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1. Introduction

Tyrosine transfer RNA from E. coli containg two
neighbouring 4-thiouridines in position 8 and 9 from
the 5end [1] . These minor nucleosides of yet un-

 known function [2, 3] have been oxidized with io-

dine (patassium triiodide) to the intramalecular disul-

-fide withou! loss of tyrosine acceptor activity [4, 5] .

The temperature-dependent lodine inactivation of
IRNATYC presented here needs elevated temperature
and higher lodine concentrations than needed for di-
aulfide formation. .
]

. Puce tRNATYT was isolated after fractionation of
crude E. coli IRNA on DEAE-Sephadex A-50 [6],
fallowed by chromatography on benzoylated DEAE-
cellulose {7]. tRNATYI ., (iie. tRNATYT ending with
3"terminal pC and lacking the terminal pCpA sc-
quence) was prepared as described by Zubay [8]. A
control experiment had shown that this procedure
gives tRN +, which is fully repaired bv tRNA-

‘ adenylyl(cytidylyl)trmsferm (table 1}. Aminoacyl-
: lRNA synlhehue (F. coli) free from tRNA -

\
r
|
!
|

Thl!mrl:lusbun presented at the Annual Hcl:tinguf the
Nucleatide Grouwp of the Chemical and Biochemical
Suclﬂhm,Doc t41th 1972 in Biomingham, U.K.

Nﬂrfh—ﬂaﬂmﬂ Pub;'l':hhsg Company — Amsterdam

Table 1
IRNA adanyivl (cytidylyl) Lrunsfﬂra.se-camlyzed incorpora-

tion of [1*C|CMP into tRNAP% o+ after iodine treatment ar
60",

[ncorporation of [MCICMF

Time af iodine

treatment at a''Cl1AMP) nto uuhl.ﬂxp'réT

60° {(min) moles CMP (AMP)/mole lRNA_n(’. »
0 1.02 {1.00)
2 1.06

15 1.08

60 1.04 {1.00)

‘The same result was obtained upon ["Cl AMP incorporalion
(in the presence of CTP, in parenthesos).

adenylylcytidylyMransferase was prepared as de-
scribed recenty [9].

{RNA sdenylyl(cy tidy lyi)transferase (EC 2.7.7.25)
was prepared as follows: the first purification step
(chromatography of a ribosome free £. cedi supema-
tant on DEAE-c¢llulose) and the assay for this co-
zyme were performed as described earlier [10]. The
fractions containing the enzyme were pooled and
brought to 42% saturation with ammonium sulfate
(1 hr at 0°). The precipitate was dissolved in a small
volume of buffer and passcd through a Biogel P-200
column (2 X 40 cm) in 0.05 M potassium phosphate
pH 8.0-0.00F M MgCl; —0.01 M mercaptoethanol—
5% glycerol. The enzyme fractions were pooled and
placed directly on a 2.3 X 9 cm hydroxyapatite (Bio-
Gel H'ITP) column equilibrated with the same bufler.
Elution of the enzyrm: was achieved with a linear
gradient from 0.05 to 0.2 M potassiumn phosphate
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Fig. 1. Tyrosine acceptor activity after iodine reatment of

IRNATYT (A) and (RNATYT ., (B) at 26° (a—a), 3€° (o—0),

40° (o—0o), 5@ (>—0)and 60° (x——v). Addition of fur-
ther iodine (430 eM) after 60 min had ne influence on the
degee of tIRNATYY inactivation. In the absence of iodine no
inacLivation ol tyrasine acceptor funaction was observed uo-
der the conditions stated above. Mercaptocthanol did not

reactivate inactivated tRNA, yr

(MpCl,, mercapioethanol :nd glycerol zs above). The
resulting tIRNA adenylyl(cvtidylyl)transferase was
700-fold purified.

