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Trichosanthin is a ribosome-inactivating protein
that possesses antitumor and antiviral activities. Clin-
ical trials of trichosanthin on AIDS patients, however,
elicit anaphylactic reactions. To reduce the antigenic-
ity of trichosanthin as a drug while preserving its
biological activity, the C-terminal domain (residues
203 to 247), which contains a putative antigenic site,
was systemically deleted. We have found that the min-
imum length of trichosanthin that can fold into an
active conformation is residue 1 to 240. The mini-
trichosanthin (C7) generated by deleting the last
seven C-terminal amino acid residues has 2.7-fold de-
crease in antigenicity, 10-fold reduction in in vitro
ribosome-inactivation activity, and in vivo cytotoxic-
ity toward K562 cells, and 2-fold reduction in abortifi-
cient activity. Structural analyses of C7 indicate de-
crease in the helix content, increased exposure of
Trpl92, and lower thermodynamic stability. The dele-
tion of the C-terminal residues (Leu24l to Ala247)
probably perturbs local structure of the C-terminal
antigenic epitope that results in the decrease in anti-
genicity and activities of C7. © 2000 Academic Press

Key Words: antigenicity; ribosome-inactivating pro-
tein; protein structure; trichosanthin.

Trichosanthin (TCS) is a type | ribosome-inac-
tivating protein (RIP) isolated from the root tuber of
Trichosanthes Kkirilowii Maximowicz. It is a single
chain polypeptide possessing N-glycosidase activity
that depurinates adenine 4324 of 28S rRNA. This ren-
ders the ribosome incapable of binding EF-2 and GTP
so that protein synthesis is arrested (1). Our group has
cloned the cDNA of trichosanthin (2), expressed it to
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high level (3) and investigated the role of some of the
conserved residues in and around the active site (4, 5).

Clinically, trichosanthin has been used to induce
mid-term abortion (6) and treat hydatiform mole (7). It
has been linked to monoclonal antibody for attacking
human hepatoma in vitro (8). Trichosanthin was the
first RIP found to inhibit HIV-I in vitro (9-12), and
clinical trials have been performed to evaluate its ac-
tivity and safety for human administration. In a clini-
cal trial on 22 patients with AIDS or AIDS-related
complex, increase in CD4* and CD8" T cells was sus-
tained for patients who received 36 and 50 wg/kg tri-
chosanthin by constant intravenous infusion over 3 h
(23). In another clinical trial, all patients showed in-
crease CD4" T cell during a schedule of weekly and
then monthly intravenous injection of 1.2 mg of tricho-
santhin in combination with other antiviral agents
(14). Trichosanthin administration induced mild to se-
vere anaphylactic responses in addition to neurological
disorders. These include myalgia, nausea, diarrhea,
and flu-like symptom (13, 14).

In view of this, we aim to engineer the protein to
reduce its clinical side effects by reducing its antige-
nicity. Crystal structure of trichosanthin (15) indicates
that the molecule has two domains: N-terminal domain
(aa 1-202) and C-terminal domain (aa 203—-247). There
are three lines of evidence suggest that there is a
prominent antigenic site at the C-terminal domain of
trichosanthin: (i) computer modeling suggests an anti-
genic site composed of 11e201-Glu210 and Ille225-
Asp229 of trichosanthin can be docked with an anti-
TCS monoclonal IgE antibody (16); (ii) coupling of
polyethylene glycol (PEG) to GIn219 significantly de-
crease the antigenicity of trichosanthin (17); (iii) pep-
tide corresponds to aa 152-247 of trichosanthin is
immuno-reactive to an anti-TCS polyclonal antibody
(18). Since the C-terminal domain does not contain any
active site residues, it is likely that deletion of this
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TABLE 1
Primers for PCR Mutagenesis of Trichosanthin

Protein 3’ primer sequence
rTCs GGCGCGGATCCTATGCCATATTGTTTCTATTCAGCAG
c7 CACAGTGGATCCTACAGCAACGCGATGTTGGAGG
C8 CACAGTGGATCCTACAACGCGATGTTGGAGGTTAC
Cc9 CACAGTGGATCCTACGCGATGTTGGAGGTTAC
Cc21 GGCGCGGATCCTAGGTTATCGTGACTCGTTG
C35 GGCGCGGATCCTAAGGACTTTCAAACTGTCC
C45 ACAGTGGATCCTACGCTATCTGAATTTGCTTGG

Note. Sequence of 5’ primer is TGTGGCCATGGATGTTAGCTTC-
CGTTTATCAGGTG. Sequences underlined represent Ncol and
BamHI sites of the 5’ primer and the 3’ primers, respectively.

domain may generate a less antigenic variant of tri-
chosanthin while retaining its biological activities. In
this study, we report the engineering of a mini-
trichosanthin that has less antigenicity by deleting the
C-terminal domain systematically.

