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A hybrid protein was synthesized by connecting bovine ribonuclease A (RNase A}, an
enzyme, and B chain of ricin, a toxic lectin from castor bean seeds, with a disulfide bridge. The
preparation purified was revealed to contain one mole of RNase A and one mole of ricin B chain.
The ricin B-RNase A hybrid was tested for cell binding, cellular uptake, and intoxication in four
kinds of cells, rat liver and testis Leydig cells (normal and primarily cultured cells), and HeLa
and BeWo cells (transformed cells).

The ricin B-RNase A hybrid inhibited cellular protein synthesis equally in alt four cells,
while incubation of each cell mentioned above with RNase A or ricin B chain alone neither gave
effect on cellular protein synthesis nor cell viability. This result inferred that the ricin B-RNase
A hybrid first bound to the cell surface, internalized followed by the release of RNase A from the
hybrid, resulting in the destruction of RNAs which play important roles in cellular protein syn-
thesis. The degree of internalization of the ricin B-RNase A hybrid into cells was almost equal
in four types of cells, about 10% of the bound hybrid. However, this value was about 1/3~1/2
that of ricin, a toxic lectin composed of A and B chains. From these results, ricin B-containing
hybrid may be used as a universal tool to deliver a biologically active protein to a large number
of different cells.

INTRODUCTION

In our previous studies we reported on synthetic hybrids composed of human chori-
onic gonadotropin (hCG) and either A or B chain of ricin or horseradish peroxidase
(HRP), which have been employed as hormone analogs in order to clarify the interaction
of the hormone and its target cells (Sakai et al., 1989, 1991; Ohwaki et al., 1994). It was
revealed that hybrids containing hCG and either ricin A or B chain exhibited hCG hor-
monal activity toward rat Leydig cells measured with the increases in cAMP and testos-
terone. Especially, hCG-ricin B hybrid was shown to possess almost equal activity even
though the original hCG molecule was modified with ricin B resulting in a sterically larger
molecule. Hybrids composed of either @ or 8 subunit of hCG and ricin B chain also
stimulated the production of testosterone in Leydig cells though their potencies were as
weak as a two-hundredth of that of hCG. It was speculated from these results that for the
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manifestation of hormonal activity of hCG three kinds of binding between a hormone and
rat Leydig cells would participate as follows: binding of the hCG moiety to its receptor,
binding of the B chain moiety to terminal galactose residues attached to the cell-surface
membrane, and binding of a lectin-like protein(s) in the cell-surface membrane to
oligosaccharides of the B chain moiety.

It was evident from results mentioned above that the ricin B chain possesses such an
unique character as compensating the hormonal activity of hCG-B hybrid in addition that
the B chain in the original ricin molecule plays important role in manifesting ricin cyto-
toxicity towards a large number of eukaryotic cells. In order to clarify the mechanism of
ricin cytotoxicity in detail as well as to explore a possible utilization of the B chain for the
introduction of foreign molecule(s) into the desired cells, a hybrid protein consisting of
ricin B chain cross-linked with bovine pancreatic ribonuclease A (RNase A) was syn-
thesized and its cytotoxicity, binding to cells and internalization into cells have been
determined. Results presented in this paper have shown that a hybrid containing ricin B
chain could bind to various types of cells and exhibited cytotoxicity which implied that B
chain could help internalization of RNase A, a foreign protein to cells. A relevant dis-
cussion relating to the cytotoxic mechanism of ricin is also given.

MATERIALS AND METHODS

Materials.

Ricin D was prepared from Chinese castor beans according to the method of Hara et
al. (Hara et al., 1974) and ricin B chain was obtained as described by Fulton et al.
(Fulton et al., 1986). The extinction coefficients (E.x 20m) used to calculate protein con-
centrations for ricin D and ricin B chain were 14.4 and 14.0, respectively (Hara et al.,
1975). N-Succinimidyl-3—-(2-pyridyldithio)propionate (SPDP) was purchased from
Pharmacia. ECONOFRUOL from Daiichi Kagaku Yakuhin, trypan blue, Weymouth and
D-MEM media from Gibco, respectively. Na[*®]] (0.644MBg/mg) and
[®*S]Methionine/Cysteine (Met/Cys) (1.85MBa/ml) or [“C]Leucine (1.85 MBg/ml) were
from Amersham. Bovine serum albumin (BSA) and bovine pancreatic ribonuclease A
(RNase A) were obtained from Sigma. All other reagents used were of analytical grade
and obtained from the commercial sources.

