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The Anticodon Contains a Major Element of the 
Identity of Arginine Transfer RNAs 

The contribution of the anticodon to the discrimination between cognate and 
noncognate tRNAs by Escherichia coli Arg-tRNA synthetase has been investigated by 
in vitro synthesis and aminoacylation of elongator methionine tRNA (tRNAFt) 
mutants. Substitution of  the Arg anticodon CCG for the Met anticodon CAU leads to 
a dramatic increase in Arg acceptance by tRNAFt .  A nucleotide (A20) previously 
identified by others in the dihydrouridine loop of tRNAArgs makes a smaller contribu- 
tion to  the conversion of t R N A F t  identity from Met to Arg. The combined anticodon 
and dihydrouridine loop mutations yield a t R N A F t  derivative that is aminoacylated 
with near-normal kinetics by the Arg-tRNA synthetase. 

T HE MOLECULAR BASIS OF THE AMI- 

no acid acceptor identity of tRNAs is 
still largely unknown, although pro- 

gress has recently been made in determining 
structural features (identity elements) im- 
portant for recognition of a number of 
Eschevichia coli and yeast tRNAs by cognate 
aminoacyl-tRNA synthetases (1-1 1). Both 
biochemical and genetic experiments have 
indicated that the anticodon plays a role in 
defining the amino acid that will be attached 
to many tRNAs [reviewed in (1) and (12)l. 
However, the relative contribution of this 
sequence to tRNA identity has only been 
established in a few cases (2, 11). 

Treatment of tRNApg (ICG) (the major 
Arg isoacceptor tRNA in E. coli having the 
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anticodon ICG; I is inosine) with sodium 
bisulfite has been reported to result in loss of 
Arg acceptor activity by conversion of the 
anticodon base C35 to U35 (13). Chemical 
modification of G36 with ketoxal also inhib- 
its aminoacylation of tRNAfrg (ICG) (I#), 
although modification of I34 with acetoni- 
trile has no effect on recognition of the 
tRNA by Arg-tRNA synthetase (ArgRS) 
(15). Genetic experiments have shown that 
conversion of tRNAtrg (ICG) into an am- 
ber suppressor tRNA having the anticodon 
CUA results in partial loss of Arg activity 
and insertion of mostly Lys into protein at 
the site of amber codons (1, 8 ) .  These results 
indicate an important role for one or more 
anticodon bases in selection of tRNA sub- 
strates by ArgRS. 

A composite structure of the nucleotides 
common to the primary sequences (16) of 

four E, coli tRNAArgs and bacteriophage T4  
tRNAArg is shown in Fig. 1. Comparison of 
this composite with the structure of the 
elongator tRNAMet (tRNAZet) reveals that 
all of the bases conserved in ~RNA*'~S are 
present in tRNAZet except for the antico- 
don base C35 and A20 in the dihydrouri- 
dine loop. This suggests that one or both of 
these sites are important for discrimination 
against t R N A p  by E. coli ArgRS. McClain 
and Foss (8) have shown that conversion of 
A20 to U20 destroys the Arg acceptor iden- 
tity of the amber suppressor tRNA, 
tRNAfrg (CUA), and that substitution of 
A20 + A59 into tRNAPhe (CUA) leads to 
insertion of mainly Arg by this tRNA at the 
site of amber codons in vivo. These elegant 
genetic experiments have clearly established 
the role of A20 as a component of Arg 
identity, but do not take into account the 
potential effect of C35 on the selection of 
these tRNA substrates by endogenous 
aminoacyl-tRNA synthetases or address the 
relative contribution of A20 and C35 to the 
efficiency of aminoacylation by ArgRS. 

