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Abstract A novel, strongly basic, two-chain ribosome-inactivat-
ing protein (RIP) with an apparent M, of 64 000 by SDS-PAGE
and 63469 by mass spectrometry analysis, that we have named
basic nigrin b, has been found in the bark of elder (Sambucus
nigra L.). The new protein does not agglutinate red blood cells,
even at high concentrations and displays an unusually and
extremely high activity towards animal ribosomes (1C5¢ of 18 pg/
ml for translation by rabbit reticulocyte lysates). However, it is
inactive against plant and HeLa cells protein synthesis. Our
functional and structural data are consistent with a heterodimeric
structure for basic nigrin b of the type A-B*, B* being a
truncated lectin lacking functional binding domains equivalent to
the B (lectin) chain of the type 2 RIP SNA I and nigrin b present
also in elder bark.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

Ribosome-inactivating proteins (RIPs) may be considered
as antipathogenic proteins present in a number of plants.
RIPs are translation inhibitors that act by arresting protein
synthesis by eukaryotic and, in some cases, prokaryotic ribo-
somes [1,2]. The molecular mechanism by which these proteins
inactivate ribosomes is the single depurination of the large
rRNA which, upon treatment with acid aniline, releases the
so-called RIP diagnostic fragment [1-3]. In some cases, RIPs
promote multidepurination of rRNA [4,5]. Some RIPs act on
nucleic acid other than rRNA such as salmon sperm DNA
[6,7] and genomic viral RNA [6-8], and even on poly(A) [6,7].

According to Barbieri et al. [1], RIPs may be classified in
functional terms into two categories: type 1 and type 2 RIPs.
Type 1 RIPs are single-chain proteins with N-glycosidase ac-
tivity and are the most widely distributed proteins [1]. Type 2
RIPs are two-chain proteins linked by disulphide bonds with
an A chain, functionally identical to a type 1 RIP, and a B
chain which is a lectin, usually specific for p-galactose and
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Abbreviations: 1Csp, concentration of inhibitory protein that gives
50% of inhibition in the rabbit reticulocyte lysate translation system;
Nigrin bb, basic nigrin from bark; PAGE, polyacrylamide gel
electrophoresis; RIP(s), ribosome-inactivating protein(s); TMV, To-
bacco mosaic virus

derivatives [1], although an exception which also binds sialic
acid has also been described [§].

Very recently it has been reported that viral infection and
the molecular mediators of viral infection such as HyOy and
salicylic acid trigger the expression of two single-chain RIPs
called beetins [8]. These data, together with those showing a
direct effect of PAP on Phytolacca americana L. ribosomes
[10] and the preventive effects of a number of RIPs on tobac-
co mosaic virus propagation [10,11], support the antiviral hy-
pothesis of RIPs. However, pleiotropic effects of RIPs cannot
be ruled out.

In recent few years, the species Sambucus has been found to
contain several RIPs. From Sambucus ebulus L., the non-toxic
type 2 RIP ebulin [12] and the family of type 1 RIPs ebulitins
[13] have been isolated and partially characterized. From
Sambucus nigra L., the non-toxic type 2 RIPs nigrin b, nigrin
s, and nigrin f have been isolated [14-17]. The non-toxic ex-
pression refers to the fact that these two-chain RIPs are sev-
eral orders or magnitude less toxic to animals than ricin [18].
The lectin SNA I has been recognized as a type 2 RIP in
S. nigra [9]. Furthermore, the gene sequence coding for nigrin
b (also called SNA V) has also been published [19]. We have
continued study of Sambucus RIPs and have found a novel
type of RIP that we have named basic nigrin b, the compound
having unusual functional properties. The simultaneous oc-
currence in elder bark of two-chain RIPs structural and func-
tionally different (i.e. nigrin b, basic nigrin b and SNA ) is
reported for the first time. We believe that our observations
are interesting since basic nigrin b lacks the red blood agglu-
tination ability characteristic of all type 2 RIPs known to
date.

