(SEQ ID NO: 53) 

54 . coli ATGCAGGAACA.CTATCGC CC GGAACAA\AT TGAAAGCAAAGTGCAGCT 

LeuRS G CAT 'OT GGGA IT' GAAAACGACC TTTGAAG T ACCGAAGAT GAAAGCA 
AAGAAAAATATTTGCCTGAGCATGCTGCCGTATCCGAGCGGCCC 
CTGCATATGGGCCATGTG GCAACTATACCATTGGCGATGTGATTGC 

GCTATCAGGTAGGGCAAACTCTGCAGOCCGATTGGCT 
GGGAT GCG T TT GC C 0 C0CG`CCGCGAAGGrG CGG TGAAAACAAC 

0AC GCCCGCGCC TCC T'AT GATAATT GCG TATAT CAAAA 
C1CAG-A G3C GGGC T TTGCC TATI AGT T'GAGCCCGAACTGG 
CGAC-T GCACCCCGGAATAT TA T CGCT GGGAACAGAAA T T T T T TACC 
GAAC T G TATAAAAAAGGCC T GG T G TA TAAAAAAACCAGCGCGG T GAA 
CTGTGCCCGAACGATrAGACCGTGCTGGCGAACGAACAGGTGATTG 
AT GG C T G- T GGC"GCT GCGATACCANAG T G GAACCAAGAIAT T 
CCG'CAGTOTTTATTAAATTAC.CCTATCGATGACTCTGAA 
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CGATCTGGATAAAC TGGATCATTGGCCGGATACCGTGAAAACCATGC 
A GCGCAACT GGA T-T GCCGCAGC-GAAG-GCG TGGAAA T TACC-T T AAC( 

GT GAACG1AT TAT GATAACACCC T GACCG T G TATACACCOC C CGGA 
TACCTTTATGGCGCACCTATCTGCGGTGGCGGCGGGCCATCuCG 
TC GCCAGGGGCCGGA AACAACCCGGACT GGGGC T T TAT T 
GATGAATGCCGCAA(ACCAAAGQ(TGGCG--GAAGCCGAAATGGCGCACCAT 
GCAAAAAAAG-GGTGGA TACCGG T AAAGCGG T GCAT CCGCTGA 

SCCGGAAGAAAT T CCGG'TGTGGGCGCGAACT TGTG GC T GA TGGAA 
TATGGCACCGG C GAG T GGTGATCGGC CCGqYC/AT CAGCGCGA 
T-ATGrAATTTICIA \ATATGCCTCATTAAACCGGTGATTC 
TGGCGGCGCGAT GCA'GCGAyC C TGAGCCAGCAGGCGC T GACCT 

GAAAAAGCG T G C""T G T T ' TAAAGCCAAT TTAACGCCTGGA TCA 

T GAAGCCGGCGT(T AACCGCGT TCGGATAAACT GACCGCAGGCGC 
GGGCGAACAGTGCTATCGCCTCGTTGGCTGAC 

CGCCAGCGC TTGGGCCGGAT T CCGATGGTGACCCTAAGA 
TGGCACCGTGTGCCGA C A ACCTGCCGTGATTCTGC 
CGGAAGATCTGTGAAGCA TACCA 'CCCCGATTACGGATC 

CCGGAAT GGCGACCCGI/ACC CT GAAGGCAT GCCGCCT GCA 

AACCGATACCTTTGAA'CCTTTGGAAGCAG~CGTATTATGCGC 
GCTATACC TGCCCGCAG TATAAGAGCA T'GC GATACGCAAGCG 
GCGAACTATTGCTGC'CG GCT'GAT TA TTGGCGCATTGAACA 

TGCGATTATGCATCTGCT''GTTTTCGCTTrTTCATAYAACTGATGC 

GCGAT GCGGGCAT GG T GACAGCGAT4 GAACCGCG'CAC T\(TCGC TG 

T- GC AGG-GATGT GT GGCGA GC T T T TATAT GT GCGr\ 

CGCGAACCTGGTGACCGTGGTG1GATTGTGGCCAAC 

ATGAC CCGCA T G T GAAG CAAAGTCCGG CATGAA 
C TGGYT G TATACCGGCA T AGCAAAT GAGACAAAACAACGG 
CATTGATCCGCAGGTGATGGTGGAACGCTAYTGGuCCGAACCGTGC 
GCCTGTTTATGTGTTTCGACCCGGKCGTATGACCTGATGG~ 

AGAAAGG' G C GAT.A'CT GAAGC GAA T T T C T GAACC T T'G 

GC G`CAT GGGTATAACTAG' C AT GT TA GGACC TGA.  
CG T' GAT G C T G TG ACA CGA-AT C G C -T GC CT G CT 

CTAACA '-GGAAGCT2ACCGATGTT TGCC CGCAAT 

CGAAGCG~\CCGA''CGA GGCGAACAGGA'T:CCG1CG 7GA AGA 

GCGK-'C TC C-T GGCTG CCAT C T AACC TAC~'"'CCCCG11i'CTA 

ACCCTGGTGGTGGTGCAGGTGAACGG'CAAAGCG'CGCGAAAA-JTTAC 
CGGCC- GG TCATCCGA G GCGC GACGCCGGCC 
AGGAACAT C TGTCGGCGAAATAT CTGGA TCGGCGT GACCGCTCGCAAA 

GCTGAT TTAT GT GCCGGCAATGC T GACC TGTGTGCGYGCCC~ 

SEQ ID NO: 54) 

55 LeuRS.v A TGGAA(ACAGTA T' CGCGAAATTA TCAPAGTGAGC T 
CAT TC G TAAAAAAGAC T TT GAAGT GACCCAAGAT GACGTCA 

UAAATATT T TG T G'CAGCAT TAGC;CC.GTAT CCGAGCGGC GC 
CTGCATATGGGCCATJTGA.CTATACCATTGCGATGTGAT CC 

CCCTATCAGCGCATGCTGGCAAAAACTGCTGCAGCCGATTCT 
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CGGA T GCG T T T G GCC T GCCGGCGGAAGGCGCCGC G T GAAACAA.C 
AC(CGCGCCG(G CCGACCTATGATAACATTGCGTATATGAzAAA 
CCAGC TGAAAT G CTGGC 'TT GC TATCAT TG GAGCCCGAAC T GG 
CGACC T GCA, C CG TAT TATCGC T GG ACAAAT T T T ACC 

GAAC TCGTATAAA1U'CAGCC T GTTATAAAAUAAACCACCG.CCGT GAA 
CTGGTGCCCGAA CGATCAGACCGTCTGGCGAACGAACAGGTGATTG 
ATG T GC T GC T GCGCC T GCGA TACCAAAG T GGAACGCAAAGAAAT T 
CCGCAG T GG T TTAT TAAAAT TACCGCG TAT GCGGAT GAAC T GC T GA 
CGATCTGGATAAACTGGATCATTGGCCGGATACCGGPCAAAACCATGC 
ACGCAACT GGATTOGGCCGCAGCGAAGCG T GGATTCCTTTA 

CGTGAACGATTATGATAACACCCTGCCGCTGTATAC.CCCGCCCGA 
T 7kGGT TTATGGGCITG CAC-T'AIT'TGG' GTGGGCGCACG 

T GGCOCAGAAAGCCGOGAAAAAAC-C'OGAAC T GGC'GGC'TT TA"T 
GATGAA.TGCGCAA.CACCAAAGTGGCGGAA.GCOGAAAT C-GACCAT 
GGA-AAAAACGGTGGATACCGGC T TAAAGCGGT GCT' CCGCTIGA 

COGOGC47TTCOGGTAG~'~ TACTTTGTGuT '\TG' _A\ 
T'ATGGCACCGG CGCGT GATGCGG T CCCCAT GATCAGCCrGA 

TTATGAATTTG C GAGCATT'GGCrCTG'ACAT -/l'_-ACCGGTCATT 

TG GCGG CGGA T GGCAGCGAACCGGATI'-c C T 'GA-G CAGGCGC T GACC 

GAAAAAGoGCG T GC G T T TAACAGCGGCGAA T T TAACGGCC T GGAT CA 
T AAGCGCGTTCGCGAT TT CGAC T G'TTAC' GCGT GGCG 
TGGGCGAACGCIAIAGTG5AACTATCCCGCGCGTTGGGGGTuGG 
CGC'CAGCGCTAT T GC'CCCGATTCCGAT GGT GACCC TGGA'TGA 

TGGCACCTGATGCCG C rCATGATCACTGCCGTGATTCTG 
CGA"'GTGCTCGGTGTCGAATCCGGATT1,ACCACCCGTA CGAT 

CCGGAEATGGGCGAAAC~CCGTGACGCAT G'CGGGC T G JCG C 

kAACCGATACTTTGAACTTTATGGAAACAGCTGG~ATTTATGCGC 
GC TTCTuGCGA TATTAGAAGC GC T GGAT GCACG 

G AAG TAGCCGG T GGATACGAT T GGGATT GAACA 

TCGATTATGCCGCTG""'TTTTCCT'TTTTCATAAA'"CTATC 

GrCATGCGGG"CATCG T GACAGCGAT' GACCGGCAACAC TGC.TG 

TG'C("'~CCAGGCATGGTGCTG CGGTCGTTTTTAT 'TTGGGCGAIAA 

'CGGCGAA2CGCAACGGTACCCGATGC-~GuATTGTGGA'ACGCG 
AT GAAAAGGCCCATGTGAAGC'GAACATC'CGCGCAT GAA 

C TGGT GTATACCGCAT GAGCAAATGAGCAAAAGCTAAACAACGG 

CAGAA ATG GCG*- T GGAAG GG CGGAACCTGC GT T T C`_ GACGC T GT G 

ATGCAGAAAGCC CGCCCGT G 
CACTTTAAACATTC TCAC CT A'TA'T GGC'ICCC" CAATCC 

,OOC I pAACCr AfC'K''C, 

C ZTTACA(3CCGCGTOCATCCATT G'GC' 'GCCAAACTGG 
CAAACCGATGATCAACAGAT' CGGCCGT GCGGAA 

"Aph rpI'"C r r-, I'-r 

GCCTTAGC GCGG T GG u<GGATGTTGACCCG T' TACCCGCATAT 

G TT 

TC T' C CCTGT GGC AC'OT.GAAAGCGAGC T CCCG"GACAC 

A. -7.,ACGCCCGT G-C .CGA-G T GTGAGAAAGAT .'-GG GCAGATA 

CCC (7 T GG TTGG TC G T"CAGG GAAGGCAAG T7CCCAAA A 

(CGTT GAC -G, T_ G GT GGACC'-GAGAA-'\tlCA-C GGC CGCGAAC*GGGCC 

AGGAACT'CTG TGTCCGAATATCTGCGATCCGTGACCGT CCGCAA 
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GTGATTTATGTGCCGGGCAAACTGCTGAACCTGGTGGTGGGCGGCC 

(SEQ ID NO: 55) 

56 LeuRS.v2 ATGGAAGAACAGTATCGCCCGGAA.GAAA.TTGOAAGOCAAAGTGCAGCT 
GCAT T GGGATAAAAA GA.CGACTTTGA.G T GACCGAAGATGA AA.GCA 
AAGAAAAATAT TAT T GCCT GAGCG T GAGCCCG TAT CCGAGCGGCCGC 
CTCATATOGGGCCATTGGCAACOTATAC~CATTGGCGATGTGATTG.  
GCGCTATCAGOGCATOCTGGGCAAUAAGGOTGGCCGATTGGCT 

GGATGCTGTTTGCCTGCCGCGGAACCGGCGGTGAAAAACAA 

ACCGCGCCGGCGCCGTGGACCTATGATAACATTGCGTATATGAAAA 
CCA.G T GAAAAT GC T GGGC T T GC TAT GA TT GGAGCGCGAACT GG 
CGACC T GCACCCCGGATAT TATC CTGTGACAGAAT T T T TTACC 
GAC TO G TATAUAAAGCCTGGTG TATAAAUACCAGCGO. T 
CTGGT0CCCGAACGATCAACCGTCTGCGAOA'CAACAGGTCATT 

ATGCTGTCTC'TGGCCGr"'(C'AT.ACAA 1GTGGAACGCAAAGAAATT 

CC'GCAG T G GT T TAT TAT TAATCCGCG TAT GCGGAT GAAC T GC T GAA 
CGTVC TGGATAAACTGGATCAT TGGCC GGATATCGTGAAAACCATGC 
AGCGCAAC T GGAT T GGCCGCAGCGAAGCCG T GGAAAT TACC T T TAAC 
G IT A T TAT GATAACCCT GACCG T G TATAC CACCCG CCCG GA 

GATG AAT G C CGC A ACA CCA A AG T G GCGG AAGCGG AA AIT 1GG, CGAC CAT 
GGAAAAAAAAGCGTGGATACCGCT TTAAAGCGGTGoCATCCGCTGA 
CC-G GGA AG.AAA T T C CGG T G T GGGCG GCG.A A CT T T G T G C T G.A.T G G.AA 

TATG CACCGGCG0CGGTGATG'CG GCC&GGGC-CAT GTCAGCGCGA 

TTTATmTTGCAGCA~Z\ATATCGAACTTAPACCGGTGATTC 
IT' CC0CGATGGCAGCGAACC-GGAT CAGCCAGCAGGCCTGACC 
GAAATAAGGCGTOG1 TT TAA.AGC-GGCGAA T T'TAACGG CCTGGATCA 
T GAACCG T'TAACGCGAT T GCCGGA ITAAACTGACCG CGAT G GGC G 
TGGCGAAGAAAAACT ATCCCTGCGCGATTGGGGCGTGAGC 
CGCCAGCGCOTATTGGGC'CCCGATTCOCGAT GT 7GACCC TGGAAGA 
TGGCACCGTGATGCGACCC'GATGATCAGCTGCCGGTGAT TCTGC 
CGGAAGAT G T G AT GA T GGAT TACCA' 'CAT TmAAATGCGGAT 

CC'GAAT 0GGCT AAACCGC C T AACGGC C ,GGGC CT GCGCGA 
ACC GATAC CTTTGATACrTTTATGGAAAGCrAGCTG GAG CTAT GC GC 

GC' T C TGACCCGCAG TTAA A TGCCCAT G C T GGA CGAAGCG 

GCGAC TA T T GGC T GCCGG T GGATAT CT GAT T GC0GCA T T GAACA 
TGGA TATGGGCCTGCTGTATTTTCGCT TTT-TATAAI'-CTGATGC 

GGAT GCGGGCAT GGTOGAACAGCGAT GAACCGCGAACAGC uTGCT G 

TU C'CAGGCAT G GCT GC T GGCAT GCG T T T TAT TA G- T GGGCGAAAA 
CGC-'GC CAAOTGGGTGACCCGTGTC-GAGATTGTGGAACGCG 

ATGAAAA'AGC1 CCCATTGTGAAAGCAAAOCGATGCGGCGGGCCAT'GAA 

C T GG T G TATACCGGCAT GAGCAAAAT GAGCAAA AGCA AAAACAAOGG 
CATTGATCCGCAGGTGATGGTGGAACGCTA TGGCG CGGATA CCGTGC 
GCC'TGTTTATGATGTTTGCGAGCCCGGCGATGA CCC TGGAATGG 
CAGG AG T G TG AGOGCGGACCGC T T T C T GAIACGC T G TG 
GAAAC TCOGT GTAT GAACATACCCAA AGG.OATG TOGCCCOT GA 