To study the structural basis for the dis- 
crimination against tRNAZet by ArgRS, we 
synthesized and assayed a series of ~ R N A ~ " ~  
derivatives. Wild-type and mutant tRNAs 
were prepared by in vitro transcription with 
T7 RNA polymerase as described before 
(2). Such transcripts contain none of the 
modified bases normally present in native 
tRNAs, but show near-normal amino acid 
acceptor activity with cognate aminoacyl- 
tRNA synthetases and are effectively dis- 
criminated against by noncognate enzymes 
(2, 11, 17-19). As expected, the transcript 
containing the sequence of wild-type 
t F W A p  (CAU) is efficiently aminoacylated 
with Met by MetRS, but is a very poor 
substrate for ArgRS (Table 1). The initial 
rate of Arg acceptance increases linearly with 
increasing tRNAEt (CAU) up to 40 k M ,  
indicating that this concentration is much 
less than the Michaelis constant Km for the 
tRNA. Under these conditions, accurate 
values for the kinetic parameters for Arg 
acceptance cannot be obtained, but the slope 
of the linear plot of initial rate versus 
t R N A y  (CAU) concentration gives VIK,, 
where V is the maximal velocity. Compari- 
son of VIK, for the transcripts of tRNAArg 
(CCG) and tRNAtet (CAU) shows that the 
relative specificity of ArgRS for its cognate 
tRNA is about seven orders of magni- 
tude greater than that for the noncognate 
tRNAMet. Substitution of A20 for U20 in 
wild-type tRNAget produces a 1000-fold 
increase in VIK, for Arg acceptance, where- 
as substitution of the Arg anticodon CCG 
for the Met anticodon CAU results in a 
40,000-fold increase in specificity for ArgRS. 
A combination of these two changes, yielding 
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t R N A p  (CCG) A20, produces a mutant 
tRNAMet with near normal Arg acceptor 
activity (Table 1). These results emphasize the 
relative importance of the anticodon base C35 
in Arg acceptor identity. 

Major identity elements have also been 
found at position 20 and in the anticodon of 

from both yeast and E, coli (7, 11, 
17, 23). In vitro studies on yeast tRIVAPhe 
have shown that G20, the anticodon nucleo- 
tides G34, A35, and A36, and A73 each 
contribute approximately equally to Phe 
identity (1 1). In contrast, our results show 
that the contribution of the anticodon CCG 
to the Arg identity of tRNAFt  is much 
greater than that of A20. It is possible that 

A35 in the Met anticodon may be a strong 
negative determinant that inhibits interac- 
tion of ArgRS with tRNA;"'(CAU) A20 
and ~ R N A E ~ '  (CAU). Such a negative inter- 
action could be required in vivo for com- 
plete discrimination against the wild-type 
tRNAMet, which otherwise strongly resem- 
bles the natural Arg enzyme substrates. 

Previous studies have shown that the anti- 
codon is the major site of recognition of 
tRNAMets by MetRS (2, 10). Indeed, re- 
placement of the wild-type anticodon in 
tRNAEet with the Arg anticodon CCG, 
involving base substitutions at positions 35 
and 36, causes a dramatic loss of Met ac- 
ceptor activity (Table 1). VIK, for 

Fig. 1. (Left) Com- A-OH A - O H  

posite structure of 
C  

C C  

nucleotides common ! A  

PG 
PG . C  

to E ,  coli and bacteri- . . G - C  

ophage T4 tRNAArgs 70 C S G 7 0  . . U  * A  
(16). The sequence . . A  . U  

of tRNAtrg (ACG) . . c .G 
G * C  

60 

is in question (8) and . . ? " A  u ' A  
U C C  U  U G C C C  6 

has been excluded . . 10. 5 0  u U G ~  c u c ' t A  A C A G G ~  . 5 0  C  
from the composite. A .  . . G ' ' ' G G  u C .. .. C u  

G . . Dots indicate posi- . . . . G  G A G C  

/ " u A  
tions of sequence U A . . .  A C * G  G G  
variation. Base modi- . . Azo  A . U  . . U * A  
fications have been 

30.  -40 30 C  . G  4 0  

ignored in compiling . . A * U  

C A 
C  A  the conserved sites. u A 

Numbering is from U '  
' D '  A  

the 5' end of the 
35 

I G 

tRNA according to 35 

(16). Consen~ed nu- ~ R N A ~ ' ~  ~ R N A ~ '  
cleotides that are not 
present in tRNAMet have been boxed. (Right) The primary sequence of the transcript of the E. coli 
elongator tRNARet (25). Mutations created in the present study are indicated by arrows. 

