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Modifications of a&nine residues in ricin A-chain with phenylglyoxal (PGO) and 1,Zcyclohexanedione 
(CHD) caused a marked loss in its inhibitory activity on ceil-free protein synthesis. The loss of activity 
caused by modification with PGO was much faster than the loss of total arginine residues. More than 90% 
activity was lost with PGO modi~cation of about three arginine residues. Regeneration of arginine residues 
from the CHD-modified residues resulted in complete recovery of the activity. These results strongly suggest 
the involvement of definite arginine residue(s) in A-chain activity. Analysis of the peptides, produced by 
peptic digestion of the [r4C]PGO-modified A-chain, showed that some of the six a&nine residues in the 

N-terminal region of A-chain react with PGO faster than other arginine residues. 

Ricin A-chain Ribosome inactivation 

1. INTRODUCTION 

Ricin, a toxic lectin present in castor bean 
(Ricinus co~~u~is) seeds, consists of two dif- 
ferent polypeptide chains (A- and B-chains) linked 
by a single disulfide bond [I]. The B-chain binds 
galactose-containing receptors on the cell surface 
[a]. The A-chain strongly inhibits protein synthesis 
by enzymatically damaging the 60 S ribosomal 
subunit [3] and is thought to affect the elongation 
factor-dependent functions [4,5]. 

The primary structure of the A-chain has been 
determined in our laboratory [6] and it has become 
clear that the A-chain is a glycoprotein consisting 
of 265 amino acid residues. Knowledge about the 
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Active site Arginine residue 

essential amino acid residues for A-chain activity 
will be important for underst~ding the relation- 
ship between its structure and activity, and thus the 
molecular mechanism of action of the A-chain. 
Although chemical modifications of ricin with 
various reagents have been reported [7-91, the 
essential amino acid residues for A-chain activity 
have not been found. The ability of the isolated A- 
chain to inhibit protein synthesis in a cell-free 
system is much stronger than that of the intact 
ricin molecule [2]. It is therefore necessary to sub- 
ject the isolated A-chain to chemical modifications 
for elucidation of the essential amino acid 
residues. 

We report here the modi~cation of arginine 
residues in the A-chain and the results 
demonstrating the involvement of definite arginine 
residue(s) in the inhibition of protein synthesis by 
A-chain. 

2. MATERIALS AND METHODS 

The A-chain of ricin (ricin D [lo]) was prepared 
as described in [ll]. [14C]PG0 hydrate 
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(32600 dpm/pmol) was prepared from 
[ 1-r4C]acetophenone [ 121 which had been prepared 
from benzene and [l-14C]acetic anhydride (Amer- 
sham) [13]. 

Modification of A-chain with PGO (Aldrich) 
was performed at 25°C in the dark at a protein 
concentration of 1 mg/ml and a reagent concen- 
tration of 10 mM (310-fold molar excess) in 
0.125 M NaHC03, pH 8.3. Aliquots were 
withdrawn at intervals and immediately diluted in- 
to ice-cold 20 mM Tris-HCl buffer, pH 7.5, and 
subsequently dialyzed against the same buffer at 
5°C. Modified arginine residues were determined 
by amino acid analysis after HCl hydrolysis. 

Modification with CHD (Nakarai Chemicals) 
was carried out essentially according to [ 141. A- 
chain (1 mg/ml) was incubated with 0.1 M CHD 
at 37°C for 2 h in 0.2 M sodium borate buffer, pH 
8.3. After dialysis against 5 mM Tris-HCl buffer, 
pH 7.5, in the cold, the sample was divided into 
two portions. One portion was incubated at pH 7.5 
with 0.2 M hydroxylamine at 37°C for 12 h under 
NZ to regenerate arginine residues, then dialyzed 
again. Modified arginine residues were determined 
by amino acid analysis. 

Peptic digestion of [14C]PGO-modified A-chain 
was carried out with a 1: 100 (w/w) amount of pep- 
sin (Sigma) at pH 2.1 at 25°C for 16 h. The 
radioactive peptides were separated by reverse- 
phase HPLC (Jasco Fine SIL Cs column) with a 
linear gradient of acetonitrile in 5 mM phosphate 
buffer at pH 6.0 and further purified by 
rechromatography with a propanol or acetonitrile 
gradient in aqueous 0.1% trifluoroacetic acid. The 
eluate was monitored at 250 nm because the PGO 
derivative of arginine has a maximum absorption 
at this wavelength [15]. Radioactivity was 
measured with a liquid scintillation counter (Aloka 
LSC-602). Amino acid compositions were ana- 
lyzed as in [6]. N-terminal sequences of peptides 
were determined by the 4-N,N-dimethylamino- 
azobenzene-4’- isothiocyanate / phenylisothiocya- 
nate double-coupling method [ 161. 