ACGT GATCGCGCOTGACGAAAACAGAAAGCG0. CTGCCGCGATGTG 
CATAAAA1CAT TCGAAAG TGAOCAT ATATTCCCG.CCGCCAGAC 
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C T TAA- AC CGGAT T GCGGCGAT TAT GGAACT GAT GAACAAACT GG 
CGAAAGCGCCGACCGA T GGCGAACAGGA T CGCGCC CT GAT GCAG GAA 
GCGCT C CGG T GGGCGC T GACCCG TTTACCCCGCATAT 

T TGC1 TlT TACC T CGC- TGGG-GAA T GA U ,GGGAAGCGATATTCATA 

ACGCGCG TGG1CCGG T GCGCATGAAACGAT CGTCGAACATAC 

CC GG T GGAT GCGACCGAAGAACAGG T GCGCGAACGCGCGGGCC 
AGGAACAT C T GG T GGCGAAATA T C T GGAT GGCG T GACCG T GCGCAAA 
G TGAT TTAT GT GCCGGGCAAACTGCT GAACC T GGT GGTGCCGGCCC 

(SEQ ID NO: 56) 

57 LeuRS.v3 AT GGAAGAACAG TAT CGCCCGGAAAAA T T GIAAGCAAAG T GCAGC T 
GCT TT CGA GAAA UGACC T T TTA CT ACCGAAGrAT GAGCA 
AAAUAAT TTG''~iClCTGAATTCTCCGTATCCAGCGCCCC 

CTCCATAITG GC'-1C1ATGTG C(GCAACTATACCA'TGGCGATGTGAT.TGC 

G7CG -CTATCAGC-GCAzTG-Tl-GGG C'AAAAACGTG-,-CTGC--AG CC GATTGG C'T 

ACCGCGCCTGCGCCCG T GGACC TAT GATAACAT T GCG TATAT GAAAAA 
CCAGCTG ATGC T GGGCTT.GGCTATGATTGGAGCCGCGAACT G' 
CG:ACC; TCACCC:CGGAATATTATC:GC TCGAACAGAT TT T TTACC 
GAAC;T G TATAAAAAACC C GG T 7 TATAAAAAACCAGCGCG GCA 
CTGCTGCCCGAACCA GA CCGTCTGC',AACGAACAGCG'GATTGC 

ATGCTGCSCTGCTGGCGCTCCGAT ACCAAAGTGGAACGCAAAGAAATT 

CGATCTGGATAAACTGG'ATCAkTTGGCCGGATACCGTG>AAyACCATGC 
ACCCCAAC T GCATTCCGCCAGCGA-GG T GGAlAT TACCTTTAAC 
CTGAACCAT TAT ATAAC;ACCC T ACCTATACCACCC;CCGGA 

T GCTTTATGAA -~AGCAAACAACCCGGAACCT GGCGGC AT T 
CACTAC T GACCAA-CTACA T GG CG GG.CACC T G 

CCGCA/AGAT CCGT GTGCGCG A '-NT TTCTCGATCGGA 
T`ATGGCACCGC GC TCATCGCTGC TGCCGGCC>ATAT CACG CGA 

TTATGAATTGCAI\ATT'G~CCTGCATTAAA"lCCCCGTGATTC 
TCGCGATCG C 'T GAC GAAAAGC CGo TA G T G T TTAAGCGGAATO T TAACGG C C CAC 

T GAAGCGCG TC T" TA T T TA AA C T GoGA.CACCTCGAT GCA 

TGGCGAACCAAGTGAACTA\TCG~CCCGCGATTGGGCGTCAGC 
CGCG CGC TTCTGGGCGCCN TCCAT CG T GCCC T GGAGAA 

T kGGCC'GG'CCCGACCCGGAG'CGCTGGGTGATCGC K 
CGAAGT TG GAT GG T AT GTGA GG -AT TCAGCCATTAG CGA T 

CGAATGGCGC AC CC C CATCCCGCC 

ACCGACTTC"C"TTTC'CN TTACAGTGA T CCTmT T CGC 
GCyU TATC UCCAG~ TAAAACA T GTrGGATAGAAG\CG 

GCGAC TT TGGCT CCG AAT T.GrGAT TT.AGGCG-.GrCATTGAACA.  

TCGTATTC \jGf"GG CCTlC"3TATTCCTTTTCATACACTGA:TC C 

(GGT- GAC GGCAT GG T(GACAGGAT GAACC-UCGCA U CGC GT GAGT-G 

0' CA(',--- G JCG Cli"GA-C'''GA SNT'>"C-CCCCA AJ 

TGCCAGGGCTGGTCTGCGGAGC  CTTATTTGGCGA'AC' 
CCGACCTTG GACGGTGAGCGATG TGACGG 

-7'..T ,-CT - (- -A.-.A- zA~z -G(zT (- -GA A(72.-.C -
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ATGAAAAGCCGCATTGTGAAAGCGAAAGAT GCGGCGGGCCAT GAA 

C T G T G TA TACCGCOCA T GAGCAAAAT GAGCAAAAGCAAAAACAACGG 
CATTGATCCGCAGGTGATGGTGGAACGCTATGCGCGCGATACCGTGC 
GCCTGTTTATCATGTTTGCGACCCGCGGOATATGACCCTGGAATGG rnp, r 1 ,,r- .,,Ifr- v C~ Gr-nu rnCG 

CAGGAAAGGG G T, GGAGGGGAACCG C T IT T C T GAACGC TG GI 

CAAACTGTGTATGAACATACCGCGAAAGGCGATGTGGCGGCGCTGA 
ACGT GGAT GCGOC T GACCGAAACCAGAAAGCGC T GOCGCCGCGAT G T Go 
CA TAAAACCA T T GCOGAAAG GACCGA T GATAT T GGCCGCCGCCAGAC 
CT TTAACACCCGAT T GCGCGAT TATC GAACT G AT GAACAYAC T GG 

CGA AAGCCCGACCOATGCGAACAGCATCCGCCCp T GATGCACGGAA 
GCCTGCTGGCGTGCTGCGATGCTGAACCCGTTTACC GATAT 

TT GC TTACCCT G T G A AC-T AAAGCGCAACGAA T GATA 

A1CCCG T GGCCGG T GCGGOAT AAAAAGAT GG TOAGArTC 
ACCTGTGTGGTGCATGAACCAAAGGACGCGCGAAAATTAC 

CG TGCCGG T GoGAT GCACGATGoAACA AG T GCGCGA.CC 
TATCTCATGGC TGACCG TCGCAAA 

G TAT G T GCCGGGCidkAC T Gr T CC T GG T G T GGGCGGCCC 

(SE_Q ID NO: 57) 

58 V9 ATC GAAGAACAGTATCCCCGGAAGAAAT TGAAAGCCAGTGACT 
CAT TC GGATATCGAAACGCACC T 'T GAATACCGAAGAT GAAAGCA 

AAGAAAAT.ATTATTCCCTCAGCATT'ACCCCT.ATCCGACGCCGC 
CTGCATATGGGCCATGTGCGCAACTATACCATGGCATGTGATTGC 
GCGCTATCAG C GCATGCTGGGCAAAAACGTGCTGGOCATGGOCT 
GGGAT GCG T T T GGCC CCCGGCAAGGCGCGGCGG CTG G AACAAC 
ACC--GC*-G(-CC--G(GGCCG T G--GACC T---AT G-AT -ATCAT T GC-G TATA, T G-' -:ULAA-

CCGS GAA C T G GGC T T T GG TA GAT T- GGAGrC CG;CGAC T GGCiJ : 
rCCC GCA CCCATTTA T CGC T GGGAArAGAAAT ITCT T TTACC 

`GC 1- ;CA C CG GADI _A TTCCOCPA '7A- 3''-'TT 
GAACTGTATAAA-AAAGGCC'CTCTGTATAA AAAAACCACC'G'cTGAA 
CTGGTGCCCGAACGATCAGOACCGTGCTGGCGAACGAACAGGTGATT 
AT GGC T GOC T GC T GGCGC T GOCGA TACCAAAG T GGAACGCAAAGAAAT T 
CCGCAGTGGTTTATTAAAlATTACCGCGTATCGGATGAACTGCTGAA 
CGATCTGGATA-ACTGGATCATTGGCCGGATACCTGAAZ-ACCATC 
ACCAACTCGGATTOGGCCGCAGOCGAAGCGTGATCC T TTAAC.  
CTGAACOATTATCATAACACCCTGACCGTGTATACACQCGCCGGA.  
T7lGGT TTATGGGCITG CACCTATCT-GGCGGTGGCGGC(,GGGCC.ATCCGC' 

T GGCGCAGAAAGGGGGACOCOAAAAACCCOGAAC TGGC'CTATT 
OATGAAT GCCCAAACCAPAG T GGCGGAAGCGGAAT GGCGACCAT 
GGA AA-AAAAGCG T -GATACCGGC T AAGCGGT GCAT C CGCTGA 
CCGGCGAAGATT T CC T IGCGCC TT TOTC TAT GGAA 

TATGAATTTGCGACAAATATGCCTGAlA T `AACGGTGGATTl 
GCC GCr ' AGGCGC T GACC 

GAAAAAGGCG TGC T GT TA CCGCGAAT T TA CTGATCA 

SGCAACCG CT T TACGCAT T GCGGATAGAC A GTACCGCAT GCGCG 
TGGCGOCAACCIUtGTACTATCGCCCGA~TGGCGTGAC 

C A TT T GGGCGCCCGAT TC'T GG T CCiT C- 1uA'C GG;.AA 
TCGCACCGTGATGC AC TC CCGATGTCAGCTTGCCGGT'TTGACT 

CGGCAAGrAT0GTGTOATCOATGCATTACCAGCCCATTAAAGCOAT 
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CCGGAA.T GGCGAAAACCACC G T GAACGGCA T GCCGGCGCT GCGCGA 
AACCGA.TACCTTTGATACCTTTATGGAAAGCAGCTGGATTTATGCGC 

GC TA TACCT GCCCGCAGTA AAAGAGCA T GCTGGATAGCGAA1GfCG 
GCAAC TAT TG GC. TCCTG C GATAT T GCGAT T GGCGGCAT1TCAACA 

ITGATAGGCTGTATTCGCTTTCT ~CGTC 
GCGATGGG A GG TGAACAGCCGAT CAACCGCAAACACT GCT 

TGCCAGGGCAT GG T GC T GGCGGAT GCG T T T TAT G T GGGCGAAAA 
CGGCACCAACCT GGG T GAGCCCGGTGGATGCGATTGTGAACGCG 
AT7A-TL-AGGCCGCAT T G T GAAGCGAAGAT GCCCGGGCCAT GAA 

CTGT I AlACCGCATCACCAAATGAC CAAAA u'ACAACCG 
CATTGCATCCCACCTGTGCAACGCTATGCCCCGG'ACCGTGC.  
GCCTGTTTA TGATGTT'TGr'CAGrCCCCGGATA'TGACTGAATGG 
C-A-GAAA G CGGCG T GAA.GG CG CGAAC CG C T T T C T G AAA CGCG T G TG 

CAAACTOGGTCGTATGAAC.ATACCCGAAAGCr'-GAT LGCTGCGCGCTGA 
ACGTGCGAT CGC'TGACC-G-AACCAAGTGCGC TGCCCGCGA TG 
CATAAAACCAT T GCGGA TGACCA4ATCAT T GCCGCCGCCACAC 

CT T T AjCCCGATT GCGGCGAIT TAT GGAACTGATGAAC-'AAACTCG 

un r, T. - AA C ,, I TTCGATAGGCCATCCA GGCG AC'AGG GCG CGC TC TGCAGAA 
T T CTT AC GTGCGGA AAAGGCGAA.GGCGATAT TGATA 

AC'CGG CCCTCGGT GGCGGA T GAIAAAGCGATGTCGAAGATAGC
ACCCTGGT GGT GGTGCAGG T GACGGCAP7 T GCGCGCGATlTAT TAC 
CCGTG'C'CGTGG ITGJCGACCCG-A\AACAGGTCGCGCGAACGCGC GGGCC 
AGGAACA T C TIG GGCGAATA TCT GGATGGCCGT GACCG TCGCAAA 

59 V10 A T GGAAGAACAG TAT CGC CCGGAAGTAATAACAAAG T G CAGC T 
T T T AAG CACC T TAGAAAGCA 

AAG.AAAAATATTATTGC CT GAGCA.TTAGCCCGTATCCGACGCGCCGC 
CT GCATATGGGCCA G TTGCGCAACTATACCAT TGGCGATGTGAT TGC 

GCGCTATCAGCGCATGC''GGCAAkAACTGCTGCAGCCGATTGGCT 

G GG3A T GCG T T T G GC T G CCGG C GG-AAGGCGCGG CGG T G -7 A UAAC AAC 

ACC(GGCCGGrCGCCGTC GC C cT GATAACT T GrG TATAT GAAAA 

'C0CACCCGAAAATCTGGTTCATATGGATCGCGAACTG 

CGACCTGCCACCCCGAAATATCGCTGGAACAGAATTTTTACC 
GAACTGTA TAAAAA T G TTATAAAAAA CGCAGCCGG T GGA 
CTGGTGCCCGACGTCAGrATCGCTGCGAACAACATGTGATTG 
'To C T GCT CCC TC GGCCT CATACCAA 1T. GAACGCAAAAAT T 
CCGCAGTGGTTTATTAAAATCTA/C CCTACG('AGACGCGAA 
GAITT , GATAACTG.ATCATTGGCC G.GAT.A'C.CTGAAAA.C.CATC 

AG CGC'-'AAC T GGAT TG GCCCAG CGAAGGCJG T GGAAAT'TACCTTA 

GTGAAGCATT ATGATAACA CCCTGACCGTGTATA CAC'ACC CGGA 
TGCGTT'TATGGGCTGCACCTATCTGGCGGTGCGCGGG~OC'AT CCGC 

T GGCGCAACCGGAA GCACCCGGAACTGGCGGCGz T C TTCA 
GATGAATGCCCAACAICCACAG T GTCGGAACGGAArAT GCGACCAT 

GAAAAAAGGCG0TCGGATACCGTT TAAGcG0'CT GCAT CCGCT GA 
CCGCGAACAAATTCCGGTCGTGGCGGCCGAACTTTGCTCATGGAA 

TTCT CCGGGCCATGATCAGCGCGA 
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T TAT AAT T T GCGAGCAATAT GGCC T GAACA TTA AACCGG T GA T TC 
T GGCGGCGGAT GGCAGCGAACCCGGAT C T GAGCCAGCAGGCGC T GACC 

GAAAAGG T GC T G T T TT_*ACGC0G GGAAT T TAAC'GGCC CT G GA-T CA 

TGAAGCGGrG T- TAACG`CGGACGATAAAC T GAC C GCGT'c GGCG 
TGGCGACCAAGGAC TAT CGCCTG-CGCGATT`GGGGCGTGAGC_ 

'G2GC.CCAGGTTTGGCGACCTCGCETCcGATT CCCCCTGGAAGA 
TCGCACCGTGAGCCGACCCCGGATGATCAGCTGCCGGTGATTCTGC.  

