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Jatropha curcas hemagglutinin is similar to a 2S albumin allergen
from the same source and has unique sugar affinities
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Abstract We have previously reported the purification
and preliminary X-ray characterization of a hemagglutinin
from the seeds of Jatropha curcas and, with the detailed
sequencing information available now, we find that it is
similar to a 2S albumin allergen isolated from the same
source. Through a search of Jatropha genome database
(http://www kazusa.or.jp/jatropha/), we map it to the
sequence id JcCA0234191 (now referred to as Jcr4S00619.
70 in the new version, release 4.5) which has a conserved
alpha amylase inhibitor/seed storage protein domain found
in the 2S albumin allergens. The putative sequence of the
small and large chains of the protein is assigned and the
total mass of the two subunits matches with the intact mass
10 kDa determined through MALDI. The protein retains
hemagglutination activity between pH 6-9 and up to 60 °C
on heat treatment and its hemagglutination activity is
inhibited by sialic acid and fetuin. Bioinformatics studies
show that the isolated protein sequence clusters in close
association with a 2S albumin from Ricinus communis in
phylogeny analysis and has a conservation of the charac-
teristic four disulfide linkage pattern. Hemagglutinins and
lectins are known to have allergenic effects through their
interaction with immunoglobulin E and histamine release
and earlier studies have shown that this interaction can be
inhibited by lectin-specific sugars. We hope this report
bridges the plant allergens and hemagglutinins further for
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exploring possible mediation of allergenic activity through
sialic acid and complex sugar interactions and generates
further interest in the area.
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Abbreviations
nsLTP Non-specific lipid transfer protein

AAI Alpha amylase inhibitor

NeuNAc N-acetylneuraminic acid

MIC Minimum inhibitory concentration
DTT Dithiothreitol

BME Beta mercaptoethanol

RIP Ribosomal inactivating protein
JHg Jatropha hemagglutinin

SS Seed storage protein

RBC Red blood cells

Introduction

Jatropha curcas L. is an interesting member of the
Euphorbiaceae family important for its potential as a bio-
fuel. The oil producing seeds from the plant are highly toxic
owing to the presence of the diterpenoid phorbol esters
which promote tumors and have severe pathological effects
on kidneys and lungs (Li et al. 2010). A type-1 ribosomal
inactivating protein (RIP), curcin isolated from J. curcas
seeds, acts on ribosomes and inactivates protein synthesis
(Stirpe et al. 1976) and the presence of these compounds
make the seeds inedible. We have previously reported on
the isolation and preliminary X-ray characterization of a
hemagglutinin (referred to as JHg further) from this plant
(Nair et al. 2011) and with the detailed sequencing result,
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and analysis of the genome sequence of J. curcas (http://
www.kazusa.or.jp/jatropha/) (Sato et al. 2011) we find that
it is similar to the previously reported 2S albumin plant
food allergen, Jat c1, from the same source (Maciel et al.
2009). Plant food allergens are either storage or defense-
related proteins with four main families/superfamilies:
Bet v1, profilin family, Cupin and Prolamin superfamily
(Breiteneder and Clare Mills 2005) (http://www.allergen.
org). The prolamin superfamily comprises the largest
number of allergenic plant food proteins and consists of
proline and glutamine-rich «-helical proteins with a con-
served skeleton of eight cysteine residues that serve several
biologic functions. They have three major groups: the seed
storage 2S albumins found in tree nuts and seeds, the
defense-related nsLTP found in soft fruits and vegetables,
and the cereal o-amylase/trypsin inhibitors (Breiteneder
and Ebner 2000; Martin et al. 2007).

In an effort to isolate lectins from J. curcas seeds, we
identified JHg showing hemagglutination activity and on
further analysis based on the detailed sequencing we
characterized it further. In this communication, we show
that JHg is similar to Jat cl, and its hemagglutination
activity is inhibited by sialic acid and complex sugars. This
hopefully gives additional interesting features for the
family. The protein is further characterized biochemically
and through bioinformatics analysis.

Materials and methods
Isolation and purification

The isolation and purification protocol for JHg has been
reported in our earlier communication (Nair et al. 2011).

SDS PAGE and molecular weight determination

SDS PAGE was done using the method of Laemmli and
tricine gel electrophoresis by the method of Schigger
(2006), in which 20 % (w/v) acrylamide separating gel was
used and the protein sample was denatured using 50 mM
DTT. The separated protein bands were visualized by
Coomassie Brilliant Blue stain. The exact molecular
weight of JHg was determined with Ultraflex MALDI
TOF/TOF (Bruker Daltonics) using 25KVA reflector mode
method with an average of 500 shots and analyzing the data
with Flex Analysis software.

