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Ricin A.chain, an N-glycosidase that attacks 28S rRNA at a highly conserved adenine residue, has a unique tryptophan (Trp-211) in the putative 
active site cleft, Fluorescence spectroscopy revealed that specific binding oi" adenine to the A.chain caused a large enhancement of Trp-211 
fluorescence (70%) arid a concomitant red shift of the emission spectrum (8 am). A Scatehard plot of the fluorescence enhancement data ~,vas not 
linear, indicating that the environment ofTrp-211 was altered by heterogeneous binding of adenines, These results, taken tol~ether with the protective 

effect of adenine on the ribosome-inactivation by riein A-chain, suggest that at least two adenines bind to the active site cleft, 

Riein A-chain; Adenine-protein interaction; Active site; Tryptophan fluorescence; Ribosome inactivation 

1. INTRODUCTION 

Ricin, a toxic protein from castor bean (Ricinus com- 
munis) seeds, consists of an A-chain (267 amino acid 
residues) linked by a disulfide bond to a B-chain (262 
residues) [1 ]. The B-chain binds to galactose-containing 
receptors on the cell surface. The A-chain (RTA), after 
entering the cytosol, inactivates ribosomes by hydrolyz- 
ing the N-glycosidic bond of a single adenine residue in 
a highly conserved loop of  the 28S rRNA (A4324 in rat 
liver 28S rRNA) [2,3]. This loop appears to be involved 
in the inter'action of elongation factors [4]. 

X-Ray crystallography has resolved the three-dimen- 
sional structure of ricin that contains a putative active- 
site cleft in RTA [5,6]. Comparison of amino acid se- 
quences of eleven ribosome-inactivating proteins has 
shown that this cleft contains several perfectly con- 
served amino acids [71. Mutational analyses have sug- 
gested a role for RTA cleft amino acids in enzymic 
action [8-11]. The unique tryptophan at position 211 is 
one of such amino acid in the cleft: the substitution of 
phenylalanine for Trp-211 resulted in a nine-fold de- 
crease in activity, suggesting an additive contribution to 
the RNA-binding [1(3]. 

Since adenine is a product of the N-glycosidase action 
of RTA, it is e~pected that adenine interacts with the 
active site. Binding of adenine to RTA, however, has 
not been detected by equilibrium dialysis [12]. Here, we 
report that adenine-binding induces a large enhance- 
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ment of Trp-211 fluorescence, allowing us to character- 
ize the adenine-RTA interaction. At least two adenines 
appear to bind to the active site cleft. 

2. MATERIALS AND METHODS 

Ricin was purified from seeds of Riciaua communis according to [13]. 
RTA was isolated from the reduced ricin as d~,cribed in [14], Rat liver 
80S ribosomes were prepared as in [15]. Bases were purchased from 
Sigma Chemical Co. and N-acetyl-t.-tryptophan ethyl ¢~ter (Ac-Trp- 
Et) was from Aldrich Chemical Co. 

Poly(U).direeted polyphenylalanine synthesis by rat liver 80S ribo- 
somes was assayed as described in [16], 

Fluorescence measurements were made with a Hitachi 850 spe.c- 
trofluorometer equipped with a data processor, at 25°C. using 5-am 
e~citation and emission band passes.'. An excitation wavelength of 295 
nm was chosen to obtain the tryptophan fluorescence. The emission 
spectra of RTA were recorded after subtraction of a background 
spectrum, to remove the small Raman band of buffer. In the presen~ 
of higher concentrations of adenine, the fluorescence intensity was 
corrected for the inner filter effect due to excitation light absorbanc¢ 
by adenine. To assess the inner filter effect, increasing concentrations 
of L-tryptophan (up to A:~ of 0,2) were excited at 2S0 am and the 
observed fluorescence intensity was plotted against the absorbanee at 
280 nm, 

The data of change in RTA fluorescence induced by adenine were 
plotted according to the method of Seatchard [I 7]. using the following 
equation: 

where dF~.~ and AF~,~ are the difference in fluorescence intensity at 
337 nm between the free RTA and the complex, at a given adenin~ 
concentration and at saturation, respectively, F ~  is the fluorescence 
intensity of free RTA at 329 nm. [A,] is the total adenine concentration 
and K. is the association constant. 

3. RESULTS 

Fig. 1 shows the fluorescence spectra of RTA excited 
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Fig. 1. Fluorescence emission spectra of RTA and Ac-Trp-Et in the 
absence and presence of adenine, (--) 3.2pM RTA only; ( ..... ) 3.2pM 
RTA with 12.5 mM adenine; f----) 3.0,uM Ac-TrD.Et only; ( ..... ) 3.0 
.uM Ac-Trp.Et with 12.5 mM adenine. The samples in 20 raM potas- 
sium phosphate buffer (pH 7.0)/0. I M KCI/0.1 mM dithiothreitol were 
excited at 295 rim, at 25°C. The spectra with adenine ~,ere corrected 

