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ABSTRACT

3'-O-Anthraniloyladenosine, an analogue of the 3 '-
terminal aminoacyladenosine residue in aminoacyl-
tRNAs, was prepared by chemical synthesis, and its
crystal structure was determined. The sugar pucker of
3'-O-anthraniloyladenosine is 2 '-endo resulting in a
3'-axial position of the anthraniloyl residue. The
nucleoside is in  syn conformation, which is stabilized
by alternating stacking of adenine and benzoyl residues

of the neighboring molecules in the crystal lattice. The
conformation of the 5 '-hydroxymethylene in 3 '-O-
anthraniloyladenosine is  gauche—gauche . There are
two intramolecular and two intermolecular hydrogen
bonds and several H-bridges with surrounding water
molecules. The predominant structure of 3  '-O-anthranil-
oyladenosine in solution, as determined by NMR
spectroscopy, is 2 '-endo, gauche—gauche and anti for
the sugar ring pucker, the torsion angle around the
C4'-C5' bond and the torsion angle around the C1  '=N9
bond, respectively. The 2 '-endo conformation of the
ribose in 2 '(3')-O-aminoacyladenosine, which places
the adenine and aminoacyl residues in equatorial and
axial positions, respectively, could serve as a structural
element that is recognized by enzymes that interact
with aminoacyl-tRNA or by ribosomes to differentiate
between aminoacylated and non-aminoacylated tRNA.

INTRODUCTION

NAR-CCDC identifier CCDC-179

references therein). Experimental methods suitable for detection
of gross conformational changes did not indicate a large structural
difference in tRNA upon aminoacylation. Methods which
specifically probed the structure of the CCA-end of tRNA
indicated, however, a change in the conformation and metal
binding properties in this part of the molecule upon aminoacylation
(3,4). It has not been pdisie to determine the aminoacyl-tRNA
structure by X-ray analysis or NMR spectroscopy. Such investiga-
tions are hampered by instability of the aminoacyl ester bond,
which is hydrolyzed at ambient temperature and pH 7, with a
half-time between 20 and 120 min (5).

The nucleoside antibiotic puromycin resembles then@ of
aminoacyl-tRNA. Its structure has been determined by crystalli-
zation and X-ray analysis (6), as well as by NMR in solution (7).
The amino acid residue in puromycin is, however, linked to
adenosine by an amide bond, which may limit the value of this
analogue as a structural model for aminoacyl-tRNA. Similarly,
the structure of'30-acetyladenosine, which has been solved by
X-ray crystallography (8), has only limited value as a structural
model for 3-O-aminoacyladenosine since it does not possess an
a-amino group on the acyl residue.

As determined by NMR spectroscopy, the single-stranded
ACCA sequence, which forms theedd of tRNA, is continuously
stacked to the RNA helix of the aminoacyl domain (9-11).
Fluorescence measurements with tRNA containing a fluorescent
adenosine analogue formycin in position 76 revealed that the
3'-end of tRNA in solution has an ordered, stacked strudtje

The crystal structure of an aminoacyl-tRNA in complex with
elongation factor Tu (EF-Tu) and guanosirn€g[®y-imino)-
triphosphate has beegcently determineL3). In this structure

The ubiquitous ‘3terminal adenosine of tRNA serves as arthe terminal 3adenine 76 of tRNA is not involved in stacking
acceptor for covalent attachment of the amino acid during enzymatiith the penultimate cytosine 75, but instead it is placed in a cleft
aminoacylation of tRNA by aminoacyltRNA synthetases (1)on the interface between domains | and Il of EF1B). Thus the
Several enzymes, protein factors and ribosomes interact wibssibility arises that the destacking of thteBninal adenosine
aminoacyl- tRNA or peptidyl-tRNA during protein biosynthesis.upon aminoacylation is the structural element which determines
In order to avoid inhibition by non-aminoacylated tRNA, thes¢he recognition of aminoacyl-tRNA by EF-<IGTP.
macromolecules have to recognize the aminoacyladenosine oin the present work we investigate the structuréof@nthranil-

