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Despite very considerable work relating modification of
bases in transfer RNA (tRNA) with inaqtivation of its func-
tions, no clear picture of the sites of these functions has
emerged except that the integrity of the anti-codon is essen-
tial for mRNA induced amino acid incorporation 15 This re-
port records the first part of a new effort in which modifi-
cations of single bases are carried out in a progressive man-
ner so that eventually the bases crucial to activity can be
identified. In the work reported here inactivation of alanine
acceptance by unfractionated yeast tRNA was examined to deter-
mine the sensitivity of this activity towards the photochemi-
cal reduction of uracil. It is found that modification of
about 8 uracil bases per tRNA molecule, that is about half of

those present, are required for inactivation.

1) For reviews, see Brown, 1963; Brown and Lee, 1965; Miura,
1967; Engelhardt and Kisselev, 1966.
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RESULTS

Assay conditions were selected so that the incorporation of
Cl4—alanine into tRNA was a nearly linear function of tRNA concen-
tration (Figure 1), and the incubation time with yeast extract
gave maximum incorporation (Figure 2). Prior to incubation with

yeast extract, tRNA was allowed to react with NaBH, in the pres-
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Figure 1. Ineorporation of alenine as a funetion of tRNA concentration. Mix-
tures contained 0.025M Tris-chloride, pH 7.5, 0.005M Mzclz, 0.0025M ATP, 0.0005M
EDTA; 0.020mM 034-alanine (speeifie activity, 7400 opm/mpmole), 1.0 mg/ml of
yeast extract (prepared by the method of Stephenson and Zemeenik, 1961, es
modified by Hoskinson and Khorana, 1965), the indicated amount of yeast tRNA
(prepared from Fleischman's yeast by the method of Monier, Stephenson, and
Zemeenik, 1960, a8 modified by Holley, 1965), in a2 volume of 0.25 ml, and were
ineubated at 37° for 30 minutea. Reactions were terminated by placing the tubes
in ice and immediately adding 4 ml of iee-ecold 5% trichloroecetie acid (TCA).
The tubes were decanted onto glass fiber filters (Whatman GF/B, 2.4 om diemeter)
in & stainless steel holder under suetion. The tubes were rinsed > times with
4 ml portions of eold 5% TOA, snd the filters rinsed % times with 4 ml portions
of sold 5% TOA, followed by 1 ml of scetone to speed drying of the filters.

The filters vwere placed in glass vials containing 10 ml f£ seintillation fluid
(tolwene containing 0.5% PPO and 0.02% POPOP), and the G incorporated into

the tRNA determined wsing a Packsrd seintillation counter. Results in this
figure are the mean of duplicates. The arrow indicstes the usual tRNA level.

Figure 2. Incorporation of elanine as & function of inewbation time. All mix-
tures contained 120 pg of tRNA, and reactlions were terminated at tbe indieated
times. Other deteils of the assay procedure are given for figure 1. The
arrow indicates the usual inecubation time for the later experiments.
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ence of ultraviolet light, conditions which should result in the
specific conversion of uracil to 5, 6-dihydrouracil (Cerutti,
Ikeda, and Witkop, 1965). At intervals, aliquots were removed
from the reaction mixture for determination of alanine acceptance

(Figure 3). Zero order inactivation was observed.
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Figure 3., Inactivation of alenyl aminoseylation activity. Reaction conditions
baged on method of Cerutti et al. (1965). A solution containing 6.0 mg/ml of
yeast tRNA, O.0L7M MgCla, 0.10M NaBHY, in 0.60 ml total volume was irradiated

in a stoppered 3 ml guartz ouvette with a Vycor filter at 1 em from a 15W Gen-
eral Electrioc germiocidal lamp. At 2.5 minute intervala, the mixture was shaken,
and at 5.0 minute intervals, a 20 ml aliquot was taken for the alanine aceeptance
assay. The excess NeBHj was neutralized with 2 pl of 0.8M HOl, end astivity

then determined direstly, os deseribed for figure 1. Data represents 3 separate
experimenta, and the dispersion of the deata is given as the standard error of

the mean {68% confidence limita).

To check the specificity of the reaction under these condi-
tions, aliquots were removed, subjected to alkaline hydrolysis
(0.3 M KOH, 18 hr, 37°), and the four major nucleotides separated
using paper electrophoresis at pH 3.5 {(in 0.05M HCOONH4 at 25
V/cm for 8 hours; Davidson and Smellie, 1952), at which pH @gMP is

not resolved from GMP. The reaction specificity may be inferred

from the apparent base composition of tRNA following reduction
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(Table I), as only the UMP is observed to decrease. Minor nucleo-

tides are not detectable by this method.

