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B chain, a lectin which binds to galactose or N acetyl
Saporin, a monomeric protein extracted from the galactosamine residues of membrane glycoproteins and

seeds of Saponaria officinalis, is an enzyme capable glycolipids (2).
of specific depurination of the eukaryotic ribosomes. Only a few plants produce ricin-like toxins, but a
Because of its toxicity, saporin proved useful for the class of related monomeric toxins is widespread; thesynthesis of immunotoxins, chimeric conjugates of a dimeric and monomeric toxins are both called Ribo-toxin and an antibody specifically directed against

some Inactivating Proteins (RIPs; see 2). Monomericcancer cells or other targets. In this paper we report
(or type I) RIPs are devoid of the carrier lectin, anda study of the structural properties of saporin in the
hence are poorly toxic to intact cells, but very active aspresence of denaturing agents and/or proteolytic en-
protein synthesis inhibitors when tested on cell lysates.zymes. We found that saporin is extremely resistant to
Amongst these, saporin and gelonin have been em-denaturation by urea or guanidine (up to 4 M), even
ployed as the toxic moiety of chimeric molecules con-at relatively high temperature (up to 55 7C). Moreover
taining as the carrier an immunoglobulin, a hormonea structural change detected as a reduction of the flu-
or transferrin, which is internalised via its specificorescence emission of the single Trp residue is revers-
membrane receptor (3).ible and is not paralleled by changes of the far UV CD

spectrum, suggesting that even under harsh experi- The endocytosis and intracellular routing of chimeric
mental conditions unfolding is limited. In good agree- molecules containing a plant toxin may prove a limiting
ment with these results, guanidine-treated saporin is step in their action (4), because the toxin’s target is
not attacked by proteolytic enzymes. The remarkable most often a nuclear or cytoplasmatic molecule, whose
resistance of saporin to denaturation and proteolysis inactivation demands that the toxin struggles its way
suggests this protein as an ideal candidate for biotech- out of the endosome. Presumably because of incorrect
nological applications. q 1997 Academic Press intracellular transport, the immunoconjugates of ricin

are less toxic than the native molecule, while toxicity
is retained in the immunoconjugates of whole ricin (4).
Moreover there is evidence that ricin A chain is pro-

Immunotoxins, the anti-cancer conjugates between cessed by proteolytic enzymes inside secondary endo-
a toxin and a specific immunoglobulin directed against somes (5,6), a factor which may play a role in reducing
antigens from cancer cells, are gaining wide interest the toxicity of immunotoxins.
as innovative therapeutic agents (1,2). Several toxins Since the stability of the toxin employed for the syn-
have been employed in the synthesis of immunotoxins. thesis of the chimera is an important factor in de-
A large experience is available on ricin, the heterodim- termining the toxic activity on target cells, we have
eric toxin extracted from the seeds of castor bean (Ri- investigated on the stability of saporin, the monomeric
cinus communis), constituted by the enzymatically ac- RIP extracted from seeds of Saponaria officinalis
tive A chain which catalyses the hydrolysis the N-glyco- against unfolding by chemical denaturing agents, and
sidic bond of adenine 4324 on the 28S rRNA, and the digestion by several animal and plant proteases. Our

results show that saporin is characterised by an un-
usual resistance to guanidine hydrochloride and to pro-1 This paper is dedicated to Alessia Paglia, prematurely deceased teolysis, supporting the opinion that it is a suitableon January 10, 1997.
candidate for the synthesis of artificial conjugates, to2 To whom correspondence should be addressed. Fax /39 6

4440062. E-mail Bellelli@axrma.uniroma1.it. be eventually employed in the treatment of cancer.
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FIG. 1. Spectral properties of saporin. Panel A: Absorbance spectrum of 51 mM saporin in 0.1 M sodium phosphate pHÅ7, tÅ207C,
pathlength 1 cm. Panel B: Far UV circular dichroism spectrum of 3.3 mM saporin (bold line) and theoretical spectrum for ricin A chain
(thin line); pathlength 0.1 cm, other experimental conditions as in panel A. Panel C: Fluorescence excitation spectrum of 0.5 mM saporin
(emission was monitored at 330 nm). Panel D: Fluorescence emission spectrum of 0.5 mM saporin excited at 285 nm.

The far UV CD spectrum of saporin (shown in Fig.MATERIALS AND METHODS
1 B), is compatible with a secondary structure content

The isoform 6 of saporin was purified from homogenates of the of 29% a helix, 12% b sheet and 59% coil. The calcu-seeds of Saponaria officinalis, as described (7). Absorbance spectra
lated spectrum was deduced from the secondary struc-were recorded with a Jasco V500 spectrophotometer; CD spectra with

a Jasco J700 spectropolarimeter; fluorescence emission and excita- ture content of ricin A chain, as obtained from its 3D
tion spectra with a Spex Fluoromax spectrofluorometer. model (10,11); of course the far UV CD spectrum of

