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1. Introdnetion

in the courss of our studies of the mechanizm of

codon—anticodon interaction in protein synthesis we
became interested in a detailed aspect of this process,
namely the specific binding of the mRNA into the
active sites of the ribosome ]11. Since, howevez, short
chain oligonuclentides and polynucieoiides conizining

. a stable secondary structure arz bound to the ribosome

only in the presence of thair corresponding 1RMA’s

~ [21, we tried 1o bind oliponucieotides covalently into
one of the active sites of the ribosome. 1t has been
shown by Travt and Heenni {3} and by Moore (4],
that sulftydryl reapents like Nethyl maleimide and
iodoacetamide are bound to an active sulfhydryl group
of the 30 8 subunit. In contrast to N-ethyl maleimide.
iodoacetamide is bound to the sibosome in stoichio-
metric amonnts without blocking the poh{(1}
dependent binding of Phe-tRNA, Therefore we used
indoacetylchioride as a bifunctional reagent to bind

‘ unwdme-mhgonmiemades containing a 3"-terminal
3.aminouridine to 70 8 ribosomes {fig. 1). We report
here the preparation of the “programmmed” ribosomes

_and their activity in Phe<tRNA hinding. - o

'* The compounds are symbolized, in harmony with the re-

-commendations of the IUPACJUB Commission on Bioche-
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Fig. 1. lodoacetylchtoride as a bifunctional reagent for the
crosfinking of olipopuclentides o proteins.

2. Materials and methss

Labeled compounds were purchared from the
Radiochemical Centre, Amersham, [PHJUDP was
adijusted to a specific activity of 50 mCi/mmoie,
[3H]Urd to 30 mCifmmole, [°B)Phe to i Cifmmole
and the specific activity of [13C|Val was 260 m7Tif
mmole zrd of [14C]Phe 450 mCifmmole. E cofi
tRNA was obiained from Boghringer, Mannheim, and
S-bromourdine fron. Zellstoffabrik Waldhof, Mann-
heim. Todoacetylchloride was prepared from iodo-
acetic ucid with thienylchloride. Polynucleotide phos
phorylasz was isolated from Microcoeens luteus as

* deseribed earlier [5 Enzymeatic phosphorylation o7

.amincuridine was performed with phosphoiransier-

- ase from carrots §6]. 70 S ribosemes were preprred

from E. coli MRE 600 cells (Wheiman, London) and
were washed 3 times with 0,5 M Nf1,CL tRNA from

. E. coli was charged with labeled amino acids by the

wsual procedure [7]. Oligonuclentide dependent bind-

~ ing of AA-tRNA’s 10 ribosomes was measured as.
_desmbed ea'ﬂoer IJ]
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Fig. 2. Synthetic procedure for the synihesis of S-aminouridine-5 -phosphate.

. 3. Resulis

For the synthesis of the U-PHJU-U-{nh, )1,
the ~ammuundme— "-di phosphate had to be synthe-

sized. The progedure which was used s shown in fig. 2.

Since the amino group reacted with rarbgnjy]wd]-
imidazole [8], it was prolecied with the benzyloxy-

_ sarbonyl function according 1o the method of
Ivanovics et al. [9]. The protective group was split off
guantitatively by hydrogenation ai the levsl of the

" weleoside diphosphate. The starting dinicleoside

- phosphate U-]3H]U was propared by RNAase A

- catalyzed condensation [10); it ~as slongated by two |

' pomemtiwe PNPase-catalyzeé steps [5] {fig. 3). The

amino group of the terminal nridine was acetylatad in -

0.5 M NaHCO4 nsing a tenfold excess of ICH,COC]

“at 37° for 20 min. Since the 5- mmnwuumdme shows on '
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protonation a shift in the UV-zpectrum from 294 nm
to 265 nm, whereas the monosubsiitnzed aminouridine
shows a pH mdependent maximum at 275 nm {fig. 4),
1he kinetics of the acetylation were followed srectro-
photemetrically. The U-§3H] U—U»i(n}uPU 1eacted
quentitativelly with the sulfhydryl group of ghitathione.
The binding of the oligonucleotide to 70 S ribosomes-
was performed in | 14 mM MgCl,, 45 mM KCl and 8 mM
Tris-HCl pH 7.2. The kinetics of the binding are shown
in fig. 5.-About 35 pmoles of oligoauclectide were
bonnd per 190 pmoles of ribosomes at saturating

~ amounts of oligonucled tide {fig. 6). In order 1o sapar-

die the unreacted oligenvcleotide from the ribotomes,
the prograzumed ribosor.es were chromatopraphed

