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CONSERVATION OF SPECIFICITY BETWEEN AMINO ACID ACCEPTOR
RNA AND AMINO ACYL-sRNA SYNTHETASE

By Tersuo YAMANE AND NOBORU SUEOKA
DEPARTMENT OF BIOLOGY, PRINCETON UNIVERSITY
Communicated by Fritz Lipmann, October 15, 1963

Several amino acids can be attached to the soluble RNA (sRNA) of one organism
by amino acyl-sRNA synthetases of other organisms.!=* The nature of the cross
reactions can be studied further by chromatographically identifying the amino
acyl-sRNA formed under such conditions. Some results obtained by methylated
albumin column fractionation have been reported.® Further studies with column
fractionation of amino acyl-sRNA, formed by the interspecific combination of
sRNA and the synthetase, have resulted in one of the following situations: (a)
no cross reaction was observed; (b) the same profile was secured as that of normal
amino acyl-sRNA; (¢) only some component or components of normal amino acid
acceptor RNA were charged; (d) an entirely different profile was noted. The
first three are commonly observed. When cross reactions are observed, normal
components of SRNA for the particular amino acid are charged with the amino
acid. The last situation occurs in only one case so far examined where yeast
leucyl-sRNA is formed by an E. colz synthetase; the lcueyl-sRNA formed has an
entirely different profile from those of normal yeast and E. coli leucyl-sRNA’s.
However, the significance of this exception is not clear, since the leucyl-sRNA ob-
tained constitutes only one per cent of the normal yeast leucyl-sRNA. These re-
sults indicate that the specificity between sSRNA and the activating enzyme for
each amino acid is strikingly conserved among different organisms. This conserva-
tive feature is even more remarkable when the adaptor hypothesis for the role of
sRNA in protein synthesis is considered.

M aterials and Methods.—Bacteria: The following strains were used: Escherichia coli B, Pseudo-
monas aeruginosa (American Type Culture Collection #10197), Bacillus subtilis (W23), Micro-

coccus lysodeikticus (ATCC #4698), Aerobacter aerogenes (ATCC #9624 ), Salmonella typhimurium
(LT-2). Yeast: a strain of baker’s yeast.

Preparation of SRNA: The sRNA was prepared by the phenol procedure described by von
Ehrenstein and Lipmann.® To remove any attached amino acids, the SRNA preparation was
incubated in 0.5 M Tris HC), pH 8.8, for 45 min at 37°C. This suspension was then brought to 1 M
of NaCl concentration, and sSRNA precipitated by the addition of 2 vol ethanol, dissolved in H:O,
dialyzed against cold distilled water overnight, and lyophilized.

Preparation of enzyme extract: Essentially the method of Takanami and Okamoto? and Zubay®
was used. Bacteria were grown at 37°C with constant shaking in enriched broth and yeast in a
medium containing glucose (4%), peptone (0.5%), yeast extract (0.25%), ammonium sulfate
(0.2%), KH,PO, (0.1%), MgS0, (0.025%,), and CaCl; (0.025%), pH adjusted to 4.8-5.0 (HCI)
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The cells were harvested in the logarithmic phase (Ag:0.3-0.5) and ground with 3 times their wet
weight of alumina (levigated alumina from Norton Abrasives, Worcester, Mass.). To the crude
extract from a one-liter culture, 3 ml of Tris-magnesium buffer (0.01 M Tris-HCI buffer, pH 7.3
plus 0.01 M MgCl,) were added, and the mixture was centrifuged at 105,000 X g for 3 hr at 0°C.
The upper 2/3 of the supernatant was dialyzed against 500 ml Tris-magnesium buffer plus 0.006
M mercaptoethanol at 4°C for 3 hr, changing the outside buffer every half hour.

Preparation of enzyme fraction free from RNA: 105,000 X g supernatant was applied to a 1.2
ecm X 5 cm column of DEAE cellulose equilibrated with phosphate buffer (0.02 M, pH 7.7) con-
taining 0.006 M mercaptoethanol. The charged column was rinsed with 50 ml of the phosphate
buffer, and the enzyme eluted with 0.02 M potassium phosphate buffer containing 0.35 M NaCl
(pH 7.7). Fractions were collected in 2 ml portions, and tubes with high absorbancies were com-
bined and used for esterification of amino acids to SRNA.