MATERIALS AND METHODS

Materials. Restriction endonucleases and T4 DNA ligase were
from New England Biolabs Inc. Pfu DNA polymerase was from
Strategene. Rabbit reticulocyte lysate and L-[3,4,5-*H(N)]-leucine
were from Promega and NEN Life Science Products, respectively.
Other chemicals were of analytical grade.

Construction of expression vectors and protein purification. PCR
mutagenesis of trichosanthin using high fidelity Pfu DNA polymer-
ase was carried out on pET58210 with the wild-type trichosanthin
sequence (2). 3’ primers were designed to introduce appropriate
deletions (Table 1). The PCR products were cleaved by Ncol and
BamHI and cloned to pET8c (3) for over-expression. The PCR-
amplified DNA was sequenced by the T7 sequencing kit (Amersham
Pharmacia Biotech.) to ensure no secondary mutation. Protein ex-
pression and purification were performed as described (4).

Antigenicity assay. The antigenicity of trichosanthin and C7 was
assayed by competitive ELISA (19). Briefly, 100 ul of 5 ug/ml of
mouse monoclonal anti-nTCS antibody IgE (TEL; kindly provided by
Professor M. Yeh of Shanghai Institute of Cell Biology) was coated on
the 96-well plate at 4°C overnight. The plate was then blocked with
1% BSA in PBS. 50 ul of samples was added and incubated at 37°C
for 1 h. 50 pl of HRP-TCS (1:1000 diluted with 0.5% BSA in PBS-
0.05% Tween 20) was added to each well and incubated at 37°C for
2 h. The plate was then washed with PBS-0.05% Tween 20 and 100
wl of substrate solution (0.8 mg/ml OPD in 0.2 M citrate-phosphate
buffer, pH 5.0 containing 0.04% H,0,) was added to each well. After
incubation at 37°C for 30 min, the reaction was terminated by 50 ul
of 2.5 M H,S0O,. The absorbance at 490 nm was read with a plate
reader (Dynatech MR5000). All assays were done in duplicate.
Antigenicity was represented by the concentration of the sample
required to exhibit 50% inhibition (ICy) of HRP-TCS binding to
the IgE.

In vitro protein-synthesis inhibition activity assay. The ribosome-
inactivating activities of the wild-type and variant trichosanthin
were measured in an in vitro translation system using rabbit reticu-
locyte lysate (Promega Corporation, catalogue no. L4151) as de-
scribed (20) with L-[3,4,5-*’H(N)]-leucine (NEN Life Science Prod-
ucts, catalogue no. NET460A) as label. Proteins of 3.7 pM to 37 nM
and [*H]-leucine of 5 nCi were incubated with the translation system
at 30°C for 30 min in triplicate. Plots of [*H]-leucine incorporation
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versus protein concentration were made for each protein and 1Cy,
determined by fitting the curves to third-order regression.

Cytotoxicity assay. K562 cells (human erythroleukemia) were
maintained in RPMI 1640 (GibcoBRL; containing 100 U/ml penicillin
G sodium, 100 pg/ml streptomycin sulfate and 0.25 pg/ml ampho-
terin B) supplemented with 10% fetal calf serum. Cells were sub-
cultured before they reached confluence so that actively growing cells
were used for the assays. 0.1 ml of different concentration of tricho-
santhin and mutant was diluted in complete medium and added to
96-well plate. Equal volume (0.1 ml) complete medium containing
5 X 10° cells was added to each well except in the negative control.
The cells were incubated at 37°C in a humidified atmosphere con-
taining 5% CO, for 48 h. The cells were then pulsed for 6 h with
[*H]-thymidine (0.5 uCi/well). The cells were harvested and lysed
onto glass fiber discs using a PHD cell harvester. The radioactivity
that retained on the filters after washing with water and ethanol was
measured in 2 ml of scintillation fluid using Beckman LS 7000 liquid
scintillation counter. All assays were done in triplicate. Values of
IC5, were estimated as the concentration of trichosanhin that causes
50% inhibition of [*H]-thymidine incorporation.