~ over a Sephadex G-75 volumn. The tibosomes ehuted

in the exclusion volume were used to examine the.
Phs-iRNA bjjncding ﬁ:ﬁp;i;iiy— of the programmed ribo-
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Fig. 4, W—spéccna of 3-aminousiding and S4odoaceiylaminouniding at different pH-valves. Only S-aminourigine shows a shife

between pH 7 and pH 2.

somes {fig. 7). Since only a small amount of Phe-sRNA
was bound, we tested whether the modified ribosomss
were capable of binding poly{ [PH]U) and poly{1)

ribosames
- [pmetes]

5

U;[’H]UﬁUs{ruhr)su  bourd /100 prmoles
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: }‘*‘;ig‘ 5. Kmpm\s of ihe a:ovalem binding of E—]SH]‘U—U— {nhﬂs‘d
o 79 S ribosomes 31 0° and 37°. The mcwbmmn mixtor: con-
“1ained in 2 total volume of 100 xk 214 pmolea Tibosomes,

30 nsuoles oliponucleotide (specific activity 30 mC:;’mmole), o

14 mM Mgy, 45 mM KCl and 8 mM TrisHCIpH 7.2. Als-
. quo?s Df 5 pd vrexe mthd; awn. at appmpnats times :anﬁ ﬁl:ered
- Over ‘ﬂebmm BA B;S 9‘45 y;m ﬂ?.ers. o ‘
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dependent additionat Phe-tRINA. 1t can be szer from
table 1, that although the poly{l]) binding was aot
affected, no additional Phe-tRNA was hound.
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' Fig. 6. Binding of U-{°H)U~U—bn% to 70 S sibosorzes.
. ‘The peaziion mixtures were incubated for 20 min'at 37°, 100
,f : pmnleﬂ of ‘:r]bosbmes wers nseﬁ pe: assay
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Fiz. 7. Binding 61 Phe-tRMNA 1o proprammegd fhosomes. The
reaction mixinre contained in a yolume of 100 ul: 50 pmoles
Tibesomes {20 pmoles Jabsied with U-1 HJU—U— {nh)503), -
[CIPhetRNA or [19C)Val4RNA, 14 mM MgCla, 45 mM
KRG, 2nd 8 mM Tris-HCl pH 7.2. As a vonizol. ribosomes were
- ased which wére treated under idensizal conditions, bm w;hmh
svere not reacled with the pligonucleotide.

4. Discussion
Dligonucleotides ceniaining 5-aminouridine in the
Tahle 1

Binding of pﬂlyil[BHi'U} and poly (1) and U—U—TU Gependeat
binding of Phe-tRNA fo programimed ribosomes.

Programmed ribosomes  Ribosomes
‘ {conirol)
Foly {130 , in
[pmoles] 138 | 12.5
poly{ll), WU, — - poly {1, -0
Phe-TRNA U ST
: ;l‘pm";}lesﬂ 0.8 0.7 D,,-E. ‘9,9 . 2.5 .

50 pmoles of ribosomes were used cnmtammg 20 pmoles of

"‘alcnlaied to be 30 ;nuc]emlﬁasi

30 [pmoles} ) |
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3'-terminal pusition can be bound vovalently io tibo- - -

somes. Ths stmchmme:try obtained — 30% to 5005 of
the ribosomss are agtive in ohgnnﬂcleonde binding —
corresponds to other data showing that a similar per-

- centage of ribosomes s active in the poly{U)-dependent

binding of Phe-tRNA [11]. The binding of Phe-tRNA
was not increased by the addition of poly{U}, showing

‘that actually all ribosemes capable of Phe-IRNA
- binding had reacted with the oligonuclectide.

The programmed ribosomres were active in Phe.
tRNA binding but did not stinmlate the biading of
Val-RMNA, This suggests that the oligonucleotide is
bound to one of the active sites of the riboscmes.
Whether th:is is the aminoacyl- or the peptidyl site can

“not be decided vet. Since the pmgraxmneﬂ tibosormnes

are siill capable of binding poly(U); bui do not bind

- additional Phe-tRNA, the suifhydryl group blocked

should pley an important role in AA-IRNA binding
{3). The amonnt of Phe-tRNA boung to the labeled

‘ribosomes corresponds rengly to the amount of

Phe-tRNA bound by sxeess U-U—-U to ribosomes {1].
This could mean that the complex formation between

_ triplet and ribosome is mot the limiting factor in triplet

eoded binding, but that the nonenzymatic complex

- formation betwsen codon and anticodon is very un-

siame.
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