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Effects of Amino Acid Structure, Ionic Sltrength, and Magnesium 
Ion Concentration on Rates of Nonenzymic Hydrolysis of 
Aminoacyl Transfer Ribonucleic Acid? 

James E. Strickland* and K.  Bruce Jacobson 

ABSTRACT: We have used the results of studies of heterologous 
aminoacylation reactions to  obtain purified Escherichia coli 
valine tRNA and Neurospora crassa phenylalanine tRNA, 
each charged with [14C]valine and [14C]phenylalanine. With 
these preparations it was possible to study the rates of non- 
enzymic hydrolysis of aminoacyl-tRNAs under conditions in 
which any contributions of tRNA structure in the vicinity of 
the ester bond would be identical for both amino acids, and 
consequently differences in hydrolysis rates could be attributed 

N onenzymic hydrolysis of the aminoacyl-tRNA ester 
bond is strongly dependent on hydroxide ion concentration 
at pH greater than 6. Recent studies of heterologous amino- 
acylation reactions (Ritter et al., 1970; Strickland and Jacob- 
son, 1972) have made it possible to obtain a single species of 
tRNA charged with two different amino acids. We have pre- 
pared purified Escherichia coli valine tRNA (tRNAVa ') and 
Neurospora crassa phenylalanine tRNA (tRNAPhe), each 
charged with [ 14C]valine and [ 14C]phenylalanine. With these 
preparations it was possible to  determine the rates of non- 
enzymic hydrolysis of aminoacyl-tRNAs under conditions in 
which any contributions of tRNA structure in the vicinity of 
the ester bond would be identical for both amino acids. We 
also examined the effects of ionic strength and magnesium ion 
concentration on the rate of hydrolysis. 

Materials and Methods 

Materials. ~-[~~C]Phenylalanine (566 dpm/pmole) was ob- 
tained from Schwarz BioResearch. ~ - [ ~ ~ C ] V a l i n e  (457 dpm/ 
pmole) was a product ofNew England Nuclear Corp. 

E. coli tRNAVa' was purified by reversed-phase chromatog- 
raphy according to  Weiss et al. (1968) and was generously 
provided by them. Acceptance was 1100 p m ~ l e s / A ~ ~ o .  N .  
crassa tRNAPhe (acceptance 570 pmoles/A260) was purified 
on DEAE-cellulose and benzoylated DEAE-cellulose essen- 
tially according to Gillam et al. (1967). Valine acceptance of 
this preparation was less than 1 p m ~ l e / A ~ ~ ~ .  

Val-tRNA synthetase (L-valine: tRNA ligase (AMP), EC 
6.1.1.9) was purified from Escherichia coli by a modification 
of the method of George and Meister (1967) and was homog- 
enous as judged by polyacrylamide gel electrophoresis. Specific 
activity was 2.1 x lo5 units/mg of protein, where a unit is 
that amount of enzyme which produces 1 pmole of amino- 
acyl-tRNA/ml per min. Phe-tRNA synthetase (L-phenyl- 
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solely to  amino acid structure. The two valyl-tRNAs deac- 
ylated at similar rates, as did the two phenylalanyl-tRNAs. 
The valyl-tRNAs, however, were about four times more 
stable than the phenylalanyl-tRNAs. Increases in KC1 or 
magnesium acetate levels increased the rates of nonenzymic 
hydrolysis of both valyl-tRNA and phenylalanyl-tRNA, 
though the effect was greater with valyl-tRNA. The increase 
in hydrolysis rate caused by 1 mM magnesium acetate was 
duplicated by KCl at 100-200 mM. 

a1anine:tRNA ligase (AMP), EC 6.1.1.4) was purified from 
N.  crassa by the method of Kull and Jacobson (1971). Specific 
activity was 2.0 x lo4 units/mgof protein. 

Magnesium acetate, dimethyl sulfoxide, and potassium 
chloride were Baker analyzed reagents. Tris-HC1 was prepared 
from Trizma base (Sigma Chemical Co.). Cacodylic acid was 
obtained from Fisher Scientific Co. ATP was a product of 
P-L Biochemicals. All solutions were prepared with glass- 
distilled water. 

