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Saporm-6 1s a single-chain ribosome activating protemn (RIP) from the seeds and the leaves of Saponaria officmahs (Caryophyllaceae) Here we

have identified the COOH-terminal end of mature Saporin-6 and, by cDNA sequencing, the predicted carboxyl-terminal sequence of a leaf Saporin-6

primary translation product Our data mdicate that the charactenized cDNA codes for a precursor contiaing a 22 ammo acid carboxyl-terminal

extension not present in mature Saponn-6. that shows similarity to carboxyl-terminal propeptides of vacuolar proteins, suggesting that 1t may be
involved n protein trafficking

Carboxyl-termuinal propeptide, Plant toxin, Polymerase cham reaction, Ribosome nactivating protein, Saponatia officinalis

I INTRODUCTION

Single chain RIPs occur throughout the plant
kingdom and are distinct from RIPs consisting of two
nonidentical subunits (A and B chamns) jomned by a dis-
ulfide bond [1] Several Type 1 RIPs weie 1solated from
the seeds and the leaves of Saponaria officinalis, a Ca-
ryophyllacea [2] Among these, Saporin-6 (also called
SO-6) [3] has yielded promising results as a candidate
partner for the synthesis of mmmunotoxms and of
hgand-toxin conjugates [4] Recently, efforts by our
group aimed at characterizing the genectic organization
of Saporin-6 yielded the coding sequence and deduced
amuno acid sequence of clones from a leaf cDNA Iibnary
[5]. However, the cDNA clones coding for Saporin-6
1solated 1n our laboratory did not contain a translation
termination codon Since treatment of purified Saporin-
6 with CNBr. pepsin or clostripain yielded putative car-
boxyl-terminal fragments all terminating at ...Lys-Pro-
Lys, we postulated that mature Saporin-6 might derive
fiom a longer precursor cDNA extending beyond the 3’
end of our cDNA clones. The gene product of the longer
precutsor would then be processed post-translationally
by removal of a COOH-terminal extension, as was
recently described 1n other plant proteins [6,7] including
another Type 1 RIP, trichosanthin [8] Here we have
positively 1dentified . Pro-Lys as the COOH-terminal
end of mature seed Saporm-6 We then 1dentificd the
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DNA sequence at the 3" end of leaf cDNA by amphifying
c¢DNA from the leaves of Saponaria officinalis usmg
polymerase chain reaction techmques We thus de-
termined that the piecursor form of leal Sapormn-6 has
a 22 amino acid carboxyl-termmal propeptide extension
showing smularity to putative vacuolar targeting
signals

2 MATERIALS AND METHODS

Saporin-6 was purified from the sceds of Saponaria officinalis as
previously described [3] Protemn concentration and ammno acid com-
posttion were determined by phenylthiocarbamyl amino acid (PTC-
AA) analysis on an Apphied Biosystems (Foster City, CA) automatic
system (Models 420/130/920) Vapor-phase hydrolysis with hydro-
chlotic acid was performed at 150°C for 90 mun using a Waters
(Billerica, MA) Pico-Tag Workstation For hydrazinolysis, samples of
Saporin-6 (1-2 nmol) were treated with anhydrous hydrazine at 90°C
for 16 h in paiallel with other protemns (cytochrome ¢, lysozyme,
B-lactoglobulin as controls) using the Waters Pico-Tag Workstation
Prior to amino acid analysis, hydrazides were treated with benzal-
dehyde and their adducts removed by ether extiaction, then the free
amino dacid obtained from the COOH-terminus was identificd as PTC-
AA [9] For carboxypeptidase P (CPP) digestions, 3 nmol of Saporin-6
were denatured at 100°C for 10 min and tncubated with CPP at 37°C
for 2 h1n the presence of 4 M urea in 10 mM sodium acetate, pH 3 8,
005% Bry-35 Alquots withdrawn fiom the digestion mixture at sev-
cral mcubation tunes were difuted |2 in 109 TFA, vacuum dried,
redissolved 11 250 ppm Na,-LDTA and then subjected to PTC-AA
analysis

Oligonucleotides were synthesized in a 380F automdtic DNA syn-
thesizer (Applicd Biosystems), The primers, designed with & Xhol-
Sall-Clal hnker, were oligo-'sense’ (5-GAC-TCG-AGT-CGA-CAT-
CGA-TCA-GAT-GAC-GGC-TGA-GGC-AGC-3'), which begins at
+513 of the leaf Saporin-6 coding sequence {5] and oligo-‘antisense’
(5 GAC-TCG-AGT-CGA-CAT.CGA-TTT-TTT-TTT-TT1-TTT-
TT-3), complementary to the poly(A) tail Reverse transeription and
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PCR amplification of the 3’ end of Saporin-6 cDNA from summer
leaves of Saponara officinalis [5] was performed as described [10]

