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Abstract: Sambucus (Adoxaceae) species have been used for both food and medicine
purposes. Among these, Sambucus nigra L. (black elder), Sambucus ebulus L. (dwarf elder),
and Sambucus sieboldiana L. are the most relevant species studied. Their use has been
somewhat restricted due to the presence of bioactive proteins or/and low molecular weight
compounds whose ingestion could trigger deleterious effects. Over the last few years, the
chemical and pharmacological characteristics of Sambucus species have been investigated.
Among the proteins present in Sambucus species both type 1, and type 2
ribosome-inactivating proteins (RIPs), and hololectins have been reported. The biological
role played by these proteins remains unknown, although they are conjectured to be involved
in defending plants against insect predators and viruses. These proteins might have an
important impact on the nutritional characteristics and food safety of elderberries. Type 2
RIPs are able to interact with gut cells of insects and mammals triggering a number of
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specific and mostly unknown cell signals in the gut mucosa that could significantly affect
animal physiology. In this paper, we describe all known RIPs that have been isolated to date
from Sambucus species, and comment on their antiviral and entomotoxic effects, as well as

their potential uses.

Keywords: Sambucus ebulus L.; Sambucus nigra L.; ebulin; nigrin; immunotoxins;
nigrin b model

1. Introduction: Uses of Sambucus in Ethno-Pharmacology

Elders (Sambucus) belong to the family Adoxaceae and comprise shrubs as well as small trees found
in Europe, Asia, the Americas, and Africa. Remains of seeds and charcoals of the Sambucus species
(S. ebulus L., S. nigra L. and S. racemosa L.) have been used since ancient times and archaeological
remains have been recovered from the Neolithic, and chalcolithic (Copper Age). They are assumed to
have been used for local human subsistence in northern Italy [1] and southern France [2]. The accepted
view is that wild elders were used together with other fruits to complement human cereal intake, and
they have been considered to be among the most abundant fruits found at certain well-documented
chalcolithic sites. To date, no data exist on elder remains in other European countries. They have,
however, been used for many thousands of years in the Mediterranean area and Middle East.

Since the early use of S. ebulus L. and S. nigra L. during the Neolithic merely as food, a number of
medicinal uses of these plants have been documented, with Hippocrates and Dioscorides amongst others
describing them. Romans, Dacians and Gauls used them for a wide range of health purposes. Druids
gave the name “Ruis” to the 13th Moon of the Celtic Year (25" November—23" December), and
dedicated the name to the White Lady and Midsummer Solstice [3]. Owing to their medicinal properties,
use of black elderberries has been documented in Europe among the most important medicinal plants. A
broad variety of everyday complaints such as toothache, ear and eye problems, wounds, skin burns, colic,
worms, dysentery, arthritis, rheumatism, fevers, epilepsy, and so on, have been treated over the centuries
using them.

2. Special Chemical Compounds Found in Sambucus

Like other berries, the Sambucus species contain a number of organic compounds that likely account
for their medicinal properties [4]. These include simple phenolic acids, complex polyphenols including
flavonoids, with anthocyanidins and tannins having been identified in particular. Major flavonoids
present in elderberries are quercetin-3-O-rutinoside, quercetin-3-O-glucoside, kaempferol-3-O-rutinoside,
isorhamnetin-3-O-rutinoside, isorhamnetin-3-O-glucoside, and 5-O-caffeoylquinic acid [5]. Two
polyphenols present in S. nigra L. flowers, naringenin and 5-O-caffeoylquinic acid, increase glucose
uptake and reduce fat accumulation in Caenorhabditis elegans [6]. Two flavonol glycosides,
isorhamnetin-3-O-monoglycoside and quercetin-3-O-monoglycoside, display antiulcerogenic activity [7].

Among the anthocyanidins, cyanidin-3-O-sambubioside, cyanidin-3-sambubioside-5-glucoside,
cyanidin-3-O-glucoside and cyanidin-3,5-diglucoside, are the most abundant anthocyanins in S. nigra L.
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and S. ebulus L. ripe fruits [8]. Cyanidin-3-O-glucoside has been found to be an anticancer compound
that inhibits cell growth [9,10]. Other compounds such as the non-glycosidic iridoids 7-O-acetyl-patrinoside
aglycone and 10-O-acetylpatrinoside aglycone have been isolated from the aerial parts (leaves and young
branches) of S. ebulus L. [11], and preparations of S. ebulus L., rich in ursolic acid, are used to treat
chronic inflammatory processes [12].

3. Ribosome-Inactivating Proteins (RIPs)

Ribosome-inactivating proteins (RIPs) are enzymes (E.C. 3.2.2.22) with N-glycosidase activity on
the large RNA of ribosome, preventing it from engaging in protein synthesis [13—15]. RIPs split
adenine 4324 from the 28S rRNA of the large subunit of the rat ribosome or equivalent in other
eukaryotes [13,14]. This adenine is located in a loop that is involved in the interaction of the ribosome
with elongation factor 2. As a result, RIPs inhibit ribosomes at the translocation step of translation [14,15].
In addition, RIPs inactivate ribosomes from certain plants [16,17] and bacteria [18]. In all these cases,
the molecular mechanism of action is the same as in animal cells, namely depurination of ribosomes.
Elderberry RIPs also act on DNA and polynucleotides [19,20].

Although the biological role played by RIPs in plants is not known [13—15], evidence does exist to
suggest they might be involved in defending the plant against predators such as insects [21], fungi [22]
and viruses [23]. RIPs may be classified into type 1 and type 2 RIPs. Additionally, there is a special
group known as type 3 containing very few examples. The current paper only deals with type 1 and 2
RIPs. Type 1 RIPs such as PAP (Phytolacca americana antiviral protein), saporins, dianthins, beetins,
etc., consist of a single polypeptide chain that contains the enzymatic activity. Type 2 RIPs contain two
different polypeptide chains linked by a disulphide bridge: an A chain (or active chain with enzymatic
activity equivalent to a type 1 RIP) and a B chain (or binding chain able to bind to glycans of receptors
present in the cell surface). The B chain enables type 2 RIPs to enter the animal cell allowing the A chain
to reach the ribosomes and trigger their inactivation. Examples of such type 2 RIPs are the highly toxic
ricin, abrin and other related toxins [ 13—15,21]. These type 2 RIPs are the most powerful cytotoxic agents
known to date, since the ICso values—concentration causing 50% inhibition—in HeLa cells are in the
1-10 pM range, and the LDso values —lethal dose— in mice are in the 0.5-33.0 pg/kg body weight range.

Since 1986, when the first lectin of S. ebulus L. was found in rhizomes after saline extraction and
further fetuin-Sepharose affinity-chromatography [24], several lectins and RIPs have been identified,
isolated and characterized [13,19,25,26]. Particularly worthy of note are the type 2 RIPs from Sambucus
species which are much less toxic to cultured animal cells and mice than ricin and are, therefore, known
as non-toxic type 2 RIPs [13,14]. The reason and importance for the low intraperitoneal toxicity of type 2
RIPs as compared with ricin will be considered later.

3.1. Type 1 (Single Chain) Ribosome-Inactivating Proteins

Sambucus type 1 RIPs coexisting with type 2 RIPs have only been described to date in S. ebulus
leaves (ebulitins) and S. nigra fruits (nigritins). However, this does not mean they cannot also be present
in other tissues of these species and in other Sambucus species. Further studies are needed to reveal the
biological meaning of the simultaneous presence of type 1 and type 2 in the same tissue.
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3.1.1. Ebulitins o, B and y

Ebulitins are basic proteins that belong to single-chain (type 1) RIPs and have been isolated from
leaves of S. ebulus L. by cation-exchange chromatography, gel filtration and Blue-Sepharose affinity
chromatography [27]. Three ebulitins named o, B, and y have been isolated to date. Ebulitin a has
a molecular weight of 32 kDa whereas ebulitins  and y have an apparent Mr of 29 kDa. It has not been
possible to determine their amino terminal sequence, although the amino acid composition suggests that
ebulitins B and y are similar to each other and quite different to ebulitin a. All three ebulitins inhibit
protein synthesis in cell-free systems from rabbit reticulocyte lysates with an ICso of 0.08, 0.34, and
1.79 nM for the a, f and y ebulitins, whereas in the rat liver the ICso values are 11.6, 10.9 and 4.8 nM,
respectively. In contrast, they do not inhibit translation in plant cell-free systems. The three ebulitins
display N-glycosidase activity on 28S rRNA rabbit reticulocyte lysates [27].

3.1.2. Nigritins f1 and {2

Nigritins fl and f2 are type 1 RIPs obtained from S. nigra L. fruits using the same procedure
developed for ebulitins [28]. Mass spectrometry analysis has revealed that nigritins f1 and f2 have
molecular masses of 24.1 kDa and 23.6 kDa, respectively. Nigritin f1 is glycosylated whereas nigritin
f2 is not. Based on the structure of certain tryptic peptides obtained from these proteins, they display
no amino acid N-terminal sequence homology either with one another or with other well-known RIPs.
Nigritins inhibit protein synthesis in cell-free systems from rabbit reticulocyte lysates with an ICso in the
3-8 nM range. In rat-liver cell-free systems, they show ICso values of 15 nM for nigritin f1 and 268 nM
for nigritin f2. As occurs with ebulitins, they do not inhibit translation in plant cell-free systems and
display N-glycosidase activity on 28S rRNA rabbit reticulocyte lysates [27]. Additionally, they display
topological activity, turning supercoiled circular DNA into linear and relaxed circular DNA forms [28].

3.2. Type 2 Ribosome-Inactivating Proteins from S. ebulus L.

To make easier the understanding of the different type 2 RIPs of Sambucus an integrative overview
is presented in Table 1.