Charging of tRNAs. All charging reactions contained 7.5 
mM magnesium acetate and 0.5 mM ATP. In addition, the 
mixture for charging tRNAVa (E. coli) with valine contained 
50 mM Tris-HC1 (pH 8), 25 p~ [14C]valine, 2.6 A2e0/ml of 
Val-tRNA, and 630 units/ml of Val-tRNA synthetase (E.  coli). 
For charging tRNAVa1 (E. coli) with phenylalanine, the 
reaction mixture contained 50 mM potassium cacodylate 
(pH 6.3), 24 p~ [14C]phenylalanine, 2.6 A260/ml of Val-tRNA, 
and 91 units/ml of Phe-tRNA synthetase (N.  crassa). For 
charging tRNAPhe (N .  crassa), each reaction mixture contained 
3.5 A260/ml of Phe-tRNA and 50 mM Tris-HC1 (pH 8). For 
charging with valine, reaction mixtures contained in addition 
20% dimethyl sulfoxide, 24 p~ [14C]valine, and 1260 units/ml 
of Val-tRNA synthetase (E. coli). For charging with phenyl- 
alanine, reactions also contained 19 p~ [14C]phenylalanine 
and 182 units/ml of tRNA (N.  crassa). 

Charging reaction mixtures were incubated at 37' for 1-2 
hr and transferred to an ice bath. A half-volume of 1.0 M 
sodium acetate (pH 4.5) was added plus an equal volume of 
water-saturated phenol. Charged tRNAs were precipitated 
from the aqueous layer with ethanol, collected by filtration 
onto 0.45 p Millipore disks, and redissolved in 1 mM sodium 
acetate (pH 4.5). 

Measurement of Discharge Rates. Rates of deacylation were 
measured at 22' in 20 mM Tris-HC1 (pH 8.5) containing 
charged tRNA and various concentrations of KC1 and mag- 
nesium acetate, as indicated. Samples were precipitated on 
filter paper disks with 5 z  acetic acid-O.7z HC1 (v/v), and 
after several acid washes disks were dried and counted in a 
liquid scintillation counter. Half-lives were determined from 
plots of time os. logarithms of acid-insoluble radioactive 
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FIGURE 1: Nonenzymic hydrolysis of aminoacyl-tRNAs in 0.02 hi  
Tris-HC1 (pH 8.5) at 22". (A) [14CC]Phe-tRNAT'a1 (E. coli), (0); 
[14C]Phe-tRNAPhe ( N .  crussa), (0). (B) [14C]Val-tRNAVa1 ( E .  coli) 
(3); [I4C]Val-tRNAPhe ( N .  crussu), (A). 

amino acid at  each time point. Each time point was the aver- 
age of three or more determinations. Plots were linear through- 
out in every case, with at  least six points per curve. 

Results 

Using the conditions for heterologous charging as described 
in Materials and Methods, we obtained [14C]valyl-tRNAva1 
(E,  coli), [ 14C]phenylalanyl-tRNAVa1 (E. coli), [ 4C]valyl- 
tRNAPhe ( N .  crassa), and [ 14C]phenylalanyl-tRNAphe (N.  
crassa). Rates of nonenzymic hydrolysis of each of these 
aminoacyl-tRNA species were determined a t  alkaline pH. In  
Figure 1A the deacylation rates of Phe-tRNAVaJ and Phe- 
tRNAPhe are seen to be quite similar, with half-lives of 81 
and 69 min, respectively. A comparison of deacylation rates 
of Val-tRNATa1 and Val-tRNAphe in Figure 1B shows that 
the lines are nearly parallel, and half-lives are 324 and 318min, 
respectively. 

The effect of various levels of KC1 on the rates of deacyla- 
tion of Val-tRNA'al (E, coli) and Phe-tRNAvaJ (E.  coli) is 
shown in Table I. In each case, an increase in KC1 concentra- 
tion from 0 to 0.40 M accelerates the rate of hydrolysis; how- 

TABLE I: Effect of KC1 and Magnesium Acetate on Nonenzy- 
mic Hydrolysis of Aminoacyl-tRNA.' 

Half-Life (min) 

Addition Val-tRNAT-al Phe-tRNAVa' 

None 324 81 
KC1 

0.05 M 264 77 
0.10 hl 204 75 
0 . 2 0  M 183 66 
0.40 hi 168 62 

0 . 1 0  mM 270 73 
1 .O  mht 198 69 

10 .0  mM 147 56 
114 41 

Mg(OAc)i 

.~ -___ _ _ _ ~ ~ _ _ _ _ ~ ~  
100.0 mM 

. ~ ~ 

a The aminoacyl-tRNA was dissolved in 0.02 M Tris-HC1 
(pH 8.5) and incubated at 22". The above additions were 
employed as indicated. 

ever, the effect appears to  be more pronounced with Val- 
tRNA\-"'. First-order kinetics was obtained in both cases. 
An overall decrease in half-life of 48 % was obtained with Val- 
tRNAva1 in 0.4 M KCl. The corresponding decrease with 
Phe-tRNAT"' was 23 %. 