Samples for proteolytic digestion experiments were prepared by purified ricin A chain is also very similar to those re-
mixing 400 ml of the chosen buffer (either 0.1 M sodium phosphate

ported in fig. 1B. The good agreement suggests thatpH 7.0 or 0.1 M tris HCl pH 9.0 or 0.02 M sodium formiate pH 3.0)
the two protein share a similar fold, in spite of the lowwith 50 ml of a 6.8 mg/ml solution of saporin and 50 ml of a 1 mg/ml

solution of the chosen proteolytic enzyme (either trypsin, chimotryp- sequence homology.
sin, pepsin, papain, ficin or clostripain); this procedure correspond Unfolding of saporin under various experimental
to a saporin:protease stoichiometric ratio of 5:1. The mixture was conditions was followed through changes in the Trpallowed to react for 5* to 120* at 25 7C and the reaction was stopped

emission and the far UV CD spectra. In the absence ofby addiction of the appropriate inhibitor (e.g. Pefabloc, pTosyl lysine
chloro methyl chetone etc.). After addition of the inhibitor, the sam- denaturing agents, the fluorescence is stable over the
ples were denatured by dilution with an equal volume of tris-glycine pH range 2 to 10; urea up to 6 M is scarcely effective
buffer containing 2% SDS pH 6.8 and heated at 1007C in a boiling in promoting denaturation of saporin. Guanidine hy-
water bath for 5 minutes. A significant degradation of the toxin (posi-

drochloride (Gnd HCl) is more effective, but at concen-tive control) was obtained by performing the denaturation in the
trations 2 to 4 M, long incubation times are required.presence of the uninhibited protease; the negative control was ob-

tained by adding the inhibitor before the proteolytic enzyme. SDS Fig.2A reports the decrease of Trp fluorescence emis-
electrophoresis war carried out as described by Laemli (8) sion as a function of time, recorded at pH values from

5 to 9 in the presence of 4 M Gnd HCl.RESULTS AND DISCUSSION
Maximal stability was observed at pH 6, close to the

pH of secondary endosomes (12), while at alkaline pHThe 3D structure of saporin is not available; its se-
the exposure of Trp is faster (t1/2 Å 13 min); the lowestquence has limited homology with other RIPs (30%
stability is observed at pH values comparable with thewith ricin A chain; see 9) and shows a single Trp resi-
high isoelectric point of this protein (pIú9, see 2). Thedue at position 208, probably relevant for catalytic ac-
effect of temperature on the time course of the processtivity. The fluorescence of this single Trp has a broad

emission with a maximum around 330 nm (Fig 1 C-D) detected by fluorescence was investigated between 20
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FIG. 3. Gel electrophoresis of the tryptic and clostripain digests
of saporin. Panel A: 1) saporin / clostripain positive control (see text
mat. and met.), 2) same as lane 1 inhibited immediately, 3) inhibited
after 30*, 4) inhibited after 60*, 5) inhibited after 120*, 6) clostripain
inhibited after 120*, 7) saporin. Panel B: 1) saporin / trypsin inhib-
ited immediately, 2) same as lane 1 positive control, 3) inhibited
after 5*, 4) inhibited after 15*, 5) inhibited after 30*, 6) inhibited
after 5* at 377C, 7) saporin. Experimental conditions as described
under materials and methods.

FIG. 2. Time course of Gnd HCl denaturation. Panel A: Decrease tested. We found that rapid dilution in Gnd free buffer
of fluorescence as a function of time of incubation in 4 M Gnd HCl of saporin incubated at pHÅ7 and tÅ20 7C in 4 M Gnd
at tÅ257C; (s) pH Å 5.0; (l) pH Å 6.0; (h) pH Å 7.0; (j) pH Å

HCl for up to 2 hours is associated to the recovery of8.0; n pH Å 9.0. Panel B: Time evolution of the CD (220 nmm) and
over 80% of the initial emission; the recovery progres-fluorescence (330 nm n) signal in 2 M Gnd HCl, 0.1 M sodium phos-

phate pH 7.0; tÅ377C. sively decreases for longer incubation times (data not
shown).

The time course of fluorescence quenching was fol-
lowed in parallel with the far UV CD spectrum as a7C and 55 7C using a Gnd HCl concentration of 1 M;
function of time in 50 mM sodium phosphate buffer pHonly at the highest temperatures a significant increase
7 containing 2 M Gnd HCl, a concentration whichof the rate constant was observed (table 1).
causes a significant decrease of fluorescence over a timeThe reversibility of the fluorescence decrease was
range of several hours. As shown in fig.2B, no change
in the ellipticity at 222 nm is observed while the fluo-
rescence emission decays, suggesting that exposure of

TABLE 1 the single Trp is a local phenomenon and that protein
unfolding requires considerably more drastic experi-
mental conditions.

Temperature
We tend to exclude that the state populated afterBuffer pH 7C k

several hours incubation with Gnd HCl is a molten
4 M Gnd 0.1 M acetate 5.0 25 0.023 globule intermediate, because no loss of secondary
4 M Gnd 0.1 M Na pho. 6.0 25 0.021 structure was observed contrary to the common notion
4 M Gnd 0.1 M Na pho. 7.0 25 0.043 that in molten globule states secondary structure,
4 M Gnd 0.1 M Na pho. 8.0 25 0.054

though present, is somewhat reduced compared to the4 M Gnd 0.1 M tris HCl 9.0 25 0.086
native state; moreover as detailed below the protein is1 M Gnd 0.1 M Na pho. 7.0 37 õ0.001

1 M Gnd 0.1 M Na pho. 7.0 45 0.013 insensitive to proteolytic enzymes, while molten glob-
1 M Gnd 0.1 M Na pho. 7.0 55 0.046 ule states are often good substrates for proteolytic en-
1 M Gnd 0.1 M Na pho. 7.0 37 0.0038 zymes (13, 14)

As a further step in the evaluation of the stability ofRate constants of the exposure of Trp 208 under various experi-
mental conditions, expressed in min01. saporin, we tested the resistance to exposure to six
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