FEBS 15866

FEBS Letters 370 (1995) 123-126

Partial restoration of inactivated ribosomes with sodium borohydride or
amino acids

Qing Li, Jun Ling, Wang-yi Liu*
Shanghai Institute of Biochemistry, Academia Sinica, 320 Yue-yang Road, Shanghai 200031, People’s Republic of China

Received 18 May 1995; revised version received | July 1995

Abstract The aldehyde radical of ribose C; at position 4324 in
rat liver 28S rRNA generated by RNA NV-glycosidase was either
reduced to an hydroxyl group by sodium borohydride or converted
into aldimine through a nucleophilic addition of amino acid used
as a primary amine. Analysis of the R-fragment of 28S rRNA by
polyacrylamide gel electrophoresis showed that the reduction of
aldehyde to an hydroxyl group with sodium borohydride was
highly specific. The protein synthesis activity of modified ribo-
somes was partially restored with the removal of the active alde-
hyde by sodium borohydride or amino acid. Reduction of aldehyde
with sodium borohydride restored 43.1% of the protein synthesis
activity. Among the twenty natural amino acids tested, trypto-
phan and histidine could restore 57.4% and 42.1% of the ribosome
activity when brome mosaic virus RNA was used as mRNA. We
came to the conclusion that the active aldehyde radical at position
4324 of 28S rRNA in modified ribosome may cause the inactiva-
tion of the ribosome for protein synthesis.
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1. Introduction

Ribosome-inactivating proteins (RIPs) are a group of cyto-
toxic proteins that catalytically inhibit protein synthesis by af-
fecting the interaction of elongation factors with ribosomes
[1-4]. According to the enzymatic mechanisms of action, RIPs
can be classified into two types: the first type such as a-sarcin
has a novel ribonuclease activity which selectively hydrolyzes
the single phosphodiester bond on the 3’ site of the guanosine
at position 4325 in rat 28S rRNA [5]. The second type such as
the ricin A-chain and trichosanthin is an RNA N-glycosidase
which specifically cleaves the N-C glycosidic bond of a con-
served adenosine at position 4324 among the 4718 nucleotides
of rat liver 28S rRNA [6,7]. The acting site of RIPs in two types
is located in a highly conserved purine-rich looped ‘a-sarcin/
ricin domain (S/R domain)’ in rat liver 28S rRNA [8], which
is involved in the EF-1 dependent binding of aminoacyl-tRNA
to the ribosome and EF-2 catalyzing GTP hydrolysis and
translocation.

It is known that high concentrations of magnesium ions
could restore 20-35% of the activity lost by ricin A-chain
treated ribosomes, and that ricin shifted the thermal denatura-
tion curve of 60S subunits towards lower temperatures [9,10].
These facts suggested that inactivation of the 60S subunit by
the toxin is associated with, and possibly caused by conforma-
tional changes as a result of the cleavage of the N-C glycosidic
bond at A4324 in 28S rRNA.

*Corresponding author. Fax: (86) (21) 4338357.

It should be noted that an active aldehyde group was gener-
ated at the ribose C,” of position 4324 in rat 28S rRNA when
the ribosome was treated with RNA N-glycosidase. Therefore,
it is of interest to investigate the effect of the active aldehyde
group on protein synthesis activity of the modified ribosome.
Since the aldehyde group is very active, it reacts easily with a
nucleophilic group to produce a Schiff’s base. Thus, the alde-
hyde group may be one of the factors that cause the conforma-
tional changes of ‘S/R domain’ and the blocking of the binding
sites for elongation factors, and thus inactivate the ribosomes.
The preliminary results in this communication show that the
activity of inactivated ribosome could be partially restored
when the aldehyde group was reduced into hydroxyl group with
sodium borohydride or blocked with amino acid through a
nucleophilic addition.