CGGAAGAT GTGT GATGGAT GGCAT TACCAGCCCCGAT TAAAGCGG T 

CCGGAAT GGGCGA'AACCACCG T GA'CGGCAT GCCGGCGC T GGC GA 
AACCGATACCTTTGATACCTTTATGGAAAGCAGCCTGGATTTATCC 

GC IT ATAC C T GJSCG'AGI AAGCCAT GC T GGA TG(GAAGCG 
TCGCA T T G TC TGGATA T G CGAT T GCGGA T T GAACA 

TGO CGAT T ATG GGCCTGCT G TATTTTCGCT TT TTT ATAAACTGATG 
GCCG T GCGGGCAT GG T GAACAGCGAT GAAC CGGCGAAACAGC T GC T G 
T0 GCCAGG G"CAT GG_ T G CT G G CGGAT GC G T T T TAT T ATG T G GG,.C GlAA 

CGGCGAA,.CAP(C T1 GGG. T1 GAG'CCCGGT GGATGCGA iTG T GGAACG 

ATCGuKUTGC T GT _7T GAAAGCCAAAGAT GCGCGGGCCCITGAA 

C T GG T G TATA'C CCAT GAGCAAUATC AGCIC\AGCAAj1ACAACGG 
CAT'GATCCGCA"GGT GATGGTGGAACGCTATGG- CGCGATACCGTGC 

GCCTGTTTA TTGTTTGCGAGCCCGGCGGATACCCTGGAATGG 
CAGGAAAGCGGCGTGGAAGGCGCGAACCGCTTTCTGAA ACGCGTGT 

GCACTC GTGTAT GAACATACCCGAAGCGAT GCGGCCTGA 
ACGT GGAT GCGC T GACCGAACCAGAAAGCGC7 T GCGCC'GAT G TG 

CATAlUiACCAT T GCGA~t T GACCGATACAT ~T GCCC.CCAA 

CT"ITA/ACCCATTGCGGCATTATGGAACTGN'ATGAACAACTGG~ 
CGAAAGCGCCACCG T GGCGAACAGGATC CC "CTGA "'CACAA 
GCGC TGC TCGGCGGTO TGGCAT GC TGAACC T TAC CCCC Q'TAT 

TTGCTTC T-'lCCr'T'CG"-GACT GAOGC'GAAGCGATAT TGATA 
ACGCGCCG TGGCCGG T. GGC'GATGAiAAAGCGATGGTGGAAGATAGC 
ACC CT GT G CAG AACGGCAAG C CCGCGAAA 1 

CCCGGTAGCACCGu~1'zu.AAGAACAGGTGCG'CGAACCCG'CGGCC 

AGGAACAT''CTGGTCGAAATACTCTGGATC GTG"'A§CCGTGCGCAAA 
GTGATTTATGT G CCGGGCAAACTGCGAACCTGCGTGGTGCGGCCC 
GGTG 

( _______ (SEQ ID NO: 59) 
60 V26 ATGCAAGAACAGTAT( CCC-GAAG-'.Al-ATTGAAGCAAACTGAGCT 

GT T GGGAITPA.TAAAGAC C T G AG T GCCGAAG GA GCA 

AAGCAAATTTATTGCCTGACATTGTGCCGTTCCGGCGCyCGC.< 
CTGCATATGGCC'ATGTG'GC\CTA\TACCATTGGCGA.TGTGATTGC 
GCGC TATCACATGCTGGC:2ii/AACG TC1G AGCCGATTGGCT 
GGIGAT G CG T T TGGCC TGCCGGCGGAACGCGGCGG TCAAAAACAAC 
ACCGG CCGG CGCCG T' GAC TA .'A TAACAI. T TC'GTATATGAAAA 

CCAGC T GAAAAT GC T GGGC T T GGC TAT GA T GGAGCCCGAAC T GG 
CGACC T GCCCCACCGAATAT A T CGCCT GGGAAAA T T T T T TACC 
GAC T GTAT AAl AGGCCCTCGGTCGTATIAAAALAACCAGCCGCGTCGA 
CTGGTGCCCGAAC'GATCAG4ACCGTGCTGCGAA\CGADACAGTGATTG 

AT GOC;TSGCTGCOSGC CCATACCAAAG TC AACGCAAAGAAAT T 

CCGCAGTO'GTATTAAAATACCCTA.GCGATCAACTGCSGA 
C.GATCOCT'GGATAAACTGGATCAT'TGGCCGGATACCSCAAAACCATGC 
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A GCGCAACTGGA TTGGCCGCAGCGAA.GCGTGGAA TTACC TTTAAC 
GTGAAkCGATTATGATAACACOCTGACCGTGTATACCA'CCCCGGA 
TGCGTTTATGGGCCACCTATCTGGCGGTCGGCCGGCCA'TCCG GT GGCG ACGAT--3AAGCGGCG AACAACGGAC T G GACGTGT .A -CGG - 1C T- T- TA 

GJATGAAT GC.CCAACAC.O2A T GGAGC~dA G CACCA 
GGAAiAAAAAAGCGTGGATACCGGCTT~A'AGCGGTGC.ATICCCA 
CCGCGAGAAT T CCGG T G C7T GGGGGGA T TG T G T GC GAT CGGAAC 
TATGCACCGGC CGT GAT GGCGG Tr GGGC'CAT G CAGTCCGA 

TTATGAATTTCCGAG? AATGGCCTG ACTTA AACCTGATTC 
TGGCGGCGGCATGGCAGGAACCGATCGr-T GAGCAGCGGCGC T GACC 

CIA\A- AAAOCOA~GTTOT"'.ACOCC IT1 T'C"CA~T ~ 

ICGGCCGO T TC T G T TAAGACGGCGAAT T TGGCC T GAT CA 
T GAGGCGG CG T. T TACG GGA T T, GC GGATA T G A GCCTGATCGAT G GCGA 

CGCCAGCCGCTATTGCGCGCGATTCCGATGGTACCTGCTGA GA 
TGC GC GTGACCTGCCGGTGATCTC' 

CGAAGATG TGTGTGATATC GGCAT TAC_CGCCCTTAAAGCGA T 
CCGAAT GGCGCAACCAC.CGT GAACGCATn GCCGCC CGG 

AACCGATACC T'TATACC TTCAAAT T VIGdkAACTGGAT 1 A;CG 
GC TATAC T GCG AGTATAAAGsAAGCA T C T GATGCGAGC' 
GCGAAC TAT TGCCTGCCGCT GGCATAT T GGATTCCK? TGGCGC AT TGCAACA 
TGCGA TTATGGTCGCTG TATTTTCCCGCTTTCAATGATGC 
GCGAT GCG T GG T GAC-AGCGAT CAACCGCC T1 GC( TG 
TCCAGG4 GCATG T GC TGCGGATGCG TT\ TC ATG T "'GC'GAA 
CCGCGCC T G GG T CACC CG T GCGATCGAiiC C T G GAACGCG 

AT GAAAAACC TATG C CAGACG CGGAG TAT GAA 

CTGGTTATA(.C.(CGCAA TAGAAAGA-GCAATr"(-GA"AAACAA"CGG 

CATTG.ATCCGCAGTGATGGTGGAACCTATGCCGGATACCGTGC 
GCCmTTTTATGTGTTGCGAGKC,CCGGATTGCCCTGGAATGG 
CAGGAAAGCC G T GAGCGCGAACCG T T TG C , GCAC T G T 

GAAAOC GT G 1A GACATACCGCCGACCGGGATG T GCGGCC CTGA 
ACGCTGGATCCTGCCCAdiAACCACAAdACCT GCGCCCGAT T 

CATAAAACCA TT CGAA T GACCATGATTGCGCGCGA 

C T TTAACACCGCGATGCCCGAT TA TCGCT GATu GAA'CAAA2C T GG 
CCAAAGCGCACCGT.T GCGAACAGCAT CGCGCG AT GCAGGAA 

GCGCT GC TGGCGGTGGCCATGCCTGACCCTTTCCCCGCATAT 

T TGC T TTACCC TCGTCGGCAGAAC TKJGAA GCGATT"TCGA 
ACCCCGT GC~GCGT GGGGATGiuAAA GCGATGGCTGGAG ATAGC.  
ACCCTGGTTTGCCCAG'TGAACGC"'AAATGCGCCAA-AATTAC 

CG.GJCCGTGATCGACCGAGAACAC'GTGCCGA'ACCCGG 
AGGCAT CTCC T G A TATT C T G G C TC T GACC T GCCAAA 

CTGATTTATGTGCCGGCAAACPTGOCAAP ,-CCTCGGCCCC 

61 V29 ATGGAAGAACAGTATCCC GGAACAAATTOAAAGCAAAGTCAGCT 
GCAT T GIGGA TA A GCC C TTTC AGPA ACG TTCA GCCG T -GAAC 

'AAAAAJATATTA TT CT GATT CCCG A' T CCGAGCGCCC 
ICTATATGGCC . AGGCGCATATTAT"G'C. ATCTCATTC 

GCGCTATACCAT. GCGGGCAAAACTGCTC3AGCCGAATCCT 

GGGATCGC1 TTTGCGCCTGCCGGCGAAGC0 1 GCCGCGTAAAAAC 

7.6 
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AC.CGCGCCGGCGCCGTGGACCTATGA.TAACATTGCGTATA TGAAAAA 

CCA.GC T G"AA A AT G C T G G GC T T T GGC T AT G.A.T T GG AG CCGCG.A A CT GG 

CACCT GCACCCCGGAATAT TAT CGCTGG'CAGiAATTTTTTACC 
GAAC T G TATAU-',-AGGCC TGGT GTATAAAACCAGCGC.CCTGAA 
CTGGTCCcCGAA.CGAT.CAACCGTCCTGCGAACGAACAGGTGATTGC 
ATIGGCTGCTCGGCGCGATACAAA.CTGGAACGCAAAGAAATT 
CCCCAG T GG T TAT TAAAAT TACCGCG TAT GCGGAT GAAC T GC T GAA 
CGATCTGGATAAACTGGATCATTGGCCGGATACCGTGAAAACCATGC 

AGCGCAAC T GGAT T, GCCG.CAGCGAAGCG T GGCAT TACCT T TAAC 
GCT'AACCATTATCATAACACCCTCAC.CTGTATACCACCCC.CCGA 

TC IT'- -CGCTC
7 C~ CCC('jCTICTGCrJJ.&AJk1&' 

T GCG,,CCAGC'AAAG C-GG.CG-GAAAArCAACrCCGGAAC T GG C -'CGG ITTTAT 

G A TG AA.T G CC GCAA.C A CC A AAG T GG C GGAA.GCGGA AA T GG CGA CCA.T 

GGAAAAAAAAGGCG TG GATACCGGCTTTAAAGCGGTGCATCCGCTGA 
CCGGC G-,t ltT TCGG TGTGGGC GGCG AAC 'TCT TGTFG T'ATGGAA 

CATG CACCT CTGGCGCGGTGAT GGGG TGCCGGGCCAT GATCAGCGCGA 
TATGAATTTGCGAGCAAATGGP'CCT GAACT CCC G CT(AC' 

TA C GGC CCGCGAT GCGCAG C T GGCCACCAGCGCTGACC 

GAAAAAGGGT C T GTT TAA'CGCGGCGAAT TTAACGGCCC'TGGAT1CA 

T CAA.CGCCGT-T ACGCGAT T CGGATAAACTGACC(C-GAT GGGCG 
TGCGCAACCCAAACTGAACTATCGCCTGCGCGATTGGGGCGTGAGC 

CGCCAGCGC TAT T GGGCCCC 'GAT TCCGAT GGTGAC TGGAAGA 
TGGCACCGTGATGCCGAC ' 'CC'GGATGAC'AGCTGCCGG T GATTCTGC 
CGAAGA' T CT G GGCAT TACAGCCCGAT TAAAGCGGAT 

CC'AATCGGCGAAACCACCG TC AAC'CACCGCC GCG CGA 

AA C GATAC CTTTGATAC rT'AGGAAAGCAGC TG GATT TATGCG 

G'C TA TACC TGCCCGCAG TATAAAGAAGGCAT GC T GGATAGCGAAGCG 
CGAAC TAT T GGC T GCCGG T GATAT T GCGAT T GGCG-GCT GAACA 

TCAT'TTGGCCTGCTGTATTTTCGCTTTTTTCATA-"-'CATC 

TC'CGC AT GGC T G T GCAT GC T T T T TAT G T GCGAAAA CGGGAAGCA jTGGTAGCCCGGTGGATCGA ,T(-'GTGACGCG 
ATGAAAAAGG"CCGCATGTGAGCGAGC',ATCC GGIi GCCCCCA 

C TG G TATA C ATC CAAAA 'CAAAACAAAAACAACGG 

CATTCATCCCACCTGATGGGACC TA TG- C CGGATACCCTC 

CCCTCTTTATGATCTTTCGAGCCCGGCGA AGCCCGATCG 
;CAkACGGC T GGAGGC GGAACCGC TC T TiCiA'CC 

GACAACGTGTATGAAACCGCGAA-AGCGA'TGTGGCGCTGCA 

ACTCGGATGCGC TGA(.CGAAAACCGAACGTCCC G~ CCGAT G T G 
CATAAAACCAT TCCA 'T 'GACC ATCATTC GCCGCACA 

C T 'T TACACCGA.TCT GCGGCATTAT GA.GCAATGAGAACAACT GG 
CG''AACGCCGACCGA GG'-CAACACCAT CGCGCGCTGATGCAGGAA 
GCGC TCT CGTGTCCATCTAACCCG T Ti TACCCCATAT 

T T G T T TACCC T G T CGCAGAC TC AAACGGCGAAC GCGAT T GATA 
ACCGCCTCGGCCGGTGCGA TGAAAA CCG GC GAG"AiA C 

ACCCTGGTGGTGTGCGTAACCAAA G TCGCGAAAITAC 

CC TC CG TCCGATGCGCCGAAGh''AACAGTCGCCAACCCGCC 
GCAC T GC T GAAATA C TC GATGG'C TGCCGCGCAA 

CTAGAT T ATGTCGCCGGGCA( \CAACTGCTCGAACC TG TGTGCGCGCCCC 
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GGTG 
__k_ iSE -. D NO: 61) 

62 V48 ATGGAAGAACAG TAT CGC CCGGAAGAAAT TGAAACAAAGTOCACCT 
GCAT TGGOGATAAAAAA.CGACC T T TGAAGTGACCGAAGAT GAAAGCA 
AAGAAAA.TATTATTTGCCTGAGCATTAGCCCGTATCCGAGCGGCCGC 
CTGCATATGGGCCATGTGCGCAACTATACCATTGGCGATGTGATTGC 
GCGCTATCAGG0CTGCGGCAAA`ACGTGCTGCAGCC.GATTGGCT 

.iGGA-1T CG T` T T GGC1 pCC T ,C GC1C CGAGGGG T GArCAACr 

ACCC GCCGGCGCCGG GACCTATGATAACATTGrCGTATATGAAAAA 
CCAG T GAAT G T GGGC C TATGA.T TGGAGCCGCGAAC T GG 

CGACTCACCCCGGAATATATCGCTGGGAACAGAAATTTTTTACC 
GAAC T G TATAGCGA4GAAAGGT T GG TATTCGAiACCAGGCGC T GO AA 
CTGTG C GAACG.ATC .AGACGCTGTGGCGAACGAACAGGTOATTG0 

AT GGC T OGC T GCA T GGAC C GCGACC- G AG T.A GGACA CCG CG C AG A GATTTTGCC'CGATAAATGATATGGCCAGGAACGCAAAACATTG 
AGOCGCAACTGGAT T GGCGCAGCGAAGGCG T GA T ACC TL TTAAC 
GTGCATC GATAACACCCTGACCG GNATAC GCCCGGA 
TGCGTTTATGGGGCCCTACTGGCGGTGGCGGGCCATCCGC 

T GCGOCAOAdAG'0CGGCGGIArdCAACCCGGAAC 0GCGGCG T TTAT T 
OATGAAT0GCCGCAAACCAAATTOGCGGAAGCGGAAAT GGCGACCAT 
GGAAAAAAAAGCGTGGATACCGCTTTAAGCGGCATCCGCTGA3 