the 3-end of aminoacyl-tRNA. Indeed, differences in theoyladenosine. This compound, which can be chemically synthesized
equilibrium dissociation constants for non-aminoacylated tRNAL4), has a structure similar t6@-aminoacyladenosine and is
and aminoacyl-tRNA are, in some cases, up to five orders sfifficiently stable to allow crystallization or NMR studies. It has
magnitude (2). This raises the question about the differencesalso been shown that the anthraniloyl group attached to the
the structures of aminoacylated and non-aminoacylated tRNAdenosine 76 of tRNA mimics the structure of aminoacyl-tRNA
which provide the structural basis for such efficient discriminatiorand allows an efficient interaction of anthraniloyl-tRNA with
This problem was addressed by numerous studesand EF-TwGTP (15).
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R 53.96 min in§) correspond to'2and 3-O-anthraniloyladenosine, respectively.
The peaks at retention times 39.89 and 44.46 mly) icofrespond to'2and
b 3'-O-anthraniloyladenosing-phosphate, respectively.
a
Figure 1.Terminal adenosine of-daminoacyl-tRNA. R represents the naturally
occurring amino acid side chai),(3-O-anthraniloyladenosind}. 5-sulfonate. Kinetics of 3to 2-transacylation of'@0-anthraniloyl-
adenosine were measured in phosphate bufiféi7p2/deuterated
MATERIALS AND METHODS methanol (87.5:12.5, v/iv) at°@. The mole fraction of the

o . o ) ) 2'-O-anthraniloyladenosine that was formed was determined by
Modification of adenosine with isatoic anhydride was performeghtegration of the Hlpeaks in theH NMR spectrum. The
according to Hiratsukgl4). Adenosine (1 mmol) was dis#ed  resulting plot contains data from 128 subsequent spectra;
in 25 ml of Water at 3aC. The pH was adjusted 10 9.6 with2 M acquisition time for each Spectrum was 120 s.

NaOH, and isatoic anhydride (1.5 mmol) was added to theCrystals of 30-anthraniloyladenosine for X-ray analysis were
reaction mixture. The pH was maintained at 96 by t|trat|0n W|tbrown at18C using the Sm:lng drop vapor diffusion method. The
2 M NaOH for 2 h. The progress of the reaction was monitorefh || droplets of 10 mM 30-anthraniloyladenosine in ethanol
by thin layer chromatography on silica gel plates (Polygram Sjere equilibrated against 1 ml water/ethanol mixtures varying
G/UV2s4 Roth, Karlsruhe, Germany), in chloroform/methanolsrom 9:1 to 3:7 (viv). For seeding, crystals were transferred to the
(8:2, viv). R values are 0.38 and 0.73 for adenosine angthanolic solution of '@0-anthraniloyladenosine and further
2(3)-O-anthraniloyladenosine, respectively. The reaction mixturgquilibrated against water/ethanol 4:6 (v/v).

was cooled to ‘03, and the pl’OdUCt was collected by Centl’ifugation. |ntensity data for x_ray structure ana|ysis were collected by
3-O-anthraniloyladenosine was isolated from the crude reacti@lemens P4 diffractometer with Makadiation & = 71.073 pm,
product by crystallization from ethanol/water (1.4, v/v), angyraphite monochromator). The measurement was carried out at
purified by silicagel column chromatography (Kieselgel 60,23°C in the range 3< 26 < 55° with a scan speed of 2nin
Merck, Darmstadt, Germany) in chloroform/methanol (9:1, VIV)and 1.36 scan range inrmode. The intensities of three check
The final purification was achieved by crystallization from ethanoleflections, monitored every 100 reflections, were used to control
diethyl ether (5:5, vv). _ the stability of the primary beam.

HPLC analysis was performed with a Beckman HPLC SystemThe structure of ®-anthraniloyladenosine was solved by

Gold using a Supelcosil LC-18S column, 258.6 mm, with & ~ applying Direct Methods (Siemens SHELXTL-PLUS). The
Supelcosil guard column, (Supelco, Bellafonte, USA). Elutiopefinement was done following the full-matrix-least-squares
5 mM sodium phosphate buffer pH 3.5 and methanol as followghisotropic temperature factors. The hydrogen atoms involved in
0-5 min, 2.5% methanol; 5-10 min, 10% methanol; 10-65 mipy_pridges were found in a difference Fourier synthesis. The
10-70% methanol gradient; 65-70 min, 70% methanol; 70-80 Migmaining hydrogen atoms are in calculated positions. The
70-2.5% methanol gradient. Spectrophotometric detection was@rect absolute configuration was provided by using a starting
254 and 335 nm.'@)-O-Anthraniloyladenosine'hosphate  material with known configuration.
was obtained under the same conditions as described above,
except that after reaction was complete the pH was adjusted to é]gSULT S
with 1 N HCI. The product was isolated from the reaction mixtur
by chromatography on a Sephadex A-25 column in a 20 MMy emical synthesis
sodium acetate, pH 5.0, and NaCl gradient from 10 to 250 mM.
After desalting on Biogel P6 column the solution was lyophilizedreatment of adenosine with a 1.5-fold excess of isatoic
to provide pure '23')-O-anthraniloyladenosiné-phosphate as a anhydride at pH 9.6 leads predominantly to formation of a
white powder, which was characterized by HPLC, NMRmixture of monosubstituted anthraniloyl-derivatives (Fig. 1). The
spectroscopy and mass spectrometry. crude reaction mixture contained-G-anthraniloyladenosine

