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Synthesis of aspartic acid derivatives useful for
the preparation of misacylated transfer RNAs

Michiel Lodder, Curtis F. Crasto, Andrei L. Laikhter, Haoyun An, Tuncer Arslan,
Viadimir A. Karginov, Glenn F. Short, lll, and Sidney M. Hecht

Abstract: Several derivatives of aspartic acid were protected dnahl their NVOC derivatives, and on the side chain

carboxylates as nitroveratryl esters. Following activation as the cyanomethyl esters, these fully protected aspartate deriv

atives were converted to the respective pdCpA esters. The protected aspartyl-pdCpA esters were then utilized as sub
strates for T4 RNA ligase in the presence of in vitro transcripts of tRNA lacking the pCpA dinucleotide normally
found at the 3end. In this fashion, several misacylated tRNAs were prepared; following photolytic deprotection, these
were employed successfully for incorporation into proteins at predetermined positions.

Key words aminoacylated nucleotides, amino acid protection, protein synthesis, tRNA activation.

Résumé: On a préparé plusieurs dérivés de 'acide aspartique dans lesquefsdstrotégé par un groupe “NVOC”

et les groupes carboxyles de la chaine latérale sont protégés par des esters nitrovératryles. Ces dérivés de I'acide
aspartique totalement protégés, activés sous la forme d’esters cyanométhyles, ont été transformés en esters “pdCpA.”
Les esters aspartyl-pdCpA protégés ont alors été utilisés comme substrats pour la ligase d’ARN T4, en présence de
produits de transcriptions in vitro deARN ne portant pas le dinucléotide pCpA que I'on retrouve normalement a
I'extrémité 3. De cette fagon, on a pu préparer plusieurs tARN anormalement aminoacétylés; aprés déprotection
photolytique, ces produits ont été incorporés avec succes dans des protéines a des positions prédéterminées.

Mots clés: nucléotides aminoacétylés, protection d’acides aminés, synthése de protéines, activation de la tARN.

[Traduit par la Rédaction]

Introduction CpA moiety (5) have facilitated the preparation of

. misacylated tRNAs by the use of this strategy, as have the
In 1962, thapevm? etRNa'IA. (}Q)Ng\emo_nstra}ted dthat_ hadevelopment of methods for reversibieprotection of the
cysteine-specific transfer RNA (tRNA) misactivated With 5 ninaacyl moiety, resulting in aminoacylated dinucleotides
alanine could be used to direct the incorporation of alamn%nd tRNAs of enhanced stability (3, 6)
into protein at sites intended for cysteine. While the lack of S : L .
: ; S The availability of misacylated tRNAs of diverse structure
ie_lg.enéerarll method for elabo.ratm? mljac%/ﬁgad tRNAS .'g;t'alkl)yhas permitted thye eIabora%;on of modified peptides (3, 7, 8)
imited the strategy to misacylated t s accessible by . ; »
: P : : and proteins (9). That the elaborated species can include
chemical modification of enzymatically activated tRNAs (2), . , -
the Hecht laboratory discovered that virtually any peptide and protein analogues of altered connectivity (8,

. . . 10) underscores the potential of this strategy for creating
m|sa_cylated tRNA Cou!d be prepared via t_he T4 RNA Ilgase ovel biomaterials, and for defining the chemistry that the ri
mediated condensation of a chemically synthesmetﬂ

. - . : osome is actually capable of mediating in the presence of
aminoacylated pCpA derivative with a tRNA from which the suitable aminoacyl-tRNA analogues.

last two nucleotides had been removed (3). Technical modi While the synthesis of aminoacylated dinucleotides for the

fications, including the use of aminoacylated pdCpA deriva . . X
tives (4) and in v?tro RNA transcripts ?/ackingpthepterminal preparation Qf misacylated tRNAs has been (jescnbed (3, 6-
9), modifications of the chemistry are required when the
amino acid of interest has side-chain functionality. Presently,
we describe the chemistry employed for the synthesis of
pdCpA derivatives esterified with aspartate analogues, and
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Fig. 1. Aspartic acid derivatives used for the preparation of misacylated tRNAs.
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I . . . Table 1. Yields of incorporation of aspartic acid analogues into
derivatives and 3,3-dimethylaspartic acid.Threo- and position 25 of HIV-1 protease.

erythro-carboxyproline were prepared as described (13).