Abortificient activity assay. Mature female mice were made preg-
nant by caging with fertile male mice. The presence of copulation
plug in the following morning was designated as day 1 of pregnancy.
At day 12 of pregnancy, C7 or wild-type trichosanthin were injected
in the designated dosages. The mice were autopsied at day 14 of
pregnancy. The total number of uterine implantation sites was re-
corded. The number of live fetuses, dead fetuses whose hearts had
stopped pulsating, and resorbing fetuses were recorded. Mice were
considered aborted when the number of dead fetuses exceed 50% of
the total implantation sites.

Circular dichroism. CD spectra in the peptide region (200-250
nm) were measured by a Jasco J-715 spectropolarometer using a
cylindrical sample cell of 1 cm path length at 20°C. The spectropo-
larometer was calibrated with d-10-camphorsulfonic acid at 290.5
nm. Concentrations of protein samples were determined by a modi-
fied Lowry method with bovine serum albumin as standards. The
samples were adjusted to 2 uM in 10 mM Tris-Cl, pH 7.5 for data
acquisition. Each protein was scanned three times from 200 to 250
nm and the spectra were averaged, subtracted from buffer blank
spectrum and expressed as molar ellipticity, assuming mean residue
weight of 110 per amino acid residue with adjustment of number of
amino acid residues of each variant proteins. Deconvolution of CD
spectra to alpha helix, beta sheet, turn and other conformations was
done by the self-consistent method (21).

Equilibrium denaturation and fluorescence spectrometry. Fluo-
rescence spectrometry was performed on an LS50B fluorescence
spectrometer (Perkin—Elmer) and the data were analyzed using a
fluorescence data manager software. Reversibility of unfolding of
trichosanthin was determined by equilibrating 5 uM wild-type tri-
chosanthin in 50 mM Tris-Cl, pH 7.2 with 7.6 M GnHCI for 2 h at
25°C and rapidly diluted to 0.5 uM in 50 mM Tris-Cl, pH 7.2. Control
was done by diluting 5 M wild-type trichosanthin in 50 mM Tris-Cl,
pH 7.2 to 0.5 uM in 50 mM Tris-Cl, pH 7.2 for the same duration.
Fluorescence spectra between 295 to 400 nm were scanned every
15 min.

To determine the equilibrium denaturation curves for trichosan-
thin, protein samples (0.5 uM) were treated with guanidine hydro-
chloride (GnHCI) at concentrations between 0 to 7.6 M in 50 mM
Tris-Cl, pH 7.2. Each point was determined in a separate 1 or 2 mL
solution. The protein samples were equilibrated with GnHCI solu-
tion at 25°C for 2 h prior to fluorescence measurement. The excita-
tion wavelength was 280 nm and fluorescence spectra of each protein
with or without 7.6 M GnHCI were also determined between 295 to
400 nm. Constant temperature in the cell (25°C) was ensured by
circulating water from a water bath through the cell.

The equilibrium denaturation curves were analyzed by assuming a
two-state folding mechanism. Fraction of protein unfolded (F,) was
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calculated from the observed fluorescence (Y) by: Fy = (Y — Y)/
(Ye — Yy), where Y and Y, are the fluorescence intensities of the
native and denatured states, respectively (22).

Free energy of unfolding AG,,, and the mid-point of unfolding
[GnHCI],,, were determined by plotting AG vs [GNHCI]:

AG = AGy,0 — m[GnHCI],
where

Fu

1-Fy’

AG = —RT In

R is the ideal gas constant and T is the absolute temperature.

[GnHCI],, and AG,,o (the x and y intercepts, respectively) are
determined by extrapolating the graph by linear regression. As the
value of AG can only be measured accurately near the mid-point of
transition, only AG values within =1.5 kcal/mol were included in
calculating [GnHCI]y, and AG 0.

RESULTS
Engineering of a Mini-Trichosanthin

Based on the secondary structure assignment by
Zhou et al. (15), secondary structures of the C-terminal
domain of trichosanthin was progressively deleted
(Fig. 1). In variant C7, the C-terminal tail (aa 241-247,
the last 7 residues), which is disordered and flexible as
shown by X-ray crystallographic studies, was removed.
In variant C21, helix H8 was further deleted (aa 227—-
247). In variant C35, strand S9 and S10 were deleted
(aa 213-247). In variant C45, part of helix H7 and the
loop region between H7 and S9 were further deleted
(aa 203-247).