Preparation of amino acyl-sRNA: C'*labeled amino acyl-sRNA was prepared basically ac-
cording to Berg et al.3 The reaction mixture contained the following compounds totaling 0.5 ml:
50 umoles of Tris buffer (pH 7.3); 0.5 umole of ATP, 5 umoles of MgCl;; 0-1 mg of sSRNA; 2
pmoles of reduced glutathione; 5 umoles of KCl, 0.01-0.02 ml of enzyme extract, an appro-
~ priate amount of C!*-amino acid plus 19 remaining nonradioactive amino acids (1 pmole of each);
and, unless otherwise stated, the reaction mixture was incubated at 37°C for 25 min. Amino acyl-
sRNA was isolated by the phenol procedure of Gierer and Schramm.? Radioactive amino acids
used were: from Calbiochem, Los Angeles, Calif., L-methionine 4.5 uc/umole (specific activity);
from New England Nuclear Corp., Boston, Mass., L-leucine C!* 143.4 uc/umole, L-lysine C4
144 pc/umole, L-phenylalanine C'* 369 uc/pmole, L-proline C!4 115 uc/pmole, L-methionine H3
14.1 uc/pmole, DL-leucine H3 5400 uc/umole, DL-phenylalanine H3 30 pc/umole, DL-proline
H3 5000 pc/umole.

Incorporation experiments: Essentially the method of Nirenberg and Matthaei®® was followed
for the preparation of E. coli extracts (preincubated, DN Aase-treated, S-30 fractions) and for reac-
tion mixtures used for determining C!%-amino acid incorporation into protein. The reaction mix-
ture (0.5 ml) contained the following components: 50 umoles Tris pH 7.8; 5 umoles magnesium
acetate; 25 pmoles KCl; 3 umoles mercaptoethanol; 25 umoles M PEP; 10 ug of PEP-kinase
(Calbiochem); 0.15 umoles GTP; 10 ug of polynucleotide; 0.05 mg of C2-amino acyl-sRNA omit-
ting leucine; 0.02 ml of the incubated S-30 fraction, and C!4leucyl-sRNA. The poly UC (base
ratio 2.1:1) and UG (2.8:1) were kindly donated by Dr. M. W. Nirenberg, and poly U by Dr. J.
Fresco.

Methylated albumin column: The preparation of this column was simplified by pouring 30 ml
of MAK (mixture of kieselguhr and methylated albumin in phosphate buffer) directly into the
column (31 mm i.d.) as the first layer, and a suspension of 1 gm kieselguhr in 0.2 M saline buffer on
top as a protective layer. The MAK was prepared by suspending 6 gm of kieselguhr in 30 ml of
0.05 M sodium phosphate buffer, pH 6.7, followed by boiling and cooling the suspension. 1.5 ml
of 1% methylated albumin solution in H,O was stirred in slowly.1?

Results.—Our approach to the study of the nature of interspecific cross reaction
between sRNA and the amino acyl-sRNA synthetase is qualitative as well as quan-
titative; namely, the nature of the cross reaction is examined from elution patterns
of amino acyl-sRNA on a methylated albumin column. Soluble RNA’s were iso-
lated by the phenol method, and extracts containing amino acyl-sRNA synthetases
free from RNA were prepared by chromatography on a DEAE-cellulose column.
Extracts were checked for enzyme activity using homologous sSRNA. Contamina-
tion of homologous sRNA in the extract was proved negligible: P32-labeled sSRNA
mixed with crude extract was totally retained on the DEAE cellulose column
after elution with an 0.35 M saline buffer solution. Contamination was also ex-
amined from time to time by incubating the fractionated enzyme extract with the
radioactive amino acid in question, adding homologous nonradioactive sRNA as a
carrier, and immediately isolating the sSRNA by the phenol method. Fractionation
of such RNA gave no radioactive peak.
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In Table 1 the esterifying of a radioactive amino acid to sSRNA by the heterologous
enzyme is expressed in percentage against that by the homologous enzyme.