CCGGCGAAATTCGG TG GGCGCAATTTTCCGA GA 
TAGCCGCGG A GCGG GCCGGGCA GUAT CAGCGCGA 

TTATmGATTTOCGAGCATATGGCTGTTACGGTGATTC 
T-GC''G'GAT GGCAGCGAACCGGATC TAGCC'-AGCAGGCC TGACC 

GJ Ap\AAGCG T r T G T T.. P TAACGl 1(7-irT.,p -iC GG CGAA TI TA-ACGGCCC T GGAT CA 
Tp GAGG I TTACGTT IGATCT GA GT GGCG TGGGCGA 0TAACTGATTTNCCCTG0!''CCGCATTGGG OTcA 

A1(U 'AO'CCN"OCCCO(.7r'TjAG 

CG 'CAGCGC TAT T GoGCGC'GAT TCCGAT GGCTGACCCTGGAAGA 
TGCACCGTGAGCCGAC'CGGATGATC GCTGCCGTGATTCTGC 
CGGAGAT GTG T GATGGAT GGCATAC''- u'C TAT TAA\AGCGGA T 
CCGGAAT GGGCGAAACCACCG T GAACGGCAT GCCGGCC T G (GCGA 

00 JKC J0CC0AC'T': .O O' CTATCC',0C -,r CAC~rC 
AACCGATA-C'C T T C ATGGAAACAGTCCC T GGGC TACG 
GC TA TACC T GCC CGCAG ITATAGAG uA GIT' GGTAGGG 

GCGAAC TAT TOG 0 TGCG GAT'A T T GT T GC CATGC TGCGATTAGGTATTTTTCGCTTTTTTITATAAACTGAG 

GCGAT GCGGGCATGGT GAACAGCGA T GCGGCGPAAG T G C AT 
TO GC0uCAGGGCATGG T GCT GGCGGAT CGT T-' T TTTAT G GGGCGOAAAA 
CGCGAA''1CCA(CCT GGG TGACC'CGT'GGATOGCAT 1 1G T GACCG 
A.TG, A- AAAGC-CG3CA T'TGTGAAAGirCGAAAGATGCGGCGGGCCAITGA 

CTGGJTG'T.ATACCGATCAGCAAAATG"CAAACAAAACAACC 
CATTGATCCGCAGGTGATGGTGGAACGCTATGGCGCGGATACCGTGC 
G'CCTGTTTA TGATGTTTGCGAGCC CGGATATGACC-CGGAATGG 
CAGGAAGCGGCG T GGAAGGCGCGAA-CCGC TT TAAGCG T G T GGA 
AC TGG T G TAT GAACATACCGCGAAGGCGT G T G G C GC TATACG 

AAACCA''TTGAAAGTGACCGAT uATGCCCCICCACCTT 

TCACCGCGATGCGGCGATTATGGAAC'T'ATGAAA' CCGA 
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AGC GCCGACCGA TGGCGAACAGGAT CGCGCGC TOGATGCAGGAAGCG 
CTGCTGGCG,,GGTG CGCATCTGAACCCGTTTACCCCCATATTTG 

C T TTACCC TC G uGAGACTGAAGCGAAGCGATAT TGATAACG 
CCCG TCGGCCGG T1GGCGGAT GAAU\AAGCGAT GG TGGAAGATAGCACC 

CT(GG TCGGTCGT GCAGGTCGAA.CGCAAG TCGCGCGAAAAT TACOCGT 

AACATC TGG TGkGGATAT C TOGGATGOCG TGACCOGTGOCAA.G To 
AT TTATOGT GCCJGGCAACTGC T GAACCTGT GG TGGGCCCGG T 

(SEQ ID NO: 62) 

63 V50 AT GAAG.AACAG TA T CO CCCO GAAGAAA T T GAAAGCAAAG T GAG C T 
GCATTGGATAAAACGCACC T T TGAAGTGACCGAAGA T GAA'CA 

AAGJUUAUA TAT TGC C T GAG(CCAT-'G,. 1GTCCGAGCCCC 
CTGCATATGCCATGTGCGAACTATAICrCATTCGATGTCT'TC' 

GCGCTATCAG-CG'AT G'CTGGGCAAAAACGTGC TG ACCCGA.TT GGCT 
GGCGAT GC TTGG'C TCGCCGCGGAAGGGCGGCGG OTGAAAAACAC 

ACCG-GCCGG-CCGTGGACC TAT GA TAACAT TGCGTA TAT GAAAA 
CCAGCTGAAAT C TGC T T PT GC GTAG A T GGGCGCAAATG 
CGACC T GCACCUG TT TA TCGC T' GGAA CAG 7\T TTTmTTACC 
GCGG T G TATAUTUJAAC C CCAGrCGGGTGjAA 

CTGGGCCCGAACGATCAACCTGG C` CTCGA CGACGGTGATTG 
ATGCTGCTGCTGGCC 1 . -T>C ATACCAAAGTGCG.A (-"CAAAGAAA1.T 
C CG-CAG TG GT TTA -TTzAA A-TTA.--0CGGT AT-GC GGATG1A A CT GTGA A 
CGATCTGGA AATGGATCATTGOGGGTCCGTGAAAAATG 
AGCGCAAC T GGAT T GGCCGCAGCGAGCG T GGCCT TACC T TAAC 
G TGAACGAT TAT GATAACACCCTGACG T G A T A CCGCCC 
IT'--' Tr, "' TA T ---G ' -r o --C-G " --' -r -r --r,. ----Cr--"T r, 

TGGCGCAGAAAGCGCGA"ACAAT CCCGOGACCGGGGCG TTA 

ATGAATGCC-GCAA.CCCAAACTGGCGGAAG-CGGAA'T(GCG'',AC'AT 

GGAAAAAGC(,GT GG.A TACJGG (-TT TAAAGCG TOGCAT CCC -TGA 
CCGGCGTAAGQAAATTCCGG T 'G T GGGCGCGAACT TGTG GC TGA TOGGA 
TATGGCACCGG CGCGGTGATGGCGG T GCCGGC'CAT GATCAGCGCGA 
TTATGAATTTGCAGC dATTGCCTGAACTT AAACCGGTGTTC 

TCGGCGGCGGATCAGC'CGAACCGCD TCGAGICCAGICAGGCGC T GACC 

GAAAGG CGTGC IT' GITTA CGGTATTACGCCTGGATCA 
T GAAGCCT'T' T C-'A TTGCGGA'TAAACT GAC(,CGT G CG 

TGGGCGAAC/GC ATGACTATCGCG CATTCGGCGTGAGC 

C'CCAGCGC T TGGGG CG CGAT TCC"GACTGACC'CTGAGA 
GGCACCGTGATGCCGA CCGGATGATA G CTG CCGTGATTCTGC 
CAACATCGTO G T GAT GGAT GGCAT 'ACPAGC CGAT TI\AGOAT 

CCGGAATGGGCGAAAACCACCGTGAACGGCAITG'CGCCGCTGCGCCGA 
AACCGATACCT T'TGAT'ACC1'TTTAT'GGAAGCA"GCTGGCA T'TATGCGC 
GC TATACC TGCCCGCAG TATAAAGAA'GCATGCT GGATAGCGAAGCG 
GCGAAC TAT T GGC T GCCGG T GG/ATATTGGAT TGG-CGGCATT GAACA 
TGCGATTATGGGCCTGCTGTATTT TCCTTTTTTCATTAACTGATGC 

GCGAT GCGGGCAT GG T GAACAGCGATCGAACCGGCG'AGC TCTGC T G 
T GCCAGGCATCGTGCTGCGGATGCGT3T 1G T G T GGCGAU;A 
CGGC.AACGCAAC ITGGGAGC' CG TC T CGAT GAACC 

ATGAAAAGCCGCATGTGTGAAAGCGAAAGAT GCTGGCG-GCCATC; AA 
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C T GG T G T A TACC GGCA T GAG GCAAAATGAAAAAGCAAAAACAACGG 
C-ATTG-OA.TCC -GCAG lGTGATG- GTGGA ,zACG C'T.ATGGCGCG-0GATACCGTGC

CT 

GCrTTTTATGATGTTTGCGAGCCCGGCGGATAGACCCTGGAATGG 

CAGGAAGCGGC T j, GACGCACG T T,,'' C TI GAA GG T G T Gll T'V (:j .~~l11tV C1 TIT~CCV T1 A ~C CCrl1T rh CIT
7 

A_7 ~ChCrl 
AC`jCj-,Cr3YAL-C(-j jjG'C(.UATCAA-1 Ay'C U c-',TG"~ AG 

GAAtCT1GGTGTATGAAC.ATAC.CGCGAAGGCGAT G T GCGGCGC T CA 

CG T GCGA GT GGCA T G CAC CG AAGA ACAAAG G T GC GACCGC GAT G T G 

CATAAAACCA' T T GGCAAG T GACTCTG T GA T G CCGCCGCCAGAC 
CTTTAACACCGCGA TTGCGGCGAT TA T ATGAT GAACAAACTGG 
CGAAIAGCGCCGA\CCGAT GGCGAACAGT CGGCC CTGAT GCAGGAA 
GCGCTGC.TGGCGGTGGTGCGCCATGCTACCCG~TTTACCCCGCATAT 
T T GT T TACCC T G T GGCAAC TGAAAGGCAAGGCGATAT TTGATA 

ACGCCCGCCGGGCGGATG 1AAAAGCATGTGGAAGATACC 

CG TGCGTGGA TGCGACCGAAGAACAGG CT h GCAA'CCGCGGGCC 
AGACTCT GG TGGCGAAATAUT C TGGAT GGCG TGACCGmT CGCAAAy 

TAT TTGTjGCCGGC AAT GCT GAAC-T GC G CGGCCC 

64 V54 A T GGAAGAACAGTAT'CCGGRAGAAT T GAAAGAPC'AGT GCAGC T 
GCAT T GGCATAAAACGCACT1TGAAGTGACCGAAGAT GAAAGCA 
AAGArAAATATAT~ TG GCCGACAT TAGCCCGTAT CCGACCGGCCGC 

CTGCATATGGGCCATCTGCGAACTATACCATTGGCGATCTGATTGC 
GCGCTATCAGCGCATGCTGGGCAAAAACGG'-CTGQ''CACGATTGGCT 
GGGA TGCGT TG T GAAAAACAAC 
ACCGCGCCGGCGG T GACCrTATGATAACA 1 T TGCG TATAT GdT7AAA' 
CCAGCTGAAAT C T GGGCT T T GGC TAT GAT uT GAG(CGCGA-ACT GG 
CGACCTGCAC C C T r ATCGC T GG,,AA 1 T T 

GAACTGTATAAAAAGGCCITCTGTATAAAAAACA(CACCGC'GTG- A 
CTGGTGCCCG AACG ATCAGACCGITGCTGGC.AAC.AACAGGTGATTG 
AT GGC T GC T GC T GGCGC T GCGA TACCAAAG T GGAACGCAAAGAAAT T 
ACGCAGTGGTTATTAATTACGCG TAT GC GGAT GAAC T GC T GAA 
CGATCTGGATiAAACTGGATCATTGGCCGGATA'C GPAAACCATGC 
AGCGCAAC T GGAT T, GCCGCAGCGAAGGCG T GGAA\T TAC CT T TAAC 
GTGAACGATTATGATAACACCCTGACrC1TGTATAICCAC.CGCGCCGGA 

TICG TTTATGGGCTGCCCACTGGCGGITGCGCGGCCATCG 
Tl GC;CAGAAG GGCGAAAA CAAC CCGAAC T GCG T IT TATT 
GATGAA.T GCCGCAA.CACCAAAG T GGCGGAA.GCGGAAAT GGCGA CCAT 
GGAAAAAAAAGGCGT T ACGGIC T AAAGCGGTG C  CGCTGA 
CCGGCGA T TCCGG T G TGGCGCAACTTTGTGC T TG AA 

TTGGCACCGCGCG T7 GAT GGCGG T CCGGCCATP~ GAT CACGCGA 1 

TGCCGAlATTAAAC'G(GGAl 
TGCGG GATCGGCGGGGAT C Ti. GAC iCAGCGCGCCT GCC 

GAAAAAGGCG T GCTGT AACAGCGGCGAA(TT T h'AACG'TGGAT CA 

T GAA.GCGGCG TTTAACCGAT TCGCGGA'T-AT GACCGC- GCGCGC 
TGGCGAACGCATGATATCGC CGTGCGATTGGGGGTGAC 
CGCCAGCGC A T GGCGICGCCGAT TCCGA GG TGAC T GG AA T GA 
TGGCACCGTGATGCCGC C CCATGATCAGCTGCCGGTGATTCTGC 

CGGAAGATTCTGATGGATGGATTA.CAGCCCGATAAAAGlCAT 
CCGGAAT GGGCGAAAACC AC G T G AACCGGCAT G CCG CGC T GC CGA 
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AACCGA.TACCTTGATACTTTATGAAAG(GCTGGATTTATGCC 
GC TA TACCT GC CGC AG TA TAAGAAGA. GCATC T. GATAGCGAAGCG 

GAACTATTGG'CTGC'CGG'TGATCTTTATTGGCGGAITTGAACA 

TCGATTCGTATTTTTCGCTTTTT1'ClCCG TCA& &AAAACTGATGC GT SCG ,'T T GCGC T GG T GAACGCG T GAACGGCATA AAG T GCT G 

TGCCAGGGCATOCTCCTGGCAGCCTTTATTATGTGCGAA 

CGGCGAACGCAA.CT GG T G.AGCCCGG T GGA T GCGA T G T GGAACGCG 
A.T GAAAAGGCCGCAT T G T GAAAGCGAAAGAT GCGGCGGGCCAT GAA 
C T GG T G TATACCGGCAT GAGC7AAAT AGCAAAC ' C APACAG 

CATITCATCCGCACGTCATCTGGAACGCTATCCCCCGGATACCTGC 
GCCTGTTTATCATGTT'TGCAGCCCGCGCGA'TG'ACCCTGGAATGC 

CAGAA-A G CG GGGG GGAG TT T TCTGAGCG T GIT'G 

GAAACTGGTATGAACATACCGCGAAAC'GAJTCTGGCGCGCTGA 

ACCTCGAT GCGCCTGACCGAAAACCAAAAGCT G CGC.CGCGATGTG 
CAT7-ACCAT T GCGAAG T ACCGAT GATAT T GGCGCC GCAC7-C 
C T T TAACACCCGAT T GCGCGAT TAT GGAACT GAT GAAC7ACT GG 
CGAAACGCCACCATCGTACACCATCCGC CCTCAT' GCAGGA 

GCCGCTCCTCGGCGG TCGTCC -ATGCC.TCGAACCCG . TTACCCCGC1ATAT 

TTCTTTACCCCG GGCAGGAAC TACGA CGG(CATAT TGATA 
A.C GCGCCG T G G C CGG T GG CG GA T GA AAAA G CGA T G G T G GAAG AT AG C 

A.CCC T G G T GG T GG T GC A GG T G"AA C GGCA A AG T GCGC GCGAA AAT TA C 

CGCTCCCGGCTT GGTCACCGAAGAACAGGT GCGCG GCGCGGGCC 
AGC'AT T G CTG1 GGCGATATC C T GATC GCG T GACCG TCCAAA 

(Q IDN: 64) 

