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The interaction of Cibacron blue F3GA with ribosome inactivating proteins, ricin, ricin A-chain and momordin
has been investigated using difference absorptionspectroscopy.Ricin was found to bind the dye with a 20and 2-fold lower affinity than ricin A-chain and momordin, respectively. A time dependentincrease in the
amplitude of Cibacron blue difference spectrum in the presence of ricin was observed on addition of
f3-mercaptoethanol.Analysis of the kinetic profile of this increase showed a biphasic phenomenon and
the observed rates were found to be independent of the concentration of f3-mercaptoethanol.Kinetics of
reduction of the intersubunit disulphide bond in ricin by f3-mercaptoethanol
showed that reduction per se is
a second order reaction. Therefore, the observed changes in the difference spectra of Cibacron blue
probably indicate a slow change in the conformation of ricin, triggered by reduction of the intersubunit
disulphide bond.

Introduction

intersubunit disulphide bond in type II RIPs and subsequentseparationof the subunits is essential for maniRibosome inactivating proteins (RIPs) from plants are festation of the A-chain activity (Olsnes et al 1976).
potent inhibitors of protein synthesis in eukaryotic sys- However, the site and mechanism of reduction in vivo
tems. They have been classified into two groups using are hitherto unknown. Type I RIPs also possess the
subunit composition as the criterion (Barbieri et al 1993). same RNA N-glycosidaseactivity as the A-chain of type
Type I RIPs are single chain proteins of -30 kDa, e.g., II RIPs (Endo et al 1988).
Cibacron blue F3GA, a negatively charged aromatic
momordin, whereas type II RIPs are heterodirnericproteins of -62 kDa, e.g., ricin. Type II RIPs consist of a dye, belongs to the family of anthraquinonedyes. The
-32 kDa B-chain, which is a galactose specific lectin, dye immobilized on Sepharosehas found wide application
and a -30 kDa A-chain, which is a RNA N-glycosidase. in large scale purification of RIPs, including gelonin
The two subunits are linked by a disulphide bond (Olsnes (Srinivasan et al 1985), recombinant ricin A-chain
and Phil 1982). Type II RIPs bind to cell surface (Alderton et al1994), for the purification of immunotoxins
receptors through the B-chain and are internalized by preparedusing RIPs (Knowles and Thorpe 1987; Cumber
receptor mediated endocytosis (Van Deurs et al 1985). et al 1990) and also for other proteins of medicinal
To manifest their toxic action these proteins have to value (Lowe et al 1992). Investigations on interaction
translocate to the cytosol, where the A-chain inactivates of Cibacron blue F3GA with RIPs have been shown
ribosomes by catalytically removing an adenine residue that the dye binds only to the free A-chain of a type
(4324 in rat liver) from the 28S ribosomal RNA (Endo II RIP, ricin and not to the intact toxin and also to a
and Tsurugi 1987). This leads to the inhibition of protein type I RIP, gelonin (Appukuttan and Bachhawat 1979;
synthesis, and ultimately cell death. Reduction of the Sperti et al 1986; Watanabeand Funatsu1987). Binding
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of Procion blue MX-R, another triazine dye, to ricin
A-chain has also been demonstrated. While attempting
to use this dye as a probe to monitor reduction of the
intersubunit disulphide bond .in ricin, difference spectroscopic studies revealed that the dye binds not only the

free A-chain but also the intact ricin molecule. Interestingly, addition of f3-mercaptoethanol (f3-ME) to a preformed complex of ricin-Cibacron blue, was found to
cause a time dependent increase in the amplitude of
ricin induced difference spectrum of Cibacron blue. A
detailed investigation on the kinetics of this change has
been reported here along with a quantitative analysis of
binding of Cibacron blue to RIPs, ricin, ricin A-chain
and momordin. To see, if there is, any correlation between
reduction of the intersubunit disulphide bond in ricin
and f3-ME mediated time dependent changes in the ricin
induced difference spectra of Cibacron blue, kinetics of
reduction of the intersubunit disulphide bond by f3-ME
has been measured. Results indicate that reduction of
the intersubunit disulphide bond in ricin triggers a conformational change in its A-chain. Further, in contrast
to an earlier report, binding of the dye was found
not to affect the protein synthesis inhibitory activity of
either ricin A-chain or momordin (Watanabe and Funatsu