3. RESULTS
3.1. Characterization of the COOH-ternunal end of Sa-
porn-6

Saporin-6 has beer found to be remarkably resistant
to several proteases commonly employed for structural
characterization Positive identification of the carboxyl-
terminal residues was thus hindered by the resistance of
Saporn-6 to carboxypeptidase digestion Treatment
with carboxypeptidases Y, A and B, even under
strongly denaturing conditions using high enzyme to
substrate ratios, did not yield any meaningful result
[2,11]

Therefore, appropriate conditions for dealing with
such an unusual situation were developed Imtially, the
carboxyl-terminal residue was identified as Lys by hy-
drazinolysis (Fig. 1A) Then, timed digestion experi-
ments with carboxypeptidase P (CPP) were undeitaken
This carboxypeptidase exhibits a broader specificity
and ability to release almost all COOH-terminal amino
acids, 1s devoid of endopeptidase activity and 1s active
in acidic buffers [12] Time-course hydrolysis with CPP
in strongly denaturing conditions identified  -Pro-Lys
as the COOH-terminal sequence of mature Saporin-6
(Fig. 1B) boiling the protemn for 10 min was required
to obtain release of the COOH-terminal residues Omut-
ting the denaturation step, very slow release was
obtaned under otherwise 1dentical conditions By com-
panson, the same CPP treatment without thermal de-
naturation led to very effective release of the COOH-
terminal ammo acids of commercially available proteins
(e g bradykmm, ubiquitin, lysozyme) used as controls
(data not shown)

32 Characterization of a PCR-amplified clone coding
Jor the 3' end of leaf Saporin-6

The cDNA clones coding for Saporin-6 1solated n
our laboratory [5] were interrupted by the presence of
an EcoRI site on the coding sequence and thus did not
contain a translation termmation codon c¢cDNA am-
plification experiments were thus performed on the 3’
end of mRNA from leaf tissue of Saponaria officinalis
using the polymerase chain reaction (PCR) technique.
A 5 end of oligonuclcotide primer was synthesized cor-
responding to the middle of the coding sequence of our
c¢DNA clones, and an ohigo(dT)-containing primer was
used to amphfy the 3’ end, as described in Materials and
Methods. After amplification, the amplified DNA band
was eluted from the gel and subcloned 1n Sa/l-restricted
M13mpl8 The single-stranded DNA insert from white
plaques was sequenced using the universal primer of
M13 The DNA sequence and deduced amino acid se-
quence of the poition of this clons that follows the
carboxyl-terminal Lys of mature Saporin-6 is depieted
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Fig | COQH-terminal analysis of Saporin-6 (A) HPLC analysis of
a hydrazinolysate of 1 5 nmol of Saporin-6 after derivatization with
phenylisothiocyanate (PITC), compared to standard PTC-AA (lower
trace) Arrow ndicates the identified COOH-ternminal ammo acid
(Lys), several umdentified peaks present in the chromatogram were
detected also mn a blank hydrazinolysate Norleucine (NL) was used
as mternal standard (B) Kinetic plot of the ammo acids released by
carboxypeptidase P digestion of 3 0 nmol of Saporin-6 Automated
amino acid analysis of 1/10 aliquots withdrawn from the digestion
mixture at different incubation times (das described 1n Materials and
Mcthods) was performed after denvatization with PITC

in Fig 2a The 5 end of the clone corresponded to the
sequence of our leaf cDNA clones [5] followed by
codons for a 22-amino acid extenston after the car-
boxyl-terminal codons of mature Saporin-6, and a
translation termination codon (TGA). The latter was
followed by a 129 nucleotide long 3’ untranslated sc-
quence contaming a hexanucleotide conscnsus sequence
(AATAAA) for polyadenylation (not shown) Thus,
leaf Saporin-6 appears to be synthesized as a prepro-
protein composed of a 23 amino acid signal sequence,
a 253 ammo acid mature protein, and a 22-amino acid
COOH-terminal extension (Fig 2b). The deduced se-
quence of the COOH-terminal cxtension contains the
tripeptide Asn-Ser-Thr, which 1s a putative site for N-
glycosylation No potential glycosylation sites (Asn-
Xaa-Ser/Thr) are piesent in maturc Sapo1in-6
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Signal Mature polypeptide Propeptide
sequence

C
SSNEANSTVRHYGPLKPTLLIT Saporin
VSGGVWDSSVETNATASLYVSEM Tobacco glucanase
VFAEATAANSTLVAE Barley Lectin

Fig 2 The 3 end of Saporin-6 cDNA encodes a carboxyl-termmal extension with an N-linked glycosylation site (a) The 22-amuno acid

COOH-terminal extension of Saporin and the corresponding nucleotide sequence The atrow indicates the end of mature Saporin-6 The potentially

glycosylated asparagine residue (Asn-259) 1s underlined (b) Structure of saporin ¢DNA The putative N-linked glycosylation site (Asn-259-Ser—