With the exception oB,B-dimethylaspartic acid, all of the Aspartic acid derivative Yield (%)
aspartic acid derivatives shown in Fig. 1 were converted t(Aspartic acid 22
suitably protected cyanomethyl esters as exemplified irerythro-p-Methylaspartic acid 33
Scheme 1 ford-*Claspartic acid. In all cases,"Nvas pro-  threo-B-Methylaspartic acid 17
tected with the NVOC group, while the side-chain g g-Dimethylaspartic acid 17
carboxylate was protected as the nitroveratryl ester. AS
shown in Scheme 1, treatment af-f*Claspartic acid 1) Scheme 3 shows an example of the attachment of an as

with 6-nitroveratryl chloroformate (14), followed by treat aric acid analogue to the dinucleotide pdCpA (4) and the
ment with 6-nitroveratryl bromide (15) provided fully pro  gypsequent ligation of the aminoacylated pdCpA derivative
tected3 in good yield. Selective hydrolysis of the substituted{y 5 tRNA transcript lacking the'-erminal pCpA moiety.
benzyl ester with 1 equiv. of LIOH (16) gaflemonoeste#  The cyanomethyl ester 028, 3R-carboxyproline 12) was
in nearly quantitative yleld._Th|s mte_rmedlate was CO”V‘?rtedtreated with the tetrabutylammonium salt of pdCpA as de
to cyanomethy! estes (17) in 70% yield by treatment with  g¢riped (4). The protected aminoacylated dinucleotidie
chloroacetonitrile and triethylamine. It may be noted thaty,s then ligated to a truncated tRNA (tRNA;Q via the
this method has been utilized previously for the synthesis oggency of T4 ligase (3, 8-11). Removal of the protecting
5 lacking **C enrichment (4). The other aspartic derivativesgroups was accomplished by irradiation with a 500 W mer
shown in Fig. 1 were converted to .thelr fully prot(_ected cury—xenon lamp for 5 min. The deblocked misacylated
cyanomethyl esters analogously, and in reasonable yields. {rRNAs (e.g.,11) were used promptly in an in vitro protein
The strategy used for the synthesis and protectiop,®f  biosynthesizing system, yielding proteins containing the un
dimethylaspartic acid is shown in Scheme 2. Known €om natural aspartic acid derivatives at predetermined sites (11,
pound 6 (18) was treated with potassium bis(trimethyl 12). The incorporation yields for several aspartic derivatives
silyllamide and methyl iodide to provide the respectiveare illustrated in Table 1 using an optimized bacterial protein
dimethylated derivativd. Removal of the 9-phenylfluorenyl synthesizing system (19) programmed to elaborate- ana
group by hydrogenation, followed by treatment with 6-nitro logues of HIV-1 protease.
veratryl chloroformate gave NVOC protect8dn 98% yield.
Hydrolysis of the methyl esters and treatment with 6-Ritro Experimental
veratryl bromide then provided bis-nitroveratryl est@r
Finally, in analogy with the transformations described forGeneral information
compound3, compound was converted to cyanomethyl-es  Melting points were taken on a capillary melting point ap
ter 11 by selective hydrolysis and treatment with chloro paratus and are uncorrected. Moisture sensitive reactions
acetonitrile. were conducted under argon in oven-dried glassware.
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Acetonitrile and dichloromethane were distilled from GaH
and DMF was distilled from Callunder diminished
pressure. THF was distilled from LiAlH Triethylamine was

acetic acid — hexanes)H NMR (CDCly) &: 2.73-2.83 (m,
1H), 2.90-2.98 (m, 1H), 3.87 (s, 3H), 3.92 (s, 3H), 4.47—
4.53 (m, 1H), 5.43-5.53 (m, 3H), 6.99 (s, 1H), 7.64 (s, 1H).