Preparation of a hybrid protein.

A hybrid protein containing ricin B chain and ribonuclease A (ricin B-RNase A) was
prepared with a slight modification of the method described previously (Sakai et al.,
1989) as follows: RNase A (25.5mg; 1.9umol) in 1 ml of 0.1 M phosphate buffer con-
taining 0.1 M sodium chloride and 1mM EDTA (pH 7.6) was incubated with 1.5-fold
molar equivalent of SPDP for 30min at 25°C. The reaction was stopped by addition of
1.04mol of L-glycine solution and the mixture was put on a Sephadex G-25 column to
isolate modified RNase A. The average number of 3—-(2-pyridyldithio) propionyl (PDP)
groups introduced into RNase A per mole was determined to be 1.2 by measurement of
the absorbance at 343nm due to free pyridine—2-thione generated on reduction of the
product with dithiothreitol. In order to synthesize a hybrid, the derivatized RNase A
(20.3mg: 1.5umol) was mixed with the reduced ricin B chain (9.6 mg: 0.3umol) at a
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molar ratio of 5:1. By incubation for 2h at 25°C, the mixture was gel-filtered through a
Sephadex G-100 column in 0.1 M phosphate buffer containing 0.1 M galactose, pH 7.6 to
remove an unreacted RNase A. Fractions containing the hybrid were pooled, dialyzed
against 5mM phosphate buffer, pH 6.0, and applied to a CM-32 column which had been
equilibrated with the same buffer. After the unreacted B chain was passed through
without adsorption to the column, the hybrid was eluted with a linear gradient of 0-0.16 M
NaCl in the same buffer. The purified hybrid was analyzed by SDS-polyacrylamide gel
electrophoresis.

Other protein derivatives including hCG-A, hCG-B, ricin A—anti BeWo antibody IgG
and liposome—encapusulated ricin D were prepared as described previously (Sakai et al.,
1989, 1991, Ohwaki et al., 1994, and Morino et al., 1995), respectively.

Preparation of **I-labeled ricin D and *I-labeled ricin B-RNase A hybrid.
[**]]-labeled ricin D and ricin B-RNase A hybrid were prepared according to the

method described by Oda et al. (Oda et al., 1979). Specific activities were 1.4 X

10%cpm/ug for [**I]ricin D and 4.3 X 10° cpm/ug for ['**I]ricin B-RNase A hybrid.

Binding of ricin B-RNase A hybrid toward various types of cultured cells.

Binding of the ricin B-RNase A hybrid to various types of cultured cells was esti-
mated by the competitive inhibition of binding of **I-ricin. To HeLa and BeWo cells (each
1.6X10* cells/well), and rat Leydig and liver cells (4.8X10* cells/well) in 96 titer plate,
were added various concentrations of the ricin B-RNase A hybrid, or ricin D and [**]ricin
D (6.0 X10° cpm), and incubated at 4°C for 1 h. HeLa and BeWo cells were washed three
times with 10 mM phosphate buffer (pH 7.4) and cell-associated radioactivity was
determined with 7 —counter (Aloka ARC-300) after cells were detached from the wells
with 0.1 M KOH solution. Leydig and liver cells were collected on GF/C filter, which had
been presoaked in 4% BSA /10mM PBS (pH7.4), washed three times with 1%BSA/10 mM
PBS (pH 7.4), once with absolute ethanol and dried. Cell-associated radioactivity was
determined with an Aloka ARC-300 7 —counter.

Internalization of the ricin B-RNase A hybrid into cells.

Four kinds of cells mentioned above were dispensed into 24 wells (8 X 10° cells/well)
and incubated with either ‘®#I-ricin B-RNase A hybrid or #*I-ricin (each 1X10"M) at
37°C. At the indicated times, cells were washed with a medium containing 0.1 M lactose
and the cells were collected. After cell-bound radioactivity was measured, cells were
sonicated and centrifuged. The supernatant solution was lyophilized and redissolved in
1% SDS/5% glycerol/0.001% bromophenolblue/32mM Tris-Cl buffer (pH 6.8) for
SDS-PAGE analysis and autoradiography.

Assay of Cytotoxicity.