Table I. Composition of tRNA (%).
% at 40 min

Reaction time 0 min 40 min ———————
—————— % at 0 min

UMP 22,0+40.8 15.7+0.4 0.72+0.04

GMP + YMP 32.0+0.7 35.7+0.3 1.11+0.03

AMP 20.240.2 21.7+0.2 1.07+0.02

CMP 25.8+0.2 27.0+0.3 1.05+40.02

Reduction was carried out using NaBHz to determine the num-

ber of hits per tRNA molecule (Figure 4). Following the initial
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Pigure 4., Uptake of ;¢ during reduction of tRNA using NBBHZ. Reaction cone
ditione are given for figure 3. At the indicated times, duplicate 10 pl eli-
quots were removed, spotted on pre-moistened glaas fiber filters, and rinsed
with ten 4 ml portions of eold 5% TCA, end 1 ml of acetone. Data repregenta
the mpan of 4 experiments, and the dispersion of the data is glven as the
stendard error of the mean.

rapid uptake of H3, corresponding to 3 to 4 hits per tRNA molecule,
the rate decreased six-fold. At the maximum extent of reaction,

about 8 hits per tRNA molecule had been introduced. Assuming a
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chain length of 80 for the average tRNA molecule, there are about
18 UMP residues available for reaction.

To determine the extent of disruption of secondary structure
of the tRNA optical rotary dispersion spectra were obtained. At
0, 20, and 40 minutes, the reaction was stopped by the addition
of 5411 of 1M HC1l, then diluted into 26.8 ml of a buffer contain-
ing 0.01 M MgCl, and 0.005 M Tris-chloride, pH 7.5, to give an
A260 of 1.5. Spectra were obtained with a Cary 60 spectropolari-
meter. The decrease in magnitude of the rotation difference
(Table II) is so marked as to indicate that the secondary structure
is being altered throughout the region where inactivation is ob-

served.

TABLE II. Change of optical rotation: [a] [a]

278my Y 252my
Reaction time [a]
0 min 3920 deg
20 min 3660 deg
40 min 3200 deg

0 min {hydrolysate) 1070 deg

That the magnitude of this rotational difference may be taken as
an index of secondary structure is suggested by the observation
that this difference decreases with increasing temperature of

tRNA solutions (Sarin, Zamecnik, Bergquist, and Scott, 1966).

DISCUSSION

The number of hits per tRNA molecule required to inactivate
alanine acceptance can be estimated by assuming that the hits
are introduced at random, and that their distribution within the

population of tRNA molecules is described by the Poisson function.
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On this basis the fraction of molecules, N/No’ which can still ac-
cept alanine when an average of A hits per molecule have been in-
troduced is taken as the fraction containing fewer than A hits,

and may be calculated using the expression,

A-1

x=0 e x!

for x hits, which varies from zero to (A-1) for the surviving
molecules. The time required to introduce A\ hits, the number
postulated to be necessary for inactivation, is obtained from

the g3 uptake curve (Figure 4): with this, the theoretical zero
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Figure 5. Obaerved and predicted rates of inactivation of alanine aceeptance.
Curve designated obgerved 1s the actual decrease of eceeptsnce expressed mg a
percentage of initial activity. Ourvea designated by \ are the calculated
inactivation surves agsuming that A hits per molecule are required for inacti-
vatiog. The time needed to introduce A hits per molecule was obtained from
the H” uptake experiment shown in Pigure 4.
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order inactivation curves can be calculated for comparison with
the observed rate of inactivation, as shown by Figure 5. This
analysis rests on the fundamental assumption that the species of
tRNA which accept alanine are affected in the same way as the
population of tRNA molecules as a whole. On this basis, about 8
uracil residues must be reduced before alanine acceptance is in-
activated, but by then, disruption of tRNA seccndary structure
has progressed rather far. Further work with purified tRNA will
be required to improve the correlation of the number of hits with
inactivation of acceptance activity, and to locate the site of
the hits.

A number of other workers have determined the effects of spe-
cific chemical modifications of bulk yeast tRNA on alanine accep-
tance‘(Cerna, Rychlik, and Sorm, 1964 and 1966; Rake and Tener,
1966; Yoshida, Duval, and Ebel, 1966; Muto, Miura, Hayatsu, and
Ukita, 1965; Kikugawa, Muto, Hayatsu, Miura, and Ukita, 1967;
Kisselev, Zaitseva, and Frolova, 1965). Their results are not
strictly comparable since differences exist for sources of tRNA
and yeast extract, as well as assay conditions. Three of the re-
ports, however, mention modification of UMP. Cerna et al. (1964)
found that treatment of yeast tRNA with hydroxylamine at pH 9, a
reaction fairly specific for uracil which results in ring open-
ing (Schuster, 1961), gave only about 5% inactivation of alanine
acceptance although an average of 6 hits per molecule were intro-
duced, and the other acceptance activities assayed were decreased

by 20 to 60%. Kisselev et al. (1965) also found that alanine ac-
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ceptance was relatively resistant towards this modification. And
from the data of Yoshida et al. (1966), using IC1l to iodinate ura-
cil, it can be calculated that 8 to 9 hits per tRNA molecule were
required to inactivate alanine acceptance.

Thus alanine acceptance activity is rather insensitive to-
wards modification of uracil, and it is likely that the loss of
this activity following photochemical reduction is due to general

disruption of the ordered tRNA structure.
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