2. Materials and methods

2.1. Materials

Polyuridylic acid, puromycin, ricin were purchased from Sigma
chemical Co., USA. Brome mosaic virus (BMV) was a gift from the
Shanghai Institute of Plant Physiology, Academic Sinica. Creatine phospho-
kinase, phosphocreatine, ATP, GTP and all amino acids were from
Shanghai Dong Feng Biochemical Technology Company. [*H]Leucine
and [*H]phenylalanine were products from the Shanghai Institute of
Atomic Nucleus Research, Academia Sinica. Other chemical reagents
were of analytical grade. Ricin A-chain was prepared according to the
method of Olsnes [11]. Camphorin and cinnamomin were prepared by
the method as described previously [12].

2.2. Preparation of ribosomes

Rat liver 808 ribosomes were prepared according to the method of
Spedding [13] and an aliquot containing 200-300 A ¢,/ml of ribosome
in buffer A (20 mM Tris-HC), pH 7.6, 100 mM KCl, 5 mM MgCl,,
1 mM DTT, 0.25 M sucrose) was stored at -70°C. S100 and pH 5 enzyme
were prepared from rat liver as described by Staehelin and Falvey [14]
and stored at —70°C in small portions.

2.3. Modification of ribosomes by RNA N-glycosidase

Treatment of ribosomes with RNA N-glycosidase was performed
according to the method of Endo et al [6]. Three Ao, of ribosomes
were incubated with 100 ng RNA N-glycosidase (ricin A-chain, cam-
phorin or cinnamomin) at 37°C for 15 min. The modified ribosomes
were recovered by ultracentrifugation at 105,000 x g for 4 h, and then
resuspended in buffer A.

2.4. Reduction of the active aldehyde group with sodium borohydride

The active aldehyde radical at position 4324 in 28S rRNA generated
by ricin A-chain action was reduced with sodium borohydride by the
method of Randerath et al. [15]. The modified ribosomes were reacted
with 10 mmol/l sodium borohydride to reduce the aldehyde group into
hydroxyl group, and then assayed the protein synthesis activity in a
reconstituted system.

2.5. Blockage of the active aldehyde group with amino acids

The aldehyde radical generated by camphorin or cinnamomin was
blocked with amino acids through a nucleophilic reaction according to
the method of Cordes and Jencks [16]. The reaction medium contained
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Table 1
Partial restoration of camphorin-modified ribosome with amino acids
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Protein synthesis activity (%)

Leucine Tryptophan Histidine Aspartic acid Arginine
Camphorin-modified ribosomes treated with amino acid (A)  41.2 61.3 52.2 31.6 33.0
Camphorin-modified ribosomes (B) 11.0 39 10.1 9.8 6.5
Restored activity (C) 30.2 574 42.1 21.8 26.4

Three Ajenm of rat 80S ribosomes were incubated with 100 ng of camphorin at 37°C for 15 min followed by the treatment with 100 molar excess
of amino acid to block the aldehyde at position 4324 in 288 rRNA. The modified ribosomes were recovered by centrifugation at 145,000 x g for 2
h, and then assayed the protein synthesis activity in the reconstituted system of rat liver with brome mosaic virus RNA as mRNA. For each amino
acid, it has its own contrast. The protein synthesis activity of the native ribosomes was 100%, (C) = (A) — (B). The data are the avarage value of

triplicates.

in a final volume of 30 ul: 20 mM Tris-HCI, pH 7.6, 100 mM KCI, 5
mM MgCl,, | mM DTT, and 3 A,,,, of camphorin (or cinnamomin)-
treated ribosomes. The concentration of amino acids used was about
100-fold higher than that of ribosomes. After incubation at 30°C for
60 min, the reaction mixture was supplemented into the reconstituted
system of rat liver to assay the protein synthesis activity of the modified
ribosomes.

2.6. Assay for protein synthesis activity in vitro

The protein synthesis activity of the modified ribosomes was assayed
in the reconstituted system of rat liver that was prepared by method of
Staehalin and Falvey [14]. The reaction mixture contains in 100 zl: 0.1
umol ATP, 0.04 umol GTP, lumol phosphocreatine, 4 ug creatine
phosphokinase, 20 ul of pH 5 enzyme, 20 l of $100, 5 Ci [*H]leucine
or 5 uCi [*Hlphenylalanine, 3 A of the modified ribosomes and
either 2 ug brome mosaic virus RNA or 10 ug polyuridylic acid as
mRNA. After incubation at 37°C for 40 min, the radioactivity incorpo-
rated into polypeptide or polyphenylalanine was quantitated by the
liquid scintillation counting techniques with a Beckman LS-5801 Liquid
Scintillation Counter.