Cytotoxicity toward four kinds of cells (each 1.6 X10° cells/well) was determined as
the inhibition of intracellular protein synthesis. The rate of protein synthesis was deter-
mined by measuring the [®*S]Met/Cys or [“C]Leucine incorporation into trichloroacetic
acid-insoluble cell protein at times indicated. Cells were incubated with either the
hybrids, ricin D or RNase A in a 5% CO; incubator at 37°C for 2h. [*S]Met/Cys or
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[“C]Leucine (0.022 MBq/ul/well) was then added and the cells were incubated for the
additional desired times. After incubation, cells were detached from the wells with 0.25%
trypsin and sonicated. The lysates were spotted on a Whatmann 3 MM filter paper fol-
lowed by washing successively with 10% trichloroacetic acid, dist. water, ethanol and
acetone. The dried filter paper was put in ECONOFRUOL followed by measurement with
a Beckman LS6000TA liquid scintillation counter. Inhibition of cell-free protein synthesis
by ricin B-RNase A hybrid was carried out as described previously (Sakai et al., 1989).

Cytotoxicity was also assessed by measuring viable cells after four kinds of cells (each
5X10° cells/well) were incubated with either the ricin B-RNase A hybrid, ricin D or
RNase A (1 X10"M each) at 37°C for 14h. Viable cells were counted with a -microscope
after the cells were mixed with 0.4% trypan blue and the viability was expressed as %
viable cells against the total cells.

RESULTS

Preparation and Purification of Ricin B-RNase A hybrid.

After a careful examination for the derivatization of RNase A with SPDP to obtain 1:1
hybrid, an introduction of 1.2 moles of PDS per mole of RNase A was achieved under the
condition described in the METHODS section. Reaction of 5-folds molar excess of the
derivatized RNase A with the reduced ricin B followed by the successive chromatogra-
phies through a Sephadex G-100 and CM-cellulose columns yielded mainly a product
which was composed of one mole of ricin B disulfide-bridged to 1 mole of RNase A (Fig.
1). The purified ricin B-RNase A hybrid possessed 100% of hemagglutinating activity
toward rabbit erythrocytes and 62% of RNase A activity toward yeast RNA. The ricin
B-RNase A hybrid (6X107"M and 1X10*M) exhibited the same degree of inhibition of
cell-free protein synthesis in the rabbit reticulocyte system as ricin A chain did (Fig. 2).

MW,
r=@— 94 kDa
lell— 67
Hybrid —»{ = - 43
B-chain —#» — - el — 30

l— 20

RNase A
. - - - 14.4

1 2 3 4

Fig. 1. SDS-polyacrylamide gel electrophoresis of ricin B~RNase A hybrid
The hybrid was analyzed by SDS-polyacrylamide gel electrophoresis
in 13% polyacrylamide gel in the presence and the absence of
2-mercaptoethanol. Proteins were visualized by the silver stain kit.
Lane 1, the ricin B-RNase A hybrid (under non-reducing condition);
lane 2, the ricin B~RNase A hybrid (under reducing condmon) lane 3,
bovine pancreatic RNase A; lane 4, ricin B chain.
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Fig. 2. Inhibition of protein synthesis in a cell-free system by
the hybrid

A cell-free protein synthesis was measured as
described in “MATERIALS AND METHODS”. [J:
control; O: 5X10"M hybrid; A: 1X10°M hybrid; @:
5X10"M ricin A chain; A: 1X10%M ricin A chain.

Binding of the ricin B-RNase A hybrid to various cells.

Binding characteristics of the hybrid was assessed by the competitive binding assay of
[*I]ricin D to rat Leydig, liver cells, HeLa and BeWo cells. Fig. 3 showed that the hybrid
inhibited the binding of ['*I]ricin D to all cells tested as same degree as the cold ricin D.

Cytotoxicity of the ricin B-RNase A hybrid towards various cells.

As shown in Fig. 4, the hybrid was found to exhibit the inhibition of cellular protein
synthesis in all four kinds of cells. Inhibitive effect on the incorporation of [*S]Met/Cys by
the hybrid was found to start as early as at 30 min after the incubation as in the case of
ricin D, although inhibitive effect of the hybrid (1X107M) seems to be weaker than that
of ricin D at the same concentration at the later stage. In HeLa cell system, cytotoxic
effect of the ricin B-RNase A hybrid was dose-dependent and EDs, of the ricin B-RNase
A hybrid was 7X10°M which is about a thousandth of that of ricin D (Fig. 5). RNase A
(1 X10"M) alone did not give any inhibition for 4.5 h to all four kinds of cells.