distilled from ROs. All other chemicals were purchased *C NMR (CDCL) &: 30.0, 56.6, 64.1, 108.5, 109.8, 139.6,
from Aldrich Chemicals or Sigma Chemicals and were usedl48.3, 154.4, 156.5, 173.6. Mass spectrum (chemical ieniza
without further purification. Analytical thin layer chroma tion) m/iz 374.090 (M+HJ (C,5°CH;/N,O,, requires
tography was performed on 6Q4z (E. Merck) plates. Flash 374.0917).

chromatography was performed using 230—-400 mesh silica

gel. High resolution mass spectra were recorded at the MictDinitroveratryl N-(6-nitroveratryloxycarbonyl)-4C-(RS)-
igan State University-NIH Mass Spectrometry Facility in aspartate 8)

East Lansing, MI. T4 RNA ligase was purchased from 1o g solution containing 131 mg (0.35 mmol) bE(6-

Amersham Pharmacia Biotech.

N-(6-Nitroveratryloxycarbonyl)-43C-(RS)-aspartate )

To a solution containing 50 mg (0.37 mmol) of'%:z-
(R9-aspartic acid ) and 157 mg (1.87 mmol) of NaHCGO
in 5 mL of dioxane and 2 mL of kD was added a solution
of 184 mg (0.67 mmol) of 6-nitroveratryl chloroformate.-Af
ter stirring at room temperaturerf® h the reaction mixture
was diluted with 10 mL 61 N NaHSQ, and extracted with

nitroveratryloxycarbonyl)-4°C-(R9-aspartate J) and 292 mg
(1.06 mmol) of 6-nitroveratryl bromide in 5 mL of DMF
was added 161 mg (1.06 mmol) of CsF. After stirring at
room temperature for 24 h the reaction mixture was diluted
with 10 mL of ethyl acetate and washed with 10 mL of satu
rated aqueous NaHGGCand with 10 mL of brine. The er
ganic layer was dried (N&O,) and concentrated under
diminished pressure. The crude product was applied to-a sil
ica gel column (Z x 2 cm); elution with 10-50% ethyl acetate

four 6-mL portions of ethyl acetate. The combined extractin hexanes provided dinitroveratrid-(6-nitroveratryloxycar
was dried (NgSQ,) and concentrated under diminished pres bonyl)-413C-(R9-aspartate 3) as a yellow solid: yield
sure. The crude product was applied to a silica gel columri60 mg (58%), mp 126-134°C. Silica gel TLRe: 0.17 (1:1
(25 x 2 cm); elution with 5:1:4 ethyl acetate — acetic acid —ethyl acetate—hexanestd NMR (CDCly) &: 2.90-3.15 (m,

hexanes providetl-(6-nitroveratryloxycarbonyl)-43C-(RS--

2H), 3.88 (m, 18H), 4.71 (m, 1H), 5.37-5.45 (m, 6H), 5.50

aspartate ) as an orange solid: yield 131 mg (94%), mp (br, 1H), 6.89 (s, 1H), 6.98 (s, 2H), 7.62 (s, 3HJC NMR

168-172°C. Silica gel TLQ: 0.31 (5:1:4 ethyl acetate —

(CDCly) & 30.1, 36.3, 37.9, 50.9, 56.7, 64.4, 64.5, 108.6,
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111.0, 111.2, 126.2, 128.2, 140.1, 148.9, 154.1, 156.73.16-3.24 (m, 1H), 3.93-3.97 (m, 12H), 4.78 (m, 1H), 5.48—

170.7. Mass spectrum (electron impaatyz 763.192 5.56 (m, 4H), 5.97 (br, 1H), 6.94 (m, 2H), 7.02 (s, 1H),

(C3,13CHg,N,O; 5 requires 763.1902). 7.68-7.70 (m, 2H). Mass spectrum (electron impauoty:
569.142 (M+HJ (C,,'3CH,gN30, 4 requires 569.1448).