65 V55 ATGGAAGAACAG TAT CCCCGCAAGAAATTCAAACCAAAGTCCAGCT 
GCAT IT G G(GA TAAAAACG CA'C T. T T AGTGC AG AAGC A 
AAl AATAT IT'ATk'TGCCTGAGCATTAGCC CGTATCCAGCGGC'CC 

C T GCATAT GGGCCA T G T GCGCAAC TA TACCAT T GGCGA T G T G A T GC 
CGCTATCAGC GCATCTCGGGCAAAAACGTGCTGCA.GCCGATTGG CT 

GCGAT GCG T T T GGCC T G C UCGGCGGAAGGCCCG T G-AACCAC 
ACGCGCGGCGCCTACTATGATAACA TGCTTATGAAA 

CCAC T AAAA' G TuTC TGCC TITTGGrTAT CATTCCCCGAAC GG 

CGACCTGCACCCCGGAA''TATCCCTCGGAAC:AGAAATTTTACC 
GMAC T GTATAAAAAAGG CrC 'GT G TATAAAAAAA'CAG CCTCAA 

CT-GTGCCCCGAACGAT CAGA CCG T OGCTGGCGAACGAACAGGTGATTG 
ATGGC T GCTGC TGCGCT GCGAT/CAAG"T GGAACGCAAAGAAAT T 
CCGCAGTGTTTATT-AA.TTACCCGTATGCGGATGAACTCTGAA 
CCATC.IGGATAAACTGATCAT GC ICTA-CGTGAAACATGC 

ACG CGAAC T GGAT T GGCCGCA C' C GAA".j G rCG J T GGAAC 
TGAACGATTAITGATAACACCCTGACC G T G TA TA CCACCCGC CCGGA 

TCGTTTATG TCACCTATCTGGGGGCGGCGGGCCATCCGC 

T GGr7CG C'AGAAAGC-GG,-CG-GAAAAC--AAC'-CCG GAAC T GGOGG-CG T T TA-TT 

CATGAAT GCCGCACrCAAGCTCCGGCGAAGCAAATGC~GACCAT 
GAA',-AGAA CAT GGC G; CG T GACAT C T' G 
CCGCGAAGAAAT CGG T G T GGG'CGGCCGAC T T T T C TG"ATC'GGAAl 

TATGGCA CCCCC TGG'CGCTGCCGGGCCATGATCAGrCGCGA 

TAT GA GCCTGAAAT AAACC 
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TC GGC GCGGAT GGCAGCGAACCGGA T C T GAGCCAGCAGGC C T GACC 
GAAAAG.GCG T GC T TTAACACGGCGAA.T TTAACGCC T GA T CA 
T GAAGCGGCGTT TAACGCGTTT GCGGATAAAC TGACCGCGATGGGCG 
TGGGACCAAATGAACTATCCC;TGCGCGATTGGGCGTGAGC 

CGCCACGC TAT T GGGCGCGCCGAT TCCGA GG T GACCC T GGAAGA 
TCGCACCGTCGATCCGACCCCGGATGAITC -'AGCTG(CCCTGATTCTCC 

CCGAAGATCG T G T GATGGATGGCATTACCGCCCGA.T TAAAGCGGA T 

CCGGAAT GGGCGAAAACCACCGT GAACGGCAT CGCCCGCTGCGCGA 
AACCGATACCTTTGATACCTTTAT GGAAAGC`AGCTGGATTTATGCGC 

C TATACC T GC.CCGCAG TATAAAGAAGGCAT GC GGATAGCGAAGCG 
GCGAACTATTGCTG:CCTGATATTG~TAGCGCAITTGAACA 

TGCGATGGCCTGCITGATTT CCTTT'TTCATAAACTGATGC 
GC GA T G CG GG CA T GG T GAA CA G CG AT G"AA C CGGC G"AAA.C AGC T G C T G 

T GCCAGGGCAT GG T GCT GGCGGAT GCG T T T G T CGCAAAA 

CGCGAACCC T GGG TCGACCC T GGTGCA T G G CCGC 
AT G A CCGCAT T G T GAAC- GAAGATGCGCGG(GGCCAT GAA 

C TCGGTCGTATAC;CGGCATC GACAJUATCGACCiYd\AGCAAJUACAACGG 
CATTGATCCGCAGGTGTGGTG GAACGCTAT GGCGCGGATACCGTG 

GCCTG7TTTATGATGTTTGCGAGCCCCCCCAATGCCCTGGAAkTGG 
CAGGAAAGCGGCCGTGGAAGGCGCAACCCTTCTAAACCTGT 

GAAA.CTCGGT GTAT GACCCGCAAAGCGAT G TGCGCCT GA 
ACGT GGAT CCCT GACIGT LA'CAAGC TCCCGCGAT G  
CATIDNAACCAT T GATGACCGAT GT TGGCCGCCGCCAGAC 
C ; T TACC CGA T GC GGCAT TATCCAAC T GD3A CG0CGACT GC 
CAAACG CCGACCGA T GGC GAACAGGA T CGC GCGC T GAT CAGGAA 

GCGQ1'(CTGTGCGGTGCGJJ CCTGAACCCG"TTACCCGCCATAT 
TT CT T ACICCAGAAC T GAAGGCAAGGCGATAT TGATA GC`G~wC;Gr IT C T'lCGi''TCA~A 

ACGC G TGG GCGATGDACGIT 'CGCCGGATAGC 

CGTGCC''C'GTGGAT1GCGACCGAGAACAGCGTG'CC'GAACGCGCGGCCC 
ACGAA'CATCGGTGGCGAAATATCTGATGG'CGTGACCTGCCGCAAA 
CTGATTTATGCQ CGCAAACTCTG.AACCTGTGTGGCGCCC 

T(SEQ ID NC: 6 

66 V56 ATCGACACAGTATCG C C GAAGAAATTGAAGCAAACGTGCAGCT 
GCATT 3GGGA 'AAAAAACG ACCT TGAAG TGACCGAAGAT G.AAAGCA 
AACAGAAATATTATTGCCTGAGCATTAGCCCGTA.TCCGAGCGGCCCG 

CTGCATATGGCC'ATGTGC'GCCTATACCATTGGCGATGTGATTGC 
CGCTATCAG'GCATGCTGGGCAA A-\ACGTGCTGCAGCCGATTGGCT 

GGGATCGT'TC GCC TGCGGCGGAAGCGCCC'GGC'GTC iliAACAAC 

ACCGCG CCGG CGCC T' GAC TAT A TAACAT TGCGTA TATGAAAAA 
ICCAGC- T G.AAAAT- GC TG-GGC TTT GG TAT GA TI T GGAGrCCG.CGAAC T GG

CGACC T GCACCCCCGGAATAT TA T CGCT GGGAACAGAAA T T T T TACC 
GAAC T G TATAAAAAGGCC GG T G TATA AAAAACCAGCGCGG G" A 
CTCCTGCCCGAArCATCAGACCGTGCTGGCACAACGGTAT 
ATC G T GC T GC TC CGC T CCATACCT GG C TACGCAG AGAAAT T 

CCCAGTGG' T T TATTAUATTACCC TAT GCGAT GAAC T GC TGAA 
uCATCCTGGATAAACTGGATCATTGGCCGGATACCGGAAAACCATGC 

AGC CAAC T GGA T T G CCGCACGAGC1 ITGGAAAiT TACC T TTAC.  
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GTGAACGATTATGATAACACCCTGACCGTGTATACCACCCGCCCGGA 
TGCGTTTATGGGCTGCACCTATCTGGCGGTGGCGGCGGGCCATCCGC 
TGGCGCAGAAAGCGCCGGAAIACAACCCGGAC CT GGGCGCTTTAT T 

GATGAT GCC GCYiCACC iAGT GGC GAAGCCGGIAT GGCGACCAT 
GGAA AA GCG T GGATACCGC T T TAAAGCTGG T CAT CCGC T GA 
CCGGCGAAGAAAT TCCGGTGTGGGCGGCGAACTTTCTG TGCJTGAT TGGAA 

TATGGCACCGGCGCGGTGATGGCGGT GCCGGGCCATGATCAGCGCGA 
TTATGAATTTGCGAGCAAATAT GGCCT GAACATTAAACCGGTGAT TC 
TGGCGGCGGATGGCAGCGAACCGGATC GAGCCAGCAGGCGCT GACC 
GACAAGG T GCTG T TTCTCTAACAGCGGCGAT T TAACGGC C T GGAT C 
TCAAGCGCCGCGCTI'ACC kGAT' TGCCfG'ATACTGACCGC'G GGGCG 
TGGGCGAACGCAAAGTGAACTATCCCTGCGCGATTGGGGCGTGAGC 
CGCCAGCGCTATTGGGCGCGCCCGATTCCGATGGTGACCCTGGAAGA 
TGGCACCGTGATGACCCCCGGATGATCAGCTGCCGGTGATTCTGC 
CGGAAGATGTGGTGATAT GGCATTACCAGCCCGAT TAAAGCGGAT 
CCGGAATGGGCGAAAAuCCACCG TGAACGGCATGCCGGCGCTGCGCGA 
AACCGATACCTTTGATACCTT \C TTAT GC tkACACTGCTGGAT T TATGCCC 
GCTATACCTGCCCGCAGTATAAAGAACGGCATGCTGGATAGCGAAGC 
GCG, AAl CT.ATTG-GCTGCCGGTGGATATTGGCATTGGCGGCATTGAACA 

TGCGATTATGGGCCTGCTGTATTTTCGCTTTTTTCATAAACTGATGC 
GCGATGCGGGCATGG TGAACAGCGATGAACCGGCGAAACAGCTGCTG 
TGCCAGGGCATGG T CTGCGCGATGCGTTTTATTATG TGGGCGC5TCA5lC\A 

CGGCGAACGCAAC T GGG T GAGCCCGGTGGATGCGATTGTGGAACGC 
AT AAAGCCGCA T G T G I\GCG'AAGATCGCGGCCCATGAA 
CTGGTGTATACCGGCATGAGCAA''GAGCAAAAGCAAAAACAACGC 
CATTGATCCGCAGGTGATGGTGGAA C GCTATGGCGCGGATACCGTGC 

GCCTGTTTATGATGTTTGCGAGCCCGGCGGATATGACCCTGGAATGG 
CAGGAAGCGGCGTGGAAGCGCG/AACCGCCTTTCTGAAACGCGTGTG 
GAAACTGGTG TATGAACATACCGCGA GGCGATGTGGCCGCG CTGA 
ACGTGGATGCC CTGACCAtdKAACCA-/kAGCGCT CGCCGCGT 

CATAAAACCAT TGCGAAACGTGAC CGAT GATAT T GGC CGCCGCCAGAC 
CTTTAACACCGCGA TTGCGGCGATTAT TGGAACTGATGAACAAACTGG 
CGAAAGCGCCGACCGATGGCGAACAGGATCGCGCGCTGATGCAGGAA 

GCGCTGCTGGCGGTGGTGCGCATCTCA7'CGTTTTCCC.,A T 
TTGCTTTACCCGTGGCAGGAACTGAAAGGCGAAGGCGATATTGATA 
ACGCGCCGTGGCCGGT GGCGGATGAAAAAGCGAT GG TGGAAGATAGC 

AC CCTGGTGGT GT 'GCAGGTGAACGCAGTGCGGC.AAA§'d'CCC'' kAAAT TAC 

CGTGCCGGTGGATGCGACCGAAGAACAGGTGCGCGAACGCGCGGGCC 

AGGAACATCTGGTGGC.AATATCTGGATGGCGTGACCGTGCGCAAA.  
GTGATTTATGTGCCGGGCAAACTGCTGAACCTGGTGGTGGGCGGCCC 

(SEQ ID NO: 66) 
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EXAMPLE S 

[002101 The following Examples are merely illustrative and are not intended to limit the 

scope or content of the invention in any way.  

Example I - Construction and Selection of Improved Leucyl-tRNA Synthetase Muteins 

5 [002111 This Example describes the construction of leucyl tRNA-synthetase muteins.  

[002121 Wild-type E. coli leucyl tRNA-synthetase (SEQ ID NO: 1) was cloned into a 

plasmid under control of a CIMV promoter. The plasmid also contained a 4x U6-LeutRNACUA 

DNA cassette encoding a suppressor tRNA (E. coi leucyl tRNA hi with a CUA anticodon, 

SEQ ID NO: 19). The plasmid, encoding the leucyl-trRNA synthetase and leucyl suppressor 

10 tRNA was used as a library template construct and is referred to as pBBK-LeuRS.wt-LtR

TAG.  

[002131 Leucyl synthetase muteins V2 (SEQ ID NO: 3) and V3 (SEQ ID NO: 4) were 

generated via standard mutagenesis of wild-type active site residues (see, Zhenttal(2018 

supra) Leucyl synthetase mutein V1 (SEQ I) NO: 2) was designed by combining distinct 

15 active site mutations of the V2 and V3 muteins.  

[002141 The plasmid encoding leucyl tRNA-synthetase mutein Vi (SEQ ID NO: 2; 

referred to herein as LeuRSvI) was then used as a template for the generation of a library of 

plasmids encoding additional leucyl tRNA-synthetases variants. The library included 

plasmids encoding leucyl tRNA-synthetase variants with individual substitutions of each of 

20 Q2, E20, M40, L41, T252, Y499, Y527, and H537 with each of the twenty natural amino 

acids.  

[002151 A sGFP-39TAG reporter fluorescence assay, which utilizes a reporter plasmid 

encoding the GFP protein with an amber codon at Y39 and fused to a His-tag at the C

tenninal (GFP39-TAG), was used to assess the leucyl synthetase mutein activity in 

25 mammalian cells. HEK293Tcells were cultured in Dulbecco's modified Eagle's Medium 

(DMEM) supplemented with 10% FBS and 0.5x penicillin-streptomycin in a humidified 

incubator at 37 °C in the presence of 8% CO. 0.7 x 106 HEK293T cells were seeded per 

well 24 hours prior to transfection in a 12 well plate Polyethylamine and DNA were mixed 

at a ratio of 4 L PEI (I mg/mL) to 1 g DNA in DMEM. For each transfection mixture, 500 

30 ng GFP39-TAG reporter plasmid was mixed with pBBK-LeuRSv#-LtR-TAG. Unnatural 

amino acids (UAAs) were added or excluded from the media at concentrations of 0.5 mM 
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LCA, 1 mM LKET, or I mM ACA. Fluorescence images were obtained at 48 hours with an 

Olympus microscope through a 488 bandpass filter set. To obtain GFP39-TAG expression 

data, cells were harvested at 12,000 x g. Cells were washed with PBS and lysed with 

CelLytic M lysis buffer supplemented with Ix Halt protease inhibitor and 0.01% Pierce 

5 universal nuclease. After a20 minute incubation, the lysate was clarified at 15,000 x g for 10 

minutes and transferred to a clear bottom 96-well assay plate. Fluorescence was measured 

using a Floroskan Ascent H (Ex. 485 nn; En. 535 nn).  

[002161 Variants of LeuRS.vl (SEQ 1D NOs: 5-14) were assayed for LCA incorporation 

as described above. Point mutations in variants of LeuRS.vi are shown in FIGURE 4A, and 

10 corresponding fluorescent activity in the GFP-39TAG reporter assay is shown in FIGURE 

4B. As seen in FIGURE 4B, the leucyl tRNA-synthetases that were empirically selected 

from the high-throughput screen screened had varying activity compared to parent LeuRSvI 

in the presence of 0.5 mM LCA. Over 50 variants were tested; representative fluorescent 

images for select LeuRS variants (LeuRS variants v1, v2, v9, v10, v26, v29, v48, v50, v54, 

15 v55, and v63, with amino acid sequences and mutations as shown in TABLE 1 below) in the 

GFP-39TAG reporter assay are shown in FIGURE 4C. Variants v9, v10, v26, v29, v48, 

v50, v54, v55, and v63 were found to have enhanced activity for LCA incorporation when 

compared to the parent sequence, LeuRS.vl.  