2. Materials and methods

2.1. Materials

All chemicals, biochemicals, chromatographic supports and radio-
active compounds were of the highest purity available and were ob-
tained as described previously [12,14]. pGEM4Z was purchased from
Promega (Madison, WI, USA). Tobacco mosaic virus {TMV) RNA
was obtained from tobacco (Nicotiana tabacum) leaves field-infected
with TMV and purified by high speed centrifugation and phenoliza-
tion as described elsewhere [20]. One-year old elder bark was obtained
from a bark pool from not less than 12 elder trees grown in Cobos de
Cerrato (Palencia, Spain) in September-October. Nigrin b and ebulin
1 were prepared as described elsewhere [12,14].

2.2. Isolation of basic nigrin b

Two hundred g of elder bark were ground in a blender and ex-
tracted as described elsewhere [14]. The crude extract was subjected to
affinity chromatography on acid-treated Sepharose 6B (AT-Seph-
arose) as described previously in order to remove nigrin b [14]. Puri-
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Fig. 1. Purification of basic nigrin b from Sambucus nigra bark by chromatography through CM-Sepharose FF (a), Superdex 75 HiLoad (b),
first MonoS (s) and second MonoS (d). For experimental procedures, see Section 2. Solid line, Aggy elution profile; dashed line, salt gradient.

Fractions were assayed for protein synthesis inhibition on a rabbit reticulocytes lysate protein synthesis system. Those fractions that showed to
contain the major inhibitory activity (shaded peeks) were pooled and subjected to further purification.

MonoS. CM-Sepharose chromatography was developed in a column
of 5X2.6 cm with a 0-0.3 M NaCl linear gradient in 5 mM sodium
phosphate (pH 6.7; total volume 800 ml). This chromatographic step
yields three peaks of protein synthesis inhibition activity, the second

fication of basic nigrin b was performed by a general protocol used
for the preparation of other RIPs [13,21]. This included a first chro-
matography on SP-Sepharose Fast Flow [13], followed by chromatog-
raphy on CM-Sepharose Fast Flow, Superdex 75 Hiload and

-

Fig. 2. Analysis of basic nigrin b by SDS-PAGE and MALDITOF/MS. (a) Proteins were electrophoresed in the absence or presence of dithio-
threitol (DTT). Thereafter, two gels were stained with Coomassie blue (A) and the third gel was used to detect glycan chains (B) as indicated
in Section 2. Lanes contained 8 (A) or 3.5 (B) pg of protein. St, standards; 1, basic nigrin b; 2, nigrin b; 3, ebulin 1. Numbers on the left indi-
cate the corresponding molecular masses of the standards in kDa. (b) Matrix-assisted laser desorption ionization time-of-flight mass (MALDI-
TOF/MS) spectrum was obtained as indicated in Section 2 in the absence or presence of dithiothreitol (DTT). A smooth background has been
subtracted. Inset shows details of the region m/z 30 000-35000.
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Fig. 3. Effect of basic nigrin b on protein synthesis carried out by cell-free and intact cell translation systems. Experimental details were as indi-
cated in Section 2. Protein synthesis inhibition by basic nigrin b was assayed in cell-free systems (A) derived from rabbit retyculocytes (@), rat
liver (@) and Triticum aestivum germ (A ). Panel (B) shows the effect of basic nigrin b (@) on HeLa cells compared with nigrin b (@) and ricin
(0). Controls were run in the absence of inhibitor and values of 100% were given.

one being most prominent. This protein peak was concentrated and
subjected to Superdex 75 HiLoad chromatography to yield a single
peak of inhibition (228.5 mg) that was dialyzed and further purified
by chromatography through a Mono-S column (in aliquots of 3.5 mg)
with a sodium chloride gradient in 5 mM sodium phosphate (pH 6.7).
Fractions containing the highest protein synthesis inhibition activity
were pooled, dialyzed and subjected to further MonoS chromatogra-
phy. This afforded a homogeneous protein preparation. The purified
protein was collected, dialyzed against MilliQ-water and freeze-dried.