Of the 4 variants (C7, C21, C35 and C45) engineered,
only C7 expressed as a soluble protein in E. coli. Vari-
ants C21, C35 and C45 expressed solely as insoluble
inclusion bodies as judged by Western blotting and
detection by anti-trichosanthin serum (data not
shown). These three variants failed to refold from urea-
or GnHCI-denatured inclusion bodies. Because variant
C7 folded to a soluble conformation, further deletion
was performed to delete the last 8 (aa 240-247) and 9
amino acid residues (aa 239-247) to see if deletion can
be made further upstream of the sequence. Neverthe-
less, these two variants expressed solely as inclusion
bodies (results not shown), showing that variant C7 is
the mini-trichosanthin that can be folded to a soluble
conformation. The aberrant folding of variants C21,
C35, C45 and C8 suggest that aa 203—-240 are required
for the folding of trichosanthin. Variant C7 was puri-
fied to more than 95% purity and the yield was about 7
mg/L culture.

Antigenicity of C7

The antigenicity of C7 and wild-type trichosanthin
was assayed by their interaction with a monoclonal
antibody IgE (TE1). By competitive ELISA, the antige-
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FIG. 1. Structure of the C-terminal domain of trichosanthin. (A)
Sequence of trichosanthin starting from Ser182 was shown. Residues
that constitute a helix (H7 and H8) are marked with a ~ at the
bottom and those constitute a beta sheet strand (S9 and S10) are
underlined. Assignment and numbering of alpha helix and beta
sheet strands follows those made by Zhou et al. (1994). Residues with
C45, C35, C21, C9, C8, and C7 printed on the top were the last
residue of respective variants. (B) N-terminal domain (residue 1 to
181) are shown as thin ribbon and the C-terminal domain (residues
182 to 247) are shown in secondary structure render. Residues de-
leted in C7 (Leu241 to Ala247), GIn219 and the predicted monoclonal
IgE binding site (15) are highlighted. It is noted that Leu241 is close
to helix H7. Deletion of Leu241 to Ala247 may perturb the helical
structure of H7 and reduces the helix content and the local structure
of the C-terminal domain of C7.

nicity of C7 was found to decrease by 2.7-fold from the
wild-type trichosanthin (Table 2). The results show
that the antigenicity of trichosanthin can be reduced
by deletion of the flexible C-terminal tail.

Biological Activity of C7

The in vitro ribosome-inactivating activity, in vivo
cytotoxicity and abortificient activity of C7 and the
wild-type trichosanthin were compared. As shown in

281



Vol. 270, No. 1, 2000

TABLE 2
Antigenicity of C7 and Wild-Type Trichsosanthin

TABLE 4
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Abortificient Activity of C7 and Wild-Type Trichosanthin

1C5 (uM) Fold from rTCS
rTCs 0.12 1
C7 0.32 2.7

Note. The antigenicity of the wild-type trichosanthin and C7 are
represented by concentration to exhibit 50% inhibition (ICs,) of HRP-
TCS binding to monoclonal anti-TCS IgE antibody (TE1), which was
predicted to dock at domain composes of 11e201-Glu210 and 1le225-
Asp229 (He et al., 1996).

Table 3, the in vitro ribosome-inactivating activity of
C7 (ICs = 0.18 nM) decreased from the wild-type
(ICs = 0.02 nM) by 9-fold. Its cytoxicity on K562 cells
(ICs = 2.01 nM) experiences a 12-fold decreased from
the wild-type (ICs;, = 0.16 nM). Although deletion of
the last seven residues decreases its both in vitro and
in vivo potencies by about 10-fold, C7 is still a potent
ribosome-inactivating protein and cytotoxin that is ef-
fective in nanomolar range.

We have also assessed the abortificient activity of C7
in mice. The concentration of C7 required to attain
100% of aborted mice was 0.10 mg/25 g, compared to
that of 0.05 mg/25 mg for the wild-type trichosanthin
(Table 4). Thus, deleting the last 7 C-terminal residues
of trichosanthin decreases the abortificient activity by
2-fold.

Structural Characterization

Secondary structures of C7 and wild-type trichosan-
thin were compared by circular dichroism (CD) spec-
troscopy (Fig. 2). The calculated values of alpha helix
(0.22) and beta sheet content (0.48) of the wild-type
trichosanthin agree well with those reported previ-
ously (23, 24) (0.29 and 0.43 for alpha helix and beta
sheet, respectively) considering the differences in CD
deconvolution methods and reference protein set used.
Deletion of the last 7 amino acid residues of trichosan-
thin decreases the alpha helix content (0.14) and in-
creases beta sheet content (0.56).