NOESY NMR spectra were recorded at 500 MHz on a Brukdb64%), 2-O-anthraniloyladenosine (20%), adenosine (7%),
DRX 500 spectrometer (Bruker, Karlsrul@@ermany) equipped traces of 23-bis-O-anthraniloyladenosine (6%) and isatoic
with an Aspect Station computer at’8with a mixing time of  anhydride (3%). Purification by silica gel column chromatography
200 ms. Adenosine, '-®-anthraniloyladenosine and'(2)-O-  vyielded 91% of 30-anthraniloyladenosine with a residual 9%
anthraniloyladenosine’-phosphate were measured as 2 mMcontamination by '2Z0-anthraniloyladenosine. Crystallization
solutions in deuterated methangdD (6:4, v/v) at 23C. The provided 3-O-anthraniloyladenosine (Fig. 2a) contaminated with
chemical shifts are given relative to 2,2-dimethyl-2-silapentané2% 2-O-anthraniloyladenosine.
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Table 1.Structure determination of-®-anthraniloyladenosine; structure The glycosidic torsion anghg(C4-N9—-C1-04) of 48.7(0.8)
solution and refinement indicates aynconformation of the nucleoside. This conformation
occurs with about the same frequency aartieonformation in the
Crystal data Solution and refinement purine nucleosides with a’-@ndo sugar pucker. The'-8ndo
Crystal size: 0.26 0.15x 0.12 mn# Number of collected reflections: 2923 puckering prefers thanti orientation around the glycosidic bond
Spacegroup: P2, monoclinic Number of unique reflections: 2425 (16)' The Syn conformation - of SOanthranlloyIadenosme IS

stabilized by an intramolecular hydrogen bond betweérahth

Unit cell dimension: a = 7.402(2) A Final R indices (obs. data): endocyclic nitrogen N3. A similar structure was found for
b=18.289(2) A R =10.07%, wR = 4.11% 3'-O-acetyladenosine, which crystallizes witheBdo sugar ring
c=7.670(2) A Largest difference peak: 0.438A pucker insynconformation of the nucleobase (8) and isilstat
B =113.702) Largest difference hole: 0,42 €A by the same hydrogen bond interaction betwe&tband N3 as

in the case of 'd-anthraniloyladenosine. The adenine ring of
puromycin and the'3erminal adenine in phenylalanyl-tRREin

The 2(3')-O-anthraniloyladenosiné-phosphate was obtained complex with EF-TeiGppNHp, adopt aanti conformation (6,13).
by analogous modification of AMP with isatoic anhydride and Both substituents of the phenyl ring ikGBanthraniloyladeno-
isolated from the reaction mixture by ion exchange chromatograplsjne, the carbonyroup and nitrogen atom of the amipoup,
As determined by HPLC of'(&')-O-anthraniloyladenosineg-5 lie almost in one plane with torsion angles of —4.0¢14)d
phosphate, the equilibrium mixture consisted of 3G&ithraniloyl  0.8(0.9f for 06-C9—-C10-C11 and C9—C10-C11-N11, respective-
derivative and 70%'3anthraniloyl derivative, giving rise to the ly. Additionally, they are imnti conformation with respect to the
peaks at 40 and 44 min, respectively (Fig. 2b). Attempts to purifucleoside part of the molecule. The torsion angle C9—03
3-O-anthraniloyladenosine’-phosphate from this mixture by C3-C2 is 168.1(0.5). The entire anthraniloyl moiety is slightly
chromatography and crystallization were not successful. twisted out of the C303-C9 plane with a torsion angle
C3-03-C9-06 of —2.8(0.9)