lodine treatment of £. coli IRNATY®: 2.4 Ayq,
units (4 nM) of IRNATYT or IRNA?;(V’.'_'{. were incu-
bated in 500 i 0.04 M potassium phosphate, pH 8.0,
at various temperatures (legend to fig. 1). A 50 ali-
quot was removed and 430 nmoles iodine in 2 gl 0.3
M potassium iodide in 50% aqueous ethanol were
added to the rest. Further 50 ul aliquots were re--

moved at different times and their excess iodine was
removed by addition of | ml water-saturated cther
followead by vigorous mixing and phase separation.
The mixture was dipped into diy icefethanol and the
ether decanted from the frozen aqueous phase. This
extraction was repeated and the remaining aqueous
phase was used for tyrosine acceptor assay. The firsl
aliquot to which iodine had not been added, was ‘
treated in the same way. Aliquots of iodine treated
tRNA r(‘i.'_z were aminoacylated in the presence of
tRNAadenylyl(cytidylyl)transferase (40 ug) under
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Fig. 2. Fragments produced by RNAase Ty_from tR_NA;“"
{A) and iodine treated (60 min/60°) tRN I (B). Aftcr de-
salHng, the cortesponding fregments from fig. 2A and 28
were campared by co-chromatography on cellulose thin-loy-
er plates using the solvents t-butanol/HCOOH (1;:1) pH 3.8
or isobutyric acid/conc. NH3fF ;O (577:38:385 — vv:v) pll
4.3. Fragmentsin fig. 2A [17]: L= Gpl; 2 = Gp; 34 = dinu-
cleotides: 5.6 = trinucleotides; 7 = Ty OGp; B = hexanudeo-
tides; 9 = SSCCCGp (S = s*U, details on the modification of
this material to UUCCCGp will be described later); 1O = ant-
codon-containing dodecanucleotide ACUG UAAApCUGP
(G* = G derivative of unknown structure; A* = ms*i*A);
11 = 3'-terminal nonadecanucleotide; 12 = bihelical oligont-
cleotide containing a 5'-terminal heptanucleotide and the 3
terminal nonadecanucleotide |1}, Fragments 1 to 8, 11 and
12 were identical in fig. 2A and 2B. Fragmends 9 and 10 in
fig. 2B arc products of fragment 10 from fig. 2A.

conditions which allowed repid and complete repair
of the 3'-terminal CCA sequence (table 1 and {10}).

Amino acid acceptor function was assayed as de-
scribed by Hoskinson and Khorana [11] and mea-
sured by means of the filter technique of Mans and
Novelli [12]. ) .

Oxidalion with jodine of the two 4-thiouridines in
IRNATYT (o the intramolecular disulfide was followed
by measuring the optical density at 330 nm. The 4-
thiouridines (A, ;, 330 nm) in IRNATY* reacted to
form the disulfide (no A, at 330 nm} in less than
I min under our conditions (see above). *H-Activity
was measured as described earlier [13].
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"lodine treatment of nucteosides or nucleotides:
the four common nucleosides and nucleotides,
pseudouridylic acid, ribothymidine, 4-thiouridine
(s3U) and 4-thiouridine-disulfide were treated with
jodine as described and fodine was removed as above.
The products were investigated by thin-layer chroma-
tography on cellulose using several solvent systems.

Digestion of tRNAJY" before and after iodine
treatment as above (60 min/60°) was performed with
RNAase T; (Sankyo) and the resulting fragments
were separated on a DEAE-Sephadex A-25 column in
7 M urea, using a linear NaCl geadient (fig. 2A and

- 28).

3. Results and discussion

In the presence of iodine, the two 4-thiouridines
in 1RNAE’TMI react very rapidly to form an intramo-
iecular disulfide without loss of tyrosine acceptor ac-

, tivity [4, 5] . Under our conditions (fig. 1) we ob-
served complete disulfide formation in less than |
min, whereas accep.tor actlvity, as described by other
authors [4, 5], was still nat significantly affected.

The different rates of disulfide formation (very fast)
and inactivation of tyrosine acceptor function (slow,
fig. 1) indicate that Ihe two processes are independent
of each other.