[002171 The LeuRS variants depicted in FIGURES 4B-4C were subjected to 

20 polyspecificity analysis to test whether they would accept UAA substrates in addition to 

LCA. GFP-39TAG expression analysis was performed as described above in the presence of 

0.5 mM LCA, 1 mM LKET, or 1mIM ACA (FIGURE 5A). Activity was measured as 

described above, and results are depicted in FIGURE 5B.  

[002181 Leucyl synthetase muteins described in this Example with enhanced activity to 

25 wild-type are summarized in TABLE 1 
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TABLE 1 

LeuRS Q2Y0WO LI T5 499 Y527 H1153 7 
WT (SEQ ID NO: 1) Q F M L T Y Y H 

VI (SEQ ID NO: 2) E K I S A I A G 

V2 (SEQ ID NO: 3) E K V S R S L G 

V3 (SEQ ID NO: 4) E E I L A I A G 

V9 (SEQ ID NO: 5) E M I S A I A G 
V10 (SEQ ID NO: 6) V 1 S A I A IG 
V26 (SEQ I) NO: 7) f K I V A I A G 

V48(SEQ ID NO: 9) E K I S A A A G 
V50 (SEQ ID NO: 10) E K I S A H A G 
V54 (SEQ ID NO: 11) E K I S A I I G 
V55 (SEQ ID NO: 12) E K I S A I V G 
V63 (SEQ ID NO: 13) E K I S A I G G 

Example 2 - Construction of Stable Cell Lines Expressing Leucyl tRNAs and Leucyl 

5 tRNA-Synthetase Muteins 

[00219] This Example describes the construction of cell lines, e.g., stable cell lines, 

expressing leucyl suppressor tRNAs and leucyl tRNA-synthetases (schematically depicted in 

FIGURES 6A-6B).  

[002201 CIHD-dhFr adherent cells were acquired from ATCC.HCHD-dhFr cells were 

10 chosen as a parental cell line due to the flexibility of their inherent metabolic dhFr selection 

strategy for future integration of target genes of interest (i.e., post-platform cell line 

generation). CHO-dhFr cells were maintained according to the ATCC protocol in GibCoTM 

IMDM, supplemented with 10% Fetal Bovine Serum, 0.1 mM hypoxanthine, 0.016 mM 

thymidine, and 0.002 mM Methotrexate. For stable cell line generation, CHO-dhFr cells 

15 under passage 15 were cultured for pCLD plasmid transfection either using Lipofectamine 

2000 (Thermo Fisher Scientific) or Nucleofector 4D-X unit and associated kits (Lonza).  

[002211 For Lipofectamine 2000 transfections, 2 mL of 2.5 x I05 per mL CHO-dhFr cells 

were plated per well of a 6 well plate 24 hours prior to transfection.24 hours later, cells were 

transfected with 3 pg of a plasmid containing (i) a 4 x U6 promoter, leucyl suppressor tRNA 

20 h Irepeat cassette and (ii) an EF a.promoter, L.euRS.v-RES-puromycin cassette plasmidd 2, 
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TABLE 2) using Lipofectaniine 2000 following theThermo Fisher Scientific standard 

protocol 

[002221 For Lonza Nucleofector 4D-X transfections, xl 106 CHO-dhFr cells transfected 

with 2-4 Ag of plasmid containing (i) a 4 x U6 promoter, leucyl suppressor tRNA repeat 

5 cassette and (ii) an EFla promoter, LeuRS.vl-RES-puromycin cassette (plasmid2, TABLE 

2) using the Lonza kit SE according to the manufacturer's instructions. Cellspost

transfection were plated into a 6 well plate. After Lipofectamine 2000-based transfection or 

Nucleofection, plates were incubated at 37 Cwith 5% CO2 to recover for 24-48 hours prior 

to application of 1.5 pg - 6 pg puromycin for selection (steps 1-2 of FIGURE 6A).  

10 [002231 The leucyl suppressor tRNA in plasmid 2 is depicted in SEQ ID NO: 19 and the 

LeuRS.vl leucyl-tRNA synthetase in plasmid 2 is depicted in SEQ ID NO: 2.  

1002241 Two weeks post-puromycin selection, the cells were transfected with a dual 

reporter construct comprising both GFP and mCherry fluorescent reporters using 

Lipofectanine 2000, as described in the manufacturer's protocol. Said dual reporter 

15 constitutively produces mCherry (red) and is connected via a linker comprising a stop codon 

to GFP, such that the reporter conditionally produces GFP (green) if the tRNA/aaRS pair are 

active (step 3 of FIGURE 6A). Transfected cells were cultured in the presence of 0.25 mM 

LCA for 15-48 hours before aseptic single cell sorting on a 13D Melody FACS sorter (131)).  

UAA incorporation activity was determined by fluorescence activated cell sorting (FACS) 

20 andfluorescent microscopy(FIGURES7-8). FIGURES 7A-7C demonstrate the expected 

phenotypes of fluorescent reporter positive controls, demonstrating mCherry-GFP wild-type 

results in cells populated along the 45 degree axis. FIGURES 7D-7E represent stable cell 

populations obtained using lipofectamine-based transfection that were selected with 

purornycin as described above, while FIGURES 7F-711 represent stable cell populations 

25 obtained using nucleofection-based transfection that were selected with puromycin as 

described above. As shown in FIGURES 7A-7H, a population shift into the 45 degree axis, 

indicative of changes in the conditional GFP signal, demonstrated that nucleofector 

transfections have the greatest shift, and accordingly, the greatest activation of the conditional 

dual reporter. In summary, each dot along the 45 degree axis is a stable cell line and can be 

30 selected for isolation, propagation, and recharacterization (FIGURE 7).During the FACS 

pool analysis, mnCherry and GFP dual positive clones were selected and single clones were 

sorted into 96 well plates via the"whole" gate, which is the broadest selection depicted in 
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FIGURE 7, or the 45 gate along the 45 degree axis (FIGURE 71). These clones were 

cultured for recovery prior to recharacterization via the conditional dual reporter (step 4 of 

FIGURE 6A).  

[002251 Isolated clones were then individually prepared for transfection and 

5 recharacterization via the same mCherry-GFP conditional reporter described above, which 

served as a representative readout of UAA incorporation (step 5 of FITRE 6A). Clonal 

populations were transiently transfected as described above using LCA (unless otherwise 

described) with the fluorescent reporter and screened by fluorescence microscopy (FIGURE 

8), FACS (FIGURE 9). Quantification of suppression efficiency and protein production 

10 from the FACS results are shown in FIGURE 10. In FIGURE 8, clonal isolates were 

initially compared via fluorescence microscopy to parental cells expressing mCherry-GFPwt 

(abbreviated as MGwt) or parental cells co-transfected with mCherry-GFP* (abbreviated as 

MG*, * referring to a TAG mutant) and the pCLD suppressor plasmid originally used to 

generate the stable cell lines, referred to as "Transient control" or"pCLD transient" (plasnid 

15 2, TABLE 2), FIGURE 8A and FIGURE 8B depict the standard lipofectamine based 

characterization assay described above (analyzed at 48 hours) for clones isolated from either 

lipofectanine or nucleofection based cell line generation. Representative images for clones 

ILlw.6, 2.2N4S.3, and 2.2N6S.3 demonstrated that these clones had overall higher protein 

expression and a higher percentage of cells showing readthrough of the MG* reporter than 

20 parental lines.  

[002261 The fluorescence intensity of the transfected cells was quantified by FACS.  

Histogram analysis of the MG* reporter expressed in clonal populations (FIGURE 9) 

facilitates insight into the overall percentage of cells in the population which can incorporate 

UAAs as well as allow for comparison of protein expression productivity and suppression 

25 efficiency. Histogram analysis of MG* expression in stable clones (FIGURES 9A-9J) 

relative to the transient control of CHO-dhFr containing reporter and suppressor plasmid 

(FIGURE 9K; plasmid 2 of TABLE 2) showed the stable clones had an overall higher cell 

transfection efficiency, and therefore, higher reporter expression in the presence of 0.25 nM 

LCA gated as shown in FIGURE 91 Clones carrying the Leu-tR-RS gene delivered by 

30 Nucleofector showed higher cell transfection efficiency, as demonstrated in FIGURE 9.  

[002271 The histogram depicted in FIGURE 10 was determined using the BD Melody 

Software. Quantification of the average mCherry or GFP fluorescence, shown in FIGURE 
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10A, depicted the same trend as seen in FIGURE 9. To gain an understanding of the relative 

suppression efficiency, the ratio of average GFP fluorescence divided by the average 

mCherry fluorescence was compared across cell lines. The stable cell lines depicted in 

FIGURE lOB displayed a reasonable suppression efficiency and demonstrated the non-trivial 

5 capability of the 4 x Leu-tRNA/i1 x LeuRS v1 ratio to generate stable cell lines which can 

incorporate LCA, without the requirement of additional suppressor plasmid DNA.  

Additionally, FIGURE IOC depicts a higher ratio of the percentage of cells expressing GFP 

over the percentage of cells expressing mCherry, which confirmed a higher frequency of 

UAA incorporation among the stable population as compared to transient transfection.  

10 Further experimentation and analysis of the ratio of tRNA:aaRS and the site of integration 

may improve these characteristics.  

[002281 Productivity analysis of stable clones was performed with the use of a GFP* 

reporter, comparing the parental cell line or clone i.L1w.6 (FIGURE 11). 2 ml of cell 

culture were transfected with 3 pg of reporter plasrnid encoding GFP protein with an aniber 

15 codon at Y39 and fused with a 1-is tag at the C-terminal (GFP39-'AG) using Nucleofection 

in the presence of 0.25 mM LCA and allowed to express for 72 hours post transfection in 

incubator conditions as described above. Cellswere harvested and lysed in 150 pL CelLytic 

M lysis buffer supplemented with 1x Halt protease inhibitor and 0.01% Pierce universal 

nuclease and affinity captured on 50 iL Ni-NTA beads following the manufacturer's 

20 protocol. Ni-NTA beads were subjected to 4 washes with PBS plus 20 mM imidazole 

followed by 50 pL elutions with PBS plus 300 mM imidazole. Each sample was denatured in 

4X-SDS sample buffer and analyzed by Coomassie gel. Equal loading volume of 14 L from 

each sample was resolved on 4-12% Bis-Tris gel in IX MES running buffer (as shown in 

FIGURE 11). Lane 1 contains GFPwt transfected in parental line CHO-DhFr, Lane2.  

25 contains GFP-TAG and pCLD suppressor plasmid plasmidd 2, TABLE 2) transfected in 

parental line CH(-DhFr, Lane 3 contains GFPwt transfected in clone 1.LL6, Lane 4 contains 

GFP-TAG without additional plasmid transfected in clone L1.6 (FIGURE 11). The correct 

size of GFP was observed and indicated by the arrow. Comparable levels of protein were 

shown to be expressed in the parental and clonal lines, with an apparently higher relative ratio 

30 of UAA containing protein versus wild-type (e.g., lane 3 vs 4 compared to lane 2 vs 1).  

[002291 Stability of the clonal cell lines for UAA incorporation capability is further 

assayed via the above methods over a 30-60 day period. Clones are thawed and cultured over 
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two months according to the protocol as described above, Every two weeks, clonal 

population timepoints are banked in liquid nitrogen according to standard ATCC protocol.  

At the end of the two-month culture period, cells are thawed and fluorescence analysis is 

repeated as described above for each timepoint, followed by the general productivity analysis 

5 as described above (step 6 of FIGURE 6A). For cell lines that maintain UAA incorporation 

capability, production lines are generated, where a gene of interest is stably integrated into 

the genome of the platform line (step 7 of FIGURE 6A). Additionally, copy numbers during 

cell line generation are correlated with the production and stability characteristics of the 

resultant protein to determine copy number ratios compatible with commercial viability.  

10 [002301 Additional constructs for the construction of stable cell lines expressing leucyl 

suppressor tRNAs and leucyl-tRNA synthetases include plasmids 1, and 3-7 (TABLE 2).  

Relative to plasrnid2, these additional constructs include, for example, different tRNA or 

aaRS copy number or different resistance gene.  

[002311 A summary of the constructs for construction of stable cell lines expressing leucyl 

15 suppressor tRNAs and leucyl-tRNA synthetases described in this Example is depicted in 

TABLE 2.  

TABLE 2 

Slasinid # tR'NAs # aaRS iesistaice-gen-e 

IpCLD-4xLeutRwt-LeuRS.v1-Puro_ 4 1 Puromycin 
2 pCLD-4xLeutR.hl-LeuRS.vi-Puro 4 1 Puromycin 

3 pCLD-4xLeutR.hlonly-Puro 4 0 Puromycin 

4 pCLD-LeuRS.Vlonly-Zeo 0 1 Zeocin 
5 pCLD-LeuRS.V1-8xtR-h1-TAG-Puro 8 1 Puromycin 
6 ,CL)-LetRS.V1-16xtR.hl-TAG-Puro 16 1 Puromycin 
7 pCLD-LeuRS.VI-32xtRhl-TAG-Puro 32 1 Puromycin 

Example 3 - Comparison of Stable Cell Line Pools Generated with WT Leucyl tRNA 

20 Amber Suppressor Versus 1-1 Leucyl tRNA Amber Suppressor 

[002321 Parallel cell line pools were generated with nucleofection as described in Example 

2 above using pCLD-4xLeutRwt-LeuRS.v-Puro (plasnid I of TABLE 2) or pCLD

4xLeutR.hl-LeuRS.v-Puro (plasmid I ofTABLE 2), with "wild-type" (wild-type other than 

any mutations in the anticodon region) or mutein tRNA hl, each engineered to contain the 

25 CUA anticodon, in order to compare the effect of the "wild-type" versus h Ileucyl tRNAs, 

respectively, on the efficiency of stable clone generation (the process as shown in steps 1-3 of 
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FIGURE 6A and FIGURE 61). The leucyl suppressor tRNA LeutRwt in plasmid I is 

depicted in SEQ ID NO: 16, the leucyl suppressor tRNA LeutR.hl in plasmid2 is depicted in 

SEQ I) NO: 19, and the LeuRS.v] leucyl-tRNA synthetase in plasmids I and 2 is depicted in 

SEQ ID NO: 2. Both pools were subjected to the same selection conditions and analyzed via 

5 FACS analysis using an MG* reporter as described in Example 2 above. A transient 

transfection using a pCLD plasmid expressing the h ItRNA was used as a control to identify 

the target gate, P6. Approximately 2x more clones were identified within the 45 degree gate 

(P6) and 2x more positive clones were identified (PS) when cells were transfected with the hI 

tRNA rather than the "wild-type" suppressor (FIGURE 12).  

10 

Example 4 - Construction of Stable Cell Lines Expressing Tryptophanyl tRNAs and 

Tryptophanyl tRNA-Synthetase Muteins 

[002331 Cell line pools were generated by nucleofection as described above in Example 2 

using pCLD-4xTrptR-TGA-TrpRS.hi4-Puro plasmidd I of TABLE 3). This version of the 

15 pCLD plasmid contains (i) a 4 x U6 promoter, Trp-tINA-UCA repeat cassette and (ii) an 

Flu promoted TrpR.S.h14-IRES-puromycin cassette. The tryptophanyl suppressor tRNA 

Trp-tRNA-UCA in plasmid 1 is depicted in SEQ ID NO: 50, and the TrpRS.h14 

tryptophanyl-tRNA synthetase in plasinid is depicted in SEQ ID NO: 44.  