Table 1. Kinetic parameters for arninoacylation of tRNAs with E ,  coli ArgRS and MetRS. The tRNA 
genes were constructed and transcribed as described before (2). The sequence of tRNAArg is that of the 
major isoacceptor tRNAArg (13) ,  except that the anticodon has been changed from ACG to CCG. 
Aminoacylation reactions with purified E. coli MetRS are as described in (2). For arninoacylation by 
ArgRS, the specific activity for Arg acceptance of this transcript was 1300 pmol per unit of absorbance 
at 260 nm (A,,~) and for t R N A r t  (CCG)&O was 1200  OVA^^^. Incomplete aminoacylations with 
ArgRS were observed with the other tRNAEet derivatives. Specific activities of 1200 pmoVAzho were 
used to calculate the concentrations of tRNAz" (CCG) and tRNAzet (CAU)A20. The specific activity 
of tRNAKet (CAU) was taken as 1400  OVA,^^ based on its Met acceptor activity with MetRS. 
Reaction mixtures for Arg acceptance contained 50 mM tris-HC1, pH 8.0, 0.1 mM ED'TA, 4 mM 
adenosine triphosphate, 10 mM MgC12, 7 pglml bovine serum albumin, 0.5 to 40 pM tRNA, and 60 
pM [14C]arginine (470 cpmipmol). The E. coli ArgRS was partially purified from an overproducing 
strain (24). Samples were incubated with enzyme at 37°C and treated as described (20). K, values are 
?20%. Individual kinetic parameters could not be measured for tRNAfet (CAU) with ArgRS or for 
tRNAZet (CCG)A20 with MetRS. 

tRNA K m  V 
( klw (pmol min-I mg-I) 

Relative 
VIK, 

Ag-tRNA synthetase 
1.1 2.0 
1.2 0.9 
5.2 3 X lo-, 
4.4 7 x 10-4 

Met-tRNA synthetase 
1.1 1.9 
1.6 1.5 
2.9 2 x 10-4 

~RNA:"' (CCG) is reduced more than four 
orders of magnitude. The mutant tRNA 

u 

retains the most important nucleotide for 
Met identity, C34, and has a K, only slight- 
ly greater than that observed for tRNAEet 
(CAU). Thus, the changes introduced at 
anticodon bases 35 and 36 largely affect the 
rate of aminoacylation by MetRS, possibly 
by interfering with the exact fit required to 
correctly position the 3' terminus of the 
tRNA at the active site of the enzyme. Sub- 
stitution of A20 for U20 has only a small 
negative effect (two- to threefold) on inter- 
action of tRNAze' with MetRS (Table l ) ,  
consistent with previous studies on tRNA 
recognition by this enzyme (2, 2G22). 

Nucleotide changes in only two locations 
are sufficient to change the identity of 
tRNAze' from Met to Arg. However, addi- 
tional nucleotides that are also important for 
recognition by ArgRS may be-shared by 
tRNAEet and tRNAArgs. The available data 
suggest that in vivo experiments with opal 
suppressor tRNA derivatives, which retain 
C35 in the anticodon, could be productively 
used to examine the structural features out- 
side of the anticodon that are recluired for 
accurate aminoacylation of tR'NAs by 
ArgRS in E. coli cells. Indeed, recent experi- 
ments from McClainJs laboratory indicate 
that in contrast to the arginine amber suppres- 
sor tRNA, tRNAhg containing the opal anti- 
codon inserts only arginine in-vivo (26). 
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A Model of Human Acute Lymphoblastic Leukemia 
in Immune-Deficient SCID Mice 