Finally we found that 4-thiouridine and 4-thiouri-
dine-disuffide were modified on the nucleoside, oligo-
nucleotide and tRNA level to uridine under our con-
di‘ions of iodine treatment, a reaction which does
'not affect the aminoacceptor function of IRNATY
([2,3], details on the modification of 4—thloundme
to uridine on the nucileaside, oligonucleotide and
tRNA level will be published later). The four common
aucleosides and nucleotides [15] as well as pseudouri-
dylic acid and ribo-thymidine were not modified by
iodine,

_ The resulis of tRNATY® inactivation experiments

| with excess jodine at different lemperatures are sum-

- marized in fig. 1. Two facts should be pointed out:

) the lodine inactivation of tyrosine acceptor activity

'i$ independent of the iodine concentration ai high io-

-dine concentrations and proceeds to temperature de-

pendent plateaux of acceptor activity. This reaction

i to platoaux has some shmilarity to the temperature-

~dependent degradation of tRNA with polynucleotide
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phosphorylase [14], which is also not fully under-
stood. As in that case, depending on the temperature,
a fraction of the tRNA molecules is resistant o inac-
tivation. Hence, iodine inactivation may have soine-
thing to do with tRNA conformation and tertiary
structure.

ii} The inactivation curves for 40, 50 and 60° for
tRNA'YF (iig. IA) and tRNAgEh-.( fig. 1B) are near-
ly identical but there is u significant and reproducible
difference at 20 and 30°. The degrec of inactivation
of tRMATYT (fig. 1A) at these temperatures is identi-
cal and if one plots % inactivation after 120 min
againsl tcmperature, one gets a curve of similar shape
as the melting curve of this tRNA [6]. For 1RNA'!P}{3-
inactivation we find differing inactivation plateaux
at Z0 and 30°, and hence one gets a straight line it %
inactivation after 120 min ace plotted apainst the cor-
responding temperature. This means — il one assumes
that rodine inactivation has something to do with
tRNA conformation — th:n the 3'-terminal pCpA se-
quence, at least of tRNAE copi» 1kes part in, or in-
Buences, this tRNA's tertiary structuce as has been
postulaied in several tRNA models.

There is the following evidence for the molecular
otechanism of the tRNA inactivalion described here:
i} the fact that AMP and CMP acceptor function ig
unaffected (table 1) means, that the tRNA's basic
structure, the elements necessary for IRNA — IRNA-
adenylyl(cy tidylyl)transferase recognition, remains
intacl.

ii) Since different chromatographic ard electropho-
retic techniques had failed to demonstrate any de-
gradation or dimer formation of tRNATY" upon io-
dine treatment, we compared the fragments of un-

treated (fig. 2A) and iodine treated (fig. 2B) IRN.A
produced by RNAase T, . The main difference was

found for the anticoden-containing dodecanucleo-
tide (Fig. 2A, peak 10), which, if isolated from iodine-
treated IRNA;V', yields two major products (fig. 2B,
pezks 9 and 10). Peak {0 in fig. 2B is eluted signifi-
cantly later than the unmodified oligonucleotide (fig.
2A, peak 10). This would mean that most of the
minor nucleotide G* [16] has lost its positive charge
[17] upon iodine treatment. The structure of G,
which i3 the first letter in the anticodon of tRNATY‘
is yet unknown, but modifications causing loss of
this nuclcotide™s positive charge have already been ob-
served after cyanogen bromide trealment [2,3] and
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upon penodate oxidation (HJ Gl‘osa. unpublmhﬂd)

Finally it is known that 2- mﬂlylﬂua—Nﬁ-(A -iso- - '}

pentenyl) adenosine { 18], the nucieoside next to the
anticodon, forms several produc!s of yet unknown
structure even under mild conditions [5] . Heunce; it.
may be concluded that the observed icdine- and tem-
perature-dependent inactivation of tRNA-{-V" acceptor
tunction may be due to'a modification in (G*) and/
or next to the anticodon {(ms2i®A) and that this mod-
.ification depends on the tRNA's tertiary structure at
the jnven temperature.
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