The aromatic systems of the adenine and the anthraniloyl
residue are coplanar, with an angle between the planes’of 3.4

3-O-Anthraniloyladenosine crystallizes as a dihydrate in spacd almost perpendicular to the sugar ring. The angles between
group P2 with two molecules in the asymmetric unit. In this respedi€ aromatic planes and the sugar ring plane defined'bg€.3
3-O-anthraniloyladenosine exhibits a lower symmetrical crystdP4 and Clatoms are 101°7and 99.7 for the adenine and
structure than puromycin, which crystallizes orthorhombically witf@nthraniloyl residues, respectively. _
spacegroup P22121 (6) Data pertinent for X_ray structure In the CI’yS'[a| StrUC'[_UI’e the molecules form para||e| |ayel_’S Wlth
determination are compiled in Table 1. a d|syance Qf 35A (F|g_. 4). The mo_lecule_s are arranged glmllarly
The resulting molecular structure ¢fGanthraniloyladenosine i neighboring layers with a translation shift along the y-axis. This
with its atom numbering scheme and solvent molecules is sho@ffangement allows strong alternating stacking between the
in Figure 3a. There are two intramolecular hydrogen bond@denine rings and phenyl rings of the adjacent molecules. This
between N3 of purine and the®H group of ribose and between Stacking of aromatic rings is important for packing of the
the carbonyl group and the amino group of the anthraniloyolecule into the crystal lattice and probably determinesythe
residue. Two intermolecular hydrogen bonds per molecule afénformation of the adenine ring. It is known from the X-ray
between the amino group of the anthraniloyl residue and ti§'ucture of other nucleosides that base stacking plays an
2'-oxygen atom of the neighboring molecule, and between ti@portant rolc_a in stablllzanon of the b_ase co_nformatlon. For
amino group of purine and thedkygen atom of the symmetrically examp_le, 4-th|our!d|ne, a naturally-occurn_ng 4_1-th|oket0 dgrlvatlve
equivalent molecule. Additionally, several hydrogen bonds af uridine, crystallizes from agqueous solutiorsyn conformation.
possible with surrounding solvent molecules as indicated ihhiS particular structure is also stabilized by base stacking and
Figure 3b. Two intramolecular hydrogen bonds'#483 and hydrogen bonding with surrounding wete8). However, in water
H11A-06) influence the stability of the molecule in the adoptegolution 4-thiouridine adopts the usaati conformation(19).
conformation. There are no signs of protonation of either N1 of
the adenine base or the amgmup N11 of the anthraniloyl The structure of 3-O-anthraniloyladenosine in solution
residue, as is observed for puromycin (6). Amino groups of
adenine and anthraniloyl residues have a pyramidal arrangemg&hé solution structure of’-®-anthraniloyladenosine was deter-
and consequently their hydrogen atoms are not located on tithed by NMR spectroscopy. In agueous solutions be@: 2
planes formed by the aromatic system planes. The sugar riagthraniloyl isomers and’-®-anthraniloyl isomers exist in
puckering is 2endo with endocyclic torsion anglesg =  equilibrium with the predominant 3omer. This situation is
—22.2(0.6), v1 = 35.8(0.5}, v2 = —34.9(0.6), v3 = 23.3(0.6),  similar to that of the'2and 3isomers of aminoacyladenosine (20).
v4 = —=0.9(0.6). The pseudorotation phase angle P, calculatedIn the low field part of the proton NMR spectra (8.27-6.76 p.p.m.)
according to Saengét6), is 162, thus in the range of-2ndo  several resonances corresponding to the H2 and H8 protons of the
ring puckering (144< P< 180°), whereas the puckering amplitude adenosine and protons of the phenyl residue occur. Upfield signals
P is 36.4 (17). (6.39—-3.82 p.p.m.) originate from aliphatic ribose protons. (For full
The conformation of the-iydroxymethylengroup is described resonance assignments, see ‘Supporting Information’.) In compari-
by the torsion anghe O5—C5—C4—-C3 and the alternative torsion son to the unsubstituted adenosine molecule, all anthraniloyl
angle y(-) O5-C5-C4-04. The values of 49.0(0.8)and derivatives of adenosine show a downfield shifflibp.p.m. for
—70.4(0.7y, respectively, define the conformation around thehe ribose proton adjacent to the esterified hydrgrgup. A
exocyclic C4-C5 bond agjauche—gauche similar effect, a downfield shift dfD.3 p.p.m., is observed for