2.7. Extraction, isolation of total rRNAs and aniline reaction

Total rRNAs of the modified ribosomes were extracted from the
reaction mixtures with 0.5% sodium dodecyl sulfate and phenol accord-
ing to the method of Endo and Wool [5]. The recovered rRNAs were
treated with acidic aniline (1 M) and analyzed by electrophoresis in
either 2.5% acrylamide-0.5% agarose composite gel or 5% poly-
acrylamide gel.

3. Results

3.1. Restoration of protein synthesis activity of the inactivated
ribosome by reduction with sodium borohydride or blockage
with amino acids

When the rat liver ribosome was treated with ricin A-chain,
its translation activity was severely damaged. Only 3.2% of the
protein synthesis activity of the modified ribosome remained as
assayed in the reconstituted system with BMV RNA as mRNA.

The treatment of ribosome with ricin A-chain led to the depuri-

nation at A4324 in 28S rRNA, generating an active aldehyde

group at ribose C,’. In order to study whether the active alde-
hyde group is involved in the inactivation of the modified ribo-
some, reduction of the aldehyde group with sodium borohy-
dride was carried out. The experimental results indicated that
the protein synthesis activity of the ribosome treated with ricin

A-chain was restored up to 43.1-43.9% by treatment with so-

dium borohydride, while the ribosome not treated with ricin

A-chain was almost not influenced by sodium borohydride.

This fact showed that the restoration of the activity of the

modified ribosome was mainly due to the reduction of aldehyde

into hydroxyl group at position 4324 of 28S rRNA with sodium
borohydride. In addition, the results also showed that the reac-
tivation of ribosomes treated by ricin A-chain together with
sodium borohydride is the same as that of ribosomes treated
by ricin A-chain first and then with sodium borohydride.
The results of Table 1 and 2 show that when the aldehyde

Table 2
Partial restoration of intact cinnamomin-modified ribosomes with
amino acids

Protein synthesis activity (%)

Amino acid Cinnamomin-  Cinnamomin-  Restored activity

modified modified C)

ribosomes ribosomes (B)

treated

with amino acid

(A)
Glycine 35.1 23.8 11.3
Alanine 41.9 23.8 18.1
Leucine 35.5 23.8 11.7
Isoleucine 36.3 23.8 12.5
Methionine 38.4 23.8 14.6
Valine 442 23.8 20.4
Phenylalanine™ 34.8 23.8 11.0
Proline 32.6 23.8 8.8
Serine 40.9 249 16.0
Threonine 44.7 249 19.8
Tryptophan 61.5 24.9 36.6
Tyrosine* 34.0 24.9 9.1
Asparagine 329 249 8.0
Glutamine 455 24.9 20.6
Cysteine* 33.0 24.9 8.1
Aspartic acid  41.6 27.3 14.3
Glutamic acid  48.0 273 20.7
Arginine 38.6 27.3 11.3
Lysine 50.0 27.3 22.7
Histidine 55.5 27.3 28.2

Three Asgnm Of Tat 80S ribosomes were incubated with 100 ng of intact
cinnamomin at 37°C for 15 min, followed by centrifugation at
145,000 x g for 2 h. The recovered ribosomes were resuspended in
buffer A, and then treated with 100 molar of different amino acid to
block the aldehyde group at position 4324 in 28S rRNA. The modified
ribosomes were assayed the protein synthesis activity in the reconstituted
rat liver system with polyuridylic acid as mRNA by several amino acids
as a group. In each group, it has its own contrast. The restored activity
was calculated as (C) = (A) — (B). The protein synthesis activity of the
native ribosome is 100%. The data are the average value of the tripli-
cates.

*Tyrosine and cysteine were in 20 molar excess to ribosome.