B-Nitroveratryl N-(6-nitroveratryloxycarbonyl)-45C-(RS)-

aspartate 4) Cyanomethyp-nitroveratryl N-(6-nitroveratryloxycarbonyl)-
To a cooled (0-5°C) solution containing 89 mg (0.12 mmol)4-*C-(RS)-aspartate §)
of dinitroveratrylN-(6-nitroveratryloxycarbonyl)-4°C-(R9- To a solution containing 66 mg (0.12 mmol) Bfnitro-

aspartate 3) in 13 mL of acetone and 2 mL of J® was veratryl N-(6-nitroveratryloxycarbonyl)-43C-(RS-aspartate 4)
added 12 mL of a 0.1 N solution of LIOH inJ®. After stir- in 2 mL of acetonitrile was added 1Q@ (0.72 mmol) of
ring at room temperature for 16 h, the reaction mixture wa€g;N, followed by 0.5 mL (7.90 mmol) of chloroacetonitrile.
diluted with 20 mL ¢ 1 N NaHSQ, and extracted with five After stirring at room temperature for 24 h, the reaction mix
10-mL portions of CHCI,. The combined organic extract ture was diluted with 10 mLfol N HCI and extracted with
was washed with 10 mL of brine, dried (Mgg@Qand con five 4-mL portions of CHCI,. The combined organic extract
centrated under diminished pressure. The crude product wagas washed with 5 mL of brine, dried (M&0O,), and con
applied to a silica gel column @x 2 cm); elution with  centrated under diminished pressure. The crude product was
10:1:1:8 ethyl acetate — acetic acid — MeOH — hexanes praapplied to a silica gel column (12 x 2 cm); elution with
vided B-nitroveratryl N-(6-nitroveratryloxycarbonyl)-43C-  10-50% ethyl acetate in hexanes provided cyanomethyl
(RS-aspartate4) as a yellow solid: yield 65 mg (99%). Sil B-nitroveratryl N-(6-nitroveratryloxycarbonyl)-43C-(RS-aspartate
ica gel TLCR;: 0.18 (10:1:1:8 ethyl acetate — acetic acid —(5) as a yellow solid: yield 50 mg (70%), mp 129-134°C.
MeOH — hexanes)*H NMR (CDCly) & 2.95-3.04 (m, 1H), Silica gel TLC R;: 0.51 (1:4 ethyl acetate-GBl,). H
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NMR (CDClg) 6: 3.00 (m, 1H), 3.21 (m, 1H), 3.96-4.02 (m, fluorenyl)-(9-aspartate ) in 20 mL of THF. After stirring
12H), 4.78 (m, 3H), 5.43-5.59 (m, 4H), 5.80 (br, 1H), 6.95for 1 h, a solution containing 0.45 mL (7.18 mmol) of methyl