2.3. Preparation of cell-free translation systems and polypeptide
synthesis

Animal-derived and plant-derived cell-free translation systems were
prepared according to standard published procedures [22,23]. The cell-
free extracts were filtered through a column (8X2.5 cm) of Sephadex
G-25 to remove low M, compounds that could interfere with trans-
lation and were stored in small aliquots under liquid N, until their
use, being thawed only once.

2.4. Protein synthesis in HeLa cells

Hela cells were maintained with RMPI 1640 complete medium
supplemented with 10% foetal calf serum, glutamine and antibiotics.
For protein synthesis analysis, HeLa cells were seeded on 24-well
plates and processed as described elsewhere [18], using 1 pCi/ml of
[®38] in vitro cell labelling mix (Promix L [**S] from Amersham; sp.
act. 1000 Cifmmol). After 2 h of incubation at 37°C in a CQ; incu-
bator, protein synthesis was stopped by the addition of 1 ml of 5%
trichloroacetic acid and the radioactivity incorporated into proteins
was assessed as described elsewhere [18].

2.5. N-Glycosidase activities of basic nigrin b on 28 S rRNA
and on TMV genomic RNA
Either 100 pul of rabbit reticulocyte lysate or 5 pug of purified ge-

nomic TMV RNA in 25 pl were incubated with variable amounts of
either basic nigrin b or nigrin b for 15 min at 37°C under the same
conditions as described elsewhere [12]. The RNA was extracted by
phenolization and ethanol precipitation and then RNA electrophore-
sis was carried out in gels of 5% acrylamide at 21 mA for 50 min using
a buffer containing 89 mM Tris-HCI (pH 8.3), 89 mM boric acid and
2.5 mM EDTA [12]. The gels were photographed after staining for
20 min with ethidium bromide (0.5 pug/ml).

2.6. DNA topoisomerase activity

Two hundred ng of pGEM4Z were incubated in a reaction mixture
that contained in 10 pl: 10 mM Tris-HCI (pH 7.8), 50 mM NaCl,
50 mM KCl, 5 mM MgCl,, 0.1 mM EDTA and 15 pg/ml bovine
serum albumin. After incubation for 1 h at 30°C, the different forms
of DNA were analyzed by electrophoresis in 0.8% agarose gels with
89 mM Tris-HCI (pH 8.3), 89 mM boric acid and 2.5 mM EDTA
buffer at 60 V for 2 h. DNA bands were then photographed after
staining for 30 min with ethidium bromide (0.5 pg/ml).

2.7. Mass spectrometry analysis of basic nigrin b

Freeze-dried protein was dissolved in 0.1% trifluoroacetic acid to
give 30 pmol/ul of protein. Thereafter, samples were mixed with a
saturated solution of sinapinic acid and analyzed on a matrix-assisted
laser desorption ionization time-of-flight mass spectrometer (MALDI-
TOF MS) (Bruker Instruments, Billerica, MA) [24]. The experimental
conditions used ensure the non-covalent interactions of sample pro-
teins in solution. Molecular weights of protein peaks were assigned
using cytochrome ¢ and bovine serum albumin as external standards.

2.8. Preparation of tryptic peptides and analysis of
N-terminal amino-acid sequences
Tryptic peptides were prepared as described elsewhere [25]. The
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Fig. 4. N-glycosidase activity of basic nigrin b on rabbit ribosomes and Tobacco Mosaic Virus RNA and topoisomerase activity on DNA.
(a) RNA N-glycosidase activity was assayed as indicated in Section 2 using either 50 pg/ml (rabbit ribosomes) or 24 pg/ml (TMV RNA) of
toxin. Each lane contained 1.5 pg of RNA. The arrow on the left indicates the RNA fragment released from the rabbit 28 S rRNA as a conse-
quence of RIP action upon acid aniline treatment. (b) Topoisomerase was assayed on pGEMA4Z as indicated in Section 2 with either 10 ug
(Dianthin 30) or 1000 pg (nigrin b and basic nigrin b) of toxin. The arrows on the right indicate the position of the relaxed, linear and super-

coiled forms of the plasmid.

analysis of N-terminal amino-acid sequences of some peptides was
performed as described elsewhere [25].