[002341 A shortened puronycin selection of 7-10 days, in either 1,5 pg/mL or 4 pg/mL, 

20 was used, and an mCherrv-GFP* reporter was used, with a TGA stop codon rather than a 

TAG stop codon The TGA stop codon displays higher efficiency than the TAG stop codon 

in mammalian cells for tryptophanyl pairs. Pools of stable tryptophan cell lines were 

subjected to the same selection conditions and analyzed via FACS analysis using the 

modified MG* (TGA) reporter as described above in Example'2 in the presence of 1 mM 5

25 hydroxytryptophan, HTP, the UAA for the tryptophanyl pair (FIGURE 13). Stable clones 

were identified within the target 45 degree gate and sorted into clonal isolates. The 

identification and sorting of these stable clones confirms the 4:1 tRNA:aaRS ratio as viable 

for the generation of stable tryptophanyl cell lines.  

[00235] Further characterization of clonal isolates, for example, as was performed with the 

30 leucyl clonal isolates described in Example 2 above, is conducted to determine protein 

production and stability characteristics of the stable tryptophanyl cell lines.  
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[00236] Additional constructs for the construction of stable cell lines expressing 

tryptophanyl suppressor tRNAs and tryptophanyl-tRNA synthetases include plasmids 2-6 

(TABLE 3). Relative to plasmid 1, these additional constructs include, for example, 

different tRNA or aaRS copy number.  

5 [002371 A summary of the constructs for construction of stable cell lines expressing 

tryptophanyl suppressor tRNAs and tryptophanyl-tRNA synthetases described in this 

Example is depicted in TABLE 3.  

TABLE 3 

# Plasmid 4 tNAs # aaRS Resistance gene 
1 pCLD-4xTrptR-TGA-TrpRS.h14-Puro 4 1 Puromycin 
2 pCLD-4xTrptR only-TGA-Puro 4 0 Puroncin 
3 pCLD-TrpRS.h14-Zeo Brick005 0 1 Puromycin 
4 pCLD-TrpR.S hl4-8xtR-TGA 8 1 Puromycin 

5 pCL)TrpRS.hl4-l6xtR-TGA 16 1 Puromycin 
6 pCD-IrpRS h 4-32xtR-TGA _Puromycin 

Example 5 - Construction of Stable Cell Lines Expressing Leucyl Suppressor tRNA and 

10 Leucyl tRNA-Synthetase 

1002381 This Example describes the construction of stable cell lines expressing leucyl 

suppressor tRNAs and leucyl tRNA-synthetases, including by (i) transfecting cells with a 

single plasmid encoding both the leucyl suppressor tRNA and leucyl tRNA-synthetase, and 

(ii) transfecting cells sequentially with separate plasmids encoding the leucyl suppressor 

15 tRNA and leucyl tRNA-synthetase.  

[002391 Stable CHO-dhFr cell lines were generated by transfection of plasmid 2 (TABLE 

2) using Lipofectamine 2000 or nucleofection Selection was performed at 1.5, 2, 4, or 6 

pg/mL puromycin. Post-puromycin selection, cells were transfected with the MG* dual GFP 

and mCherry fluorescent reporter. Transfected cells were cultured in the presence of UAA 

20 (LCA), and UAA incorporation activity was determined by fluorescence activated cell sorting 

(FACS) and fluorescent microscopy. Except where indicated otherwise, all experimental 

steps and reagents were generally as described in Example 2 above.  

[002401 Results for select, top-performing clones are shown in FIGURE 15A, which 

depicts the ratio of average GFP fluorescence divided by average mCherry fluorescence for 

25 each clone.  
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[00241] In FIGURE 15A, clones numbered starting with I were selected at 1.5 ug/mL 

puromycin, clones numbered starting with 2 were selected at 2.0 ug/mL puromycin, clones 

numbered starting with 4 were selected at 4,0 ug/mL puronvcin, and clones numbered 

starting with 6 were selected at 6.0 ug/mL puromycin. The stable cell lines depicted in 

5 FIGURE 15A were all active suppression clones, with many demonstrating a UAA 

incorporation rate greater than 20%. Generally, among the clones depicted, the best clones 

were isolated using a higher puromycin selective pressure (>4 pg/mL).  

[002421 Further stable CHO-dhFr cells lines were generated using a sequential selection 

method, where the leucyl suppressor tRNA was first integrated into the genome under a 

10 purormycin selectable marker and the leucyl tRNA-synthetase was then integrated into the 

genome under a zeocin selectable marker.  

[002431 In brief, plasmid 2 (TABLE 2) was subcloned to remove the LeuRS.vl, resulting 

in a 4xLeutR hl only plasmid which contained a puromycin selectable marker. Plasmid 2 

was also subcloned to remove the 4xLeutR.hi and replace the puromycin selectable marker 

15 with a zeocin selectable marker, resulting in a 1x LeuRSv1 only plasmid which contained a 

zeocin selectable marker. First, the 4xLeutR.hl only plasmid was transfected into CHO-dhFr 

cells using Lipofectamine 2000 and a puromycin resistant pool was selected. Selected pools 

were transiently transfected with a plasmid encoding LeuRS.vl and assayed for activity using 

the MG* reporter. Stable clones with UAA incorporation activity were isolated. Next, these 

20 stable clones were further transfected with the lx LeuRS.v1 only plasmid using 

Lipofectamine2000 and 0.05-2 pg/mL zeocin for selection. Cells were assayed again for 

activity using the MG* reporter, and stable clones with UAA incorporation activity were 

isolated. This sequential approach would hypothetically allow for stable cell lines with 

varying copies of the suppressor tRNA and/or tRNA-synthetase genes, thereby not 

25 constraining the cell lines to the 4:1 copy number ratio of the genes in plasmid 2. Except 

where indicated otherwise, all experimental steps and reagents were generally as described in 

Example 2 above. It is expected that similar results would be obtained using, for example, 

nucleofection in place of Lipofectaniine 2000.  

[002441 Results for select, top-performing clones are shown in FIGURE 15B, which 

30 depicts the ratio of average GFP fluorescence divided by average mCherry fluorescence for 

each clone. The stable cell lines depicted in FIGURE 15B all displayed a reasonable 
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suppression efficiency. Generally, the sequential selection method resulted in more 

consistently performing clones.  

Example 6 - Comparison of Stable Cell Line Pools and Clones Generated with WT 

Leucyl tRNA Amber Suppressor Versus HI Leucyl tRNA Amber Suppressor 

5 [002451 This Example describes the construction of stable cell lines expressing leucyl 

suppressor tRNAs (including "wild-type" tRNA and hl mutant leucyl tRNA) and leucyl 

tRNA-synthetases, and a comparison of their UAA incorporation activity.  

[002461 Parallel cell line pools were generated with nucleofection as described in Example 

2 above using pCLD-4xLeutRwt-LeuRS.v-Puro plasmidd I of TABLE 2) or pCLD

10 4xLeutR.hl-LeuRS.v1-Puro (plasmid I ofTABLE 2), with "wild-type" (wild-type other than 

any mutations in the anticodon region) leucyl tRNA or h mutant leucyl tRNA, each 

engineered to contain the CUA anticodon, in order to compare the effect of the "wild-type" 

versus hl mutant leucyl tRNAs, respectively, on the efficiency of stable clone generation, 

Both pools were subjected to the same selection conditions (2 g/mL puromycin). Clones 

15 were isolated without bias and analyzed via FACS analysis using an MG* reporter as 

described in Example 2 above, 

1002471 Relative activity of the clones is shown in FIGURE 16A. In FIGURE 16A, cell 

lines numbered starting with vI expressed the"wild-type" leucyl tRNA while cell lines 

numbered starting with v2 expressed the hi mutant leucyl tRNA. Onaverage,theclones 

20 generated with the hi mutant leucyl tRNA were superior to those generated with "wild-type" 

tRNA. FIGURE 16B depicts the median relative activity of clones generated with the hl 

mutant leucyl tRNA relative to those generated with "wild-type" tRNA, demonstrating an 

~L8x improvement when using the mutant tRNA.  

Example 7 - Copy Number Analysis of Stable Cell Lines Expressing Leucyl tRNA and 

25 Leucyl tRNA-Synthetase 

[002481 This Example describes genomic copy number (GCN) analysis of stable cell lines 

expressing leucyl suppressor tRNAs (including "wild-type" tRNA and hi mutant leucyl 

tRNA) and leucyl tRNA-synthetases, and a comparison of GCN and UAA incorporation 

activity in the cell lines.  

30 [002491 A select group of clones from Examples 5 and 6 were analyzed for genomic copy 

number (GCN) by qPCR. Primers were designed to measure GCN of the leucyl suppressor 
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tRNA (either"wild-type" or hi mutant leucyl tRNA) or LeuRS.vi synthetase,using132Mas 

agenomic control. GCN was measured at day 0 (t) and day 60 (t60), with cells passaged 

routinely. Results are shown in FIGURE 17. In FIGURE17, cell lines numbered starting 

with v1 expressed the "wild-type" leucyl tRNA while cell lines numbered starting with v2 

5 expressed the hl mutant leucyl tRNA. Like numbered cell lines refer to the same cell lines as 

in Example 5 (FIGURE 15A) and Example 6 (FIGURE 16). In FIGURE 17, UAA 

incorporation activity (average GFP fluorescence divided by average mCherry fluorescence 

measured using the MG* reporter as described in Example2) is plotted on the secondary axis 

and GCN of tRNA/aaRS on the primary axis. Most clones received between 25-100 copies of 

10 tRNA, with a 4:1 ratio of tRNA:synthetase. hi mutant leucyl tRNA significantly 

outperformed "wild-type" leucyl tRNA in these cases (see, for example, v2-6.3 versus vI

3.5). In one instance, a "wild-type" leucyl tRNA clone was generated with high MG activity 

(vi-3.12). However, it was noted that this required hundreds of additional copies of tRNA 

compared to similarly performing hl mutant leucyl tRNA clones (for example, v2-63). GCN 

15 was generally stable over the course of the experiment.  

[002501 Together, these results demonstrate that stable cell lines expressing hi mutant 

leucyl tRNA have higher UAA incorporation activity at lower GCN relative to stable cell 

lines expressing "wild-type" leucyl tRNA. It is expected that higher UAA incorporation 

activity at lower GCN has advantages for cell line development. For example, fewer 

20 integration sites result in less perturbation to the host genome, which is expected to result in 

improvements in cell growth and UAA incorporation/recombinant protein product.  

INCORPORATION BY REFERENCE 

[002511 The entire disclosure of each of the patent and scientific documents referred to 

25 herein is incorporated by reference for all purposes.  

EQUIVALENTS 

1002521 The invention may be embodied ino ther specific forms without departing from the 

spiritor essential characteristics thereof. The foregoing embodiments are therefore tobe 

considered in all respects illustrative rather than limiting on the invention described herein.  

30 Scope of the invention is thus indicated by the appended claims rather than by the foregoing 
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description, and all changes that come within the meaning and range of equivalency of the 

claims are intended to be embraced therein.  
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WHATIS CLAIMED IS: 

1. A eukaryotic cell line capable of expressing a target protein containing at least one 

unnatural amino acid from a gene containing a premature stop codon at a position 

corresponding to the position for incorporation of the unnatural amino acid, the cell line 

comprising a genome having stably integrated therein (i) a nucleic acid sequence encoding a 

prokaryotic leucyl-tRNA synthetase mutein capable of charging a tRNA with an unnatural 

amino acid and (ii) a nucleic acid sequence encoding a prokaryotic suppressor leucyl-tRNA 

capable of being charged with the unnatural amino acid.  

10 2. A eukaryotic cell line capable of expressing a target protein containing at least one 

unnatural amino acid from a. gene containing a premature stop codon at a position 

corresponding to the position for incorporation of the unnatural amino acid, the cell line 

comprising a genome having stably integrated therein (i) a nucleic acid sequence encoding a 

prokaryotic tryptophanyl-tRNA synthetase mutein capable of charging a tRNA with an 

15 unnatural anino acid and (ii) a nucleic acid sequence encoding a prokaryotic suppressor 

tryptophanyl-tRNA capable of being charged with the unnatural amino acid.  

3. The cell line of claim 1 or2, wherein the cell line is capable of expressing the target 

protein (e.g., continuously) for at least 5. 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 

100, 110, 120, 150 or 180 days.  

20 4. The cell line of any one of claims 1-3, wherein the cell line is capable of expressing 

the target protein at a level of expression that is at least 30%, 40%, 50% or 60% of the level 

of expression of the template protein expressed in a corresponding cell line from the gene 

lacking a premature stop codon.  

5. The cell line of claim 4, wherein the cell line is capable of expressing the target 

25 protein (e.g., continuously) at the level of expression for at least 5, 10, 15, 20,25, 30, 35, 40, 

45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days.  

6. The cell line of any one of claims 1-5, wherein the eukaryotic cell line is a 

mammalian cell line.  

7. The cell line of any one of claims 1-6, wherein the prokaryotic suppressor tR.NA is an 

30 analog or derivative of a bacterial tRNA.  
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8. The cell line of claim 7, wherein the bacterial tRNA is an E coi tRNA.  

9. The cell line of any one of claims 1-8, wherein the cell line comprises from about I to 

about 50, from about 5 to about 50, from about 10 to about 50, from about 15 to about 50, 

from about20 to about 50, from about25 to about 50, from about 30 to about 50, from about 

5 35 to about 50, from about 40 to about 50, from about 1 to about 40, from about 5 to about 

40, from about 10 to about 40, from about 15 to about 40, from about 20 to about 40, from 

about 25 to about 40, from about 30 to about 40, from about 35 to about 40, from about I to 

about 30, from about 5 to about 30, from about 10 to about 30, from about 15 to about 30, 

from about20 to about 30, from about 25 to about 30, from about I to about 20, from about 5 

10 to about 20, from about 10 to about 20, from about 15 to about 20 copies of the nucleic acid 

encoding the synthetase.  

10. The cell line of any one of claims 1-9, wherein the cell line comprises from about 50 

to about 500, from about 75 to about 500, from about 100 to about 500, from about 125 to 

about 500, from about 150 to about 500, from about 175 to about 500, from about 200 to 

15 about 500, from about 225 to about 500, from about 250 to about 500, from about I to about 

450, from about 75 to about 450, from about 100 to about 450, from about 125 to about 450, 

from about 150 to about 450, from about 175 to about 450, from about 200 to about 450, 

from about 225 to about 450, from about 250 to about 450, from about I to about 400, from 

about 75 to about 400, from about 100 to about 400, from about 125 to about 400, from about 

20 150 to about 400, from about 175 to about 400, from about 200 to about 400, from about 225 

to about 400, from about 250 to about 400, from about I to about 350, from about 75 to about 

350, from about 100 to about 350, from about 125 to about 350, from about 150 to about 350, 

from about 175 to about 350, from about 200 to about 350, from about 225 to about 350, or 

from about 250 to about 350 copies of the nucleic acid encoding the suppressor tRNA.  

25 11. The cell line of any one of claims 1-10, wherein the tRNA synthetase muteinis an 

analog or derivative of a bacterial tR.NA synthetase (e.g., an E coi tRNA synthetase).  