1987).
Materials and methods
Seedsof Ricinus communis(castor bean)and Momordica
charantia (bitter gourd) were purchased from National
Seed Corporation, Hebbal, Bangalore. Cibacron blue
F3GA was from Aldrich Chemical Company, USA.
Creatine phosphate and creatine kinase were from
Boehringer Mannheim, Germany. Hemin, amino acids
and magnesiumacetatewere from Sigma ChemicalCompany, MO, USA. {3-Mercaptoethanolwas from Spectrochern Pvt. Ltd., Mumbai. L-[14C]leucine was from the
Bhabha Atomic Research Centre, Mumbai. All other
reagents were of analytical grade and purchasedlocally.

G-IOO column was further purified using CM-Sepharose
ion exchangematrix to obtain electrophoreticallyhomogenous momordin.
2.2 Difference spectroscopy
All difference spectral studies were carried out using
Shimadzu Spectrophotometer UV-190, in a 1 cm path
length cuvette, at 25°C. The reference cuvette had
20 rnM sodium phosphate buffer, pH 7.5, and the
sample cuvette contained the protein solution in the same
buffer. Aliquots from a stock solution of Cibacron
blue F3GA in the phosphate buffer were added to obtain
the concentrations indicated in the figures. Difference
spectra were recorded from 500-800 nm. The following
equation was used for calculation of the dissociation
constant (Kd) and stoichiometry (n) of the complexes
(Stockell 1959):
dip I =K/p-p\+n.

(1)

Where d is the molar concentration of the total dye,
P is the initial protein concentration and PI is the molar
concentration of bound protein. PI was calculated from
fraction saturation at each point as -P x ilA/ ilATmax'
where ilAT is the total amplitude at a given point
(ilA6KU-ilAsRJ and ilATmax is the total amplitude at
saturation.
Time dependent changes in the amplitude at 580 and
680 nm were recorded in the time scan mode. To a
mixture of ricin and dye, p-ME was added, mixed and
the scan was started within 10-15 s. The rate constants

for this process were calculated from a plot of rate of
change versus time.

2.3 Protein synthesis inhibition assay

Inhibition of protein synthesis by ricin A-chain was
measuredin an in vitro systemusing rabbit reticulocyte
lysate. Lysate was prepared as described (Sambrook et
Proteins
al 1989),and stored in liquid nitrogen. The total reaction
volume was 25 ~l and the mixture contained 17.5 ~l
Ricin was purified from the seedsof R. communisusing lysate, 40 ~M hemin, 0.1 M magnesium acetate,0.5 M
lactamyl-Sepharose affinity chromatography and gel potassium chloride, 40 ~M amino acids (minus leucine),
filtration as described previously (Hegde and Fodder 0.25 units creatine phosphokinase,10mM creatine phos1992). The two subunits of ricin w~re separatedand phateand 40 ~M L-r4C]leucine (300 mCi/mmol). Proteins
purified as describedelsewhere(Olsnes 1978; Emmanuel were diluted and added at concentrations indicated in
et al 1987). Momordin was prepared as described by the figures. The reaction mixtures were incubated at
Barbieri et al (1987), with slight modifications in the 30°C for 10 min. Aliquots of 10 ~l were withdrawn
protocol. Briefly, fat was removed from seedsby petro- from each vial and addedto 240 ~l of 1 N HCl containing
leum ether extraction., Defatted powder was extracted 2% H2O2. After incubation at 37°C for 10 min, total
using PBS. This crude extract was subjected to 0-60% protein in the solution was precipitated by adding 1 ml
ammonium sulphate precipitation. The precipitate was of 25% trichloroacetic acid (TCA) containing 2%
dialyzed against PBS and passed through a Sephadex casaminoacids and kept on ice for 30 min. The precipitate
G-100 column (105 x 2 cm). The 29 kDa peak from the was collected on Whatman GF/C filter discs using a
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Millipore 12 filter apparatus and washed four times with
3 ml of cold 5% TCA followed by two washes with
3 ml of cold acetone. Filters were air dried and radioactivity counted in scintillation fluid (0.5% 2,5-diphenyl
oxazole in a 1 : 1 solution of toluene and 2-methoxyethanol). The protein synthesis inhibitory activity of the
proteins is expressed as per cent of L-['4C]leucine
incorporated in the reaction mixture in the presence of
the toxin with respect to the control in which no toxin
was added.
To check the effect of Cibacron blue on the activity
of ricin A-chain and momordin, the proteins at 10 ~M
were incubated with 20 ~M Cibacron blue for 30 min at
25°C prior to dilution and addition to the reaction
mixture.