Agglutination assay and inhibition by sugars
The agglutination assay was carried out as previously

reported (Nair et al. 2011). Briefly, 50 ul of JHg solution
(0.8 mg/ml in PBS) serially diluted, 50 pul of 1 % rabbit
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erythrocytes (RBC) suspension in PBS and 50 pl of PBS
(pH 7.4) were added to a 96-well plate and button forma-
tion (sedimented cells) was observed visually, as well as
after 1 h of incubation at room temperature, if there was
agglutination or not. For inhibition assay, sugars in the
concentration range of 3—100 mM were added to the wells
in place of 50 pl of buffer and the following sugars were
tested: D-mannose (Hi-media), p-galactose (Himedia),
lactose (SD finechem), N-acetyl p-glucosamine (Sigma),
N-acetyl Dp-galactosamine (Himedia), N-acetylneuraminic
acid (sialic acid) (Sigma), fucose (Sigma), fetuin (Sigma)
and p-glucose (Sigma). The minimum concentration of
sugar showing detectable button formation in the assay was
taken as MIC.

Effect of temperature and pH

The effect of temperature on hemagglutination activity of
JHg was determined by incubating different aliquots of
50 Wl of JHg (0.8 mg/ml in PBS) from 10-100 °C for
15 min and then cooling the tubes on ice for half an hour
followed by the agglutination assay to check activity. The
pH stability of JHg was determined by incubating different
protein aliquots in buffers ranging from pH 2 to 10 for 3 h
at room temperature followed by a stabilization at 4 °C for
2 h and neutralization of pH and finally checking the
hemagglutination activity.

N-terminal sequencing

N-terminal sequencing was performed on Procise 494 cL.C
system (Applied Biosystems, USA) using 10 pg of the
purified protein for the 30 reaction cycles.

Bioinformatics analysis

NCBI BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) was
used for sequence similarity search, multiple sequence
alignment was done using clustal X (Jeanmougin et al. 1998)
and the phylogenetic analysis of JcCA0234191.10 and 31
sequences of reviewed plant alpha amylase inhibitor (AAI)
sequences downloaded from UniProt database (http://www.
uniprot.org/) was done using neighbor joining method in
MEGA program (Tamura et al. 2007). Domain search was
done using the conserved domain database (CDD) (http://
www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) InterPro
(http://www .ebi.ac.uk/interpro) and PFAM (http://pfam.
sanger.ac.uk/). Molecular modeling was done using I-Tasser
server  (http://zhanglab.ccmb.med.umich.edu/I-TASSER/),
structural homologs were found using DALI server (http:/
ekhidna.biocenter.helsinki.fi/dali_server/start) and the disul-
fide topology was found using DIANNA 1.1 Web server
(http://clavius.bc.edu/ ~ clotelab/DiANNA/).
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Statistical analysis

Since the results for SDS PAGE and the sugar inhibition
studies were qualitative, they were confirmed by repeating
the results on more than three independent experiments.

Results
Molecular weight determination

JHg shows two bands between 5 and 10 kDa and another
one between 3 and 5 kDa in tricine SDS PAGE (Fig. 1a)
and MALDI TOF which shows a peak at 10.087 kDa
(Fig. 1b).

Sugar binding specificity

The hemagglutination activity of the JHg was inhibited by
sialic acid and fetuin with an MIC of 5 mM and 10 mM,
respectively. None of the other sugars showed inhibition of
hemagglutination activity in the tested concentration range.

Effect of pH and temperature on hemagglutination
activity

JHg shows hemagglutination activity between pH 6 and 9
and loses activity rapidly when the pH is out of this range.
The thermal denaturation result shows that it remains stable
till 60 °C and above this temperature rapidly loses activity.

N-terminal sequencing
N-terminal sequencing of JHg shows the presence of the

following residues: VRDIrKKEAERRDLSSKENYITQR
RRr.

Bioinformatics analysis

The N-terminal amino acid sequence of JHg maps to the
sequence id JcCA0234191.10 present in the Jatropha
database (http://www.kazusa.or.jp/jatropha/) as the only
significant hit, and BLAST output of JcCA0234191.10 as
query shows a similarity with 2S albumin seed storage
proteins from Ricinus communis, Medicago truncatula,
Hordeum vulgare possessing alpha amylase inhibitors
(AAIs) and seed storage protein domain. Phylogenetic
analysis of 31 sequence of AAls from plants downloaded
from UniProt and JcCA0234191.10 shows four major
clusters and JcCA0234191.10 is found in the clade with
the closest member as 2SS-RICCO, a 2S albumin from
R. communis in cluster 1 (Fig. 2).