The cell-free system of protein synthesis, con- 
sisting of unfractionated lysate from rabbit 
reticulocyte, was prepared as in [7,9]. The in- 
hibitory activity of the A-chain on protein syn- 
thesis was determined based on the amount re- 
quired to give 50% inhibition. 
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3. RESULTS AND DISCUSSION 

When A-chain was incubated with a 310-fold 
molar excess of PGO at pH 8.3 and 25”C, the in- 
hibitory activity on cell-free protein synthesis was 
lost very rapidly (fig.1). The time necessary for 
90% inactivation under these conditions was about 
4 min. Amino acid analyses of samples of 
modified A-chain showed that in the course of 
PGO modification, the content of arginine 
residues decreased (fig. 1) without significant 
change in the composition of other amino acids. 
This result indicates that the loss of A-chain activi- 
ty is due to the modification of arginine residues. 

A molecule of A-chain contains 20 arginine 
residues [6]. The semilogarithmic plot for loss of 
arginine in A-chain gave an almost linear curve up 
to 180 min, when 75% of total arginine residues 
were modified (fig. 1). This observation indicates 
that there are several classes of arginine residues 
which react with PGO at different rates. The fact 
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Fig.1. Loss of arginine residues (0) and loss of 
inhibitory activity on protein synthesis (0) in ricin A- 
chain by modification with PGO. Ricin A-chain was 
modified with PGO, and the arginine content and 
activity were determined as described in section 2. Inset: 
loss of activity as a function of the number of modified 

arginine residues per molecule of A-chain. 
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that the loss of A-chain activity is much faster than 
that of the total arginine residues demonstrates 
that the inactivation of A-chain results from the 
modification of definite arginine residue(s) which 
react with PGO faster than other arginine residues. 
As shown in the inset to fig.1, more than 90% of 
the A-chain activity was lost with modification of 
about three arginines per A-chain. Similar loss of 
activity as a function of modified arginines was 
observed when A-chain was modified with decreas- 
ing amounts of PGO (1560-fold molar excess) for 
60 min at the same pH and temperature. 

To confirm the inactivation of the A-chain by 
the specific modification of arginine residue(s), A- 
chain was modified with a different cu-dicarbonyl 
reagent, CHD. In this case, arginine can be readily 
regenerated from the modified residues by treat- 
ment with hydroxylamine [14]. As shown in table 
1, modification with CHD also caused inactivation 
of the A-chain. Subsequent treatment with hydrox- 
ylamine resulted in the complete recovery of activi- 
ty although some of the modified arginines still re- 
mained (table 1). The reactivation observed in- 
dicates that the loss of activity caused by treatment 
with CHD is due to the specific modification of 
arginine residue(s) and not to irreversible effects 
on the A-chain. 

An attempt was made to identify the modified 
arginine residues by analyzing the peptides 
generated by proteolytic digestion of a sample of 
A-chain in which about two arginines had been 
modified with [14C]PG0. Because the PGO 
derivative of arginine is particularly stable under 
acidic conditions [12], digestion by pepsin at pH 
2.1 was chosen. The resulting peptic peptides were 
separated by reverse-phase HPLC using a linear 
gradient of acetonitrile at pH 6.0 followed by 
2-propanol (fig.2). More than 60% of the injected 
radioactivity was present in the last three fractions 
(F-l, F-2, F-3). The longer retention times of the 
radioactive fractions may be due to increased 
hydrophobicity of PGO-modified peptides. Frac- 
tion F-3, which was eluted with 2-propanol, con- 
tained most of the radioactivity. Four radioactive 
peptides were isolated from this fraction by 
rechromatography with a linear gradient of 
2-propranol in 0.1% trifluoroacetic acid. N- 
terminal sequencing of these peptides gave Ile-Arg- 
Ala- for each peptide. This amino acid sequence 
corresponds unambiguously to residues 25-27 of 
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Fig.2. Separation of peptic peptides of [‘4C]PGO- 
modified A-chain by reverse-phase HPLC. A peptic 
digest of [r4C]PGO-modified A-chain was 
chromatographed on a Jasco Fine SIL Cs column (4.6 x 
250 mm) using a linear gradient of acetonitrile in 5 mM 
potassium phosphate buffer, pH 6.0. The histogram 
shows the radioactivity determined for each fraction. 

the A-chain. Amino acid analysis revealed that all 
of these peptides contained six arginine residues, 
apparently corresponding to positions 26, 29, 3 1, 
39, 48 and 56 in the N-terminal region of the A- 
chain. Fractions F-l and F-2 were eluted as 
broadened peaks and were not well separated from 
each other. They were, therefore, mixed and sub- 
jected to rechromatography with a linear gradient 
of acetonitrile in 0.1% trifluoroacetic acid. This 
HPLC run provided one major radioactive frac- 
tion. N-terminal sequencing of this fraction gave a 
main sequence of Ile-Phe-Pro-, which corresponds 
to the N-terminal sequence of intact A-chain. 
These results of peptide analysis demonstrate that 
some of the six arginine residues in the N-terminal 
region of A-chain react with PGO faster than other 
arginine residues. 

The A-chain has long been known to inactivate 
catalytically the eucaryotic 60 S ribosomal subunit 
with no added cofactors [3]. However, the precise 
substrate and molecular mechanism for the inac- 
tivation of the 60 S subunit have not yet been 
elucidated in spite of several efforts. The present 
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