2.4 Reduction of the intersubunit disulphide bond
In

riCin

Kinetics of reduction of the intersubunitdisulphide bond
in ricin by {J-ME was measuredessentially as described
0.02
before (Hegde et at 1993). Briefly, ricin was incubated
(b)
with {J-ME at concentrations indicated in the figures at
25°C. Aliquots of the reaction mixture were removed
and the reaction stopped by adding 50-fold excess of
0.01
iodoacetamide with respect to the {J-ME concentration.
The aliquots were subject to sodium dodecyl sulphatepolyacrylamide gel electrophoresis(SDS-PAGE) in a 9%
gel and the proteins visualized by staining with silver
0
nitrate (Blum et at 1987). For determination of extent
of reduction of the in.tersubunitdisulphide bond in ricin,
the gels were subject to densitometric scanning on a
-0.01
LKB UltroscanXL. The per cent of intact toxin remaining
at each time point was calculated with respect to the
peak area at zero time, which was taken as 100%. The
rate was reduction under different condition were then
obtained from a semi log plot of per cent intact toxin
500
550
600
650
700
750
800
versus time. The second order rate constantwas obtained
from the slope of the plot of the observed rate of
Wavelength (nm)
reduction as a function of {J-mercaptoethanolconcenFigure 1. Difference spectrum of Cibacron blue F3GA in the
tration.

~

3.
3.

Binding

Results and discussion
of Cibacron blue F3GA to RIPs

The binding of Cibacron blue to only the free A-chain
of ricin and a type I RIP, gelonin, has been reported
so far (Appukuttan and Bachhawat 1979; Watanabe and
Funatsu 1987; Sperti et at 1986). However, in contrast
to these observations intact ricin was also found to bind
this dye. Shown in figure I are tQe difference spectya
of Cibacro.n blue in the presence of ricin (figure la)
and its two subunits (figure I b) at a constant dye to
protein ratio. Affinity labelling studies using another

presence of RIPs. (a) The sample cuvette contained 10 ~M
ricin (D) and 10 ~M ricin (.) incubated with 384 mM of
fJ-ME for 3 h at 25°C. Both sample and the referencecuvettes
contained 23 ~M dye. (b) The sample cuvettecontained 10 ~M
ricin B-chain (x), 10 ~M ricin A-chain (0) and 10 ~M momordin
(Ll). Both sa~le and the reference cuvettes contained 23 ~M
dye in case of ricin A- and B-chains and 19.5~M dye in case
of momordin. In all cases the buffer was 20 mM sodium
phosphate,pH 7.5 and also contained 10 mM fJ-ME in case of
ricin A-chain.

triazine dye, Procion blue MX-R, have shown that this
dye modifies recqmbinant ricin A-chain at two sites.
However, on tryptic digestion and amino acid sequence
analysis only one region corresponding to gln5-arg26
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was found to be modified. According to the crystal
structure described by Katzin et at (1991) this region
lies in domain I of ricin A-chain and does not form a
part of either the active site cleft or the intersubunit
interface. Hence, it is surprising that the binding of ricin
to Cibacron blue was not detected by others. Ricin
B-chain does not induce a significant difference
spectrum, whereas the amplitude of ricin induced
spectrum is less than that induced by ricin A-chain
(figure 1).
Characteristics of difference spectra in the presence of
all proteins, that is the presence of a minima in the
580 nm region and a maxima in the 680 nm region
indicates the involvement of electrostatic interactions in
dye binding (Subramanian 1982). The positions of maxima
and minima in each case differ considerably (table I).
The plot of total amplitude (L\A68U
-L\A58J as a function
of dye concentration for all three proteins is hyperbolic,
indicating the formation of a saturable dye-protein complex (figure 2). However, the concentration of dye required to reach saturation in case of ricin is twice of
that required for ricin A-chain and momordin. Binding
parameters, nand Kd, were calculated from the intercept
on Y-axis and the slope, respectively, of the plot of
dlPI versus lip -PI (see the insets to figure 2). All three
proteins bind one mol of dye per mol of protein, but
the Kd values of the complexes vary (table 1). Ricin
binds to Cibacron blue with approximately 20- and 2-fold
lower affinity than ricin A-chain and momordin, respectively. The Kd value obtained for momordin is similar
to that reported for Gelonin, also a type I RIP (Sperti
et at 1986). Momordin has about 34% sequence similarity
with ricin A-chain. According to the crystal structures
available for ricin (Katzin et at 1991), ricin A-chain
(Mlsna et at 1993; Weston et at 1994) and momordin
(Hussain et at 1994), the A-chain and momordin have
the same overall fold. However, differences in the
secondary structure exist, particularly at the N-terminus.