The fluorescence spectrum of the C7 and the wild-
type trichosanthin were compared. The quantum yield
of C7 is much lower than that of the wild-type and the
emission maximum of C7 is red-shifted from 333 nm to

TABLE 3

In Vitro Ribosome-Inactivating Activity and in Vivo
Cytotoxicity of C7 and Wild-Type Trichosanthin

IC, of in vitro ribosome- 1C5, of K562 cytotoxicity

inactivating activity (nM) (nM)
rTCS 0.02 0.16
Cc7 0.18 2.01

No. of dead % of

Dose No. of fetuses/No. of aborted No. of
(mg/25 g) mice implantation sites mice dead mice
TCS

0.01 6 19/83 (22.9%) 16.7% 0

0.025 7 56/87 (64.4%) 85.7% 0

0.05 6 72/72 (100%) 100% 0

0.10 7 78/78 (100%) 100% 0
c7

0.01 5 4/67 (5.9%) 0% 0

0.025 6 33/84 (26.2%) 0% 0

0.05 6 48/79 (60.8%) 66.7% 0

0.10 6 49/79 (62.0%) 100% 0

Note. Mice are considered aborted when the number of dead fe-
tuses exceeded 50% of the total implantation sites on day 14 of
pregnancy.

338 nm (Fig. 3). These findings suggest that Trp 192
(the only Trp in trichosanthin) is much solvent exposed
in C7.

Relative stability of C7 and the wild-type trichosan-
thin were compared by equilibrium denaturation in
guanidine hydrochloride (GnHCI). The unfolding pro-
cess was followed by the fluorescence intensity in in-
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FIG. 2. CD spectra of C7 and wild-type trichosanthin. CD data
were acquired between 200 to 250 nm that accounts for the peptide
bond orientation. The far-ultraviolet CD was not made to 190 nm
because of the lack of nitrogen-purging device for the sample cell.
Each spectrum is plotted based on the average values of three con-
secutive scans with subtraction from the buffer blank. Data points in
the short wavelength range having noise level higher than 500 V
were eliminated.
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FIG. 3. Fluorescence spectra of C7 and wild-type trichosanthin.
Five micromolar of wild-type or C7 trichosanthin was equilibrated at
25°C as described and excited at 280 nm. Emission spectra were
acquired between 290 to 400 nm with slit sizes for both excitation
and emission being 5 nm. The reduction of emission maximum and
red-shift of C7 is probably due to exposure of Trp192 which is located
on helix H7.

creasing concentration of GnHCI. We first established
that the refolding of wild-type TCS and C7 is revers-
ible. It has been reported that trichosanthin treated
with 6 M GnHCI cannot be refolded by dialysis to a
structure that possesses fluorescence properties, CD
ellipticity and endonuclease activity comparable to the
control (25). In our hand, we noticed that prolonged
dialysis adversely affected the fluorescence emission
value and in vitro ribosome-inactivating activity of tri-
chosanthin. However, we have shown here that tricho-
santhin can be refolded by rapid dilution. TCS was
denatured in 7.6 M GnHCI and then refolded by dilut-
ing the denatured protein solution ten times (see Ma-
terials and Methods). The fluorescence spectra of the
refolded trichosanthin are similar to that of the control
(native trichosanthin without the treatment of GnHCI)
(Fig. 4), suggesting refolding of both wild-type tricho-
santhin and variant C7 is reversible.

From the equilibrium denaturation experiment,
wild-type trichosanthin is a quite stable protein
(AGy,0 = 6.8 kcal/mol; [GNHCI],,, = 5.3 M). Deletion of
the last 7 residues reduces the AG,, and [GNHCI],,, to
1.8 kcal/mol and 1.5 M, respectively (Fig. 5).

DISCUSSION

As a therapeutic protein, administration of tricho-
santhin to patients elicits anaphylactic reactions. To
reduce the antigenicity of trichosanthin, we systemat-
ically deleted the C-terminal domain which carries a
prominent antigenic epitope. Deletions were designed
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so that the major secondary structures and the flexible
C-terminal tail were progressively removed. Our re-
sults indicate that the whole C-terminal domain can-
not be deleted because the secondary structures of the
domain are required for folding of trichosanthin. Nev-
ertheless, the flexible tail comprising of the last 7
amino acid residues at the C-terminus (aa 241-247)
can be deleted and the variant (C7) retains the biolog-
ical activities of trichosanthin and exhibits decreased
antigenicity. C7 (aa 1-240) appears to be the minimum
length of trichosanthin that can be folded. Further
deletion of Leu240 in variant C8 disrupted the folded
structure.