3.2.1. Ebulin 1

Ebulin 1 is a two-chain RIP present in S. ebulus L leaves that was isolated by affinity chromatography
on acid-treated Sepharose 6B (a dense matrix that binds proteins with affinity for D-galactose), followed
by gel filtration through Superdex 75 [29].

Ebulin 1 inhibits protein synthesis in rabbit reticulocyte lysates at nearly the same concentrations as
ricin with ICso values of 0.15 and 0.10 nM, respectively. It also inhibits protein synthesis in cell-free
systems from rat brain and rat liver (ICso values of 0.09 and 0.28 nM, respectively). By contrast, it does
not inhibit protein synthesis in cell-free systems from plants like Vicia sativa, Cucumis sativus and
Triticum aestivum, or bacteria like Escherichia coli [29]. Ebulin 1 also displays lectin activity since it binds
sugars and promotes full agglutination of human red blood cells at 51 pg/mL. Structural analyses [30] and
molecular cloning of gene coding for ebulin I [31] revealed that ebulin I is composed of two subunits
linked by a disulphide bridge: an A chain which evidences enzymatic activity, and a B chain which
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displays lectin activity. The ICso of ebulin I in HeLa cells is 64.3 nM [32]. Maximum ebulin 1 expression
is in spring shoots [33].

Table 1. Type 2 RIPs from Sambucus.

Mr (SDS-PAGE) (kDa)

Tissue Protein X : Sugar Spec. Yield* ICso (nM)
Whole A Chain B Chain
leaves ebulin 1 56.0 26.0 30.0 Gal 32 0.15
fruits ebulin f 56.0 26.0 30.0 Gal 1.6 0.03
blossoms  ebulinblo  60.0°  34.0 30.0 Gal 5.9 -
rhizome ebulin rl 56.0 26.0 30.0 Gal 1.34 0.34
rhizome ebulin r2 56.0 26.0 30.0 Gal 0.56 1.14
rhizome SEA I 140.0 30.0 35.0 Neu5SAc-Gal/GalNAc 6 1
bark nigrin b 58.0 26.0 32.0 Gal/GalNAc 254 0.1
bark basic nigrinb  64.0 32.0 32.0 no determined 90 0.02
bark SNA-I 240.0 33.0 35.0 NeuSAc-Gal/GalNAc 100 1.65
bark SNA-I’ 120.0 32.0 35.0 NeuSAc-Gal/GalNAc 0.2 1.25
B bark SNRLP1 68.0 34.0 34.0 GalNAc oligomers 100 °© 7
bark SNRLP2 62.0 30.0 32.0 GalNAc oligomers - 7
bark SNA-V 120.0 - - Gal/GalNAc - -
fruits nigrin f 58.0 26.0 31.6 Gal 1.3 0.03
seeds nigrin s 57.3 26.0 31.0 Gal - -
bark sieboldin b 60.0 27.0 33.0 NeuSAc-Gal/GalNAc 2.6 0.9
bark SSA 1154 28.7 29.0 NeuSAc-Gal/GalNAc - >100

Notes: A: S. ebulus L.; B: S. nigra L.; C: S. sieboldiana L. Type 2 RIPs have been also detected in the bark of
S. mexicana L., S. racemosa L., S. peruviana L. and leaves of S. nigra L. (unpublished results).  yield per 100 g
of starting material; ® the molecular mass determined by mass spectrometry is 63,225; ¢ mixture of SNRLP1
and SNLRP2. ICso: concentration required to inhibit translation in a 50%; unless indicated translation
was assayed with reduced RIPs in rabbit reticulocyte lysates. Gal: D-galactose; Man: manose; GalNAc:

N-acetylgalactosamine; Neu5Ac: N-acetyl-neuraminic acid (sialic acid) [13,26].
3.2.2. Ebulins r1 and r2

Ebulins rl and r2 were isolated from rhizomes of S. ebulus L. by affinity chromatography on
acid-treated Sepharose 6B and gel filtration on Superdex 75, and further resolved by anion exchange
chromatography on Mono-Q FPLC chromatography [34]. These proteins inhibit protein synthesis in
rabbit reticulocyte lysates at lower concentrations than ebulin 1 (ICso values of 0.05 and 0.04 nM for
ebulin r1 and ebulin 12, respectively). They also inhibit protein synthesis in other mammalian cell-free
systems, yet like ebulin 1, do not inhibit translation in plant cell-free systems. Protein subunit structure,
molecular mechanism of action, red blood cell agglutination and sugar-binding specificity are similar to
those of ebulin 1 [29]. The ebulin r1 and r2 A chain shares the same N-terminal amino acid sequence
with the ebulin | A chain, whereas it displays certain differences in the B chain. ELISA analysis shows
that anti-ebulin I rabbit polyclonal antibodies react readily with ebulin 1 and ebulin r1 and to a less extent
with ebulin 12 [34]. Both rhizome ebulins, like ricin but unlike other type 2 RIPs, act on herring sperm
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DNA promoting active depurination with characteristic RIP N-glycosidase activity but with a different
efficiency [20].

3.2.3. Ebulin f and Polyebulin f

Ebulin f was isolated from the green fruits of S. ebulus L. using the same procedure as for ebulin 1 [35,36].
Ebulin f shows five-fold more activity (ICso of 0.03 nM) on protein synthesis in rabbit reticulocyte
lysates than ebulin 1. Activity on other cell-free systems from both mammalians and plants, and the
molecular structure of ebulin f, are very similar to that of ebulin 1. Yet, while the general sugar-binding
specificity is the same as ebulin I, ebulin f triggers full agglutination of human red blood cells at a
concentration 10 fold lower than ebulin 1. In addition, ebulin f is somewhat more toxic to HeLa cells
(ICso0 of 17 nM) than ebulin 1 (ICso value of 64.3 nM). These differences support the idea that the two
ebulins are different proteins. Perhaps one of the most remarkable characteristics of ebulin f is that it
accumulates in the green fruit and disappears almost completely with ripening [35]. Ebulin f is toxic to
mice by intraperitoneal (i.p.) administration with an LDso of 2.5 mg/kg body weight [36,37]. Ebulin f
shows moderate sensitivity to pepsin as compared to the homodimeric lectin SELfd that coexists with
ebulin f [35]. Both ebulin f and SELfd contain sequences present in the allergen Sam nl found in
blossoms and fruits of S. nigra L. [38]. Ebulin f coexists in S. ebulus L green fruits with a dimeric
hololectin (type B-B) devoid of ribosome-inactivating activity, named SELfd [35,36]. Its polypeptide
chains are identical and share very good amino acid sequence identity with the B chain of ebulin 1 and
ebulin f and with the monomeric lectin SELm present in S. ebulus L. shoots. [38]. Worthy of note is that
ebulin f can be polymerized with other ebulin f molecules and even with SELfd lectins to form high
molecular weight aggregates which we named polyebulin and which coexist with free forms of both
ebulin fand SELAd [35].

3.2.4. Ebulin Blo

S. ebulus L. blossoms contain two lectins that we named ebulin blo and SELblo [25]. Ebulin blo
(Mr 63,225 by mass spectrometry), like ebulin 1 and ebulin f, comprises two polypeptide chains of
apparent Mr 28 kDa (A chain) and 35 kDa (B chain) linked by a disulphide bond. SELblo (Mr 68,432
by mass spectrometry) lacks apparent toxicity and has two identical subunits (B chains) of apparent
Mr 36 kDa linked by a disulphide bond. Both proteins share amino acid sequence homology with the
protein allergen Sam n1 isolated form elderberry fruits and flowers [38]. As will be shown below, ebulin
blo is highly toxic to mice.

3.2.5. SEA

Rhizomes of S. ebulus L. contain a tetrameric protein type (A-B)2 in which the A-B dimer is equivalent
to an ebulin-type unit [19]. SEA was described years ago merely as an agglutinin specific to sialic acid,
isolated by chromatography through fetuin-Sepharose [24], and no further studies were conducted on it.
It has recently been found that SEA is a true type 2 RIP [19]. SEA is characterized by: (i) translation
inhibitory activity in mammalian cell-free system but 100 fold less active than ricin and ebulin 1;
(i1) ability to release the 470 nucleotide fragment (Endo’s fragment) from rabbit reticulocyte ribosomes
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which is characteristic of RIPs [19]; (iii) SEA displays agglutinin activity specific to sialic acid-containing
molecules. Molecular cloning indicated that SEA shares nearly 85% amino acid identity with tetrameric
type 2 RIPs SNAI and SSA, and retain the Y562 residue of ricin in the 2y-subdomain, essential for
D-galactose-binding. Histological analysis revealed that SEA binds to the mucus of goblet cells of the
small intestine of mice [19].

3.3. Type 2 Ribosome-Inactivating Proteins from Sambucus nigra L.
3.3.1. Nigrin b (SNA-V)

Nigrin b is a type 2 RIP isolated from the bark of S. nigra L. [39] by the same procedure used to
isolate ebulin I. For historical reasons and due to the pioneering work of the Peumans and Van Damme
research group, Sambucus lectins are referred to as Sambucus nigra agglutinin (SNA) [40,41]. Accordingly,
nigrin b is also known as SNA-V. The gene coding for SNA-V (nigrin b) was cloned and sequenced and
displayed high amino acid sequence homology between SNA-V and ebulin 1 [42]. There are discrepancies
in nigrin b and SNA-V quaternary structures. Depending on the purification procedure used, a dimeric
A-S-S-B type structure for nigrin b [39] and a tetrameric (A-S-S-B)2 type structure for SNA-V [42], have
been claimed. The apparent Mr of the A and B nigrin b chain are 26 kDa and 32 kDa, respectively [39].