When HeLa and BeWo cells were treated with either the hybrid, ricin D or RNase A
for 2h at 37°C, followed by the additional incubation for 12 h without reagents, both the
hybrid and ricin D exhibited cytotoxicity (reduction of viable cells) while RNase A did
not. In this experiment, cytotoxic effect of the hybrid was weaker than that of ricin D at
the same concentration in both cells (Fig. 6).
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Fig. 3. Inhibition of ["*[]ricin D binding to BeWo, HeLa, Leydig and Liver cells by Ricin B-RNase
A hybrid and ricin D
Cells were incubated with ['®[Jricin D (6.0X 10* cpm/well) in the presence of the
indicated doses of the hybrid (O) and ricin D (@) for 1h at 4°C. Bound radioactivity
was counted and represented as percentages of that of [*I}ricin D alone.

Internalization of the ricin B-RNase A hybrid into various cells.

After cells were treated with [*I]hybrid or [**I]ricin D for 3h at 37°C and washed with
the buffer and 0.1 M lactose solution (each 3 times) followed by sonication and separation
of the membrane fraction and the lyzate. Determination of radioactivity of the fractions
gave degrees of specific binding (A) and radioactivity incorporated into cells (B), and by
dividing B by A the internalization of the hybrid or ricin D could be calculated. As shown
in Table I, the hybrid bound specifically about 4% (Leydig cells) ~12% (HeLa cells) of the
total, of which 0.4% (Leydig)~1.3% (HeLa) were in the lyzate bound. It meant that
about 10% (Leydig)~15% (BeWo) of the bound hybrid were transferred or internalized
into the various cells tested. On the other hand, ricin D bound about 3% (Leydig) ~11%
(liver cells), of which 1.2% (Leydig)~2.7% (BeWo, HeLa and liver cells) were in the
lyzates. It meant that about 22% (liver cells)~37% (Leydig) of ricin D were internalized



Fig. 4.

Fig. 5.

A Ricin B chain-Ribonuclease A Hybrid Protein 373

L. BeWo Cells Leydig Cells

b3
=]

e — N
%"012345012345
20 :

é Hela Cells 10leerCells
- 8
-4
10 6
4
2 S A * ]
o [ T |
5°o 1 2 3 4 5
Time (h)

Inhibition of protein synthesis in BeWo, HeLa, Leydig and Liver cells by ricin B-RNase A hybrid.

Cells were incubated without (control, &) and with the ricin B-RNase A hybrid (O), ricin D
(@) and RNase A (&) for the indicated times in the presence of [*S]Methionine/Cysteine. The
incorporation of radioactivity into the trichloroacetic acid (TCA) insoluble fraction was
determined as described in “MATERIALS AND METHODS".
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Inhibition of protein synthesis in HeLa cells by ricin B-RNase A hybrid (dose dependency).

After HeLa cells were incubated with the indicated doses of the ricin B-RNase A hybrid
(), ricin D (@), ricin B chain (M), and RNase A () for 3h at 37°C, ["H]Leucine were added.
After 90 min incubation, protein synthesis was determined by measuring the radioactivity of
[*H]Leucine incorporation into the trichloroacetic acid insoluble product and was presented as
the percentage of a control.
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Fig. 6. Cytotoxic effect of ricin B-RNase A hybrid on BeWo and HeLa cells.

Cells (56X 10%cells/well) were incubated for 2h and 37°C in the absence (8) and
presence of the ricin B-RNase A hybrid (), ricin D (#), and RNase A (#). After an
additional incubation of 12h at 37°C, the viable cells were counted as described in
“MATERIALS AND METHODS” and expressed as the percentage of a control.