2.9. Other assays

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of proteins
and the detection of glycan chains in proteins were carried out as
has been described previously [25]. Isoelectric focusing (IEF) was car-
ried out using a Fast System and pH 3-10 gradient gels (Pharmacia
Ibérica, Madrid, Spain)

3. Results and discussion

Acid-treated Sepharose 6B chromatography of a saline
crude extract of elder bark yielded a retained D-galactose-
binding protein fraction and an unbound protein fraction
[12]. The unbound protein fraction displayed strong inhibitory
activity on translation carried out by rabbit reticulocyte ly-
sates (data not shown). Such protein fraction was subjected to
a current protocol of RIP purification, including SP-Seph-
arose Fast Flow, CM-Sepharose Fast Flow, Superdex 75 Hi-
Load and two Mono-S chromatographic steps. As shown in
Fig. 1, CM-Sepharose chromatography resolved several pro-
tein peaks. The second peak displayed a strong inhibitory
protein synthesis activity on a rabbit reticulocyte lysate. After
all the chromatographic steps, this peak was seen to contain a
protein with an apparent M, of 64 000, which was found to be
homogeneous in SDS-polyacrylamide gel electrophoresis in
the absence of reducing agent (Fig. 2aA). Incubation of this
protein with 2-mercaptoethanol but not with dithiothreitol
promoted its precipitation. Therefore we used dithiothreitol
as reducing agent. SDS-PAGE in the presence of dithiothrei-
tol yielded a protein band with an apparent M, of 32000 (Fig.
2aA). The protein, which we call basic nigrin b since the iso-
electric point is higher than 10 measured by IEF (data not
shown), contains sugar chains (Fig. 2aB). Analysis of basic
nigrin b by mass spectrometry clearly indicates that it is a

heterodimer whose subunits have M, of 31046 and 32127
(Fig. 2b). Unfortunately, we have been unable to resolve
and isolate both subunits by any known conventional chro-
matographic or electrophoretic procedures.

We further studied the effects of basic nigrin b on protein
synthesis carried out by cell-free systems from both mammals
and plants. As shown in Fig. 3A, the protein was inactive on

Nbb peptide 1 DG---------- GQQSSQQ...

SNLRP 2 28 LAKDGN - -PVQLLSCGQQS SQQWTF 50
SNAT 31 HYIDGN - -PVQLRPCGNECNQLWTF 53
SNAT 30 NGDEKDTTPVQLS SCGEQSNQQWTF 54
Nb 29 YDTDPGT - -PLQWP - CGTQRNQRWTF 51
Nb b peptide 2 AMIYK..

SNLRP 2 72 NYAMIYNCDT 82

SNAT 69 SSSVMIYNDCT 79

SNAT 70 SSSVMIYNCKV 80

Nb 69 LNNGSIFNCST 82

Nbb peptide 3 NIHAASQGWIVY..

SNLRP 2 119 LQKNIHAASQGWIVGNYV 135

SNAT 117 LENNIHAARQGWTVGDV 133

SNAT 118 LEKNVHAARQGWIVGNV 134

Nb 120 LEDNIYAASQGWTVTNV 136

Nbb peptide 4 TEQMWR...

SNLRP 2 167 NRREQMWALYG 177

SNAL 165 NRVQQEWALYG 175

SNAT 168 SKVDQKWALYG 179

Nb 169 TSLQQQWALYG 179

Fig. 5. Amino-acid sequence comparison of basic nigrin b and the
B chain of several type 2 RIPs. Tryptic peptides were obtained and
sequenced for the N-terminal region as indicated in Section 2. Iden-
tical amino acids are bolded and the numbers indicate the position
of the amino acids in the corresponding proteins, points indicate
undetermined sequences.
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the plant systems. By contrast, it was strongly active on both
rabbit reticulocyte lysates and rat liver cell-free systems. The
1C;q for rabbit reticulocyte lysates was 18 pg/ml, which to our
knowledge is the lowest value found for an inhibitor of trans-
lation. Unlike its activity on cell-free systems, basic nigrin b
had no inhibitory action at all against protein synthesis in
Hela cells (Fig. 3B) as compared with ricin and nigrin b
[18]. In support of this lack of toxicity on intact cells is the
fact that the intraperitoneal injection of 40 mg/kg body weight
of basic nigrin b was not toxic to mice.