Nigrin b (SNA-V) inhibits protein synthesis in mammalian cell-free systems with nearly the same
efficiency as ebulin 1 and, also like ebulin 1, is inactive on plant and bacterial ribosomes. Nigrin b
(SNA-V) displays N-glycosidase activity with the same target ribosomal RNA as other RIPs [13].
Nigrin b (SNA-V) displays a potent N-glycosidase on TMV RNA, promoting multidepurination of the
RNA chain which, when treated with acidic aniline, is completely degraded [43]. Nigrin b (SNA-V)
promotes full agglutination of human red blood cells at 12.5 pg/mL [39].

Its ICso on HeLa cells is 27.6 nM and the LDso (i.p.) for mice is 12 mg/kg of body weight [32,44].
Binding to and internalization of nigrin b into HeLa cells has been studied [45]. Results initially suggest
that ricin and nigrin b follow the same pathway but later differ in their routes: (i) they both bind to
receptors of the plasma membrane; (ii) they are internalized, reaching an endosomic compartment;
(ii1) they reach a divergence point at which the pathways of the two RIPs differ substantially. From this
point onwards, ricin follows a special pathway to the trans-Golgi network and then to the endoplasmic
reticulum, where it is translocated to the cytosol. Nigrin b is recycled back to the plasma membrane and
expelled from the cell. Passage through the endosomal pathway promotes degradation of a large number
of RIP molecules (79% of ricin and 94% of nigrin b) [45]. Ricin entry into the cytosol is through
translocation from the endoplasmic reticulum in a specific manner, allowing very few ricin molecules
to promote cell derangement [21,45]. In contrast, nigrin entry into the cytosol seems to result from
spontaneous translocation dependent on nigrin b accumulation in the endosome. This might be why only
high concentrations of nigrin b are inhibitory for intact cells despite the high sensitivity of cytosolic
ribosomes to nigrin b.

3.3.2. Basic Nigrin b (bNgb)

S. nigra L. bark contains a highly active type 2 RIP called basic nigrin b (bNgb) due to its strong
basic characteristic and its capacity to bind to SP-Sepharose FF [43]. Purification was achieved by
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CM-Sepharose FF 0—130 mM NacCl linear gradient followed by Superdex 75, a first Mono S 0—75 mM
NaCl linear gradient and second Mono S in the same conditions as the first. SDS-PAGE analysis revealed
that bNgb is formed by two chains of apparent Mr 32 kDa that cannot be separated by these procedures.
Mass spectrometry analysis revealed that bNgb is a heterodimer whose subunits display Mr values of
31,046 Da and 32,127 Da, and which are held together by a disulphide bridge easily reduced by
dithiothreitol. Two major features of said protein are: (i) its extremely high protein synthesis inhibitory
activity on rabbit reticulocyte lysates (ICso 18 pg/mL) paralleled by the corresponding N-glycosidase
activity on the 28S rRNA of rabbit reticulocyte lysates; (ii) its presence at extremely high concentrations
in elderberry bark, 900 mg/kg of bark collected in September-October. Tryptic peptides obtained from
bNgb indicated it is a different protein to SNA-I, SNA-I’” and SNLRP2 [43]. Nevertheless, bNgb
evidences high amino acid sequence homology with SNLRPs (nearly 90%) [45]. Like nigrin b (SNA-V),
bNgb binds to TMV RNA and promotes extensive depurination which, when treated with acidic aniline,
undergoes complete degradation. However, and unlike nigrin b (SNA-V), bNgb binds to supercoiled
pGEM4Z DNA and promotes its conversion to the relaxed-circle and linear DNA [43].

3.3.3. Nigrin s

Nigrin s was detected in S. nigra L. seeds using anti-nigrin b polyclonal antibodies [46]. Although it
has not been isolated, the crude extract is known to inhibit protein synthesis in rabbit reticulocyte lysates
and it displays the N-glycosidase activity characteristic of common RIPs. Nigrin s is a heterodimer
composed of an A chain of apparent Mr 26.3 kDa and a B chain of apparent Mr 31.0 kDa, both linked
by a disulphide bridge.

3.3.4. Nigrin f

Nigrin f was isolated from green and mature S. nigra L. fruits by affinity chromatography on
acid-treated Sepharose, and anionic exchange chromatography on DEAE-Cellulose FPLC [47].
Its characteristics, such as protein synthesis inhibitory activity, human red blood cell agglutination
capacity, and molecular structure, are similar to nigrin b. Nigrin f has two isoforms, a major one with
an A chain of 26.3 kDa and a B chain of 31.6 kDa (most probably an isoform of nigrin s) and another
with A and B chains of 28 and 30 kDa, respectively. Nigrin f'is the most toxic type 2 RIP from Sambucus
known to date. The ICso value for HeLa cells is 2.9 nM (20 times more toxic than ebulin | but 2500 times
less toxic than ricin). Unlike the fruits, both green and mature fruits contain nigrin f, albeit fruit ripening
leads to a substantial reduction in nigrin f concentration [47].

3.3.5. Nigrins 11 and 12

Two type 2-RIPs were found in the leaves of S. nigra L. (unpublished data). We have called these
nigrin 11 and nigrin 12. The most salient characteristics of these proteins are that they accumulate in
shoots, decay in mature leaves, and are completely absent in senescent leaves (like ebulin 1). All the
molecular features studied to date indicate that, although different, they might be considered the leaf
forms of nigrin b.
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3.3.6. SNA-I

SNA-I (Sambucus nigra agglutinin I) was the first lectin isolated from Sambucus, and is the most widely
studied so far. It was obtained from S. nigra L. bark by affinity chromatography on fetuin-agarose [48].
It is an octameric protein comprising two dissimilar subunits, A and B with an apparent Mr of 240 and
an [(A-S-S-B):2]2 type structure [41]. The B chain has sugar-binding capacity and is specific for
Neu5Ac(a-2,6)/Gal/GalNAc. The gene encoding SNA-I (LECSNAI) has been cloned, analysis of its
sequence revealing that SNA-I is really a true type 2 RIP [49]. It contains a 1710 bp open reading frame
encoding a polypeptide of 570 amino acids. In its N-terminal end, this polypeptide has a signal peptide
of 28 amino acids followed by a 542 amino acid sequence that contains the A chain, the linker peptide,
and the B chain. When this polypeptide is processed, proteolytic removal of the linker peptide produces
a heterodimer that contains an A chain and a B chain linked by a disulphide bridge. The union of two
heterodimers by another disulphide bond between the two B chains yields the tetrameric protein. It has
been suggested that two tetrameric molecules could be associated by non-covalent forces into an
octameric structure. SNA-I presents a 54% sequence identity with both nigrin b and nigrin f.

SNA-I is broadly used as a powerful tool in glycoconjugate research [41], and proves particularly
useful for investigating the presence of Neu5Ac(a-2,6) terminals on the surface of cancer cells [50].
In fact, induction of the corresponding sialyltranferase has been associated to the onset of several
cancers [51]. In addition, it has been suggested that the intensity of staining with SNA-I might be a valid
parameter for predicting recurrence of colorectal cancer [52]. A recent report demonstrates the feasibility
of SNA-I for selective recognition of the STn epitope in glycoproteins with a SNA-I-biosensor [53].

3.3.7. SNA-I’

SNA-I' was also obtained from the bark of S. nigra L. by affinity chromatography on fetuin-agarose
and separated from SNA-I by gel filtration [54]. It is a minor component compared to SNA-I (200 times
less abundant). Molecular cloning of SNA-I” revealed the deduced amino acid sequence of SNA-I” to be
very similar to that of SNA-I and that a single cysteine residue present in the B chain of SNA-I is absent
from SNA-I’, thus leading to the (A-S-S-B)2 type structure. SNA-I' has nearly the same poor inhibitory
activity of protein synthesis. Sugar specificity has been shown to be the same as SNA-I [40,54].

3.3.8. SNLRP1 and SNLRP2

SNLRPs (Sambucus nigra lectin-related protein) 1 and 2 are basic proteins isolated from a lectin-depleted
extract from S. nigra L. bark using a combination of hydrophobic interaction chromatography, ion exchange
chromatography and gel filtration [55]. SNLRP1 is composed of an A chain of 34 kDa and a B chain of
28 kDa, and an SNLRP2 of an A chain of 30 kDa and a B chain of 32 kDa. Both proteins inhibit protein
synthesis in rabbit reticulocyte lysates although at extremely high concentrations (ICso 0.5 pg/mL for a
mixture of the two proteins, and ICso 18 pg/mL for bNgb).

SNLRPs 1 and 2 have also lectin activity showing carbohydrate—binding activity towards GlcNAc
oligomers [41]. These proteins exhibit 91% of amino acid identity. Molecular cloning and modelling of
both proteins produces a similar structure to that of ricin. Both proteins conserve a Cys that forms the
disulphide bridge between the A and B chains as well as the amino acids of the active site.
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Despite the amino acid homology between SNLRPs and bNgb [55], there must be crucial differences
between basic nigrin b and both SNLRPs since bNgb inhibitory activity on protein synthesis is nearly
30,000 times greater than both SNLRPs. Another important difference is that bNgb is a major protein in
elder bark (0.9 g per kg of wet bark weight in samples collected in September-October) [43], while
SNLRPs are minor proteins.

3.4. Type 2 Ribosome-Inactivating Proteins from S. sieboldiana L.
3.4.1. Sieboldin b

Sieboldin b was isolated from the bark of Japanese elder (S. sieboldiana L.) by affinity chromatography
on acid-treated Sepharose, gel filtration and cation exchange chromatography [56]. Sieboldin b inhibits
protein synthesis in rabbit reticulocyte lysates at slightly lower concentrations than those of nigrin b
(ICs500.015 nM), but does not inhibit it in a cell-free system obtained from 77iticum aestivum. In addition,
its molecular mechanism of action is identical to that of currently known RIPs. Sieboldin b agglutinates
rabbit red blood cells at 3.1 pg/mL.

Analysis of its carbohydrate-binding properties with a biosensor (Biacore®) and by ELISA indicate
that sieboldin b binds to the non-reducing end galactose residues of glycoproteins and that it does not
react with sialylated glycan chains.