Crystal structure of 3'-O-anthraniloyladenosine
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Figure 3. Molecular structure of'30-anthraniloyladenosine with its atom numbering scheme and solvent molejutereo view of the molecule with the
individual intramolecular and intermolecular hydrogen bonds; oxygen ataras®2 belong to symmetrically equivalent moleculds The probability level for

the thermal ellipsoids is 50%.

neighboring protons (21,22). Resonance signals 'éD-3 3'-O-anthraniloyladenosine is the predominant isomer in an
anthraniloyladenosine are therefore at 5.62 and 5.11 p.p.m."for Hgjuilibrium mixture under similar conditions.

and H2, respectively, whereas corresponding resonances for thd=uranose ring puckering of-@-anthraniloyladenosine was
adenosine are at 4.40 and 4.77 p.p.m., respectively. Accordingipalyzed by vicinal spin—-spin coupling constatiigy (23)

in the case of'Z0-anthraniloyladenosine the Hiroton gives rise  (complete compilation of scalar coupling is given in supporting
to a signal at 6.39 p.p.m., whereas th@-anthraniloyladenosine information under Supplementary Material). As was determined
H1' proton resonanceccurs at 6.16 p.p.m. The relative for the crystal structure of'-®-anthraniloyladenosine, the
intensities of both signals reflect the concentration of the isome&-endoconformer is also a predominant conformer in solution.
The population ratios of thé Bomer to the'dsomer, expressed For the corresponding-8- anthraniloyladenosineg-phosphate,

by an equilibrium constant d4 are 0.50 and 0.46 for the the 2-endoconformer likewise prevails.-2ndopopulations of
2'(3)-anthraniloyladenosine and th&3)-anthraniloyladenosine [178% (d-2 = 6.4 Hz) for the 20-anthraniloyladenosine isomer
5'-phosphate, respectively. The ratio ‘as@mer to 3isomer for and 90% (J» = 7.2 Hz) for the 30-anthraniloyladenosine
several aminoacyladenosine derivatives is, depending on pH a@sdmer can be derived from the scalar coupling constants (23). For
temperature, in the range 0.36—0(2Y). Thus, as in the case of 2'-O-anthraniloyladenosine-phosphate and-8-anthraniloylade-
adenosines esterified with naturally occurring amino acidsiosine 5phosphate, the'-2ndo populations are 68% 1(g =
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Figure 4. Molecular packing of '30-anthraniloyladenosine in the crystal lattice with alternating stacks of adenine and anthraniloyl rings.

5.7 Hz) and 90% {& = 7.2 Hz), respectively. Substitution of a " - 8.0
2-OH group of adenosine or AMP with the anthraniloyl residug ¢ ‘
also leads preferentially to thé-éhdo conformer, although a \ g2
decrease in its population by several percent indicates slightly —~ ‘ ‘ ’
different ring puckering. 9 ) ‘ @

The conformation around the '€€5 bond was determined % £ - 5 g —8.4
using spin—spin coupling constanjsy And J5+ (See supporting ‘ ppm

information available as Supplementary Mate¢24)). The sum of 1
both coupling constants in the range of 5.0 Hz indicates the o
gauchegauche as the preferred conformer for both 2nd e
3'-O-anthraniloyl isomer$,80% of the population for both isomers. 33 P

Determination of the conformation around the glycosidic bondl “ I
(X) was performed on the basis of the two-dimensional nuclear
Overhauser enhancement spectroscopy. As expected for a low- ;
molecular weight compound, negative cross peaks with respgct | l .
to the diagonal peaks were observed [positive nuclear Overhauser || I
effect; cf. (25)] The nuclear Overhauser effect cross-peak ‘
intensities can be related to the distances between observe
proton spins(25). Accoding to the reported intramolecular
distances for a canonical A-DNA helix, with the torsion angle i T T T T T T T T
the range ofanti and pseudorotation angle for theefdo m 6.0 50
conformer, the distances between the base and ribose protons
H8-HZ and H_8_H1are 3'_9 and 3.8 A’ respectivélb). These Figure 5. The 500 MHz NOESY spectrum of equilibrium mixture of the
values determine the relative nuclear Overhauser effect cross-pegko-anthraniloyladenosine and theCanthraniloyladenosine expanded in
intensities to be approximately equalg(lqr/lng_H2 = 1.17). the region of sugar—base proton interactions. The negative nuclear Overhauser
Similar data analysis for a Z-DNA molecule, which represemseﬁect cross-peak intensities fokiSomer protons are indicated by cwcles,.
synconformation around the glycosidic bogives values 0f 4.1 arereas the ones for théisomer protons are marked by squares. Below:

- ) proton spectrum d{33-O-anthraniloyladenosine in the

and 2.3 A for H8-H2and H8-H1 distances, respectively. The range of 6.5-5.0 p.p.m. (deuterated methan@/B:4, 23C).
predicted relative magnitude of the NOESY cross-peak intensity
ratio should then be on the order of 30. The observed NOESY
cross peak pattern involving the ribose protonsartl H2, as
well as the H8 proton of the adenine residue, for the mixture ('P;ansac lation rate between 20-anthraniloviadenosine
the 2- and 3-O-anthraniloyladenosine isomers is displayed in d 3-O}—lanthranilo ladenosine y
Figure 5. The comparison of the relative cross peak intensity ra 10 Y

for the 3-O-anthraniloyladenosine antt@-anthraniloyladenosine  Kinetics of the transacylation reaction betwee®-anthraniloyl-
gives values of 1.23 and 3.93, respectively. These viatlieate  adenosine and-®-anthraniloyladenosine were measuredHby

a preferredanti conformation for both the’ 2somer and the’3  NMR spectroscopy using Hpeak integrations for mole fraction
isomer. However, the value obtained for thés@mer indicates determination. Equilibrium constant (K), equilibrium rateagh

that a small population siynconformer is in fast exchange with transacylation rates4k, » and k' _, 3) were determined according
the predominaranti conformer. Thus, the relative orientation ofto the equation A(t) = A+ (Ac—Ade X!, where A and A are

the base and the sugar moiety for the anthraniloyl derivatives mible ratios of 20-anthraniloyladenosine at time 0 s and at
adenosine in solution is not determined by alternating stacking eduilibrium, respectively. There, the intensity increase of resonance
the aromatic systems as observed in the solid state (Fig. 4). signals due to the Bsomer was analyzed.
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Table 2. Structural features of crystalline puromycin (6)Q3acetyladenosing) and 3-O-anthraniloyladenosine

3'-O-acetyladenosine 3'-O-anthraniloyladenosine puromycin
Glycosidic torsion anglex) syn syn anti
C4-C5 bond conformationyj gauche—gauche gauche—gauche gauche—gauche
Sugar ring pucker 'Zendo 2'-endo 3'-endo
Position of C1-N bond equatorial equatorial axial
Position of C30 bond axial axial equatorial

The equilibrium rate k =%, > + k3 (at PH 7.2 and 4C)  of the ribose in the case of thé-Ganthraniloyl and the
determined in this way was (1.¥50.09) x 164s™1, which is  3'-O-acetyl derivatives. In contrast, puromycin has'-an@lo
almost four orders of magnitude less than the equilibrium rat®mnformation both as a crys{él) as well as inadution (7). We
reported for 23')-O-phenylalanyladenosine [1.0#sit #H 7.3  demonstrate in this work that thé-ehdo sugar pucker is a
and 25C; (21)] The quilibrium constant K = (k_, »)/(k>_, 3),  predominant conformation for'-8-anthraniloyladenosine in
which gives the molar ratio of and 3 isomers at equilibrium, solution as well. The ribose ring puckering defines the orientation
amounts to 0.48 0.02, which is very close to the value observeaf the glycosidic bond, which is equatorial for thee2do
for 2(3')-O-phenylalanyladenosine [0.4@1)]. The transacylation conformation, but axial for the’-8ndo conformation. This
ratesky > and k3 are (0.34 0.07)x 10%s1and (0.8% 0.04) difference may be important for the recognition of the aminoacyl-
x 104 s, respectively. The distinctly slower migration of theated adenosine on thé-¢hd of tRNA during various steps in
anthraniloyl residue as compared to transacylation rates wénslation. Recently the structure of the EF-Tu in complex with
2'(3')-O-phenylalanyladenosin@1) is due to the more stable a GTP analogue and aminoacyl-tRNA was deterniib@d The
ester bond connecting the anthraniloyl residue with the adenosieeminal adenosine of aminoacyl-tRNA in this structure is not
moiety and also due to the presence of the aromatic amistacked to the penultimate cytosine of the CCA-end, but instead
function with a pKa 4.95, which is lower than that of the aliphatii is extended to a lipophilic pocket of the protein. Since in tRNA