12. The cell line of claim 11, wherein the tRNA synthetase mutein compises the amino 

acid sequence of SEQ ID NO: I and at least one mutation at a position corresponding to 

Glu20, Met40, Leu41, Thr252, Tyr499, Tyr527, or His537 of SEQ ID NO: 1.  
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13, The cell line of claim 11 or 12, wherein the tRNA synthetase mutein comprises at 

least one mutation at a position corresponding to Met40, Leu41, Thr252, Tyr499, Tyr529 or 

His537 of SEQ ID NO: 1.  

14. The cell line of claim 12 or 13, wherein the mutation is a substitution with a natural 

5 amino acid other than the amino acid found in its wild-type counterpart.  

15. The cell line of any one of claims 11-14, wherein the tRNA synthetase mutein 

comprises the amino acid sequence of SEQ ID NO: 14, wherein X 2 is Q or E,X20 is E, K, V 

or M, X40 is M, 1, or V, X 41 is L, S, V, or A,X 2 52 is T, A, or R,X499is Y, A, I, H, or S, X527 is 

Y, A, I, L, or V, andX5 is H or G, and the tRNA synthetase mutein comprises at least one 

10 mutation relative to SEQ ID NO: 1.  

16. The cell line of any one of claims 11-15, wherein the tRNA synthetase mutein 

comprises (i) at least one substitution (e.g., a substitution with a hydrophobic amino acid) at a 

position corresponding to [is537 of SEQ ID NO: 1, (ii) at least one amino acid substitution 

selected from E20V, E20M, L4IV, L41A, Y499H, Y499A, Y527I, Y527V, Y527G, and any 

15 combination thereof, (iii) at least one amino acid substittion selected from E20K and L41S 

and any combination thereof and at leastone amino acid substitution selected from M401, 

T252A, Y4991, and Y527A, and any combination thereof, or (iv) a combination of two or 

more of (i), (ii) and (iii).  

17. The cell line of any one of claims 11-16, wherein the tRNA synthetase mutein 

20 comprises E20K, M401,41S, T252A, Y499I, Y527A, or 1537G, or a combination thereof 

18. The cell line of any one of claims 11-17, wherein the tRNA synthetase mutein 

comprises E20K, M40,1L41S,T252A, Y4991, Y527A, and F1537G.  

19. The cell line of any one of claims 11-17, wherein the tRNA synthetase mutein 

comprises a substitution at position 20 with an amino acid other than a Glu or Lys.  

25 20. The cell line of claim 19, wherein the substitution is with a hydrophobic amino acid 

(e.g, Leu, Val, or Met), 

21. The cell line of claim 20, wherein the tRNA synthetase mutein comprises E20M, 

M401, L41S,T252A, Y4991, Y527A. and H537G.  
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22. The cell line of claim 20, wherein the tRNA synthetase mutein comprises E20V, 

M40I, L41S, T252A, Y4991, Y527A, and H537G.  

23. The cell line of any one of claims 11-17, wherein the tRNA synthetase mutein 

comprises a substitution at position 41 with an amino acid other than a Leu or Ser.  

5 24. The cell line of claim 23, wherein the substitution is with a hydrophobic amino acid 

other than Leu (e.g., Gly, Ala, Val, or Met).  

25. The cell line of claim 24, wherein the tRNA synthetase mutein comprises E20K, 

M401, L41V, T252A, Y4991, Y527A, and H537G, 

26. The cell line of claim 24, wherein the tRNA synthetase mutein comprises E20K, 

10 M401, L41A, T252A, Y4991, Y527A. and H537G.  

27. The cell line of any one of claims 11-17, wherein the tRNA synthetase mutein 

comprises a substitution at position 499 with an amino acid other than a Tyr, Ile or Ser.  

28. The cell line of claim 27, wherein the substitution is with a small hydrophobic amino 

acid (e.g., Gly, Ala, or Val).  

15 29. The cell line of claim 28, wherein the tRNA synthetase mutein comprises E20K, 

M401, L41S,T252A, Y499A, Y527A. and H537G.  

30. The cell line of claim 27' wherein the substitution is with a positively charged amino 

acid (e.g., Lys, Arg, or His).  

31. The cell line of claim 30, wherein the tRNA synthetase mutein comprises E20K, 

20 M401, L41S, T252A, Y499H, Y527A, and H537G.  

32. The cell line of any one of claims 11-17, wherein the tRNA synthetase mutein 

comprises a substitution at position 527 with a hydrophobic amino acid other than Ala or Leu 

(e.g., Gly, IIe, Met, or Val).  

33. The cell line of claim 32, wherein the tRNA synthetase mutein comprises 120K, 

25 M401, L41S, T252A, Y4991, Y5271, and H537G.  
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34. The cell line of claim 32, wherein the tRNA synthetase mutein comprises E20K, 

M40, L41S, T252A, Y4991, Y527V, and H537G.  

35. The cell line of claim 32, wherein the tRNA synthetase mutein comprises E20K, 

M401,L41S, T252A, Y4991, Y527G, and 1-1537G.  

5 36. The cell line of any one of claims 1 or 3-35, wherein the suppressor leucyl-tRNA 

comprises a nucleic acid sequence selected from any oneo.f SEQ ID NOs: 16-42 or 67.  

37. The cell line of claim 2, wherein the tryptophanyl-tRNA synthetase comprises an 

amino acid sequence selected from any one of SEQ ID NOs: 44-47.  

38. The cell line of claim or 37, wherein the suppressor tryptophanyl-tRNA comprises a 

10 nucleic acid selected from any one of SEQ ID NOs: 49-53.  

39. A method of expressing a protein containing an unnatural amino acid, the method 

comprising culturing or growing a cell line of any one of claims 1-38 under conditions that 

permit incorporation of the unnatural amino acid into the protein being expressed in the cell.  

40. The method of claim 39, wherein the protein is expressed (e.g., continuously) for at 

15 least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days.  

41. The method of claim 39 or 40, wherein the protein is expressed at a level that is at 

least 30%, 40%, 50% or 60% of the level of expression of the template protein expressed in a 

corresponding cell line from a gene that lacks a premature stop codon.  

42. The method .f claim 41, wherein the cell line is capable of expressing the target 

20 protein (eg., continuously) at the level of expression for at least 5, 10, 15, 20, 25, 30, 35, 40, 

45, 50, 60, 70, 80, 90, 100, 110, 120, 150 or 180 days.  

43. A prokaryotic leucyl tRNA synthetase mutein capable of charging a tRNA with an 

unnatural amino acid for incorporation into a protein, the tRNA synthetase mutein 

comprising the amino acid sequence of SEQ ID NO: I and (i) at least one substitution (e.g., a 

25 substitution with a hydrophobic amino acid) at a position corresponding to His537, (ii) at 

least one amino acid substitution selected from E20V, E20M, L41V, L4IA, Y499H, Y499A, 

Y5271, Y527V, Y527G, and any combination thereof, (iii) at least one amino acid 
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substitution selected from E120K and L41 S and any combination thereof and at least one 

amino acid substitution selected from M40I, T252A, Y4991, and Y527A, and any 

combination thereof, or (iv) a combination of two or more of (i), (ii) and (iii).  

44. The tRNA synthetase mutein of claim 43, wherein the tRNA synthetase mutein 

5 comprises E20K, M401, L41S,T252A, Y4991,Y527A, orH-537G, or a combination thereof.  

45. The tRNA synthetase mutein of claim 44, wherein the tRNA synthetase mutein 

comprises E20K, M401, L4lS, T252A, Y4991, Y527A, and 11537G.  

46. The tRNA synthetase mutein of any one of claims 43-45, wherein thetRNA 

synthetase mutein comprises a substitution at position 20 with an amino acid other than a Glu 

10 or Lys.  

47. The tRNA synthetase mutein of claim 46, wherein the substitution is with a 

hydrophobic amino acid (e.g., Leu, Val, or Met).  

48. The tRNA synthetase mutein of claim 47, wherein the tRNA synthetase mutein 

comprises E20M, M401, L41S, T252A, Y4991, Y527A, and 11537G.  

15 49. The tRNA synthetase mutein of claim 47, wherein the tRNA synthetase mutein 

comprises E20V, M401,1L4lS, T252A, Y4991, Y527A, and H-537G.  

50. The tRNA synthetase mutein of any one of claims 43-45, wherein thetRNA 

synthetase mutein comprises a substitution at position 41 with an amino acid other than a Leu 

or Ser.  

20 51. The tR-NA synthetase mutein of claim 50, wherein the substitution is with a 

hydrophobic amino acid other than Leu (e.g., Ily, Ala, Val, or Met).  

52. The tRNA synthetase mutein of claim 51, wherein the tRNA synthetase mutein 

comprises E20K, M40, L41V, T252A, Y4991, Y527A, and H537G.  

53. The tRNA synthetase mutein of claim 51 wherein the tRNA synthetase mutein 

25 comprises E20K, M40, L41 A, T252A, Y4991, Y527A, and 11537G.  
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54. The tRNA svnthetase mutein of any one of claims 43-45, wherein the tRNA 

synthetase mutein comprises a substitution at position 499 with an amino acid other than Tyr, 

lie, or Ser.  

55. The tRNA synthetase mutein of claim 54, wherein the substitution is with a small 

5 hydrophobic amino acid (e.g., Gly, Ala, or Val).  

56. The tRNA synthetase mutein of claim 55, wherein the tRNA synthetase mutein 

comprises E20K, M401 L4lS, T252A, Y499A, Y527A, and 1537G 

57. The tRNAsnthetasemuteinofclaim54,wherein the substitution is with a positively 

charged amino acid (e.g.. Lys, Arg, or His).  

10 58. The tRNA synthetase mutein of claim 57, wherein the tRNA synthetase mutein 

comprises E20K, M401, L41S, T252A, Y499H, Y527A, and H537G.  

59. The tRNA synthetase mutein of any one of claims 43-45, wherein the tRNA 

synthetase mutein comprises a substitution at position 499 with a hydrophobic amino acid 

other than Ala or Leu (e.g., Ile or Val).  

15 60. The tRNA synthetase mutein of claim 59. wherein the tRNA synthetase mutein 

comprises E20KI M401 L4lS, T252A, Y499I, Y5271, and H537G 

61. The tRNA synthetase mutein of claim 59, wherein the tRNA synthetase mutein 

comprises E20K, M401, L41S,T252A, Y4991, Y527V and H537G.  

62. The tRNA synthetase mutein of claim 59, wherein the tRNA synthetase mutein 

20 comprises E20K, M401,L41S, T252A, Y499I, Y527G and H537G.  

63. A nucleic acid encoding the tRNA synthetase mutein of any one of claims 43-62.  

64. A transfer vector comprising the nucleic acid of claim 63.  

65. The transfer vector of claim 64, wherein the vector is capable of introducing the 

nucleic acid into a cell, whereupon the nucleic acid can integrate into the genome of the cell.  

25 66. An engineered cell comprising the tRNA synthetase mutein of any one of claims 43

62.  
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67, An engineered cell comprising the nucleic acid of claim 63.  

68. An engineered cell comprising the transfer vector of claim 64 or 65.  

69, The cell of claim 67, wherein nucleic acid is stably integrated into the genome of the 

cell.  

5 70. The cell of claim 69, wherein the nucleic acid is capable of being expressed in the cell 

to produce a corresponding tRNA synthetase mutein.  

71. The cell of any one of claims 66-70, further comprising a suppressor leucyl-tRNA 

capable of incorporating an unnatural amino acid into a protein undergoing expression in the 

cell, 

10 72. The cell of claim 71, wherein the suppressor leucyl-tRNA is selected from any one of 

SEQ ID NOs: 16-42 or 67.  

73, The cell of claim 71 or 72, wherein a nucleic acid encoding the suppressor leucyl

tRNA is stably integrated into the genone of the cell.  

74. The cell of claim 73, wherein the nucleic acid is capable of being expressed in the cell 

15 to produce a corresponding suppressor tRNA.  

75. The cell of any one of claims 66-74, wherein the unnatural amino acid is a leucine 

analog.  

76. The cell of claim 75, wherein the leucine analog is selected from linear alkyl halides 

and linear aliphatic chains comprising an alkyne, azide, cyclopropene, alkene, ketone, 

20 aldehyde, diazirine, or tetrazine functional group.  

77, The cell of any one of claims 66-76, wherein the protein is expressed from a nucleic 

acid sequence comprising a premature stop codon.  

78. The cell of claim 77, wherein the tRNA synthetase mutein is capable of charging a 

suppressor leucyl tRNA with an unnatural amino acid which is incorporated into the protein 

25 at a position corresponding to the premature stop codon.  
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79. The cell of claim 78, wherein the suppressortRNA comprises an anticodon sequence 

that hybridizes to the premature stop codon and pennits the unnatural amino to be 

incorporated into the protein at the position corresponding to the premature stop codon.  

80. The cell of any one of claims 66-79, wherein the protein expressed in the cell is an 

5 antibody (or a fragment thereof), bispecific antibody, nanobody, affibody, viral protein, 

chemokine, antigen, blood coagulation factor, hormone, growth factor, enzyme, or any other 

polypeptide or protein.  

81. The cell of any one of claims 67, 69 or 30, wherein the nucleic acid sequence 

encoding the tRNA synthetase mutein has a copy number in the range from about 1 to about 

10 50, from about 5 to about 50, from about 10 to about 50, from about 15 to about 50, from 

about 20 to about 50, from about 25 to about 50, from about 30 to about 50, from about 35 to 

about 50, from about 40 to about 50, from about I to about 40, from about 5 to about 40, 

from about 10 to about 40, from about 15 to about 40, from about 20 to about 40, from about 

25 to about 40, from about 30 to about 40, from about 35 to about 40, from about I to about 

15 30, from about 5 to about 30, from about 10 to about 30, from about 15 to about 30, from 

about 20 to about 30, from about 25 to about 30, from about I to about 20, from about 5 to 

about 20, from about 10 to about 20, from about 15 to about 20 copies of the nucleic acid 

encoding the synthetase.  

82. The cell of any one of claims 73 or 74, wherein the nucleic acid sequences encoding 

20 the suppressor leucyl tRNA has a copy number in the range from about 50 to about 500, from 

about 75 to about 500, from about 100 to about 500, from about 125 to about 500, from about 

150 to about 500, from about 175 to about 500, from about 200 to about 500, from about 225 

to about 500, from about 250 to about 500, from about I to about 450, from about 75 to about 

450, from about 100 to about 450, from about 125 to about 450, from about 150 to about 450, 

25 from about 175 to about 450, from about 200 to about 450, from about 225 to about 450, 

from about 250 to about 450, from about I to about 400, from about 75 to about 400, from 

about 100 to about 400, from about 125 to about 400, from about 150 to about 400, from 

about 175 to about 400, from about 200 to about 400, from about 225 to about 400, from 

about 250 to about 400, from about I to about 350, from about 75 to about 350, from about 

30 100 to about 350, from about 125 to about 350, from about 150 to about 350, from about 175 
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to about 350, from about 200 to about 350, from about 225 to about 350, or from about 250 to 

about 350 copies of the nucleic acid encoding the suppressor tRNA.  

83. The cell of any one of claims 66-82, wherein the suppressor leucyl-tRNA and tRNA 

synthetase mutein are present in a ratio selected from 2:1, 4:1, 8:1, 12:1, 16:1, 24:1, 36:1, 

5 48:1, and 64:1.  

84. The cell of any one of claims 66-83, wherein the cell is a prokaryotic cell (e.g., a 

bacterial cell).  

85. The cell of any one of claims 66-83, wherein the cell is a eukaryotic cell (e.g., a 

mammalian cell).  

10 
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