Inhibition of binding to galactose-bovine serum albumin by sugars indicates that, like nigrin b,
sieboldin b shows a greater affinity for N-acetyl-D-galactosamine than for D-galactose [56]. Sieboldin b
contains an A chain of 27 kDa and a B chain of 33 kDa, linked by a disulphide bridge. It shares 88% of
amino acid identity with nigrin b. Its ICso in HeLa cells is 12 nM (slightly lower than nigrin b) and it is
not toxic via i.p. to mice up to 1.6 mg/kg body weight. The sieboldin b gene contains a 1689 bp open
reading frame encoding a polypeptide of 563 amino acids. This polypeptide has a signal peptide of
25 amino acids and the sequence of 538 amino acids that, from the N-terminal end to the C-terminal end,
contains the A chain, the linker peptide and the B chain.

3.4.2. SSA

SSA (S. sieboldiana agglutinin) was obtained from the bark of S. sieboldiana L. by affinity
chromatography on fetuin-agarose [57]. It is a tetrameric protein composed of two dissimilar subunits
of 31 and 35 kDa. It is specific for NeuAc(a-2,6)/GalNAc and for this reason was thought to be the
equivalent of SNA-I in S. nigra L. It has recently been found that SSA, like SNA-I, is a true type 2 RIP.
The A chains have N-glycosidase activity although the protein exhibits low inhibitory activity compared
to other Sambucus RIPs. The SSA gene (LecSSA1) contains a 1710 bp open reading frame encoding a
570 amino acid polypeptide with a signal peptide of 28 amino acids, the A chain of 261 amino acids, the
linker peptide of 19 amino acids, and the B chain of 261 amino acids. It conserves some amino acids
that are important for structure and function, such as cysteine to form the disulphide bridge between the
A and B chains, amino acids of active sites and, importantly, the amino acids involved in sugar binding.
Additionally, the B chain has another cysteine that permits linking between two dimers to form a covalently
stabilized tetramer.
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4. Hololectins of Sambucus

Sambucus species contains a number of hololectins made up of polypeptide chains that share high
amino acid sequence homology with the B chain of type 2 Sambucus RIPs. Several hololectins have
been isolated from dwarf elder (S. ebulus L.). These include dimeric proteins of the B-S-S-B type such
as SELId [29], SELfd [34,35], and SELDblo [26], and monomeric lectins of the B type such as SEAr [33]
and SEAIm [25]. All are Gal/GalNac binding lectins.

S. nigra L. contains several dimeric lectins of type (B)2 such as SNA-II of 60 kDa [58], SNA-III
of 60 kDa [59], and SNA-IV of 64 kDa [60], the three also displaying Gal/GalNAc specificity.
The entomotoxic effects of the lectins will be described below.

The Japanese elderberry (S. sieboldiana L.) also contains hololectins. Two monomeric lectins,
SSA-b-3 and SSA-b-4, were purified from the bark with an apparent Mr of 35 and 33 kDa, respectively [61].
Molecular characterization revealed that the amino acid sequences of the encoded polypeptides were
almost identical with the B-chain of a type 2 RIP of sieboldin-b, except for the absence of a cysteine
residue, which is critical for heteromeric dimerization with an A-subunit [61].

5. Potential Biological Roles of Sambucus Lectins

To date there are no data on the roles played by these lectins in elderberries. Proposals therefore
remain speculative. However, there is evidence to support the belief they might play a role as part of
plant defence systems against viruses and insect predators. Even though SNA-I, SNA-V (nigrin b) and
SNLRP are inactive on plant ribosomes, they show in planta polynucleotide-adenosine glycosidase
activity against tobacco mosaic virus (TMV) RNA depending on the expression in high intracellular
concentration [62].

The insecticidal activities of Sambucus lectins have been more widely studied. Feeding experiments
with SNA-I supplemented diets have indicated lectin entomotoxic activity [63]. Available mutational
analysis evidence indicates that SNA-I has insecticidal activity that depends on its B-chain
carbohydrate-binding activity [64]. The occurrence of several lectins in Sambucus, with sugar binding
specificity for Gal/GalNAc and NeuAc(a-2,6) terminals as well as with enzymatic activity, has led to the
hypothesis that their joint action might exert specific signals on the carbohydrate recognition system
which takes place at the cell surface [41].

6. Uses of Ribosome-Inactivating Proteins of Sambucus in Targeted Therapy

Over the last thirty years, type 1 and 2 RIPs have been used to construct experimental targeted drugs,
in particular against cancer cells [65-72]. These drugs have been constructed chemically or genetically
and contain two moieties, namely a conductor moiety that targets desired cells and a toxic moiety,
usually an RIP. The chemical conjugates contain a toxin conjugated to an antibody or ligand. Genetically
constructed drugs are fusion proteins containing two major kinds of domains, namely targeting domains
and toxic domains. Drugs whose targeting domain derives from antibodies are known as immunotoxins.
These targeted drugs have been studied in vitro with cultured cancer cells and have even been used in
clinical trials to target different malignancies [70,71]. Ricin is the most widely used RIP in the
construction of conjugates and immunotoxins for targeting cancer cells [72,73].
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RIPs from Sambucus, ebulin 1 and nigrin b have been used in the construction of conjugates and
immunotoxins. They have one crucial advantage over ricin, based on their lower toxicity (103—-105 fold
less toxic in cultured cells and mice than ricin). They do not therefore display unspecific toxicity at low
concentration, as ricin does [74,75]. In contrast, the anti-ribosomal molecular actions of ricin, ebulin 1
and nigrin b are roughly the same [29,39]. The lack of toxicity of type 2 RIPs from Sambucus thus makes
them excellent candidates as toxic moieties in the construction of immunotoxins and conjugates directed
against specific targets.

Two conjugates containing human transferrin made with Sambucus type 2 RIPs are transferrin-nigrin
b and transferrin-ebulin 1, which have been shown to be 20—40 fold more active on HeLa cells than the
corresponding free RIP [76]. Since the transferrin receptor is ubiquitously expressed on normal cells and
expression is increased on malignant cells, we believe these conjugates might prove useful for therapy
of transferrin over expressing tumours.

A number of immunotoxins have been constructed for antiangiogenic therapy targeting a biomarker
of proliferation-dependent pathologies, such as CD105 (endoglin), a TGF-f co-receptor highly expressed
in proliferating endothelial cells of the new vasculature in various cancer types [77—82]. Nigrin b and
ebulin | have also been used to construct immunotoxins containing antihuman CD105 (endoglin) to
target tumour neovasculature. Immunotoxins containing the mouse monoclonal antibody 44G4 raised
against human CD105 as a carrier molecule, and either nigrin b [83] or ebulin 1 [84] have been made by
covalent linking of the RIP and endoglin with SPDP. The ICso for both immunotoxins were 88 pM and
150 pM for 44G4-nigrin b and 44G4-ebulin 1, respectively. The specific cytotoxicity of these immunotoxins
was assayed on human CD105+ cells. Both 44G4-ebulin 1 and 44G4-nigrin b displayed cytotoxicity with
picomolar ICso values. Immunofluorescence analysis indicated that 44G4-nigrin b accumulates in a
perinuclear region [83]. From these data, it can be concluded that nigrin b and ebulin 1 can be used to
construct potent and antigen-specific immunotoxins for anticancer therapy.

We constructed an immunotoxin containing both nigrin b and the monoclonal antibody MJ7 raised
against mouse CD105 [85]. We studied its effect in vivo on mice on two murine models in which CD105
is known to be over-expressed: (i) tail injury; (ii) melanoma growing tumour. Mouse-tail injury
inflicted with a needle promoted transient injury-dependent up-regulation of CD105 sufficient to trigger
cytotoxicity able to damage tail tissue, leading to tail loss in some mice [85]. MJ7-nigrin b immunotoxin
was tested in vivo in BIGMEL4AS tumour-bearing C57BL/6J mice [86]. The immunotoxin was active
on BI6GMEL4AS cultured cells that were shown to express CD105. For in vivo antitumor activity, mice
were injected with enough amounts of cancer cells to trigger rapid tumour development. When the
animals developed palpable solid tumours, they were subjected to treatment with the immunotoxin.
Whereas neither MJ7/18 mAb nor nigrin b affected tumour development, treatment with the immunotoxin
completely and steadily blocked tumour growth up to seven days, after which some tumours regrew. It
is worth noting that these anti-tumour effects were exerted after one cycle of three injections in only
24 h. Histological analysis revealed that immunotoxin treated tumours present large areas of necrotic
and haemorrhagic tissue. These results indicate that the MJ7-nigrin b immunotoxin attacks rapidly
growing vessels of melanoma tumours once they are created, when the immunotoxin concentration is
above the minimum required for cytotoxicity. This attack promotes death of endothelial cells sufficient
to trigger blood haemorrhage in the growing tumour and further fibrosis in the same place. Said effect
are clearly consistent with the increased expression of target CD105 in the tumour that led to local
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increase in CD105 density and, therefore, also increases local targeting and cytotoxicity of the immunotoxin.
This contrast with other angiogenesis inhibitors that merely inhibit the appearance of new blood vessels
but do not destroy them once they have appeared [87].

7. Toxicity and Histological Analysis of Sambucus Type 2 RIPs Administered at High
Concentrations to Mice

One important difference between ricin and the Sambucus RIPs is toxicity to animals and cultured
animal cells. Parenterally administered ricin is extremely toxic to animals [88—90] in contrast to Sambucus
RIPs [13]. Differences are in the order of 103—105 fold. As indicated above, these differences afford an
important advantage to Sambucus RIPs when used to construct immunotoxins and conjugates with far
less unspecific activity than those made with ricin [83—86]. However, administering large parenteral
doses of either nigrins or ebulins to mice (in the range of 2—12 mg of RIP/kg of body weight) triggers
toxicity that, with the information gathered to date, seems similar to that triggered by much lower
amounts of ricin.