Table 1. Incorporation of [*]]ricin B-RNase A hybrid and [*IJricin D into BeWo, HelLa, Leydig and
Liver cells
(A) (B)
Specifically Bound cpm cpm Incorporated
into the Cells ®)
Total cpm Total cpm (A)
Hybrid BeWo cells 6.40 (%) 0.943 (%) 14.7 (%)
Hela cells 11.9 1.28 10.8
Leydig cells 3.98 0.388 9.75
Liver cells 9.02 0.966 10.7
RicinD BeWo cells 7.7 2.61 33.6
HeLa cells 9.28 2.71 29.2
Leydig cells 3.15 1.17 37.1
Liver cells 10.8 2.38 22.0

Cells (8 X10°) were incubated with [*®*I}-hybrid or ["®I}-ricin D for 3h at 37°C.
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Fig. 7. Effect of ricin A chain for incorporation of ['*IJricin B~RNase A hybrid
into BeWo and Hel.a cells.
Cultured cells were incubated with each 1X 10"M of ['®¥]]ricin
B-RNase A hybrid (O), [*I]ricin D (@), and [**IJricin B-RNase A plus
ricin A cahin (A) for the indicated times at 37°C. After cells were
washed 3 times with 0.1 M lactose, the radioactivity of the pellets was
counted with an Aloka ARC-300 7 ~counter and expressed as the per-
centage of the total radioactivity included.

into cells. These results clearly showed that the degree of internalization of the hybrid
into any of the cells tested were lower than that of ricin D. Fig. 7 shows that the presence
of ricin A chain could help internalization of the hybrid into the cells although the effect
was not enough to achieve the full degree of internalization of ricin D itself.

Analysis of internalized molecules.

After the cells were incubated with [**I]Jricin B-RNase A hybrid or ['*I}-ricin D at
37°C for various times and washed 3 times with the buffer containing 0.1 M lactose, the
lyzate fractions were analyzed with SDS-PAGE followed by autoradiography. As shown in
Fig. 8, in any kind of cells, radioactivity was found at the position of 14.4kDa which
corresponded to the molecular weight of RNase A in the case of the hybrid at 1h after
incubation. In the case of ricin D, most of the radioactivity was found at the position of
64 kDa which corresponded to the molecular weight of intact ricin D after 1h, although
radioactivity associated with low molecular weight polypeptide(s) increased after 3h.
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Fig. 8. Internalization of [**I]ricin B-RNase A hybrid and [**I]ricin D by BeWo,
HeLa, Leydig and Liver cells.
Cells were incubated with [**I]ricin B-RNase A hybrid and ['#Ijricin D
- for the indicated times at 37°C. After the cells were washed 3 times
with 0.1 M lactose, the pellets were analyzed by SDS-PAGE and
autoradiography as described in “MATERIALS AND METHODS".

These results seem to indicate that an artificial disulfide bridge introduced into the hybrid
was weaker than that is originally present in ricin D.

DISCUSSION

Ricin D, a toxic lectin (Mr=64,000) in castor bean seeds (Ricinus communis L.),
consists of two polypeptide chains (A and B chains) which are linked by a single disulfide
bond (Hara et al., 1975). Later, ricin was classified into type II of the ribosome-inac-
tivating proteins (RIPs), a family of toxic proteins produced by plants that inactivate
eukaryotic ribosomes. The B chain (Mr=34,000) of ricin can bind to the cell surface
glycoconjugate containing non-reducing terminal galactose, generally called “ricin
receptors”. The binding of the B chain to its receptors causes the internalization of ricin.
After internalization, the free A chain (Mr=30,000), but not the A chain linked to the B
chain, inactivates vital cytosolic components of protein synthesis machinery in a catalytic
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manner, i.e., the cleavage of a single adenine residue from eukaryotic 28S RNA in the 60S
ribosomal subunit (Endo et al., 1987). Major requirements for the expression of cell toxi-
city by ricin, therefore, are the binding of ricin to the target cells, the internalization and
the cleavage of disulfide bond between A and B chains, and the attainment of free A chain
to the cytosol. It has been suggested that the A chain penetrates from the endoplasmic
reticulum (ER), implicating the translocation of ricin from the endosomes to the ER via a
retrograde transport through the Golgi apparatus during intoxication (van Deurs et al.,
1988).