Domain I in momordin has two additional antiparallel
p-strands and the region aspl-lysl9 (which corresponds
to the identified triazine dye binding site in ricin A-chain)
lies here. The oligosaccharidechains in ricin A-chain at
asnI 0 is also present in this region whereas momordin
is glycosylatedat asn227.Therefore, it appearsthat either
Cibacron blue binds to momordin at a different site or
its mode of interaction is different from that with ricin
A-chain.

3.2 Effect of binding of Cibacron blue on inhibition
of protein synthesis,by RIPs
Commercial preparations of Cibacron blue contain several

molecular species and some of them bind irreversibly
to proteins, thus affecting their activity (Federici and
Stadtman 1985). Watanabe and Funatsu (1987) had
reported that the ICso value of ricin A-chain was about
5 times higher in the presence of Cibacron blue. Since
the concentration range of protein used for ribosome
inactivation was much lower than the KJ value it is
unlikely that binding of Cibacron blue should affect the
activity of the A-chain, unless the dye covalently modifies
the protein. To check the latter possibility, ricin A-chain
and momordin were incubated with saturating concentration of Cibacron blue, at 25°C for 30 min, prior to
dilution for activity assay. The protein synthesis inhibitory
activity was then measured in an in vitro system using
rabbit reticulocyte lysate. The ICso values (concentration
of protein required to inhibit translation, as measured
by L-['4C]leucine incorporation, to 50% of the control
value) were 2x 10-loM and 3 x 10-loM for ricin A-chain
(figure 3a) and momordin (figure 3b), respectively. This
preincubation did not significantly alter the protein synthesis inhibitory activity of either the A-chain or
momordin suggesting that the dye does not covalently
modify either ricin A-chain or momordin.

Table 1. Difference spectral characteristicsand the binding parametersfor interaction of Cibacron blue with RIPs.

Protein
Ricin A-chain
Ricin A-chain
rRicin A-chain
Gelonin

Ricin
Ricin*
Ricin A-chain

Momordin

Position of
minima (nm)

Position of
maxima (nm)

580
585,628

680
688

Kd

(11M)

NO

NO

].4

NR

NR

NR

590

690

].01

0.72
5.6
2.25

575
590
595
580

690
700
710
688

}.07

4.7

'r' as a prefix to the protein indicates a recombinantprotein.
* Protein reduced by incubation with 384 mM fJ-ME for 3 h at 25°C.
NO. Not determined: NR. not reported.

ND

ND

0.94

0.27
1.65

0.92

-

Ref.

Appukuttan and Bachhawat 1979
Watanabe and Funatsu 1987
Alderton et at 1995
Sperti et at 1986

This study
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Figure 3. Protein synthesis inhibition assay for ricin A-chain
(a) and momordin (b). The proteins were preincubated at a
concentrationof 10~, in the presence(0. 0) of 20 ~M and
absence(.. .) of 20 ~M Cibacron blue for 30 min at 25°C.
Incorporation of L-[14C]leucinevaried from 25,000 to 40,000
cpm per 10~1 of the reaction mixture in control. Incorporation
in the presence of the proteins as percentageof the control
value is plotted as a function of protein concentration.