for inner filter effect, 

at 295 nm in the presence and absence of adenine, in 
comparison with the spectra of the fully solvated model 
fluorophore N-acetyl-t.-tryptophan ethyl ester. The 
spectrum of  RTA in the absence of adenine had a max- 
imum at 329 nm0 indicating the nonpolar environment 
of tryptophan-211, Addition of adenine caused a 
marked increase in the intensity of the total emission 
and a concomitant red shift in the spectrum. Both the 
fluorescence intensity and the shift in the position of 
maximum emission increased with increasing adenine 
concentrations (inset in Fig. 2). The limiting values of 
the fluorescence enhancement and the red shift were 
70% and 8 rim, respectively. In contrast, such a change 
in fluorescence spectrum was not observed when the 
same concentrations of  adenine were added to Ac-Trp- 
Et (Fig. 1). Furthermore, neither uracil nor cytosine 
caused a significant change in the fluorescence spectrum 
of  RTA; ~ a n i n e  was not able to be tested because of 
its low solubility in the neutral buffer. These result~ led 
us to conclude that the changes in the fluorescence spec- 
trum induced by adenine reflect the specific binding of 
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Fig. 2 Scatchard plots for binding of adenine to RTA. Measurements 
of RTA fluorescence were made in tile presence of  various concentra. 
tions of adenine under the same conditions as in Fig. 1. The inset 
shows the enhancement of fluorescence intensity as a function of 

adenine concentration. 

adenine to RTA and are not due to the perturbing effect 
of  the solvent on tryptophan. 

From the double-reciprocal plot of,dF337 v e r s u s  ade- 
nine concentration (not shown), the association con- 
stant for adenine-RTA binding was estimated to be 1.0 
x l0 ~ M'L As shown in Fig. 2, however, the nonlinear 

g~ 
E 
8 .=.. 

'7= 8 50 

.F 
0 

f Aden 1 n I 

B 

0.1 1 10 
A-chaln ( ng/n{1 l 

Fig. 3. Effect of adenine on inactivation of ribosomes by RTA. Rat 
liver 805 ribosomes (3.4 pmol) were incubated with various concentra- 
tions of RTA in the absence (O) or presence (e) of 10 mM adenine at 
37°C for 10 rain in 20/Jl of 20 mM Tris-HCI buffer (pH 7,5)/5 mM 
magnesium acetate/10B mM NH~CI/I lnM ditlaiothreitol. The ribo- 
somes (1,7 pmol in 10pl) were then assayed for their ability to synthe. 
~i~.¢ polyphenylalanin¢ as in [16]. Control value of [~H]phenylalanine 

incorporated, obtained with untreated ribosomes, was 6024 cpm, 
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Scatchard plot of the fluorescence enhancement data 
demonstrates that the fluorescence of Trp-21! is influ- 
enced by heterogeneous binding of adenines. This sug- 
gest that at least two binding sites are located in close 
proximity to each other and that binding of adenine to 
each site probably influences the binding to the other 
site. Therefore, further calculation for an association 
constant by assuming two independent binding sites [18] 
was not made. 

The ability of RTA to inactivate ribosome was signif- 
icantly reduced by addition of adenine. In the presence 
of 9 mM adenine, about 4-times the concentration of" 
RTA was required to give 50% inhibition of  polyphen- 
~,lalanine synthesis (Fig. 3). The same concentration of 
cytosine or uracil did not show any effect on the ribo- 
some-inactivation. Adenine is a product of  N-glycosi- 
dase reaction by RTA. The protective effect of adenine 
demonstrates the specific binding of adenine to the ac- 
tive site of RTA. 

4. DISCUSSION 

The specific binding of adenine to RTA resulted in a 
large enhancement of  Trp-211 fluorescence (70%) and 
a concomitant red shift in the emission spectrum (8 rim). 
This is the first direct observation of adenine-gTA in- 
teraction in the state of solution. A combination of the 
curvature in the Scatchard plots of the fluorescence en- 
hancement data and the protective effect of  adenine on 
the ribosome-inactivation suggests that at least two ad- 
enine-binding sites exist at the active site of  RTA. This 
is consistent with the X-ray crystallographic study of 
ricin: Katzin et al. [6] tentatively stated that diffusion of 
adenine into ricin crystals gave a positive peak of differ- 
ence electron density at the putative active site cleft, and 
that the difference density peak was quite large, being 
able !:o accommodate at [cast two adenines. The cleft 
contains several perfectly conserved amino acids includ- 
ing Trp-211 [7]. The present results further support the 
idea that this cleft containing Trp-211 is, in fact, the 
active site. 

Stacking interaction of  tryptophan with nucleic acid 
bases has been well established by investigators using 
oligopeptides containing tryptophan [19,20]. Since the 
stacking interaction has been shown to lead to a 
quenching of tryptophan fluorescence, the present re- 
sult of fluorescence enhancement suggests that stacking 
of Trp-211 with adenine does not take place. 

The adenine-induced change in the fluorescence 
probably reflects a conformational change in the active 
site cleft that alters the environment of  Trp-211. The 
emission maximum at 329 nm, observed without ade- 
nine, indicates the nonpolar environment ofTrp-21 l, in 
agreement with the previous reports of fluorescence 
measurement [21] and X-ray crystallography [6]. The 

red shift in the emission spectrum upon adenine-binding 
suggests that the environment of the tryptophan is made 
somewhat polar. The enhanced fluorescence can be ac- 
counted for by adenine-induced alleviation of quench- 
ing due to an increase in the distan~ I:~twggn the indole 
ring of Trp-211 and a possible quenching residue. 

It is interesting to consider that the specific recogni- 
tion of the target RNA structure by RTA might involve 
two adenine-binding sites in the active cleft. This ap- 
pears consistent with the proposal that the sequence 
GAGA in a loop with a stem is crucial for recognition 
by RTA [22]. 
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