(s, 1H), 7.05 (s, 1H), 7.73 (s, 2HY*C NMR (acetonedg) &: iodide in 1 mL of THF was added. After stirring for an addi
35.0, 35.8, 48.5, 50.2, 55.2, 55.4, 63.24, 63.39, 107.6, 109.3ional 1 h, another 5.20 mL portion of the 0.5 M potassium
110.2, 124.7, 125.8, 127.4, 127.6, 128.4, 139.0, 147.8, 148.bjs(trimethylsilyl)Jamide solution was added. Aft& h the
153.5, 155.1, 169.0, 169.2. Mass spectrum (chemical ienizaeaction mixture was quenched with 2 mL of MeOH, diluted
tion) m'z 608.152 (M+HjJ (C,,:3CH,N,O,, requires 608.1557).  with 30 mL of 1 N HPQ,, and extracted with three 15-mL
portions of ethyl acetate. The organic extract was washed
Dimethyl N-(9-phenylfluorenyl)8,3-dimethyl-§)-aspartate 7) with 10 mL of brine, dried (MgSg), and concentrated under
To a cooled (-78°C) solution containing 5.17 mL of a diminished pressure. The crude product was applied to-a sil
0.5 M solution of potassium bis(trimethylsilyl)amide in toluene ica gel column (B x 2 cm); elution with 4:1 hexanes—ethyl
(2.58 mmol) in 30 mL of THF was added dropwise a solu acetate provided dimethyl N-(9-phenylfluorenyl)g,3-
tion of 683 mg (1.70 mmol) of dimethyN-(9-phenyt  dimethyl-(§-aspartate®) as a pale yellow oil: yield 522 mg
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(71%). Silica gel TLCR;: 0.24 (1:1 ethyl acetate—hexanes). ica gel TLCR;: 0.50 (3:2 ethyl acetate—hexane%). NMR
'H NMR (CDCly) 8: 1.12 (s, 3H), 1.28 (s, 3H), 2.93 (d, 1H, (CDCly) &: 1.29 (s, 3H), 1.41 (s, 3H), 3.90-3.93 (m, 18H),
J = 11 Hz), 3.19 (s, 3H), 3.55 (s, 3H), 5.20 (s, 1H), 7.20-4.71 (d, 1H,J = 10 Hz), 5.39-5.50 (m, 6H), 6.02 (br, 1H),
7.75 (m, 13H).13C NMR (CDCL) &: 21.4, 22.7, 46.9, 51.7, 6.91 (s, 1H), 6.97 (s, 2H), 7.62-7.66 (m, 3HJC NMR
52.4, 54.0, 61.5, 73.1, 120.4, 127.3, 127.7, 127.8, 128.1CDCl;) 6: 22.8, 23.8, 45.8, 60.7, 64.5, 64.9, 108.5, 110.0,
148.4, 148.7, 174.6, 176.4. Mass spectrum (electron im110.9, 111.3, 126.2, 126.6, 128.2, 140.0, 140.3, 148.6, 148.8,
pact) 'z 429.194 (G,H,,NO, requires 429.1940). 154.0, 154.2, 156.4, 170.3, 175.3. Mass spectrum (FAR)
791.226 (M+HJ (C34H39N4O;5 requires 791.2259).