Figure 2. Difference spectral titration of RIPs with Cibacron
blue F3GA. The total amplitude ~AT( ~A6K()-~A5*)
is plotted
against concentration of the dye: (a) ricin, (b) ricin A-chain
and (c) momordin. The initial protein concentration was 10 11M
in all three cases. The buffer was 20 mM sodium phosphate,
pH 7.5 and also contained 10 mM fJ-ME in case of ricin
A-chain. Inset: A plot of diP! versus lip -PI' according to
equation (I).

3.3 Effect of p-mercaptoethanolon ricin induced
difference spectra
Interestingly, addition of p-ME, a reducing agent, to a
preformed complex of ricin and Cibacron blue was found
to cause a time dependentincrease in the amplitude of
the difference spectrum. Figure 4 shows the time
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0

-0.005

-0.01
0

Table 2. Observed rate constantsfor fJ-ME mediated time
dependentchanges in the ricin (12 JJ.M)induced difference
spectra of Cibacron blue (28 ~).
Wavelength
(nm)

384

580

96
192

It)

'J.02

(rnM)

680

«>

~-0.015

f3-ME

384

~

kl
(5-1 X 104)

(8-1 X 104)

25.6
85.0

2.47
1.7
2.6
3.3

in amplitude were found to be independentof the concentrationof p-ME (table 2). The rate constant for the
fast phase of change in amplitude at 680 nm is 10 times
-0.025
that of the secondphase and that monitored at 580 nm.
0
50
100
150
200
The two subunits of ricin are linked by a disulphide
bond betweencys259 of the A-chain and cys4 of the
Time (min)
B-chain. To see if the p-ME induced changes in the
ricin induced spectrumcould be correlatedto the reduction
of the intersubunitdisulphide bond, kinetics of reduction
0.01
p-ME were measured.Time dependentreduction of the
intersubunit disulphide bond by p-ME and subsequent
0.009
separationof the subunits by SDS-PAGE is shown in
figure 5. The observed rate constants for the reduction
0.008
reactionwere found to be dependenton the concentration
of p-ME (figure 6a) and ricin (figure 6b). The second
~ 0.007
order rate constantwas calculated from the slope of the
plot of the observed rate constant for reduction as a
function of the p-ME concentration and was found to
0.006
be 1..5x 10-3M-' S-I (inset to figure 6a).
Shown in figure 1a is the difference spectruminduced
0.005
by ricin which has been incubated with p-ME for 3 h,
after which no further increase in the amplitude was
0.004
observed.Severaldifferencesare seenin the ricin induced
0
50
100
150
200
spectrumbefore and after incubation with p-ME. These
Time (min)
include (i) a larger total amplitude (~A68()-~A58J after
incubation with p-ME, (ii) a shift in the position of the
Figure 4. Time dependentchanges in the difference spectra maxima from 690 nm for native ricin to 700 nm in the
of Cibacron blue (281JM) in the presenceof ricin (12 J.1M)on
presenceof p-ME, (iii) a shift in the position of minima
addition of fJ-ME (384 mM), monitored at 580 nm (a) and at
from 575 nm in native ricin to 590 nm in the presence
680 nm (b). Inset: A plot of rate of change against time.
of p-ME. The positions of maxima and minima of ricin
induced spectra in the presenceof p-ME are similar to
that of ricin A-chain inducedspectra.The total amplitudes
dependentchange in the difference absorbanceat 580 nm (~A68()-~A58J of thesespectraare also similar. However.
(figure 4a) in the minima region and at 680 nm (figure the difference absorbanceat 680 nm is greater for ricin
4b) in the maxima region of the spectrum. Incubation induced spectrum in the presenceof p-ME than for the
of Cibacron blue, in the absence of ricin, with {J-ME A-chain at same dye to protein ratio. The reverse is
at the concentrations used here, did not induce any observed for difference absorbanceat 580 nm.
change in the spectrum of the dye. A plot of rate of
The observed time dependent changes in the ricin
change versus time shows that increase in amplitude is induced difference spectra on addition of p-ME probably
biphasic when monitored at 580 nm (inset to figure 4a). reflect subtle changesin the conformation of the A-chain
However, this change, when monitored at 680 nm was on reduction of the intersubunitdisulphide bond. Triazine
found to be monophasic(inset to figure 4b). The observed dyes, suchas Cibacronblue are very sensitive to changes
rate constantsfor the{J-ME mediatedtime de~ndent change in their environment and have been used as probes for
0
a>
to
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Figure S. Time dependent reduction of the intersubunit disulphide bond in ricin by fJ-ME. To a solution of 8 ~M ricin
in PHS, 160 mM fJ-ME was added and reaction carried out as
described in § 2. Progress of the reaction monitored using
SDS-PAGE is shown. Different time points at which aliquots
were withdrawn are indicated.