7.1. Nigrin b

Injection through the tail vein of 16 mg/kg of body weight killed all mice studied before two days.
Analysis of several major tissues by light microscopy failed to reveal gross nigrin b-promoted changes,
except in intestines, which appeared highly damaged (Figure 1). As a result of the injury, the villi and
crypt structures of the small intestine disappeared, leading to profuse bleeding and death. By contrast,
parenteral administration (either intravenous or intraperitoneal) of sub-lethal doses of nigrin b (up to
5 mg/kg of body weight) to mice promoted reversible derangement of gut mucosa by induction of
apoptosis of transit amplifying cells (TAC) of the intestinal crypts in a time-dependent course [44].

Figure 1. Effects of nigrin b on intestines. Histological sections of small (left) and large

(right) intestine in mice six hours after injection with 16 mg/kg nigrin b. Lieberkiihn’s crypts
show atrophy due to increased apoptosis (arrows). (left) Semi-thin section stained with
toluidine blue. x1000; (right) Haematoxylin and eosin. x500.
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Recent results have indicated that stem cell-derived Paneth cells are also a target of nigrin b administered
at large concentrations (see Figure 2) [91]. Accordingly, despite the low unspecific toxicity exerted by
nigrin b compared to ricin, parenteral injection of large amounts of nigrin b is able to kill mouse intestinal
stem cells without jeopardizing the lives of the animals, thereby opening a door for its use in targeting
intestinal stem cells.

"t 7, Tl - i Y
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Figure 2. Electron micrograph of Lieberkiihn’s crypt of the small intestine in a mouse 6 h
after injection with 16 mg/kg nigrin b. Dead cells showing apoptotic bodies can be seen at
the bottom of the crypt (arrows). x5800.

Consumption of elderberry products, especially those derived from ripe fruits offers no problems of
toxicity. Nevertheless, the toxic effects in mice resulting from parenteral administration of high doses
of nigrin b allowed us to use said protein as a model to study nutrient absorption and toxicity [92].
One main feature of the nigrin b model is that, after 24 h of i.p. administration of sub-lethal nigrin b
(10 mg/kg of body weight) there was clear body weight reduction associated to a notable increase in
Evans’ blue stain accumulation in excised small intestine, an increase in myeloperoxidase activity and
major derangement of intestinal crypts. Under these conditions, vitamin Bs accumulation in plasma from
an oral bolus 24 h after nigrin b administration was reduced by nearly 50%. After 72 h nigrin b treatment,
accumulation of vitamin Bs, and small intestine crypts were almost restored although significant
derangement of villi of the small intestine and large intestine crypts occurred. After eight days nigrin b
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treatment, all parameters had recovered with the exception of weight. The nigrin b mice model suggests
that the carrier-mediated vitamin Be uptake component is highly active in small intestine crypts. Said
absorption model might provide insights into the processes which take place in partially altered or injured
mucosa. The nigrin b model may also be used to assess the effects of proapoptopic compounds such as
certain phytochemicals that promote apoptosis of altered cells, such as cancer cells. Oral administration
of large doses of green tea polyphenols (GTP) and sub-lethal nigrin b separately had no effect on mouse
survival [93].

However, oral administration of GTP to sub-lethal nigrin b-treated animals was found to enhance
injury by nigrin b, suggesting that GTP and/or GTP-derived active metabolites might potentiate
apoptosis on the damaged small intestine crypt cells. The same results were obtained when ebulin f
instead of nigrin b was used (unpublished data). Since GTP action on cancer cells seems to be exerted
through apoptosis, the nigrin b model would prove useful for cancer therapy research using polyphenols
as driving therapeutic drugs or as an adjuvant supporting conventional therapy.

7.2. Ebulin f

Intraperitoneal administration (i.p.) of 5 mg/kg of body weight of ebulin f to mice killed all of them
3-5 days after administration. LDso was calculated to be 2.5 mg/kg of body weight [35,36]. This is in
contrast with nigrin b, which has an 1.p. LDso of 12 mg/kg body weight [94], and ricin with an i.p. LDso
of 0.023 mg/kg body weight (Figure 3) [95]. Ebulin f triggers oral toxicity with 5 mg/kg body weight
and started to kill the animals three days after administration, leaving nearly 50% of the animals alive
after 14 days.

Figure 3. Effects of ebulin f on intestines. Histological sections of small (left) and large
(right) intestine of mice stained with haematoxylin and eosin. (left) Severe atrophy of
Lieberkiihn’s crypts (arrows) is present in an animal injected with 5 mg/kg. x235; (right)
Derangement of the epithelium showing some dead cells sloughed off in the colonic lumen
(arrow) can be seen in an animal injected with 2.8 mg/kg ebulin f. x180.
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When administered orally (LDso: 29 mg/kg body weight) [95], ricin toxicity is lower than that shown
by ebulin f. This raises the question of whether ebulin f should also be considered a poisonous toxin
when administered orally, particularly because of the relatively high concentrations present in green
fruits of dwarf elder. This should be taken into account since it might potentially be used in large amounts
as a bioterror weapon.

S. ebulus L. has traditionally been considered a toxic medicinal plant that should be consumed
with care, the main toxic effects occurring at the gastrointestinal level. As pointed out above, the
presence of ebulin f in fruits limits its use, although it does contain large amounts of polyphenolic
substances, especially fruits [96]. In order to take advantage of its antioxidants properties, a way of
reducing or even eliminating toxicity thus needs to be found. We recently found that short heat treatment
of dwarf elder fruit juice makes ebulin f sensitive to simulated gastric fluid without affecting the in vitro
antioxidant and anti-free radical activities [97]. It also proved possible to eliminate the potential risks
derived from the presence of lectins in dwarf elder juices without significantly reducing the content of
the antioxidant compounds.

7.3. Ebulin Blo

Nasal instillation of 3.75 mg/kg of body weight of an ebulin blo water solution triggers lethal toxicity
in mice as little as five days after administration [26]. We believe that administration in the form of
aerosol might prove even more toxic than in solution. Like ricin and ebulin f, ebulin blo toxicity raises
concerns due to its potential use as a weapon by inhalation. Further studies should be carried out in order
to ascertain the toxicological relevance in said context and to develop analytical procedures for detection,
possible prevention and potential therapeutics.

8. Entomotoxicity of Sambucus Proteins

At low concentrations, SNA-I and SNA-II induce caspase-dependent apoptosis in sensitive cultured
midgut CF-203 cells through a mechanism that seems to be dependent on the carbohydrate-binding
B chain [98]. The internalization rate of both lectins by CF-203 cells is the same and requires
phosphoinositide 3-kinases [99]. These in vitro effects are seen also in vivo. SNA-I has been shown to
be toxic to aphids and caterpillars [63]. SNA-II has also been shown to be entomotoxic in 7ribolium
castaneum [100]. The mechanism whereby SNA-I and SNA-II trigger toxic effects in Tribolium
castaneum depends on their stability on gut and their passage through the peritropic matrix [100].

9. Concluding Remarks

Sambucus species have been used for both food and medicine. Prominent among the proteins present
in Sambucus are Gal/GalNAc binding ribosome-inactivating proteins (RIPs) and hololectins. Little is
known about their biological function, although their role in defending against insect predators and
viruses has been proposed. They have an important impact on the nutritional characteristics and food
safety of elderberries due to the presence of type 2 RIPs that may be toxic at high concentrations (i.e.,
ebulin f in fruits of dwarf elder). Type 2 RIPs display lectin activity and are thus able to interact with
cells of the gastrointestinal tract of insects and mammalians and trigger cellular signals in the gut mucosa
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that have a deep deleterious effect on animal physiology. In particular, the ebulin present in fruits (ebulin f)
is toxic by oral via and therefore raises concerns vis-a-vis its potential use as a weapon. Relevant uses
of these proteins are as tools in glycoconjugate and cancer research (i.e., SNA-I), in targeted therapy as
immunotoxins and conjugates, and as entomotoxic elements in pest control.

Acknowledgments

Supported by grants from the Regional Government of Castilla y Leon (GR106 and Regional Health
Ministry), UVa-GIR and Complutense University UCM-CAM research group 950247. We thank Phillip
Jaggs for manuscript correction.

Author Contributions

J.T. and P.J contributed equally to this work; they both completed the literature studies and prepared
the draft manuscript; E.J.Q., D.C.-D., M.C.-D., M.G. and M.J.G. revised the draft manuscript and
provided comments; M.G. edited the English; T.G. designed this work wrote and revised the paper; All
authors read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1.  Mariotti-Lippi, L.; Bellini, C.; Mori, S. Palacovegetational reconstruction based on pollen and
seeds/fruits from a Bronze Age archaeological site in Tuscany (Italy). Plant Biosyst. 2010, 144,
902-908.

2. Martin, L.; Jacomet, S.; Thiebault, S. Plant economy during the neolithic in a mountain context:
The case of “Le Chenet des Pierres” in the French Alps (Bozel-Savoie, France). Veg. Hist.
Archaeobotany 2008, 17, s113—s122.

3.  Ellis, P. The Fabrication of “Celtic”” Astrology. Available online: http://cura.hree.fr/xv/13ellis2.html
(accessed on 22 October 2014).

4.  Veberic, R.; Jakopic, J.; Stampar, F.; Schmitzer, V. European elderberry (Sambucus nigra L.) rich
in sugars, organic acids, anthocyanins and selected polyphenols. Food Chem. 2009, 114,511-515.

5.  Christensen, K.B.; Petersen, R.K.; Kristiansen, K.; Christensen, L.P. Identification of bioactive
compounds from flowers of black elder (Sambucus nigra L.) that activate the human peroxisome
proliferator-activated receptor (PPAR) gamma. Phytother. Res. 2010, 24, s129-s132.