When added to cells, ricin is highly toxic since it has both a cell-binding portion (B

chain) and an enzymatic ribosome-inactivating portion (A chain). Similar to bacterial

" toxins such as Pseudomonas exotoxin and Diphtheria toxin, ricin has catalytic property
and only a small number of molecules need to reach the cytosol in order to inactivate
enough ribosomes to kill the cell. From these reasons, ricin or its A chain has been the
most popular choice for use as the toxin portion of immunotoxins (Youle and Neville,
1982). An immunotoxin, which has been aimed to the therapeutic use for cancer and
other diseases, is a hybrid protein containing a whole ricin or A chain disulfide-bridged to
cancer-specific antibody or various growth factors. Although much effort has been paid
to prepare an ideal immunotoxin, immunotoxins thus far reported were found to be less
potent than ricin itself in addition to several drawbacks such as instability, side—effects,
production of antibody. Most of these drawbacks come from the present situation that
the precise mechanism of cell intoxication by ricin has not yet understood (Vitetta, 1986).
Which is more effective for internalization, binding of immunotoxin to cells surface via
growth factor—its receptor or via antigen-antibody complex or via a lectin—cell surface
sugar interaction? What is a mechanism by which interpolypeptide disulfide bridge is
cleaved and followed by translocation of catalytic A chain to the cytosol ?

Comparative studies on immunotoxins prepared using an intact type II RIP, ricin, and
immunotoxins prepared with only the A—chain of ricin have shown that hybrid toxins
consisting of the intact toxin are more potent than the A chain hybrids. The toxicity of
ricin A chain containing immunotoxins has been found to be potentiated by simultaneous
addition of free ricin B chain, thereby suggesting a role for the B chain in addition to cell
surface binding (Ramakrishnam et al., 1992; Thrush et al., 1996). It was also shown that
B chain lectin activity toward galactose binding sites of the cells is essential (Timar et al.,
1991).

This study was aimed to explore a role of ricin B chain in the binding and inter-
nalization of the hybrid into various types of cells. The present results described above
clearly indicated that ricin B chain, a constituent polypeptide of ricin D and a lectin itself,
is able to transfer a foreign protein into various types of cells as a SS-bridged hybrid,
although the rate of internalization was 1/3~1/2 less than that of ricin D. By employing
the ricin B-RNase A hybrid (1:1 hybrid), we could demonstrate that the ricin B-RNase A
hybrid which bound specifically to the transformed and normal cells could exhibit
cytotoxicity despite that RNase A alone failed to kill these cells. Moreover, ricin B chain
could facilitate the internalization of a foreign protein such as RNase A into four different
kinds of cells although its cytotoxic effect was less potent than ricin D. It was inferred
that the hybrid (ricin B-RNase A) first bound to the cell membrane via B chain followed
by internalization into the cells and by release of RNase A into the cytosol which resulted
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in the hydrolysis of RNAs essential for the cellular activity and inhibited the protein
synthesis, finally causing the cell death. That the ricin B-RNase A hybrid was less potent
than ricin D could be explained by several reasons as follows: less internalization and
instability of the synthetic disulfide introduced. Fig. 9 shows the cytotoxic effect of sev-
eral protein derivatives prepared in this laboratory on the cultured cells. In any cases, no
protein derivatives were as toxic as ricin D itself. For internalization, the hCG-ricin A
hybrid, a hormonotoxin, first binds to hCG receptors on the cell surface of the Leydig
cells, the anti BeWo IgG-ricin A hybrid, an immunotoxin, binds to surface antigens of
BeWo cells, ricin D and ricin B-RNase A hybrid bind to surface terminal galac-
tose-containing carbohydrate chains of the many eukaryotic cells, while lipo-
some—encapsulted ricin could be phagosized without any specific receptors. High toxicity
of intact ricin D could be derived from effective internalization of the intact ricin D
molecule in which the disulfide-bridged A and B chains make sufficient spatial arrange-
ment to be internalized. In our experiment, the addition of the A chain to the reaction
mixture helped partly the internalization of the ricin B-RNase A hybrid into HeLa cells.

Finally, together with the results obtained previously with the hCG-B hybrid, it was
inferred that a hybrid protein in which the ricin B chain is disulfide-bridged with a new
protein could be useful to introduce a foreign protein into a certain type of cells.

100
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Fig. 9. Cytotoxic effects of ricin derivatives towards the cultured cells.
Inhibition of protein synthesis was determined as described in “MATERIALS AND
METHODS” employing rat Leydig cells for ricin D (O), hCG-A (@), anti BeWo IgG-A
(WD), ricin B-RNase A (A), ricin A chain (©), ricin B chain or hCG-B ([]), and HeLa
cells for ricin D (A) and liposome-encapsulated ricin D (%).
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