20

30

40

50

60

Time (min)

5.5
(b)

-c

monitoring subtle changes in conformations of proteins
(Subramanian 1982; Federici et at 1985). The biphasic
nature of the kinetic profile probably indicates the presence of different conformational intermediates. Such
wavelength dependent multiphasic changes in the kinetic
profile have also been reported for urea promoted dissociation of glutamine synthetase, monitored using
Cibacron blue mediated difference spectroscopy (Federici
et a./ 1985). The two subunits of ricin associate with
each other even in the absence of the intersubunit disulphide bond and the reported Kd value for this interaction
is 0.58 11M (Lewis and Youle 1986). At the concentrations
of ricin used here, approximately 85% of the subunit
population would still be associated even if complete
reduction of the intersubunit disulphide bond has taken
place. Therefore, it is unlikely that the observed change
is due to subunit dissociation.
The onset of inhibition of protein synthesis by native
ricin in intact cells and in cell free systems (such as
rabbit reticulocyte lysate) is preceded by a dose dependent
lag phase (Olsnes et at 1976; Hegde et at 1993; Lugnier
et at 1977; Esworthy and Neville 1984). Inspite of
various attempts, not much is known about the number
and nature of the rate limiting steps that contribute to
the observed lag phase in intact cells. In rabbit reticulocyte
lysate, the lag was reported to be due to reduction of
the intersubunit disulphide bond (Esworthy and Neville
1984). Ricin when preincubated with fJ-mercaptoethanol
does not exhibit a lag prior to onset of inhibition in
rabbit reticulocyte lysate (our unpublished observation).
The observed rate of reduction of the intersubunit di-

10

5

.~
(.)

t\3

~
-

4.5

.5:

c

Q)

4

Q)
Co
C)

0
-I

".

---J

"
.-'-,

3.5

""""'.

'

3
0

10

20

30

40

50

60

Time (min)
Figure 6. Dependence of rate of reduction of the intersubunit
disulphide bond in ricin on concentration of {J-ME and ricin.
(a) Plot of log per cent of intact toxin as a function of time
at a constant concentmtion of ricin (8 ~M) and different concentrations of {J-ME: 40mM (0, -), 80mM (0, ---),
160
mM (0,
) and 400 mM (d,
). (b) Plot of log per
cent of intact 'k>xin as a function of time at a constant {J-ME
concentration (160 mM) and different concentrations of ricin:
4~M (A, ---),
8~M (8,
) and 16~M (', -). Insets:
Plots of the observed rates of reduction as a function of {J-ME
concentration (a) and ricin (b). The rates of reduction were
calculated from SDS-PAGE profiles as described in § 2.

sulphide in ricin (1-5 x 10-3M-' S-I), however, is much
lower than those reported for reduction of disulphides
in other proteins e.g., reduction of 14-38 disulphide in
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bovine pancreatic trypsin inhibitor by dithiothreitol
(k=30M-1s-l)
and glutathione (k=0.15M-1s-1
(Creighton and Goldenberg 1984),and reductionof 6-120
disulphide in a-lactalbumin by dithiothreitol (760 M-1S-I)
(Kuwajima et al 1990). The proposed change in the
conformation of ricin A-chain subsequentto reduction
has also been found to be slow. In case of diphtheria
toxin, which is also an As-sB type of toxin reduction
of the intersubunit disulphide bond has been identified
as one of the rate limiting steps,in the cytotoxic pathway
(Papini et al 1993). Therefore, it is possible that slow
reduction of the intersubunit disulphide bond or a slow
conformational change subsequentto reduction or both
are rate limiting and contribute to the observedlag phase
in the cytotoxic pathway of protein toxin ricin.
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