We succeeded in generating a mini-trichosanthin
that has lower antigenicity by deleting the last 7 amino
acid residues of the C-terminus. The antigenicity of
this variant C7 decreases by 2.7-fold from the wild-
type. Although the in vitro ribosome-inactivating activ-
ity and in vivo cytotoxicity of C7 decrease by 10-fold
from the wild-type, it is still a potent ribosome-
inactivating protein (IC5, = 0.18 nM) and cytotoxin
(ICs = 2.01 nM) that is effective in nM range. Its in
vitro ribosome-inactivating activity are comparable to
that of ricin A-chain and pokeweed antiviral protein,
which have ICy, values of 0.1 and 0.2 nM, respectively
(26).

Structural analyses suggest that deletion of the
C-terminal tail results in: (i) decrease in helix content,
(if) increase solvent-exposure of Trp192, (iii) reduced
thermodynamic stability. Deletion of the last 7 resi-
dues apparently causes structural changes that ac-
count for the observed decreases in antigenicity and
biological activities. Trp 192 is located on helix H7,

Control, 5 min.

- = Control, 30 min.
Refolded, 5 min.
Refolded, 30 min.
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FIG. 4. Reversibility of GnHCI denaturation of trichosanthin.
Wild-type trichosanthin was equilibrated in 7.6 M GnHCI and then
rapidly diluted in Tris—HCI buffer to refold the protein as described.
Trichosanthin equilibrated in Tris—HCI buffer was diluted in the
same way as a control. Emission spectra of the control and refolded
trichosanthin at 5 and 30 min after dilution are shown. The spectra
of refolded and control trichosanthin are essentially identical.
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FIG. 5. Unfolding of C7 and wild-type trichosanthin. Proteins
were equilibrated with different concentration of GnHCI at 25°C for
two h before measurement. Plots of fraction unfolded (A) and free
energy (AG) of unfolding as a function of GnHCI concentration are
shown. The mid-point of unfolding for wild-type trichosanthin and
C7 are 5.3 and 1.5 M GnHCI, respectively, and the AG,, values are
6.8 and 1.8 kcal/mol for wild-type trichosanthin and C7, respectively.

which is in contact with the C-terminal tail. Taken
together, removal of the C-terminal tail may perturb
the helical structure of H7 and result in a decrease in
helix content of C7 and a more solvent exposed Trp
192. The exact binding site of the monoclonal IgE is not
known. The decrease in antigenicity of C7 can be due to
the fact that the IgE interacts directly with the
C-terminal tail. It is also possible that the deletion
perturbs the local structure of the C-terminal domain
in a way that the IgE binds less efficiently to C7. The
lower stability of C7 suggests that the altered struc-
ture may be a slightly unfolded state of trichosanthin.
X-ray crystallographic analysis of C7 is in progress to
obtain more structural information of this variant.
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Our approach of deleting the C-terminal residues
reduces the antigenicity of trichosanthin by altering
the local structure of the C-terminal antigenic epitope.
It may be applicable to other RIPs because their ter-
tiary structures are highly homologous. On the other
hand, because antibodies of homologous RIPs do not
cross-react with other, the antigenic determinant of
RIP may reside in individual amino acid residues not
conserved among RIPs. We may further reduce the
antigenicity of trichosanthin by deleting or mutating
the nonconserved but exposed residues of the variant
C7. Recent report of residues not required for activity
in ricin A-chain (27) provides a reference for the selec-
tion. Also, the small domain constituted by beta
strands S9 (aa 214-218), S10 (aa 221-225) and a two-
residue loop containing GIn219 (Fig. 1B), which are
close to the predicted docking site of the monoclonal
antibody TE1 (aa 201-210; aa 225-229), may be mod-
ified. Given the similarity in tertiary structure of RIPs,
the importance of aa 203—-240 in the folding of tricho-
santhin suggests that trichosanthin, and other RIP,
appear to be highly evolved in such a way that only few
residues at the C-terminal region can be deleted with-
out affecting the structure or function.
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