6. Bhattacharya, S.; Christensen, K.B.; Olsen, L.C.; Christensen, L.P.; Grevsen, K.; Fergeman, N.J.;
Kristiansen, K.; Young, J.F.; Oksbjerg, N. Bioactive components from flowers of Sambucus nigra L.
increase glucose uptake in primary porcine myotube cultures and reduce fat accumulation in
Caenorhabditis elegans. J. Agric. Food Chem. 2013, 61, 11033-11040.

7. Yesilada, E.; Gilirbiiz, 1.; Toker, G. Anti-ulcerogenic activity and isolation of the active principles
from Sambucus ebulus L. leaves. J. Ethnopharmacol. 2014, 153, 478—483.



Molecules 2015, 20 2381

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mikulic-Petkovsek, M.; Schmitzer, V.; Slatnar, A.; Todorovic, B.; Veberic, R.; Stampar, F.;
Ivancic, A. Investigation of anthocyanin profile of four elderberry species and interspecific hybrids.
J. Agric. Food Chem. 2014, 62, 5573-5580.

Ding, M.; Feng, R.; Wang, S.Y.; Bowman, L.; Lu, Y.; Qian, Y.; Castranova, V.; Jiang, B.H.; Shi, X.
Cyanidin-3-glucoside, a natural product derived from blackberry, exhibits chemopreventive and
chemotherapeutic activity. J. Biol. Chem. 2006, 281, 17359—17368.

Marczylo, T.H.; Cooke, D.; Brown, K.; Steward, W.P.; Gescher, A.J. Pharmacokinetics and
metabolism of the putative cancer chemopreventive agent cyanidin-3-glucoside in mice.
Cancer Chemother. Pharmacol. 2009, 64, 1261-1268.

Tomassini, L.; Foddai, S.; Ventrone, A.; Nicoletti, M. Two new non-glycosidic iridoids from
Sambucus ebulus. Nat. Prod. Res. 2013, 27,2012-2015.

Schwaiger, S.; Zeller, 1.; Polzelbauer, P.; Frotschnig, S.; Laufer, G.; Messner, B.; Pieri, V.;
Stuppner, H.; Bernhard, D. Identification and pharmacological characterization of the
anti-inflammatory principal of the leaves of dwarf elder (Sambucus ebulus L.). J. Ethnopharmacol.
2011, 733, 704-709.

Girbes, T.; Ferreras, J.M.; Arias, F.J.; Stirpe, F. Description, distribution, activity and phylogenetic
relationship of ribosome-inactivating proteins in plants, fungi and bacteria. Mini Rev. Med. Chem.
2004, 4, 461-476.

Stirpe, F. Ribosome-inactivating proteins. Toxicon 2004, 44, 371-383.

Ng, T.B.; Wong, J.H.; Wang, H. Recent progress in research on ribosome inactivating proteins.
Curr. Protein Pept. Sci. 2010, 11, 37-53.

Iglesias, R.; Arias, F.J.; Rojo, M.A.; Escarmis, C.; Ferreras, J.M.; Girbes, T. Molecular action of the
type 1 ribosome-inactivating protein saporin 5 on Vicia sativa ribosomes. FEBS Lett. 1993, 325,
291-294.

Arias, F.J.; Rojo, M.A.; Iglesias, R.; Ferreras, J.M.; Girbes, T. Vicia sativa L. run-off and purified
ribosomes: Polyphenylalanine synthesis and molecular action of ribosome-inactivating proteins.
J. Exp. Bot. 1993, 44, 1297-1304.

Girbés, T.; Barbieri, L.; Ferreras, M.; Arias, F.J.; Rojo, M.A.; Iglesias, R.; Alegre, C.; Escarmis, C.;
Stirpe, F. Effects of ribosome-inactivating proteins on Escherichia coli and Agrobacterium tumefaciens
translation systems. J. Bacteriol. 1993, 175, 6721-6724.

Iglesias, R.; Citores, L.; Ferreras, J.M.; Pérez, Y.; Jiménez, P.; Gayoso, M.J.; Olsnes, S.;
Tamburino, R.; Di Maro, A.; Parente, A.; et al. Sialic acid-binding dwarf elder four-chain lectin
displays nucleic acid N-glycosidase activity. Biochimie 2010, 92, 71-80.

Barbieri, L.; Ciani, M.; Girbes, T.; Liu, W.Y.; Van Damme, E.J.; Peumans, W.J.; Stirpe, F.
Enzymatic activity of toxic and non-toxic type 2 ribosome-inactivating proteins. FEBS Lett.
2004, 563,219-222.

Barbieri, L.; Battelli, M.G.; Stirpe, F. Ribosome-inactivating proteins from plants. Biochim. Biophys.
Acta 1993, 1154, 237-282.

Corrado, G.; Bovi, P.D.; Ciliento, R.; Gaudio, L.; Di Maro, A.; Aceto, S.; Lorito, M.; Rao, R.
Inducible expression of a Phytolacca heterotepala ribosome-inactivating protein leads to enhanced
resistance against major fungal pathogens in tobacco. Phytopathology 2005, 95, 206-215.



Molecules 2015, 20 2382

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Girbes, T.; de Torre, C.; Iglesias, R.; Ferreras, J.M.; Mendez, E. RIP for viruses. Nature 1996, 379,
T777-778.

Nsimba-Lubaki, M.; Peumans, W.J.; Allen, A.K. Isolation and characterization of glycoprotein
lectins from the bark of three species of elder, Sambucus ebulus, S. nigra and S. racemosa. Planta
1986, 168, 113-118.

Citores, L.; Rojo, M.A.; Jimenez, P.; Ferreras, J.M.; Iglesias, R.; Aranguez, 1.; Girbes, T.
Transient occurrence of an ebulin-related D-galactose-lectin in shoots of Sambucus ebulus L.
Phytochemistry 2008, 69, 857-864.

Jimenez, P.; Cabrero, P.; Basterrechea, J.E.; Tejero, J.; Cordoba-Diaz, D.; Girbes, T. Isolation and
molecular characterization of two lectins from dwarf elder (Sambucus ebulus L.) blossoms related
to the Sam nl allergen. Toxins (Basel) 2013, 5, 1767—1779.

De Benito, F.M.; Citores, L.; Iglesias, R.; Ferreras, J.M.; Soriano, F.; Arias, J.; Mendez, E.; Girbes, T.
Ebulitins: A new family of type 1 ribosome-inactivating proteins (rRNA N-glycosidases) from
leaves of Sambucus ebulus L. that coexist with the type 2 ribosome-inactivating protein ebulin 1.
FEBS Lett. 1995, 360, 299-302.

De Benito, F.M.; Iglesias, R.; Ferreras, J.M.; Citores, L.; Camafeita, E.; Mendez, E.; Girbes, T.
Constitutive and inducible type 1 ribosome-inactivating proteins (RIPs) in elderberry (Sambucus
nigra L.). FEBS Lett. 1998, 428, 75-79.

Girbes, T.; Citores, L.; Iglesias, R.; Ferreras, J.M.; Muioz, R.; Rojo, M.A.; Arias, F.J.; Garcia, J.R.;
Mendez, E.; Calonge, M. Ebulin 1, a nontoxic novel type 2 ribosome-inactivating protein from
Sambucus ebulus L. leaves. J. Biol. Chem. 1993, 268, 18195-18199.

Svinth, M.; Steinghardt, J.; Hernandez, R.; Duh, J.K.; Kelly, C.; Day, P.; Lord, M.; Girbés, T.;
Robertus, J.D. Differences in cytotoxicity of native and engineered RIPs can be used to assess their
ability to reach the cytoplasm. Biochem. Biophys. Res. Commun. 1998, 249, 637—642.

Pascal, J.M.; Day, P.J.; Monzingo, A.F.; Ernst, S.R.; Robertus, J.D.; Iglesias, R.; Perez, Y.;
Ferreras, J.M.; Citores, L.; Girbes, T. 2.8-A crystal structure of a nontoxic type-II ribosome-inactivating
protein, ebulin 1. Proteins 2001, 43, 319-326.

Citores, L.; Mufioz, R.; de Benito, F.M.; Iglesias, R.; Ferreras, J.M.; Girbes, T. Differential sensitivity
of HeLa cells to the type 2 ribosome-inactivating proteins ebulin 1, nigrin b and nigrin f as compared
with ricin. Cell. Mol. Biol. 1996, 42, 473-476.

Rojo, M.A.; Citores, L.; Arias, F.J.; Ferreras, J.M.; Jiménez, P.; Girbés, T. Molecular cloning of
a cDNA coding for the D-galactose-binding dimeric lectin of dwarf elder (Sambucus ebulus L.)
leaves. Int. J. Biochem. Cell Biol. 2003, 35, 1061-1065.

Citores, L.; de Benito, F.M.; Iglesias, R.; Ferreras, J.M.; Argiieso, P.; Jiménez, P.; Testera, A.;
Camafeita, E.; Méndez, E.; Girbés, T. Characterization of a new non-toxic two-chain
ribosome-inactivating protein and a structurally-related lectin from rhizomes of dwarf elder
(Sambucus ebulus L.). Cell. Mol. Biol. 1997, 43, 485-499.

Citores, L.; de Benito, F.M.; Iglesias, R.; Miguel, F.J.; Argueso, P.; Jimenez, P.; Mendez, E.;
Girbes, T. Presence of polymerized and free forms of the non-toxic type 2 ribosome -inactivating
protein ebulin and a structurally related new homodimeric lectin in fruits of Sambucus ebulus L.
Planta 1998, 204, 310-319.



Molecules 2015, 20 2383

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

Jimenez, P.; Tejero, J.; Cabrero, P.; Cordoba-Diaz, D.; Girbes, T. Differential sensitivity of
D-galactose-binding lectins from fruits of dwarf elder (Sambucus ebulus L.) to a simulated gastric
fluid. Food Chem. 2013, 136, 794—-802.