The 3-D model of JcCA0234191.10 predicted by
I-Tasser server shows four alpha-helices (H1, H2, H3, H4)
(Fig. 3a) and it superposes very well (Fig. 3b) on the
closest homolog, Ric ¢ 3 protein (PDB code: 1PSY), a 2S
albumin allergen whose 3-D structure has been solved
(Pantoja-Uceda et al. 2003) with a root mean square
deviation of 1.2 A. The model of two chains of the mature
protein obtained after truncation of the pre-protein (resi-
dues in the N-terminal and those between the two chains in
JcCA0234191.10 sequence are removed) and correspond-
ing sequences are mapped and shown (Fig. 3c).

Discussion

Jat cl and JHg are similar

We have previously reported the purification and pre-
liminary X-ray characterization of a hemagglutinin of

about 10 kDa from the seeds of J. curcas (Nair et al. 2011).
Literature search shows a report on isolation of a 2S

Fig. 1 a Tricine gel profile of (a) (b)
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between 5-10 kDa and 3-5 kDa 1500 1
(lane I). b MALDI TOF of JHg <
shows a peak at 10.087 kDa %ews 30,000 o
S 25,000 5
=]
S
S 20,000 ;400 - -
S 15,000
500 -
7.100—-. . 10.000
- 5,000
3,100 — - 3,000
0 - . v .
5000 10000 15000 20000 25000 m/z

@ Springer


http://www.kazusa.or.jp/jatropha/

Planta

Fig. 2 The phylogenetic
analysis of alpha amylase
inhibitory (AAI) protein (31

—I: sp P01089 2SS_RICCO
JcCA0234191(JATROPHA)

L sp Q6PSU2 CONG? _ARAHY
SP Q6PS —ARA Cluster |

sequences of plant AAI
downloaded from UniProt
database) shows four distinct
clusters. Cluster I contains 2S
albumin seed storage proteins
and the JcCA0234191 marked
as (Jat), cluster II belongs to
cereal trypsin and alpha amylase
inhibitor, cluster III contains
lectin alpha amylase inhibitors |
and cluster IV contains nsLTP
(non-specific lipid transfer
protein)

sp Q9FSI9 HINBT _HORVU

sp Q9LEH8 HINBZ2 _HORVU
——sp Q10464 PUIB_WHEAT

sp P16968 IAA1 _HORVU T
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sp P28041 IAAA_HORVU
—Esp P16850 IAAC1 _WHEAT
sp P16851 JAAC2_WHEAT

Cluster Il

sp P32936 IAAB_HORVU
sp P16159 IAC16_WHEAT
sp P17314 IAAC3_WHEAT
sp P11643 IAAD_HORVU
sp P01086 IAAE_HORVU
sp P01088 ITRF_MAIZE
sp Q43723 IACX1 _WHEAT
sp Q43691 IACX2 _WHEAT _|

sp P04063 AMY2 _HORVU

sp Q43629 ARC4_PHAVU
—E sp P02873 LEA1 _PHAVU
sp Q41114 LEAZ2_PHAVU

— —sp P07597 NLTP1_HORVU N

Cluster Il

albumin allergen, Jat cl1, of about 12 kDa from the same
source (Maciel et al. 2009) which was shown to have two
sub-units of 7.2 (large chain) and 5 kDa (small chain) with
partial N-terminal sequencing result. The J. curcas genome
has been sequenced recently (Sato et al. 2011) and a total
of 40,929 complete and partial structures of protein coding
genes have been deduced and deposited in the open source
database (http://www.kazusa.or.jp/jatropha/). Blast analy-
sis using the sequence obtained from N-terminal sequenc-
ing of JHg against the Jatropha database obtained
JcCA0234191.10 (now referred to as JcrdS00619.70 in the
new version, release 4.5) as the hit. This protein has 2S
albumin allergens as its close homolog and the AAI
domain as found by conserved domain database (CDD)
search. Since our earlier analysis showed the presence of a
single band for JHg at 10 kDa in SDS PAGE and Jat cl
showed the presence of two bands, it was pertinent to
resolve this ambiguity if the two proteins were similar. We
denatured the protein sample with DTT instead of BME
and ran it on tricine gel and this resulted in the presence of
two bands (Fig. 1a). Also, it is reported that the full length
2S albumin proteins undergo a modification through
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sp A2ZHF1 NLTP1_ORYSI
—Esp QOIQK9 NLTP1_ORYSJ |Cluster |V