Similar decreases in half-life of these aminoacyl-tRNAs were 
noted in the presence of increasing levels of magnesium 
acetate, although magnesium acetate gave much more pro- 
nounced effects than comparable levels of KCI. Again greater 
decreases in half-life were seen with Val-tRNA7-31 than with 
Phe-tRNA\'"' at equal magnesium acetate concentrations. 
The overall decrease in half-life is 65 % with Val-tRNA'.," zi3 

compared to 52% with Phe-tRNATa 

Discussion 

The discovery of conditions permitting incorrect aminoac- 
ylation of E. coli tRNAs enabled us to  compare the nonenzy- 
mic hydrolysis rates of tRNAT-"' (E. coli) and of 
( N .  crassu), each charged with valine and phenylalanine, in 
order to determine how amino acid structure affects these 
rates. The effect of amino acid structure can be clearly segrt- 
gated from the effect of tRNA structure. Our results indicate 
that amino acid structure is a major factor in determining the 
hydrolysis rate of an  aminoacyl-tRNA. Deacylation rates of 
valyl-tRNAva' and valyl-tRNAPhe were similar, as were 
deacylation rates of phenylalanyl-tRNATa and phenyl- 
alanyl-tRNAP1le; yet the deacylation rate of the valyl-tRNAs 
was much slower than that for phenylalanyl-tRNAs. Ishida 
and Miura (1965) also found that yeast and rat liver valyl- 
tRNAs were more stable than the corresponding Phe-tRNAs 
under neutral and mildly acid conditions. 

Using slightly different conditions, eiz., 0.02 M Tris-HCI 
(pH 8.8) and 37", Novogrodsky (1971) found identical rates 
of hydrolysis for valyl-tRNAs of E. coli and of rat liver, with 
half-lives of 75 min for each. We and Novogrodsky find very 
similar effects of salt concentration; a decrease of 56 and 52% 
in half-lives of Val-tRNA of E. coli and of rat liver, respec- 
tively, at  0.264 xi KCI (Novogrodsky, 1971) and a decrease of 
57% for valyl-tRNA7-a1 ( E .  coli) in 0.20 51 KC1 (this study). 
Agreement is also noted in that, the presence of magnesium 
decreases the half-life of valyl-tRNA though to  somewhat 
different extents. An opposite effect of ionic strength was 
found by Wolfenden (1963) who reported an increase in the 
half-life of Leu-tRNA as ionic strength was increased from 
0.25 to  1.0 by adding KCI at  p H  S.0 but no change was ob- 
served at pH 10.5. The mechanism of the effect of KC1 and 
magnesium acetate may be different. The high charge densiry 
around the ester bond in KC1 solutions may affect the stability 
in a manner represented by the Debye-Huckel theory. The 
effect of magnesium acetate at  0.01 M (ionic strength 0.03 is 
probably different from that of KC1 at  0.1-0.4 hi and may be 
the result of alteration of the tRNA conformation. 

Coles et ul. (1962) found that ar 37' in 0.1 hl Tris-HC1 (pH 
7.25) the half-lives for glycyl-, arginyl-, glutamyl-, and as- 
partyl-tRNAs from yeast were about 8, 11, 12, and 17 min, 
respectively, while valyl-tRNA was considerably more stable. 
with a half-life of 70 min. Wolfenden (1963) reported that the 
rate of nonenzymic hydrolysis of leucyl-tRNA at pH 7.25 was 
twice that of valyl-tRNA reported by Coles el 01. (1962). He 
attributed this to the presence in leucine of five additional hy- 
drogen atoms attached to ?-carbon atoms in a position to 
interfere with nucleophilic attack on the ester linkage. Model 
studies of hydrolysis of amino acid esters were reviewed by  
Zachau and Feldman (1965). 
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Presumably the structures of tRNAVa* (E .  coli) and 
tRNAPhe (N.  crassa) are quite similar; otherwise, the heter- 
ologous charging reactions that have been observed would not 
be expected to  occur. Consequently, we cannot say to  what 
extent different bases in the vicinity of the aminoacyl bond 
might affect stability. Since details of tRNA tertiary structure 
are not yet available, it is unclear which areas of the molecule 
might be in the vicinity of the -C-C-A end under various con- 
ditions. It is clear, however, from our data and that of others 
that factors affecting tRNA structure change the rates of non- 
enzymic hydrolysis of aminoacyl-tRNAs. Using various tech- 
niques, a number of studies have shown changes in tRNA 
conformation induced by low levels of magnesium (Eisinger 
et a/., 1970; Zimmerman et a/ . ,  1970; Beardsley et al., 1970; 
Robison and Zimmerman, 1971; Willick and Kay, 1971; 
Rosenfeld et a/., 1970; Romer et al., 1970). The greatest 
changes appeared to  take place between 0 and 10 mM Mgz+ 
(Willick and Kay, 1971). High concentrations of NaCl mim- 
icked to a lesser degree the effects of lower Mg2+ concentra- 
tions in fluorescence studies with tRNAPhe of beef liver 
(Zimmerman et a/ . ,  1970) and yeast (Robison and Zimmer- 
man, 1971). This is consistent with our results that equivalent 
effects on rates of hydrolysis of aminoacyl-tRNAs were 
achieved by Mgz+ and KCl when the concentration of the 
latter was 100-200 times that of the former. 