Jiménez, P.; Gayoso, M.J.; Tejero, J.; Cabrero, P.; Cordoba-Diaz, D.; Basterrechea, J.E.; Girbés, T.
Toxicity in mice of lectin ebulin f present in dwarf elderberry (Sambucus ebulus L.). Toxicon
2013, 61, 26-29.

Forster-Waldl, E.; Marchetti, M.; Scholl, I.; Focke, M.; Radauer, C.; Kinaciyan, T.; Nentwich, I.;
Jager, S.; Schmid, E.R.; Boltz-Nitulescu, G.; et al. Type I allergy to elderberry (Sambucus nigra)
is elicited by a 33.2 kDa allergen with significant homology to ribosomal inactivating proteins.
Clin. Exp. Allergy 2003, 33, 1703—-1710.

Girbes, T.; Citores, L.; Ferreras, J.M.; Rojo, M.A.; Iglesias, R.; Munoz, R.; Arias, F.J.; Calonge, M.;
Garcia, J.R.; Mendez, E. Isolation and partial characterization of nigrin b, a non-toxic novel type
2 ribosome-inactivating protein from the bark of Sambucus nigra L. Plant Mol. Biol. 1993, 22,
1181-1186.

Van Damme, E.J. History of plant lectin research. Methods Mol. Biol. 2014, 1200, 3—13.

Shang, C.; Van Damme, E.J. Comparative analysis of carbohydrate binding properties of Sambucus
nigra lectins and ribosome-inactivating proteins. Glycoconj. J. 2014, 31, 345-354.

Van Damme, E.J.; Barre, A.; Rougé, P.; Van Leuven, F.; Peumans, W.J. Characterization and
molecular cloning of Sambucus nigra agglutinin V (nigrin b), a GalNAc-specific type-2
ribosome-inactivating protein from the bark of elderberry (Sambucus nigra). Eur. J. Biochem.
1996, 237, 505-513.

De Benito, F.M.; Citores, L.; Iglesias, R.; Ferreras, J.M.; Camafeita, E.; Mendez, E.; Girbes, T.
Isolation and partial characterization of a novel and uncommon two-chain 64-kDa
ribosome-inactivating protein from the bark of elder (Sambucus nigra L.). FEBS Lett. 1997, 413,
85-91.

Gayoso, M.J.; Mufioz, R.; Arias, Y.; Villar, R.; Rojo, M.A.; Jiménez, P.; Ferreras, J.M.; Aranguez, L.;
Girbés, T. Specific dose-dependent damage of Lieberkiihn crypts promoted by large doses of type
2 ribosome-inactivating protein nigrin b intravenous injection to mice. Toxicol. Appl. Pharmacol.
2005, 207, 138—146.

Battelli, M.G.; Musiani, S.; Buonamici, L.; Santi, S.; Riccio, M.; Maraldi, N.M.; Girbés, T.; Stirpe, F.
Interaction of volkensin with HeLa cells: Binding, uptake, intracellular localization, degradation
and exocytosis. Cell. Mol. Life Sci. 2004, 61, 1975-1984.

Citores, L.; Iglesias, R.; Mufioz, R.; Ferreras, J.M.; Jimenez, P.; Girbes, T. Elderberry (Sambucus
nigra L.) seed proteins inhibit protein synthesis and display strong immunoreactivity with rabbit
polyclonal antibodies raised against the type 2 ribosome-inactivating protein nigrin b. J. Exp. Bot.
1994, 45, 513-516.

Citores, L.; de Benito, F.M.; Iglesias, R.; Ferreras, J.M.; Jimenez, P.; Argueso, P.; Farias, G.;
Mendez, E.; Girbes, T. Isolation and characterization of a new non-toxic two-chain ribosome-
inactivating protein from fruits of elder (Sambucus nigra L). J. Exp. Bot. 1996, 47, 1577—-1585.
Shibuya, N.; Goldstein, [.J.; Broekaert, W.F.; Nsimba-Lubaki, M.; Peeters, B.; Peumans, W.J.
The elderberry (Sambucus nigra L.) bark lectin recognizes the NeuSAc(alpha 2—6)Gal/GalNAc
sequence. J. Biol. Chem. 1987, 262, 1596—-1601.



Molecules 2015, 20 2384

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

Van Damme, E.J.; Barre, A.; Rougé, P.; Van Leuven, F.; Peumans, W.J. The NeuAc(alpha-2,6)-
Gal/GalNAc-binding lectin from elderberry (Sambucus nigra) bark, a type-2 ribosome-inactivating
protein with an unusual specificity and structure. Eur. J. Biochem. 1996, 235, 128—137.
Dall’Olio, F.; Malagolini, N.; Trinchera, M.; Chiricolo, M. Mechanisms of cancer-associated
glycosylation changes. Front. Biosci. (Landmark Ed.) 2012, 17, 670-699.

Dall’Olio, F.; Malagolini, N.; Trinchera, M.; Chiricolo, M. Sialosignaling: Sialyltransferases as
engines of self-fueling loops in cancer progression. Biochim. Biophys. Acta 2014, 1840, 2752-2764.
Fernandez-Rodriguez, J.; Feijoo-Carnero, C.; Merino-Trigo, A.; Pdez de la Cadena, M.;
Rodriguez-Berrocal, F.J.; de Carlos, A.; Butron, M.; Martinez-Zorzano, V.S. Immunohistochemical
analysis of sialic acid and fucose composition in human colorectal adenocarcinoma. Tumour Biol.
2000, 21, 153-164.

Silva, M.L.; Gutiérrez, E.; Rodriguez, J.A.; Gomes, C.; David, L. Construction and validation of
a Sambucus nigra biosensor for cancer-associated STn antigen. Biosens. Bioelectron. 2014, 57,
254-261.

Van Damme, E.J.; Roy, S.; Barre, A.; Citores, L.; Mostafapous, K.; Rougé, P.; Van Leuven, F.;
Girbés, T.; Goldstein, L[.J.; Peumans, W.. Elderberry (Sambucus nigra) bark contains two
structurally different NeuSAc(alpha2,6)Gal/GalNAc-binding type 2 ribosome-inactivating proteins.
Eur. J. Biochem. 1997, 245, 648—655.

Van Damme, E.J.; Barre, A.; Rougé, P.; Van Leuven, F.; Peumans, W.J. Isolation and molecular
cloning of a novel type 2 ribosome-inactivating protein with an inactive B chain from elderberry
(Sambucus nigra) bark. J. Biol. Chem. 1997, 272, 8353-8360.

Rojo, M.A.; Yato, M.; Ishii-Minami, N.; Minami, E.; Kaku, H.; Citores, L.; Girbes, T.; Shibuya, N.
Isolation, cDNA cloning, biological properties, and carbohydrate binding specificity of sieboldin-b,
a type Il ribosome-inactivating protein from the bark of Japanese elderberry (Sambucus sieboldiana).
Arch. Biochem. Biophys. 1997, 340, 185—-194.

Kaku, H.; Tanaka, Y.; Tazaki, K.; Minami, E.; Mizuno, H.; Shibuya, N. Sialylated
oligosaccharide-specific plant lectin from Japanese elderberry (Sambucus sieboldiana) bark tissue
has a homologous structure to type II ribosome-inactivating proteins, ricin and abrin. cDNA cloning
and molecular modelling study. J. Biol. Chem. 1996, 271, 1480—1485.

Kaku, H.; Peumans, W.J.; Goldstein, I.J. Isolation and characterization of a second lectin (SNA-II)
present in elderberry (Sambucus nigra L.) bark. Arch. Biochem. Biophys. 1990, 277, 255-262.
Peumans, W.J.; Kellens, J.T.C.; Allen, A.K.; Van Damme, E.J. Isolation and characterization of a
seed lectin from elderberry (Sambucus nigra) and its relationship to the bark lectins. Carbohydr. Res.
1991, 213, 7-17.

Mach, L.; Waltraud, S.; Ammann, M.; Poetsch, J.; Bertsch, W.; Marz, L.; Glossl, J. Purification and
partial characterization of a novel lectin from elder (Sambucus nigra L.) fruit. Biochem. J. 1991, 278,
667-671.

Rojo, M.A.; Kaku, H.; Ishii-Minami, N.; Minami, E.; Yato, M.; Hisajima, S.; Yamaguchi, T.;
Shibuya, N. Characterization and cDNA cloning of monomeric lectins that correspond to the
B-chain of a type 2 ribosome-inactivating protein from the bark of Japanese elderberry (Sambucus
sieboldiana). J. Biochem. 2004, 135, 509-516.



Molecules 2015, 20 2385

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

Vandenbussche, F.; Desmyter, S.; Ciani, M.; Proost, P.; Peumans, W.J.; Van Damme, E.J.
Analysis of the in planta antiviral activity of elderberry ribosome-inactivating proteins.
Eur. J. Biochem. 2004, 271, 1508-1515.

Shahidi-Noghabi, S.; Van Damme, E.J.; Mahdian, K.; Smagghe, G. Entomotoxic action of
Sambucus nigra agglutinin I in Acyrthosiphon pisum aphids and Spodoptera exigua caterpillars
through caspase-3-like-dependent apoptosis. Arch. Insect Biochem. Physiol. 2010, 75, 207-220.
Shahidi-Noghabi, S.; van Damme, E.J.; Smagghe, G. Carbohydrate-binding activity of the type-2
ribosome-inactivating protein SNA-I from elderberry (Sambucus nigra) is a determining factor for
its insecticidal activity. Phytochemistry 2008, 69, 2972-2978.

Pastan, I.; Hassan, R.; FitzGerald, D.J.; Kreitman, R.J. Immunotoxin treatment of cancer.
Annu. Rev. Med. 2007, 58, 221-237.