A human acute lyrnphoblastic leukemia (ALL) cell line that was transplanted into 
immune-deficient SCID mice proliferated in the hematopoietic tissues, invaded 
various organs, and led to the death of the mice. The distribution of leukemic cells in 
SCID mice was similar to the course of the disease in children. A- 1 cells marked with a 
retrovirus vector showed clonal evolution after the transplant. SCID mice that were 
injected with bone marrow from three patients with non-T ALL had leukemic cells in 
their bone marrow and spleen. This in vivo model of human leukemia is an approach to 
understanding leukemic growth and progression and is a novel system for testing new 
treatment strategies. 

UCH PROGRESS HAS BEEN MADE was an aneuploid T ALL originally estab- 
recently in identifying regulatory lished and maintained as an ascites tumor in 

.genes involved in cell develop- nude mice; the animals died within 2 to 4 
ment and maturation by studying the genet- weeks. However, growth as an ascites does 
ic changes of transformed cells in both in not reflect the normal course of the disease 
vitro and in vivo model systems. Such mod- 
els are not available for human leukemic 
cells, especially childhood acute leukemias. 
The difficulties in culturing primary human 
leukemic cells suggest that selective process- 
es may alter the properties of such cells over 
time (1). In vivo models would aid in the 
development of treatment strategies and fur- 
ther our understanding of leukemic transfor- 
mation and progression. Subcutaneous 
transplantation of lymphoid and myeloid 
cell lines (2-9), lymphomas (8), or primary 
patient material (2) into nude mice produces 
myelosarcomas or localized solid tumors 
(10) uncharacteristic of the primary leuke- 
mia. The growth of one human leukemia 
cell line in the hematopoietic tissues of nude 
mice has been described ( 1  1). This cell line 
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in children. We, therefore, developed an 
experimental system in which the growth of 
human leukemic cells in murine hematopi- 
etic tissues was more analogous to growth in 
patients with leukemia. 

Non-T ALL is the most prevalent child- 
hood leukemia and is characterized by a pre- 
B cell phenotype (12). A cell line (A-1) was 
established from the peripheral blood of a 
patient undergoing a terminal relapse of 
non-T ALL (13). The A-1 cells were HLA- 
DR', CD19+, CALLA- (CDlO), and 
CD20-. No cytoplasmic or surface immu- 
noglobulin was detected; it has one rear- 
ranged p chain gene and unrearranged light 
chain genes, characteristic of a pre-B cell line 
(13). The A-1 line was EBV free, had a 
normal karyotype, and grew autonomously 
producing an unidentified factor (not inter- 
leukin-1, -2, -3, -4, -5, -6, granulocyte-, or 
granulocyte/macrophage~olony stimulat- 
ing factor) that augmented its growth in 
semisolid and suspension cultures. 

Normal hum& hematopietic cells (14- 
16) and human tumors (17) can be engrafi- 
ed into immune-deficient SCID (18) or 
bg/nu/xid (19) mice; thus, they may be better 
recipients than nude mice for the transplan- 
tation of human leukemic cells. Immune- 
deficient SCID and bp/nu/xid mice differ in 
their ability to be eungrafied with normal 
human bone marrow; bg/nu/xid mice con- 

Fig. 1. Histological analysis of SCID mice 8 weeks after transplantation with the A-1 leukemic cells. 
Tissue sections were obtained from the kidney (A), liver (B), brain (C), and lung (D) of SCID mice 
transplanted with A-1 cells. The tissues were fixed in 10% formalin, paraffin embedded, and 4 pm 
sections were cut and stained with hematoxylin and eosin. Microscopic evaluation indicated that there 
was a light leukemic infiltration in the interstitial region between the tubules in the kidney (A) and in 
the periportal regions of the Liver (B). Note the normal hepatocytes in the lower left hand comer of (B). 
No leukemic cells were observed in the cerebral cortex or meninges of the brain (C) or in the 
peribronchial region of the lung (D). Magnification is ~ 4 0 .  
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