Concerning its mechanism of action, basic nigrin b was able
to trigger the single depurination of rabbit reticulocyte ribo-
somes, which upon treatment with acid aniline yielded the
RIP diagnostic RNA fragment (Fig. 4a). Furthermore, it
was able to multidepurinate genomic TMV RNA, which after
acid aniline treatment underwent complete degradation (Fig.
4a) thus suggesting that this RNA could be a multitarget for
the RIP. Additionally, as may be seen in Fig. 4b, basic nigrin
b promoted the conversion of supercoiled pGEM4Z DNA
into both relaxed-circle and linear DNA. This indicated that
basic nigrin b also displays the topoisomerase activity found
in some RIPs, which seems to be involved in an important
way in their anti-HIV-1 action [26].

Surprisingly, basic nigrin b was completely unable to agglu-
tinate red blood cells, even at very high concentrations
(0.42 mg/ml). This contrasts with other type 2 RIPs present
in Sambucus, such as nigrin b [14] and SNAI in elder bark [6],
nigrin s in elder seeds [15], nigrin f in elder fruits [16], and
ebulin 1 in dwarf elder leaves [12]. It also contrasts with all
known data on the toxic type 2 RIPs (i.e. ricin, abrin, etc [1]).
To compare with other type 2 RIPs from Sambucus we
studied the N-terminal amino-acid analysis. Unfortunately,
the protein was blocked in the N-terminus. Therefore we pre-
pared tryptic peptides and analyzed their N-terminus. As
shown in Fig. 5, three peptides analyzed fit well with amino-
acid sequences of the B chain of several type 2 RIPs from
Sambucus, namely nigrin b [14,19], SNA I [9] and SNA T’
[27]. Therefore, both functional and structural data supports
our proposal that basic nigrin b has a heterodimeric structure
of the type A-S-S-B*¥, B* being an altered B (lectin) chain
unable to trigger red blood cell agglutination.

Very recently a similar protein, a type 2 RIP called SNLRP,
has been isolated from the bark of elder [28]. SNLRP has an
ICs0 of approximately 0.5 pg/ml in rabbit reticulocyte lysates
which contrasts with the ICsy value of 18 pg/ml of basic nigrin
b in the same cell-free translation system. This large difference
in the ICsy on rabbit reticulocyte lysates cannot be accounted
by the variability in the activity and sensitivity to RIPs of
such cell-free system. In fact, the ICsy values reported by
different laboratories using the same cell-free system and the
same RIPs fall very closely [1,29]. The ICs of nigrin bb is the
lowest reported to date for a RIP on cell-free translation
systems. On the other hand, our peptide sequences (in partic-
ular peptide 1) indicate that SNLRP2 is more related to SNA
T and SNA T’ than to nigrin bb. Taken together, the data on
enzymic activity and on amino-acid sequence, support the
idea that they are actually different type 2 RIPs. During re-
vision of this article, Battelli et al. Reported that SNLRP
inhibits protein synthesis by a cell-free system and, at much
higher concentration, by cells [30].

Finally, we found that the content in elder bark protein was
season-dependent (data not shown). The yield of basic nigrin

F.M. de Benito et al.[FEBS Letters 413 (1997) 85-91

b was 180 mg from 200 g of elder bark collected in Septem-
ber—October. This, together with its very high activity on
mammalian ribosomes, makes basic nigrin b a good candidate
for use as a toxic moiety of immunotoxins (i.e. for cancer
therapy). Additionally, the simultaneous presence of basic
and neutral, non-toxic two-chain RIPs with different biolog-
ical activities in the same plant opens a new door in RIP
research.
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