Phenylalanine: As shown in Figure 1, the perfect matching of the two yeast
phenylalanyl-sRNA preparations, one using a homologous (yeast) enzyme and the
other a heterologous (E. coli, or Ps. aeruginosa) enzyme, indicates that amino
acyl-sRNA synthetases from the three sources have the same specificity. A similar
effect is observed with E. coli sSRNA and the enzymes from Ae. aerogenes, B. sub-

TABLE 1
EXTENT oF AMINO Acip ATTACHMENT TO SRNA BY HETEROLOGOUS AMINO AcYL-sRNA
SYNTHETASES
Phenyl-
sRNA Synthetase Methionine alanine Leucine Lysine Proline
E. coli 1009, 1009, 100%, 100% 100%
Yeast 37 2 74 59 0.9*
E. coli S. typhimurium (LT-2) 91* 95*
: B. subtilis (W23) 99*
Ae. aerogenes 99*
M. lysodetkticus 58*
Yeast % Yeast 1009, 1009, 1009, 1009, 1009,
~ E.coli 60 12 0.8 70 3*
8. Z%Zg%n{% tg)};{nmumum (LT-2) 1%2;% }?)2%

Relative amino acid acceptor activity of E. col, yeast, and S. typhimurium sRNA’s when assayed with enzyme
extracts from various sources. Assay conditions are as described under Materials and Methods. The values given
are the average of several experiments, normalized to the value obtained for each sRNA with homologous enzyme.
The figures with asterisks are based on one set of experiments.

tilis, and M. lysodeikticus. In the E. coli-yeast combination, yeast amino acyl-
sRNA synthetase fails to esterify phenylalanine to E. coli sSRNA, although the E.
coli enzyme is able to attach phenylalanine onto yeast SRNA. The failure of
E. coli sSRNA to accept phenylalanine by yeast enzyme could be attributed to a
special RNAase present in the yeast enzyme extract, which partially degrades E.
coli sSRNA, or, more specifically, the acceptor end of the sSRNA. This possibility
was examined by checking the phenylalanine acceptor activity using E. coli amino
acyl-sRNA synthetase. No difference was observed, either qualitatively or
quantitatively, between E. coli SRNA treated or untreated with yeast enzyme ex-
tract (Fig. 2), indicating that the action of RNAase, which may exist in yeast
extract, is unlikely.

Proline: Amino acyl-sRNA synthetase from E. col¢ could not utilize yeast
sRNA, and vice versa (Fig. 3).

Leucine: Previously we reported that the leucyl-sRNA of yeast formed by the
enzyme of E. coli, although small in amount, is different in profile from the normal
yeast leucyl-sRNA,!2 and that leucyl-sRNA of E. cols formed by the yeast enzyme
has a profile covering the front part of the normal E. coli leucyl-sRNA.* Figures
44 and 54 show that the amount of leucyl yeast-sRNA formed by the E. coli
enzyme is about one per cent of that formed by yeast enzyme. As shown in Figure
5, the amount of leucyl-sRNA thus formed is proportional to the amount of yeast
sRNA in the reaction mixture. The reciprocal combination, E. coli SRNA and yeast
enzyme, formed leucyl-sRNA in about two thirds of the normal E. coli quantity.
The elution profile from the methylated albumin column is shown in Figures
64 and 6B. The cause of the ‘“‘strange” leucyl-sRNA profile observed in yeast-
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Fig. 1.—Interspecific exchange of sSRNA and the amino acyl-sRNA synthetase for the forma-
tion of phenylalanyl-sRNA. Comparison of the chromatographic profiles of normal yeast C4-
phenylalanyl-sRNA and yeast H3-phenylalanyl-sRNA obtained, using E. coli enzyme extract (4),
and Ps. aeruginosa (B), normal E. coli C'*-phenylalanyl-sRN A with E. col: H3-phenylalanyl-sRNA
formed with enzyme extract from Ae. aerogenes (C), B. subtilis (D), M. lysodeikticus (E), and yeast
(F). For comparison, normal E. coli or yeast phenylalanyl- sRNA was mixed with the product
of heterologous enzymes and chromatographed on a simplified methylated albumin column. The
differential counting of C!* and H3 was done in a Packard Tri-Carb liquid scintillation counter.
For control, no sSRNA was added during the incubation period, but after chilling and addition of
cold phenol the same amount of SRNA was added as in the heterologous combination. The
sRNA was isolated and chromatographed as in the text.
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result (100 times in excess of radioactive leucine), while the addition of nonradio-
active leucine eliminated the peak. As to the second possibility, Nishimura and
Novelli!* reported that the treatment of E. coli leucyl-sRNA with B. subtilis
RNAase causes a shift in the methylated albumin-kieselguhr chromatographic
profile. To test this possibility, yeast sSRNA charged with C!‘leucine by the
E. coli enzyme was discharged by pH 8.8 incubation and recharged with C4
leucine, using the homologous enzyme. The elution profile of the resulting sSRNA
is shown with the normal yeast H3-leucyl-sRNA (Fig. 7). The perfect fitting of the
two leucyl-sRNA’s disproved the second possibility. In this case, since the reaction
mixture for treating yeast sSRNA with the E. coli enzyme contained methionine and
ATP, the possible effect of methylation on the profile should have been noted in the
final elution pattern. The absence of modifica-