sp P23802 NLTP_ELECO

E sp P80403 IAAI_AMAHP
sp P13867 IAAT _MAIZE

proteolytic cleavage with the loss of a linker peptide and
short peptides from both the N- and C-terminal region
(Crouch et al. 1983; Ericson et al. 1986), which explains
the presence of two chains for JcCA0234191.10. The
N-terminal sequencing result (VRDIrKKEAERRDLSSKE-
NYITQRRr) obtained by us for JHg and the one reported
for small chain of Jat c1 (VRDKCGEEAERRTLXGCE-
NYISQRR) matches significantly and this leads us to
conclude that the small chain is of about 25 residues cor-
responding to a molecular weight of 3.1 kDa. Similarly,
the partial sequence of large chain of Jat ¢ 1 (PRE-
QVPRQCCNQALE) aligned with the initial 15 out of total
62 residues of JcCA0234191.10 toward the C-terminal,
adding up to a molecular weight of 7.1 kDa. The two
chains together give a mass of 10.2 kDa, close to the
molecular ion peak obtained at 10.08 kDa, which we
observe for the protein. Based on this analysis, the putative
sequence for the small and large chain obtained from the
precursor protein is shown for JHg (Fig. 3c).
Phylogenetic analysis of JcCA0234191 and the 31 AAI
sequences downloaded from UniProt shows the presence of
four clusters (Fig. 2). The first cluster contain 2S albumin
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Fig. 3 a The modeled structure
of the sequence of
JcCA0234191. b The
superposed structure of the
modeled protein on its template
(PDB: 1PSY). The
hypervariable region is marked.
¢ The 3-D model of the two
chains of JcCA0234191,
obtained after sequencing (see
text) is shown and the sequences
of the corresponding chains is
shown in inset box

N-terminal

(C) n-terminal (B chain)

seed storage family proteins from R. communis, Arachis
hypogaea and H. vulgare and the isolated hemagglutinin
falls in this cluster in close association with 2SS-RICCO, a
2S albumin from R. communis (Pantoja-Uceda et al. 2003),
thus confirming the family. The cereal a-amylase/trypsin
inhibitors belong to the second cluster which consists of
allergic proteins from Triticum aestivum, Oryza sativa,
and Zea mays as its members, the third cluster consists of
lectin AAI from Phaseolus vulgaris, whereas fourth cluster
consists nsLTPs with members from O.
H. vulgare.

The prolamin superfamily of plant food allergens is
further divided into 2S albumin allergens, the defense-
related nsLTP and cereal z-amylase/trypsin inhibitors. All
the members consist of a-helical proteins with a conserved
skeleton of at least eight cysteines in all of them and with
the only difference in their disulfide linkage (Fig. 4b).
Through a search of the Pfam and InterPro database, it is

sativa and

C-terminal

N-terminal

Hypervariable Region

O
&
&
g

& Chain A (small chain)
o VRDICKKEAERRDLSSCENYITQRR

Chain B (large chain)
PRQQVPRQCCNQAKELSAICRCES
IHYLLEKQLEEGEVGSEDEARRRTK
NIIDVCFGSICPR

C-terminal (B chain)

N-terminal (A chain)