o-amino group. that is not aminoacylated, the CCA-end forms a continuous stack
(9,10,12), it is poskle that aminoacylation of thé-&rminal
DISCUSSION ribose causes destacking of adenosine from the CCA-end providing

a signal for recognition.
3'-O-anthraniloyladenosine is the first aminoacyl derivative of The mechanism leading to this destacking may involve the
adenosine which was crystallized and its structure determindaiteraction of the zhydroxyl group of the ribose moiety with the
Adenosines esterified with proteinogenic amino acids are labilgcinal ester-carbonyl group of the aminoacyl residue. Such an
The ester bond is susceptible to rapid hydrolysis and a transacylaiiaieraction occurs, e.g. during migration of the aminoacyl! residue
between 2 and 3-hydroxyl groups. The presence of the vicinalbetween 2and 3 positions of the terminal adenosine with an
hydroxyl group is important for both reactions. In one case @bligatory orthoester acid intermedig2&). Correpondingly, it
accelerates hydrolysis of the ester b6}, in the other it is the was demonstrated for the interaction of tRNA with aminoacyl-
prerequisite for transacylation between thar®l 3 positions. tRNA synthetase that subtle structural variations on’teer8inal
Due to attachment to an aromatic ring, the carboxyl and amiritose lead to conformational changes in the tRNA—synthetase
groups of anthranilic acid have a different reactivity as comparegmplex (28,29). Anmoacylation of tRNA and the presence of
to a-amino acids. As a consequence, the rate of hydrolysis aadree vicinal OH-group probably lead to structural changes in the
rate of transacylation are more than four orders of magnitudgCA-end and formation of-2ndoconformation on the terminal
lower than in the case of adenosines esterified avitmino  ribose(30).
acids. This allows the study of the structure @ Banthraniloyl- In A-type RNA the nucleobase is held in axial position, and the
adenosine by crystallography or NMR. ribose adopts the'&ndo conformation. In this case the

It was reported that anthranilation of adenosine or adenosifesubstituent is placed to the equatorial position. Such a structure
5-phosphate by isatoic anhydride leads exclusively-0-3 was observed for puromycin, in which the aminoacyl residue,
anthraniloyladenosine derivativés4). We demonstrate in this attached by an amide bond to th@gsition, is equatorial and the
work that this is not the case. All available, free hydroxyl groupgbose possesses ‘aghidoconformation. This may be due to the
of adenosine or adenosinephosphate can be esterified, withlack of interaction of the amide-carbonyl with the vicinal
preference for the'dydroxyl group. We were successful in 2'-hydroxyl group. In agreement with this interpretation aminoacyl-
isolation of pure 30-anthraniloyladenosine, since the structurdRNA in which the aminoacy! residue is attached via an amide
of this isomer is stabilized by alternative stacking of adenine at$nd to the 3position of the terminal adenosine does not form
phenyl rings in the crystal lattice. This allows the purification ostable complexes with EF-9GTP (31).
the 3-isomer by crystallization. We did not succeed, however, in
purification of a single isomer of(3')-O-anthraniloyladenosine AckNOWLEDGEMENTS
5'-phosphate, which could not be prepared in crystalline form.

The crystal structure of-®-anthraniloyladenosine has someThis work is dedicated to Professor Max Herberhold on the
remarkable features, which are different from the structure of tleecasion of his 60 birthday. We would like to thank to Melanie
antibiotic puromycin, but similar to the structure 608acetyl-  Beikman for help with preparation of the manuscript. The work
adenosine (Table 2). The most significant is thendopucker was supported by thdeutsche Forschungsgemeinschaft
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Supplementary data available 12

The crystallographic data were deposited at the Cambridge
Crystallographic Data Centre as supplementary publication no.

CCDC-179. Copies are available, free of charge, on request frotd:

The Director, CCDC, 12 Union Road, GB-Cambridge CB1E2°
(fax: +1223 336033). 16
Tables of the proton chemical shifts and the vicinal scalar
coupling constant&lyy of aminoacylated adenosine derivativesl?
(2-O-anthraniloyladenosine, '-®-anthraniloyladenosine, '-©-
anthraniloyl-AMP and '30-anthraniloyl-AMP) can beofind as
supporting information for this manuscript (one page). Orderingy
information is given on any current masthead page. 20

See supplementary material available in NAR Online. 21
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