tion of the profile tended to exclude also the ™| A LEU-'c
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examined by refractionating the ‘“strange” 300 ENZYME: YEAST
peak to see whether a component of the normal 7 ENZTME: £ oL
leucyl-sRNA corresponded to the ¢strange’” ::z o 0—0%o—0
peak. Owing to the small amount of the 200" . CONTROL
‘“strange’’ component, the result was not con- 3
clusive. The last possibility also cannot be TIVE, Mt
excluded. In spite of various experiments ceMl g § LEu-Mc
attempting to identify the “strange” peak as zo.000- x/*""s‘;';gw
a normal component among the yeast amino - ENZYME: E coul
acid acceptor RNA, the results have not been 15.000}/
clear. The transfer of leucine from the LT srNa: £ Cout
“strange’’ peak to poly UC and poly UG are ro.000f sz: YR
shown in Figure 84. o—2°

Methionine: The interspecific exchange of  50% 0/ controL
sRNA and enzyme between E. coli and yeast 2/

e — -2 == o | 510

shows that only a part of the methionine ac- 10
ceptor RNA of each organism can be charged .

h X Fi1a. 4—Kinetics of leucylsRNA
with heterologous enzyme (Fig. 94). The formation. The conditions uged were

result on the methionyl-sRNA formed by E. f)lfl‘);fmggs‘:gngflgi tf!(l)(:'ml;stlilglll oy
coli SRNA and yeast enzyme confirms the control, no SRNA was added during

P 3 3 the incubation period, but after
original finding of Berg et al.? and shows that chilling snd  addition of cold 109

a similar situation exists for the reciprocal TCA,0.1 mgofsRNA was added.

TIME, MIN.



1098 BIOCHEMISTRY: YAMANE AND SUEOKA Proc. N. A. S.
CPM CPM CPM
A LEU-"%¢c P B LEU-'%c
80,000 -
L L Fig. 5.—Attachment of
o L C14]eucine to {fast sRNA
0O0L (o veasr | ‘ (A) and E. coli sSRNA (B) by
ENZY.MVE\:YEAST L ENavME: & cou o enzymes from either or-
| N 200001 ; ganism. In reaction mix-
- ’ ' . tures, the same amount of
~o r : Ct+Jeucine was added to the
40,0001 NS B P o homologous and heterologous
] / combination. Incubation
- _-~—{s00 - o was made at 37°C for 30
R 10,000 | /\° min, and the reaction was
0000 © /;‘\ {00 L o stopped by adding 109,
/ <7, S | o / \ TCA (final concentration).
LS s e |8 S
F 2o ENZYME:E.COLI | [ o / :
- 1 | | 4¢. ] | | | ]
4 2 Kell 03 05
mg SRNA mg SRNA
CPM
3
A H|*c
Azeo] E.COLI: LEU-3H | Aze0 CPM
x‘,‘/ 1500— B ‘4c(3n
r H T SRNA: YEAST
- % -+ ENZYME: E.COLI
5 SRNA: E. CcOL!I 1000——500 r LEU-Ttce
ENZYME YEAST 10
o e LEU-'4c =+ r
3 r \
Y T e \
1 + »
40 60 ‘

R

TUBE NUMBER

50

combination (Fig. 9B).

50

:385 NUMBER
F1g. 6.—Comparison of the chromatographic profiles of (4) E. coli H3-leucyl-sRNA and E-
coli C'*-leucyl-sRNA obtained by using yeast amino acyl-sRNA synthetase, and (B) yeast H?3-
leucyl-sRN A and yeast C'*-leucyl-sRNA formed by E. coli enzyme extract.