References 

Beardsley, K.,  Tao, T., and Cantor, C. R. (1970), Biochemistry 
9,3524. 

Coles, N., Bukenberger, M. W., and Meister, A. (1962), 
Biochemistry I ,  317. 

Eisinger, J., Feuer, B., and Yamane, T. (1970), Proc. Nat. 
Acad. Sci. U .  S. 65,638. 

George, H., and Meister, A. (1967), Biochim. Biophys. Acta 
132, 165. 

Gillam, I., Millward, S., Blew, D., von Tigerstrom, M., 
Wimmer,E., andTener,G. M. (1967), Eiochemistry6,3043. 

Ishida, T., and Miura, K. I. (1965), J .  Mol. Biol. I I ,  341. 
Kull, F. J., and Jacobson, K. B. (1971), Methods Enzymol. 

Novogrodsky, A. (1971), Biochim. Biophys. Acta 228,688. 
Ritter, P. O., Kull, F. J., and Jacobson, K .  B. (1970), J.  Biol. 

Robison, B., andzimmerman, T. P. (1971), J .  Biol. Chem. 246, 

Romer, R., Riesner, D., and Maass, G. (1970), FEBS (Fed. 

Rosenfeld, A., Stevens, C. L., and Printz, M. P. (1970), 

Strickland, J. E., and Jacobson, K. B. (1972), Biochim. 

Weiss, J. F., Pearson, R. L., and Kelmers, A. D. (1968), Bio- 

Willick, G. E., andKay, C. M. (1971), Biochemistry 10,2216. 
Wolfenden, R. (1963), Biochemistry 2,1090. 
Zachau? H. G., and Feldman, H. (1965), Progr. NucI. Acid. 

Zimmerman, T. P., Robison, B., and Gibbs, J. H. (1970), 

20c,  220. 

Chem. 245,2114. 

110. 

Eur. Biochem. Soc.) Lett. 10, 352. 

Biochemistry 9, 4971. 

Biophys. Acta (in press). 

chemistry 7, 3479, 

Res. Mol. Biol. 4, 217. 

Biochim. Biophys. Acta 209,151. 

A 5s Ribonucleic Acid-Protein Complex Extracted from 
Rat Liver Ribosomes by Formamidet 

Mary L. Petermann,' Mary G. Hamilton, and Amalia Pavlovec 

ABSTRACT : When rat liver ribosomes were dialyzed against 30 
mM KCl-0.2 mM MgC12-3 mM potassium phosphate, pH 7.3, 
and formamide was added to  a final concentration of 8.9 M, 

in the cold, the 5 s  RNA was detached in the form of a nucleo- 
protein complex (RNP). This complex was isolated by dif- 
ferential centrifugation and by fractionation on G-200 Seph- 
adex, where its elution volume corresponded to  a molecular 

A lthough the 5 s  RNA, found in the large subunits of both 
70s and 80s ribosomes (Attardi and Amaldi, 1970) appears 
to be essential for protein-synthetic activity, its function is 
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weight of about 80,000. Its protein had a molecular weight of 
41,000, measured by gel electrophoresis in sodium dodecyl sul- 
fate. The R N P  complex was unstable, being easily dissociated 
by moderate concentrations of electrolyte. After formaldehyde 
fixation it had a sedimentation coefficient of 6.8 S; in a cesium 
chloride gradient it banded at  a density of 1 .568 g/cm3, corre- 
sponding to  an RNA content of 48.5z.  

still unknown. When it is extracted from the ribosome by 
EDTA treatment a fraction of it is found in a ribonucleopro- 
tein complex (RNP)' (Mazelis, 1970; Lebleu et ai., 1971; 
Petermann et a/., 1971 ; Blobel, 1971). With rat liver ribosomes 
a higher ratio of complex to  free RNA is found when the RNP 
is extracted with formamide (Petermann et al., 1971). This 
paper describes the extraction of the RNP, its stability, its 
partial purification, and some of its physical properties. 

~ ~ 

1 Abbreviation used is: RNP, the 5 s  RNA-protein complex. 
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