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Summary

Purified yeast phenyla.largl tRNA synthetase :EPRS) can aminoacylate
highly purified E. coli tRNA and E. coli tRNAT but cannot amino-
acylate highly purlfied E. co]_'l. tRNAYYY, E. coli tRNAHlS and yeast tRNALYS
It was previously proposed that a group of nine nucleotides comprising the
region adjacent to the dihydrouridine loop were directly involved in the
PRS recognition site. In addition to confirming this hypothesis, we now
show that a second region of the tRNA molecule, consisting of the fourth
nucleotide fram the 3'end, is also directly involved in the PRS recognition
site. This synthetase has an absolute requirement for adenosine at this
location.

One approach to the elucldation of the aminoacyl tRNA synthetase recogni-
tion site is to compare the sequences of several transfer RNAs, all of which
are aminoacylated by a single synthetase. Those regions which are common to
these tRNAs are then most likely candidates to be involved in the recognition
site for that synthetase.

Yeast phenylalanyl tRNA synthetase (FRS) can aminoacylate the phenylala-
nine tR¥As of E. coli, yeast and wheat and E. coli tRNA'§l (1-4). The latter
reaction, the aminoacylation of E. coli tRNA tRNAVil by PRS is called hetero-
logous mischarging for it refers to the instance in which a synthetase from one
source aminoacylates an "incorrect"tRNA from another source. Heterologous
mischarging, first discussed by Barnett and Jacobson (5), can be a most valu-
able tool in elucidating the nucleotides which are involved in the aminoacyl
tRNA synthetase recognition site for they allow the comparison of very differ-
ent tRNAs, all of which are aminoacylated by a single synthetase. Using this
approach, the sequences of the phenylalanine tRNAs of E. coli, yeast and wheat

and E. coli tRVAV8L yere compared and it was proposed that & group of nine
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nucleotides located in the double stranded region adjacent to the dihydro-
uridine loop (diHU stem region) (Fig. 1) were directly involved in the PRS
recognition site (1). To examine this hypothesis further and to determine
what other regions are also involved in the recognition of a tRNA by this
particular synthetase we have sought to extend this method of sequence com-
parison. We now report a more extensive sequence compariogn based upon eight
tRNAs which are aminoacylated by PRS. This more extensive comparison &) con-
firms the role of the nucleotides of the diHU stem region in the PRS recogni-
tion site and b) shows that a second region of the HRNA molecule, specifi-
cally the fourth nucleotide from the 3'end is also directly involved in the
recognition of a tRNA by PRS. Indeed FRS has an absolute requirement for
adenosine at this location.

To eliminate the possibility of artifacts in this approach to determin-
ing the synthetase recognition site, each of the components have been ex-
tensively purified. Thus, each of the tRNAs have been obtained in highly
purified form as is described below, and the synthetase, FPRS, was either a
200-fold purified preparation prepared as previously described (4) or a highly
purified preparation obtained by a three step chromstographic procedure in-
volving DEAE cellulose, phosphocellulose and hydroxylapatite column chromato-
graphy. This latter procedure which will be described in detail elsewhere
(6) gave PRS which showed only one major band on polyacrylamide disc gel
electrophoresis in the location expected for this synthetase (7).

E. coli tRNAvg‘%‘ and tRNAVS% were both extensively purified and are both
aminoacylated by PRS as is shown in Table 1. (8). We have now found thet
E. coli tRNAMEY, the non-formylatable species of methionine tRNA and E. coli
tRNATM™ are aminocacylated by PRS as shown in Table 1. E. coli tRNAMﬁt was
purified as follows: crude E. coli B tRNA (Schwarz-Mann) was fractionated on

benzolated DEAE cellulose (BD-cellulose) at neutral pH as previously described

(4). The tRNAMEY, now free from tRNAMS®, was further fractionated on DEAE
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Figure 1. Composite tRNA. Those nucleotides that are not the same in the
first elght tRNAs of Table 1 are shown in the composite with a dot., Those
nucleotides that are found in the seme position in all tRNAs are shown in
the composite in light type. Those nucleotides that are uniquely common to
the first eight tRNAs of Table 1 are shown in BOLDFACE.

The extra dot near the dihydrouridine loop denotes the fact that three
tRNAs (E. coli tRNAVSY, E. coli tRNAVEL, and E. coli tRNATIU) have one extra
nucleotide in the dihydrouridine loop.