Dimethyl N-(6-nitroveratryloxycarbony!3,3-dimethyl-§)-
aspartate 8) [B-Nitroveratryl N-(6-nitroveratryloxycarbonyl3,3-dimethyl-

To a solution containing 250 mg (0.58 mmol) of dimethiyl ~ (S)-aspartate 10)
(9-phenylfluorenyl)B,B-dimethyl-&-aspartate ) in MeOH To a cooled (0-5°C) solution containing 119 mg
was added 125 mg of 10% Pd/C. The reaction mixture wa§0.15 mmol) of dinitroveratryl N-(6-nitroveratryloxycar
shaken under Hat 50 psi for 24 h. The reaction mixture bonyl)-3,3-dimethyl-(§)-aspartate §) in 5 mL of acetone
was filtered through Celite and the filtrate was concentratecind 2 mL of HO was added 1.6 mL (0.16 mmol) of a 0.1 N
under diminished pressure. The residue was dissolved isolution of LiOH in H,O. After stirring at room temperature
5 mL of H,0 and washed with three 5-mL portions of g#,. ~ for 24 h, the reaction mixture was concentrated under dimin
The aqueous layer was diluted with 6 mL of dioxane andished pressure. The residue was dissolved in 4 mL of-satu
122 mg (1.45 mmol) of NaHCOwas added, followed by a rated aqueous NaHGOand washed with three 5-mL
solution containing 289 mg (1.05 mmol) of 6-nitroveratryl portions of ethyl acetate. The aqueous layer was acidified
chloroformate in 4 mL of dioxane. After stirring at room with 1 N NaHSQ and extracted with three 6-mL portions of
temperature for 16 h, the reaction mixture was diluted withethyl acetate. The combined extract was washed with 6 mL
20 mL of 1 N NaHSQ and extracted with four 25-mL per of brine, dried (MgSQ), and concentrated under diminished
tions of ethyl acetate. The combined extract was washegressure. The crude product was applied to a silica gel col
with 15 mL of brine, dried (MgS®), and concentrated under umn (13 x 2 cm); elution with 10:1:1:8 ethyl acetate —
diminished pressure. The crude product was applied to MeOH — acetic acid — hexanes gafenitroveratryl N-(6-
silica gel column (R x 2 cm); elution with 10-50% ethyl nitroveratryloxycarbonyl3,-dimethyl-§)-aspartate {0) as
acetate in hexanes gave dimethyd(6-nitroveratryloxycar- a pale yellow syrup: yield 54 mg (60%). Silica gel TLR;:
bonyl)-3,B-dimethyl-(S)-aspartate § as a yellow solid: 0.48 (10:1:9 ethyl acetate — MeOH — hexanés). NMR
yield 244 mg (98%). Silica gel TL&;: 0.24 (2:3 ethyl ace- (CDCly) 6: 1.23 (s, 3H), 1.41 (s, 3H), 3.94-3.97 (m, 12H),
tate—hexanes)!H NMR (CDCly) &: 1.14 (s, 3H), 1.24 (s, 4.65 (d, 1H,J = 10 Hz), 5.51 (m, 4H), 6.02 (br, 1H), 7.02
3H), 3.64 (s, 3H), 3.65 (s, 3H) 3.87 (s, 3H), 3.91 (s, 3H),(s, 2H), 7.67 (s, 2H), 11.0 (br, 1H). Mass spectrum (FAB):
4.55 (d, 1H,J = 10 Hz), 4.88 (s, 2H), 5.44 (br, 1H), 6.92 (s, 596.170 (M + H) (C,sH39N3014 requires 596.1728).
1H), 7.61 (s, 1H).2*C NMR (CDCL) &: 22.3, 23.3, 52.9,
56.7, 56.8, 60.5, 62.8, 64.4, 108.4, 108.5, 110.1, 110.9, 133.Cyanomethyp-nitroveratryl N-(6-nitroveratryloxycarbonyl)-
139.8, 148.1, 154.3, 156.4, 171.2, 176.2. Mass spectrurfd,B-dimethyl-§)-aspartate {1)
(electron impactin'z 428.142 (GgH,.N,O requires 428.1431). To a solution containing 52 mg (0.087 mmol) @fnitro-

veratryl N-(6-nitroveratryloxycarbonyl,3-dimethyl-§-aspartate

Dinitroveratryl N-(6-nitroveratryloxycarbonyl,3-dimethyl- (10) in 2 mL of acetonitrile was added 4 (0.44 mmol) of
(S)-aspartate 9) Et;N, followed by 100uL (1.58 mmol) of chloroacetonitrile.