In our previous report,!? we mentioned that the methionyl-

sRNA formation between E. coli and yeast showed a “strange’’ peak as in the case

of leucine.
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Fia. 7.—Effect of E. coli extract on the profile of
the ‘“strange” yeast leucylsRNA formed by E.
coli extract. ‘“Treated”’: yeast SRNA, after treat-
ment with E. coli enzyme extract and H3-leucine,
was discharged and recharged with C!‘“leucine
esterified using E. coli enzyme. ‘Original’’: yeast
sRNA charged with H*leucine by E. coli enzyme,

However, the result was proved wrong since the enzyme extract had

been contaminated with homologous
sRNA.

Lysine: Between E. coli and
yeast, the profile of the lysyl-sRNA
formed by heterologous enzymes
showed exactly the same profiles as
those of the normal lysyl-sRNA
(Fig. 10).

Discussion.—The chromato-
graphic analysis of the amino acyl-
sRNA produced by interspecific
cross reactions between sRNA and
the amino acyl-sRNA synthetase
indicated that all or some of the
normal components of amino acyl-
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F1G. 8—(A) Polymer-dependent incorporation of E. coli C!*-leucylsRNA obtained by using
homologous and yeast enzymes. See text for conditions. Each point represents: —O—0O—,
—x—Xx—, — @— @—, 0.020 mg of sSRNA with 7,728 cpm; ---O---O---, ---X---X---, ---@---@---,
0.035 mg sRNA containing 6,541 cpm. Control contained all components, except polymer.
(B) Polymer-dependent incorporation of yeast C!4leucyl-sRN A obtained by using homologous and
E. coli enzymes. Each point represents: —O—0O—, —@—@— 0.014 mg of sSRNA, 7,224 cpm;
- A---A---,---A--- A---0.98 of sRNA 3,274 cpm.
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F1a. 9.—Comparison of the chromatographic profiles of (4) E. coli H3-methionyl-sRNA and
E. coli C*-methionyl-sRNA obtained by using yeast enzyme extract; (B) yeast H3-methionyl-
sRNA aund yeast C!*-methionyl-sRN A formed by E. coli enzyme.
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F1G. 10.—Comparison of the chromatographic profiles of (4) normal yeast H3-lysyl-sRNA and
yeast C!4-lysyl-sSRNA obtained using E. cols enzyme; (B) normal E. coli H? _lysyl-sSRNA and E.
coli C14-lysyl-sRN A formed by yeast enzyme.

sRNA were charged with the particular amino acid. One possible exception has
been found in the formation of yeast leucyl-sRNA by the E. coli enzyme. How-
ever, owing to the relatively small amount, the nature and significance of this excep-
tion is not clear.

The conserved specificity is quite surprising; in the adaptor hypothesis the
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conservation of specificity in the level of amino acyl-sRNA and the amino acyl-
sRNA synthetase is not required, even if the code is universal.® 4=1¢ In view of the
unusual behavior on the column of yeast leucyl-sRNA formed by the E. coli enzyme,
the cross reaction should be examined more extensively before a general conclusion is
given. However, the fortuitous fitting between the enzyme-recognizing site of the
acceptor RNA of one organism and a part of the activating enzyme of the other
organism, irrespective of the amino acid specificity,'? turned out to be unlikely
among the organisms used in the present work.

Bennett, Goldstein, and Lipmann! report that although a part of the E. coli
leucine acceptor RNA is compatible with the yeast enzyme, the E. colz enzyme did
not charge the yeast leucine acceptor RNA. This does not contradict our result
on the same case, since only a small amount of yeast leucyl-sRNA. (about 19, of the
normal case) is formed by the E. coli enzyme.

The first indication of the conserved feature of the specificity was reported by
Berg et al.3 who showed that the isolated methionyl-sRNA synthetase from yeast
could attach methionine to a part (409%,) of the E. coli methionine acceptor RNA.
Recently, Bennett et al.”” analyzed, in greater detail, yeast leucyl-sRNA formed by
E. coli enzyme. Their result shows that only a component of the E. coli leucine
acceptor RNA (peak I of Weisblum et al.’8) accepts leucine by yeast enzyme. Our
data for the same combinations are consistent with their results.
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