*The central nucleotide of the anticodon of the eight tRNAs upon which
this composite is based is adenosine. This has been eliminated from the com-
posite since, based on the genetic code, it could not be presept in that
position in any species of alenine tRNA. Indeed, E. coli tRNA 18' has a guan-
osine at that location (19).

sephadex according to the procedure of Nighimura (9). The final purification
step was fractionation on plaskon chromstography at pH 4.5 (10). This pro-
cedure gave E. coll tRNAMﬁt (1.2 nmoles/OD unit) which could be heterologously
aminoacylated with FRS to 80% of the level of the homologous aminoacylation
reaction (Table 1).

E. coli tRNAIlu was purified by & four step procedure as follows: crude
E. coli B tRNA was fractionated on BD~cellulose as previously described. The
enriched tRNATM fraction was then chromotographed on plaskon first at pH 4.5
and then at pH 7.0. The finael purificetion step was the phenoxyacetylation

procedure of Tener and coworkers (11) as shown in Fig. 2. Thig procedure
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Table 1. tRNAs Aminoacylated By Yeast Phenylalanyl tRNA Synthetase*

homologous heterologous aminoacylation
aminoacylation nmoles/ % homolo-

tRNA rmoles/OD unit 0D wnit gous
yeast phenylalanine 1.2 - -
wheat phenylalanine 1.2 1.2 1004
E. coli phenylalanine 1.2 1.2 100%
E. coli valine 1 1.4 1.25 90%
E. coli valine 2A 1.2 1.0 85%
E. coli valine 2B 1.2 1.0 85%
E. coli methionine (M)** 1.2 0.96 80%
E. coli isoleucine 1.25 1.0 80%
E. coli alanine 1 1.5 1.35 90%
E. coli alanine 2 1.0 0.85 85%
E. coli lysine 1.2 1.1 90%

*Homologous and heterologous aminoacylation reactions were performed as pre-
viously described (8).

**E. coli tRNAMﬁt was distinguished from E. coli tRNAMﬁt by the procedure of
Schofield (22). -
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Figure 2. Chromotography of Phenoxyacetylated E. coli tRNATIW, Partially
purified E. coli tRNAIIW yag aminoacylated with [15CT 4soleucine (10 Ci/mole)
and then phenoxyacetylated according to the procedure of Gillem, et &l., (11)
and then applied to a 0.4 x 50 cm BD cellulose column. The column was washed
with 50 ml of 0.0IM sodium acetate pH 4.5,0.01M magnesium chloride, 0.001M
sodium thiosulfate (Buffer A) containing 0.3M sodium chloride. It was then
washed with 50ml of Buffer A containing 1.0M sodium chloride (started at
single arrow). Highly purified E. coli tRNATIY yes eluted using & linear
gredient (started at double arrow), H0Oml total volume, of Buffer A containing
IM sodium chloride and Buffer A containing IM sodium chloride and 50% v/v
ethanol. Flow rete: 2ml/3 min/tube. O.1lml aliquots were plated on Whatman
GF/A filters, dried and counted in omnifluor~toluene.
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gave highly purified tRNATIU (1.25 nmoles/OD unit) which was aminoacylated
with PRS to 80% of the level achieved in the homologous reaction (Table 1).
E. coli tRNA'S , tRNA'SL , tRAMS® ana tRNATIV cach nave the exact nine
nucleotides located in the d1HU stem region as was found previously (see cam-
posite tRNA, Fig. 1) (12-14). Thus, these four tRNAs strongly confirm the
hypothesis that this region of the molecule is directly involved in recogni-
tion of a tRNA by PRS. We now report that a second region of the tRNA mole-
cule, consisting of the fourth residue from the 3'end, is also directly in-
volved in the recognition site for this particular synthetase. The evidence
is based first on the observation that all eight tRNAs aminoacylated by FRS,
whose sequences are known (the first eight tRNAs of Table 1) all contain
adenosine at the fourth position from the 3' end (see Fig. 1). Second, are
the results obtained with three tRNAs which have nucleotide sequences very
gimilar to the composite tRNA (Fig. l), but which have nucleosides other than
adenosine at the fourth position fram the 3' end. Thus, E. coli tRNAG%y
differs from the composite tRNA (Fig. 1) in only one nucleotide (15). Each
of the nucleotides ghown in the composite tRNA (Fig. 1) are also present in

the same exact location in E. coli tRNAG%V , except for one nucleotide;

E. coli vt',Rl\IAGil,;y has a uridine at the fourth position from the 3' end instead
of adenosine as is shown in the composite tRNA. E. coli ‘c.RNAG%'y was iso-
lated in purified form (1.2 nmoles/OD unit) by chromatography on BD-cellu-
lose at pH 7.5 followed by plaskon chromatography st pH 7.0 and is not an
acceptable substrate for FPRS as is shown in Table 2.