To a solution containing 249 mg (0.58 mmol) of dimethyl After stirring at room temperature for 24 h the reaction mix
N-(6-nitroveratryloxycarbonylB,B-dimethyl-(§-aspartate §  ture was diluted with 5 mL of CkCl, and washed succes
in 12 mL of acetone and 6 mL of J® was added 14.6 mL sively with 4 mL of 1 N HCI, two 4-mL portions of
of a 0.1 N solution of LIOH in HO. After stirring at 40°C  saturated aqueous NaHG@nd 5 mL of brine. The organic
for 2 days the reaction mixture was diluted with 10 mL of layer was dried (Ng5O,) and concentrated under diminished
ethyl acetate and the layers were separated. The aqueopeessure. The crude product was applied to a silica gel col
layer was acidified wh 1 N NaHSQ and extracted with umn (15 x 2 cm); elution with 10-50% ethyl acetate in hexanes
four 10-mL portions of ethyl acetate. The combined extraciprovided cyanomethylB-nitroveratryl N-(6-nitroveratryt
was washed with 10 mL of brine, dried (Mg$Qand con  oxycarbonyl)8,B-dimethyl-(§)-aspartate 1) as a pale yel
centrated under diminished pressure. The crude diacid wdsw solid: yield 48 mg (87%), mp 69-72°C. Silica gel TLC
dissolved in 2 mL of DMF and 155 mg (0.56 mmol) of 6- Ri: 0.24 (1:1 ethyl acetate—hexane¥j NMR (CDCl,) &:
nitroveratryl bromide was added, followed by 85 mg1.33 (s, 3H), 1.44 (s, 3H), 3.96 (s, 6H), 4.00 (s, 6H), 4.65
(0.56 mmol) of CsF. After stirring at room temperature for 2 (m, 1H), 4.71 (m, 2H), 5.51 (m, 2H), 5.56 (m, 2H), 5.92, (br,
days, the reaction mixture was diluted with 10 mL of ethyl 1H), 7.03 (s, 2H), 7.72 (s, 2H). Mass spectrum (FAB):
acetate and washed with 10 mL of saturated aqueou834.172 (G/H3N4O,4 requires 634.1759).
NaHCQO; and 10 mL of brine. The organic layer was dried
(Na,SO,) and concentrated under diminished pressure. Th8-Nitroveratryl N-(6-nitroveratryloxycarbonyl)-(8,3R)-
crude product was applied to a silica gel column (18 xcarboxyproline pdCpA ester )
2 cm); elution with 10-50% ethyl acetate in hexanes gave A solution of 4 mg (2.941mol) of the tris(tetrabutylam
dinitroveratryl N-(6-nitroveratryloxycarbonyl,3-dimethyl-  monium) salt of pdCpA and 9.8 mg (13.imol) of B-
(9-aspartateq) as a yellow syrup: yield 124 mg (27%). Sil nitroveratrylN-(6-nitroveratryloxycarbonyl)ZS,3R-carboxy
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proline cyanomethyl ested®) in 50 uL of DMF was stirred 5.

at room temperature for 4 h. A 1@- aliquot of the mixture

was diluted with 9QUL of 1:1 CH,CN — 50 mM NHOAc, 6.

pH 4.5. TenuL of the diluted aliquot was analyzed by
HPLC on a Ggreversed phase column (250 x 10 mm). The
column was washed with 163% CHCN in 50 mM
NH4OAc, pH 4.5, over a period of 45 min at a flow rate of
3.5 mL/min (monitoring at 260 nm). The reaction mixture
was diluted to a total volume of 400L of 1:1 CH;CN —
50 mM NH,OAc, pH 4.5, and purified using the same
semipreparative £z reversed phase column, affordiriyy
nitroveratryl  N-(6-nitroveratryloxycarbonyl)ZS,3R-car
boxyproline pdCpA esterl@) as a pale yellow foam: yield
0.5 mg (14%). Mass spectrum (FAB)/z 1212.257 (M+H)
(CqqH5oN110,6P, requires 1212.2560).

Synthesis of misacylated tRNAs

Ligation reactions were carried out in @ of 50 mM Na 9.

Hepes buffer, pH 7.5, containing AL (~0.2 nmol) of
tRNAcua)Coms 0-5 Aggo Unit (~20 nmol) of an aminoacyl-
pdCpA, 0.5 mM ATP, 15 mM MgGl 10% dimethy
sulfoxide, and 100 units of T4 RNA ligase. Reaction mix
tures were incubated at 37°C for 25 min and then quenched
by the addition of 5uL of 3 M Na acetate, pH 4.5. The
aminoacylated tRNAI{ was precipitated with 2.5 volumes
of ethanol, collected by centrifugation, washed with 70%
ethanol, and dried. The product was redissolved in 1 mM
KOACc to a final concentration of ug/puL and then irradi-
ated with a 500 W mercury—xenon lamp using Pyrex and
water filters. The protected aminoacyl tRNA) (vas cooled

in an ice bath during irradiation, which was typically carried
out for 5 min for amino acid derivatives containing an
NVOC group and a nitroveratryl ester. The deprotected
aminoacyl-tRNAs Il ) were used in in vitro suppression ex-
periments soon after deprotection.
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