* The ribosomes blocked with phenylalanine were recovered by centri-
fugation at 145,000 x g for 2 h, and then assayed for protein synthesis
activity in the reconstituted system.
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Fig. 1. Specific reaction of sodium borohydride with the aldehyde group
of ribose C,” at position 4324 in rat 28S rRNA generated by the action
of ricin A-chain. Two A, Of rat liver 80S ribosomes were incubated
with 100 ng of ricin A-chain followed by treatment with 10 mmol/l (lane
3) or 20 mmol/l (lane 4) of NaBH,, then total rRNAs were extracted
and treated by acidic aniline. The resultant rRNAs were analysed by
5% polyacrylamide gel electrophoresis. Lane 1, ribosomal RNAs with-
out treatments; lane 2, ribosomes were treated with ricin A-chain with-
out reduction by sodium borohydride.

group was blocked with amino acid, the activity of the inac-
tivated ribosomes also recovered to some extent. Among the
twenty natural amino acids tested, tryptophan and histidine
gave higher recovery (36.6-57.4% and 28.2-42.1%) of the pro-
tein synthesis activity of the modified ribosome. An explanation
may be that tryptophan and histidine have heterocyclic struc-
tures similar to a nucleobase. The divergent effects exhibited by
various amino acids may indicate that the conformational
changes of ‘R/S domain’ caused by different amino acids are
different.

The results of Table 1 were obtained with BMV RNA as
mRNA, while that of Table 2 were with polyuridylic acid as
mRNA. The difference between the residual protein synthesis
activity of the modified ribosome using different RNAs as
mRNA was significant. The residual activity with polyuridylic
acid as mRNA was higher than that with brome mosaic virus
RNA as mRNA. The difference in the restoration of the ribo-
some activity with different translation templates perhaps was
caused by their distinct translational efficiencies.

3.2. Specificity of the reduction reaction with sodium borohydride

A ribosome is a complex ribonucleoprotein particle com-
posed of RNAs and proteins. It needs to prove the specificity
of reduction of sodium borohydride on the modified ribosome.
Ricin A-chain, camphorin and cinnamomin hydrolyze the same
N-C glycosidic bond at A4324 in rat 28S rRNA, generating a
fragment of about 400 nucleotides from the 3-end of 28S
rRNA called R-fragment after acidic aniline treatment [6,12].
The results of gel electrophoresis showed that the amount of
R-fragment decreased after the reduction with sodium borohy-
dride, and no R-fragment emerged when the concentration of
sodium borohydride was increased to 20 mmol/l (Fig. 1). It
indicated that the reduction of sodium borohydride took place
specifically on the C,” aldehyde group at position 4324 in 28S
rRNA.
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4, Discussion

When the aldehyde group at position 4324 in 285 rRNA
generated by RNA N-glycosidase was reduced with sodium
borohydride or blocked with amino acid, the protein synthesis
activity of the modified ribosome was partially restored. The
results was consistent with the known facts that magnesium
ions, GTP, and elongation factors could partially restore the
translation activity of ricin A-chain or abrin A-chain treated
ribosomes [9,17.18]. Perhaps one could explain that a confor-
mational change is induced to improve the interaction of the
factor-GTP complexes with the ribosomes. The active aldehyde
group may be one of the important factors that cause the
conformational change of the ‘R/S domain’, interfering the
binding of elongation factors to the ribosome. Recently, Wool
et al. [19] proposed a new translocational model, which demon-
strated that GAGA sequence in ‘S/R domain’ could form a
loop through its context G-C pairing. The conserved adenosine
at position 4324 at the top of the loop could be recognized and
acted on by the ricin A-chain. The change of the ‘R/S domain’
in vivo induced by the elongation factor is crucial in the confor-
mational transition of the topological structure of the ribosome
before and after translocation. When the rat liver ribosome was
treated with ricin A-chain, not only an adenine at position 4324
in 28S rRNA was removed, but also the conformation of ‘R/S
domain’ changed. Our results show that the active aldehyde at posi-
tion 4324 in 28S rRNA generated by RNA N-glycosidase exerts
significant influence on the biological activity of the ribosome.

It is interesting that camphorin and cinnamomin both exhib-
ited the enzymatic activity to cleave supercoiled DNA into
nicked and linear forms. They only act on supercoiled double-
stranded DNA but not on the linear form of the same molecule
[20].
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