Further evidence for the role of this adenosine in the PRS recognition
site is provided by E. coli tRNAFLS | This tRNA was isolated in highly puri-
fied form (1.5 nmoles/OD unit) by chromatography on BD-cellulose at pH 7.5
and on plaskon at pH 7.0 and pH 4.5. E. coli tRNAHLS giffers from the compo-
site tRNA (Fig. 1) only in that it has a cytidine instead of an adenosine at
the fourth positlon from the 3' end and, in addition, this tRNA has an extra

residue, guanosine, at the 5' end (16,17). In all other respects this tRNA
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Table 2. tRNAs Not Aminoecylated By Yeast Phenylalanyl tRNA Synthetase*

homologous heterologous

aminoacylation aminoacylation

+RNA (nmoles/OD unit) (nmoles,/OD wnit )
E. coli glycine 3 1.2 0.025
E. coli histidine 1.5 0.050
yeast lysine 1.35 0.025
E. coli methionine (F)¥** 1.1 0.025
wheat glycine 1.65 0.050

*The reaction conditions for homologous and heterologous amincascylation have
been described previously (8).

**E. coli tRNAME® was distinguished from E. coli tRNAMS® by the procedure of
Schofield (22)

is also identical to the composite tRNA (Fig. 1). This purified histidine
tRNA is also not aminoacylated by PRS (Table 2).

Finally, the series is completed by yeast tRNALYS, This tRNA is also
identical to the composite tRNA (Fig. 1) in that each nucleotide shown in
the composite tRNA is also found in the same exact location in yeast tRNALys
except for one nucleotide (18). Yeast tRNAhYS has a guanosine at the fourth
position from the 3' end instead of adenosine as is present in the composite
tRNA. Pure yeast tRNADyS, a gift of Dr. J. Madison, is not aminoacylated by
PRS as shown in Table 2.

These results, in addition to showing that adenosine at position four
from the 3' end is involved in the PRS recognition site also illustrates the
high degree of specificity which is apparent in these heterologous amino-
acylation reactions. The heterologous reactions differ from the standard
homologous aminoacylation reactions in three respects: the heterologous re-
actions are incubated at pH 5.8, they require more enzyme (10 to 50 times
more than in the homologous reaction), and they require more time (occasion-
ally up to 2 hours). In other respects the heterologous and homologous

aminoacylation reaction conditions are identical. The detailed kineties of

the heterologous aminoacylation reactions with the eight tRNAs discussed

above will be published elsewhere (6).
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The use of sequence comparisons to determine which nucleotides and re-
gions of the tRNA molecule are involved in the synthetase recognition site
has certain disadvantages. For instance any campensatory changes, i.e., &
change in nucleotides in two regions, one change compensating for the other,
which occur in these tRNA sequences could easily be missed by this spproach.
Secondary and tertiary structure must play a part in the recognition process
but to what extent this method is unable to determine. Finally, the effects
of modified nucleotides in the system as currently employed has been elimin-
ated since we are drawing our camposite based on the parent nucleotide rather
than on its modification.

Several E. coli tRNAs (tRl\LAA‘J[a, tRNAA%a‘, tRNALYS) yhose sequences have
not been determined are aminocacylated by FRS (1,8). Based on the observations
discussed here and previously (1) we would conclude that these tRNAs ghould
have the 10 nucleotides involved in the FRS recognition site. E. coli tRNAA%:a,
under investigation in our lsboratory, indeed has these exact 10 nucleotides
in their expected location (19).

Several tRNAs have adenosine at the fourth pogition from the 3' end but
not the specific nine nucleotides of the diHU gtem region as shown in Fig. 1.
These tRNAs include E. coli tRNAMEY (20) and wheat tRMA%Y (21) both of which
were isolated in purified form and both are not aminoacylated by PRS (Table 2).
Thus, specific nucleotides in both regions are required for a tRNA to be
aminocacylated by FRS.

The current model of the yeast phenylalanyl tRNA synthetase recognition
site is that it consists, in part, of nine nucleotides in the diHU stem region
and adenosine as the fourth residue from the 3' end. This model must be con-
sldered fluid. We do not know, for example, whether all nine nucleotides in
the diHU stem region are required for the recognition process, or whether
some of these nucleotides are dispensable. We do not know if in the tertiary
structure, the nucleotides of the diHU stem region and the fourth nucleotide

from the 3'end are part of a single site which is recognized by FPRS. We do
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not believe that nucleotides in these two regions of the tRNA molecule are

the only parameters involved in this recognition process. The important roles

of other nucleotides (see Fig. 1), the size of various loops, base modifica-

tions and the tertiary structure all require further study.
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