found that the cysteine linkage is (C1-C5, C2-C3, C4-C7,
C6-C8) for 28 albumins, (C1-C6, C2-C3, C4-C7, C5-C8)
for nsLTP and (C1-C10, C2-C4, C3-C8, C5-C9, C6-C7)
for cereal a-amylase/trypsin inhibitors which have addi-
tional two cysteine residues (http://www.ebi.ac.uk/interpro/
IEntry?ac=IPR006105) (Oda et al. 1997). The multiple
sequence alignment of some of these members along with
the sequence of JcCA0234191.10 indicates that eight cys-
teine residues are conserved in all the sequences. The
modeled structure of the isolated hemagglutinin shows a
common fold of four helices (H1, H2, H3, H4), folded leaf,
right-handed superhelix which has been stabilized by four
disulfide bonds (Fig. 4a, b) as found in the 3-D structure of
other members of 2S albumin allergens (Pantoja-Uceda
et al. 2003). In between the third and fourth helices (H3 and
H4), there is a short segment of “hypervariable region”
(Fig. 3b), which has IgE binding epitopes essential for
protein allergenicity (Moreno and Clemente 2008).
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sp|PB1089|Ricinus SSQQERQEVQR-KDLSSMERYLRQSSSRRSPG- - - ------ EEVLRMPGDENQQQESQQLQOQESNQVKQVR.- -
Jatropha VRDI KKEAER-RDLSS®ENYITQ- - -RRGRS- - - - -~ --- EDMLAMPGIENPRQ - - QVPRQEENQAKELS - -
sp|P15457 |Arabidopsis RKEFQKEQHLRAEQQLMLQQARQGRSD - - - - - - - EFDFEDDMENPQGQQQEQQLFQQESNELRQEE - -
sp|PB1690|Brassica RIP RKEFQQAQHLRABQQWLHKQAMQSGGGPSWTLDGEFDFEDDMENPQGPQORPPLLQOMENELHQEE - -
sp|P80353|Capparis -EPLERRQFQQHQHLRABQRYLRRRAQR - = = = === === s e e e e e e e e GEQRGPALRLEENQLRQVN- -
sp|0Q39649|Cucurbita REERSROMSAR-EELRSMEQYLROQSRDVLOMRG- - - === === --=-- IENPWRREGGSFDEMSRELKNVD - -
sp|0Q647G9|Arachis SSS ERQVDR - VNLKI EQHIHORIMGEOEO ------------- YDSYDIRSTRSSDQQQREEDELNEMENT
*%
sp|PB1089|Ricinus DESQEEATKYIAEDQIQQGQLHGE- -~ - - - - ESERVAQRAGEIVSESG- - - VREMRQTRTNP - - -
Jatropha AI ESIHYLLEKQLEEGEVGSE--- ---- DEARRRTKN-IIDV@FG- - -SI@PR- - - - - - - -~
sp|P15457 |Arabidopsis PD PTLKQAAKAVRLQGQHQP- - - - - - MQVRKIYQTAKHLPNVEDIPQVDVEPFNIPSFPSFY
sp|P01690|Brassica P PTLKGASKAVKQQIQQQGQQQGKQQMVSRIYQTATHLPKVENIPQVSVEPFOKTMPGPSY
sp|P80@353|Capparis K PVLRQAAHQQLYQGQIEGP--- - - RQVRRLFRAARNLPNISKIPAVG FTRW- - - - -~
sp|0Q39649|Cucurbita EE DMLEEIAREEQRQARGQEG-------- ROMLOKARNLPS IRP-QR®&DF---------
sp|Q647G9|Arachis EﬁLOQIMENOCDRLODRQM ------- VQQFKRELMNLPQQENFRAPQREDLDVSGGRC - -
* *

Fig. 4 a The disulfide linkage of cysteines present in the model of
JcCA0234191. b The disulfide topology of the cysteine in different
members of prolamin superfamily as found in the Pfam database:
(1) JcCA0234191, (2) 2S albumin, (3) nsLTP and (4) cereal alpha

These features are conserved in the model genertaed for
JHg by us and so we conclude that Jat cl, the name given
to the 25 allergen reported earlier, and JHg are similar.

Unique sugar specificity of the isolated hemagglutinin

The hemagglutination activity of JHg is inhibited by sialic
acid and fetuin, which is a glycoprotein, and none of the other
simple sugars tested in the assay showed inhibitory activity.
This is interesting because though lectins with sialic acid
specificity are commonly found in animals, they are rela-
tively rare in plants (Lehman et al. 2006). Some well-known
examples of plant lectins with affinity for sialic acid are
wheat germ agglutinin (WGA) (Peters et al. 1979; Wright
1990), Morus alba lectins (MLL 1 and 2) (Ratanapo et al.
1998), Maackia lectins (MAL, MAH) (Yamamoto et al.
1997; Imberty et al. 2000) and mistletoe lectin I (ML-I)
(Miithing et al. 2004). Lectins from Sambucus spp. like
S. nigra lectin (SNA), S. canadensis lectin (SCA) and
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amylase inhibitor/trypsin inhibitor. ¢ The eight conserved cysteine
residues present in different 2S albumin protein sequences are colored
and marked with asterisk

S. sieboldiana lectins (SSA) have specificity for NeuSA-
co2,6Gal and NeuS5Aco2-3Galf1-4GIcNAc, but it is not
clear yet whether the interaction is through the sialyl or
galactosyl moiety (Shibuya et al. 1989; Kaku et al. 2007).

Hemagglutinins and lectins are known to have allergenic
effects through their interaction with immunoglobulin E
(IgE) and histamine release. In a study on 12 lectins iso-
lated from plants, it was shown that IgE bound to many of
them and this interaction was inhibited by glycoprotein and
lectin-specific sugars. It was further shown that leukocytes
isolated from allergenic patients on stimulation with the
tested lectins showed a significant release of histamine
(Shibasaki et al. 1992). Since Jat cl and JHg isolated by us
are similar and hemagglutination activity of JHg is inhib-
ited by sialic acid and complex sugars on fetuin, a glyco-
protein, we hope future studies will enhance our
understanding of allergenic responses of hemagglutinins
from Jatropha and other closely related species and their
overall biological context.
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