Wong, L.; Suh, D.Y.; Frankel, A.E. Toxin conjugate therapy of cancer. Semin. Oncol. 2005, 32,
591-595.

Bolognesi, A.; Polito, L. Immunotoxins and other conjugates: Preclinical studies. Mini Rev.
Med. Chem. 2004, 4, 563-583.

Rosenblum, M. Immunotoxins and toxin constructs in the treatment of leukemia and lymphoma.
Adv. Pharmacol. 2004, 51, 209-228.

Fracasso, G.; Bellisola, G.; Castelletti, D.; Tridente, G.; Colombatti, M. Immunotoxins and other
conjugates: Preparation and general characteristics. Mini Rev. Med. Chem. 2004, 4, 545-562.
Kreitman, R.J. Immunotoxins for targeted cancer therapy. 44PS J. 2006, 8, E5S32—-E551.
Kreitman, R.J.; Pastan, I. Immunotoxins in the treatment of hematologic malignancies.
Curr. Drug Targets 2006, 7, 1301-1311.

Lord, J.M.; Roberts, L.M.; Robertus, J.D. Ricin: Structure, mode of action, and some current
applications. FASEB J. 1994, 8, 201-208.

Lambert, J.M.; Goldmacher, V.S.; Collinson, A.R.; Nadler, L.M.; Blattler, W.A. An immunotoxin
prepared with blocked ricin: A natural plant toxin adapted for therapeutic use. Cancer Res. 1991, 51,
62366242,

Ferreras, J.M.; Citores, L.; Iglesias, R.; Jiménez, P.; Girbés, T. Use of ribosome-inactivating
proteins from Sambucus for the construction of immunotoxins and conjugates for cancer therapy.
Toxins 2011, 3, 420-441.

Muiioz, R.; Arias, Y.; Ferreras, J.M.; Jimenez, P.; Rojo, M.A.; Girbes, T. Sensitivity of cancer cell
lines to the novel non-toxic type 2 ribosome-inactivating protein nigrin b. Cancer Lett. 2001, 167,
163-169.

Citores, L.; Ferreras, J.M.; Munoz, R.; Benitez, J.; Jimenez, P.; Girbes, T. Targeting cancer cells
with transferrin conjugates containing the non-toxic type 2 ribosome-inactivating proteins nigrin b
or ebulin 1. Cancer Lett. 2002, 184, 29-35.

Bodey, B.; Bodey, B., Jr.; Siegel, S.E.; Kaiser, H.E. Inmunocytochemical detection of endoglin is
indicative of angiogenesis in malignant melanoma. Anticancer Res. 1998, 18, 2701-2710.
Fonsatti, E.; Altomonte, M.; Nicotra, M.R.; Natali, P.G.; Maio, M. Endoglin (CD105): A powerful
therapeutic target on tumor-associated angiogenetic blood vessels. Oncogene 2003, 22, 6557-6563.
Zijlmans, H.J.; Fleuren, G.J.; Hazelbag, S.; Sier, C.F.; Dreef, E.J.; Kenter, G.G.; Gorter, A.
Expression of endoglin (CD105) in cervical cancer. Br. J. Cancer 2009, 100, 1617-1626.



Molecules 2015, 20 2386

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

90.

91.

92.

93.

94.

Kuiper, P.; Hawinkels, L.J.; de Jonge-Muller, E.S.; Biemond, I.; Lamers, C.B.; Verspaget, H.W.
Angiogenic markers endoglin and vascular endothelial growth factor in gastroentero-pancreatic
neuroendocrine tumors. World J. Gastroenterol. 2011, 17, 219-225.

Fonsatti, E.; Jekunen, A.P.; Kairemo, K.J.; Coral, S.; Snellman, M.; Nicotra, M.R.; Natali, P.G.;
Altomonte, M.; Maio, M. Endoglin is a suitable target for efficient imaging of solid tumors: /n vivo
evidence in a canine mammary carcinoma model. Clin. Cancer Res. 2000, 6, 2037-2043.
Bredow, S.; Lewin, M.; Hofmann, B.; Marecos, E.; Weissleder, R. Imaging of tumor neo-vasculature
by targeting the TGF-beta binding receptor endoglin. Eur. J. Cancer 2000, 36, 675-681.

Muioz, R.; Arias, Y.; Ferreras, J.M.; Rojo, M.A.; Gayoso, M.J.; Nocito, M.; Benitez, J.; Jimenez, P.;
Bernabeu, C.; Girbes, T. Targeting a marker of the tumor neovasculature using a novel anti-human
CD105-immunotoxin containing the non-toxic type 2 ribosome-inactivating protein nigrin b.
Cancer Lett. 2007, 256, 73-80.

Benitez, J.; Ferreras, J.M.; Mufioz, R.; Arias, Y.; Iglesias, R.; Cordoba-Diaz, M.; del Villar, R.;
Girbes, T. Cytotoxicity of an ebulin l-anti-human CD105 immunotoxin on mouse fibroblasts (1.929)
and rat myoblasts (L6E9) cells expressing human CD105. Med. Chem. 2005, 1, 65-70.

Muiioz, R.; Arias, Y.; Ferreras, J.M.; Jiménez, P.; Rojo, M.A.; Bernabéu, C.; Cordoba-Diaz, D.;
Girbés, T. Transient injury-dependent up-regulation of CD105 and its specific targeting with
an anti-vascular anti-mouse endoglin-nigrin b immunotoxin. Med. Chem. 2012, 8, 996—1002.
Muioz, R.; Arias, Y.; Ferreras, J.M.; Jiménez, P.; Langa, C.; Rojo, M.A.; Gayoso, M.J.;
Cordoba-Diaz, D.; Bernabéu, C.; Girbés, T. In vitro and in vivo effects of an anti-mouse
endoglin (CD105)-immunotoxin on the early stages of mouse BI6MEL4AS5 melanoma tumors.
Cancer Immunol. Immunother. 2013, 62, 541-551.

Roodink, I.; Leenders, W.P. Targeted therapies of cancer: Angiogenesis inhibition seems not enough.
Cancer Lett. 2010, 299, 1-10.

Griffiths, G.D. Understanding ricin from a defensive viewpoint. Toxins (Basel) 2011, 3, 1373—1392.
Bradberry, S.M.; Dickers, K.J.; Rice, P.; Griffiths, G.D.; Vale, J.A. Ricin poisoning. Toxicol. Rev.
2003, 22, 65-70.

Lord, M.J.; Jolliffe, N.A.; Marsden, C.J.; Pateman, C.S.; Smith, D.C.; Spooner, R.A.; Watson, P.D.;
Roberts, L.M. Ricin. Mechanisms of cytotoxicity. Toxicol. Rev. 2003, 22, 53—64.

Jiménez, P.; Gayoso, M.J.; Garrosa, M.; Cordoba-Diaz, D.; Cabrero, P.; Tejero, J.; Aracil, M.;
Girbés, T. Paneth cells are also target of the ribotoxic lectin nigrin b. Histol. Histopathol. 2014, 29,
1057-1063.

Jiménez, P.; Cordoba-Diaz, D.; Cabrero, P.; Aracil, M.; Gayoso, M.J.; Garrosa, M.; Cordoba-Diaz, M.;
Girbés, T. Plasma accumulation of vitamin Be from an oral dose in a new gut injury-regeneration
reversible mouse model. Food Nutr. Sci. 2013, 4, 908-917.

Jiménez, P.; Cabrero, P.; Tejero, J.; Gayoso, M.J.; Garrosa, M.; Cordoba-Diaz, D.; Cordoba-Diaz, M.;
Girbés, T. Concentrated extract of green tea polyphenols enhances the toxicity of the elderberry
lectin nigrin b to mice. Food Nutr. Sci. 2014, 5, 466—471.

Battelli, M.G.; Citores, L.; Buonamici, L.; Ferreras, J.M.; de Benito, F.M.; Stirpe, F.; Girbes, T.
Toxicity and cytotoxicity of nigrin b, a two-chain ribosome-inactivating protein from Sambucus
nigra: Comparison with ricin. Arch. Toxicol. 1997, 71, 360-364.



Molecules 2015, 20 2387

95.

96.

97.

98.

99.

100.

He, H.X.; McMahon, S.; Henderson, T.D.; Griffey, S.M.; Cheng, L.W. Ricin toxicokinetics and
its sensitive detection in mouse sera or feces using immuno-PCR. PLoS One 2010, ¢12858.
Kiselova, Y.; Ivanova, D.; Chervenkov, T.; Gerova, D.; Galunska, B.; Yankova, T. Correlation
between the in vitro antioxidant activity and polyphenol content of aqueous extracts from Bulgarian
herbs. Phytother. Res. 2006, 20, 961-965.

Jimenez, P.; Cabrero, P.; Basterrechea, J.E.; Tejero, J.; Cordoba-Diaz, D.; Cordoba-Diaz, M.;
Girbes, T. Effects of short-term heating on total polyphenols, anthocyanins, antioxidant activity
and lectins of different parts of dwarf elder (Sambucus ebulus L.). Plant Foods Hum. Nutr. 2014, 69,
168-174.

Shahidi-Noghabi, S.; Van Damme, E.J.; Iga, M.; Smagghe, G. Exposure of insect midgut cells to
Sambucus nigra L. agglutinins I and II causes cell death via caspase-dependent apoptosis. J. Insect
Physiol. 2010, 56, 1101-1107.

Shahidi-Noghabi, S.; Van Damme, E.J.; De Vos, W.H.; Smagghe, G. Internalization of
Sambucus nigra agglutinins I and II in insect midgut CF-203 cells. Arch. Insect Biochem. Physiol.
2011, 76, 211-222.

Walski, T.; van Damme, E.J.; Smagghe, G. Penetration through the peritrophic matrix is a key to
lectin toxicity against Tribolium castaneum. J. Insect Physiol. 2014, 70, 94—101.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