Thr-261)1s depicted by attachment of a glycan tree to the COOH-terminal extension (c) Comparnison of the COOH-termnal propeptides of Saporin,
tobacco glucanase and barley lectin Conserved positions around the N-linked glycosylation signal are underlined

4 DISCUSSION

In this paper, we have determuned the carboxyl-ter-
minal end of mature Saporin-6 and. by sequencing of
a leaf cDNA clone, the complete carboxyl-tetmimnal se-
quence of the Saporin-6 pumary translation product
The sequence deduced from the cDNA clone extends
for 22 anmuno acids past the end of the mature protein
This extension contains a potential glycosylation site.
The actual glycosylation of this site still nceds to be

demonstrated’ not all potential glycosylation sites are
glycosylated in vivo, because often the conformation of
the growing polypeptide hinders access to oligosac-
chanide transferase [13].

A class of vacuolar proteins. mcluding the basic
forms of tobacco f-1.3-glucanase, a plant defensc-re-
lated enzyme [6], and barley lectin [7], are imtially syn-
thesized as glycosylated precursors and subsequently
processed to mature, nonglycosylated proteins by the
post-translational cleavage of ¢ COOH-terminal glyco-
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peptide. The propeptide of barley lectin has been dem-
onstrated to be necessary for targeting of the protein to
the vacuole [14]. There 1s no evidence that the COOH-
terminal propeptide of S-glucanase or of other vacuolar
protemns contain information for vacuolar targeting
However, cDNA and protemn sequencing revealed that
a group of tobacco f-glucanases that are secreted ex-
tracellularly, instead of being targeted to the vacuole, do
not possess a COOH-terminal prosequence Instead,
they end exactly at the position where the splicing pomnt
of the vacuolar counterparts 1s located [15,16] This led
the authors to propose that also the prosequence of
vacuolar f-glucanase may contain a vacuolar targeting
signal In Fig. 2c we have compared the carboxyl-ter-
minal extension of Saporin-6 to the propeptides of
barley lectin and vacuolar S-glucanase. Evident primary
sequence simularity between Saporin-6 and barley lectin
extends only to an alanine just ahead of the common
glycosylation site and 1s probably not significant How-
ever, the similarity between the propeptides of saporin
and glucanase extends over a region of 8 ammo acids
1n the area around the glycosylation site Five positions
are conserved, while three substitutions take place be-
tween uncharged amino acids. Although more data
need to be acquued, this similarity may be sigmficant
in terms of function, and we believe that the possible
mvolvement of the carboxyl-terminal extension of Sa-
porin-6 as a subcellular location deternunant should be
taken into consideration.

Certain Type | RIPs have been found localized ex-
tracellulatly i the cell wall matrix of the leaf mesophyll
cells [17,18]. The location of other Type | RIPs 1s still
unknown. Among the latter are Saporin-6, Dianthin,
ftom Dianthus caryophyllus, which belongs to the
Caryophyllaceae family like Saponaria officinalis. and
Trichosanthin, from Trichosanthes knilown. It has been
recently determined through c¢cDNA sequencing that
also a Dianthin precursor carries a potentially glycosy-
lated carboxyl-terminal propeptide (G Legname and
M Lord. personal communication)

Our data suggest, although do not prove, that the 22-
amino acid extension is a propeptide which 1s removed
post-translationally to yield mature Saporin-6 whose
carboxyl-terminal end we have determined. That pro-
teolytic processing events involve the carboxyl-terminus
of seed Saporin-6 1s consistent with results of pulse-
chase experiments performed on developing sceds of
Saponara officinalls. Saporin-6 was immunoprecipi-
tated from pulse-labelled sceds, yelding an SDS-PAGE
pattern consiting of at least four polypeptides 1n the
30-35 kDa range {11] However, seeds that had been
labelled and then chased 1n cold medium to allow pro-
cessing of the newly synthesized protetns did not yield
the slower-migrating bands. A coiresponding ncrease
i intensity of the faster nuglating polypeptides was
instead observed, confirming the existence of a pre-
cursor-product relationship Since mature Saponin-6 15
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not glycosylated, 1t 1s hikely that this change reflected the
proteolytical processing of the polypeptide chain with
removal of a glycosylated propeptide and a reduction
m mol wt of about 4000 Da However, we have used
leaf mRNA to produce the cDNA clone characterized
here, whereas the ch:uracterized Saporin-6 protein 1s
obtained from seeds Efforts to obtain mRNA from
seeds of Saponaria officinalis are currently in progress
Thus, 1t could be that the primary translation products
of the leaf and of the seed protemns differ in possessing
or not the same carboxyl-terrminal extension as that
described here If this wete the case, 1t could reflect a
different subcellular location of different Saporin-6-po-
lypeptides
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