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Summary
Dietary lectins play a major role in the activation of mast cells/basophils 
by bridging cell surface IgE glycans to release histamine and other media-
tors. In the present study, the effect of mannose/glucose-specific banana lec-
tin (BanLec) on the activation of mast cells/basophils from non-atopic and 
atopic subjects has been investigated. BanLec was purified from banana 
pulp in a yield of 7 mg/kg. Leukocytes isolated from heparinized blood 
of non-atopic/atopic subjects were used for quantitation of the released 
histamine. Approximately 28.2% of the atopics (n = 117) was positive by 
skin prick test (SPT) to purified BanLec (100 µg/mL concentration), and 
all the non-atopics (n = 20) were negative. Maximal release of histamine 
was seen at 2 µg of BanLec. In percent histamine release, an increase of 
35-40% is observed in case of atopics (n = 7) compared to non-atopics 
(n = 5), and the histamine release from atopic and non-atopic subjects 
correlates fairly well with the total serum IgE levels (R2 = 0.817). BanLec 
also induces release of histamine (26.7%) from mast cells present in rat 
peritoneal exudate cells. BanLec can significantly activate and degranulate 
mast cells and basophils by cross-linking the trimannosidic core mannose 
of IgE glycans in atopic population as compared to non-atopic population; 
the activation is marginal in the case of non-atopics.
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Introduction

Lectins are proteins or glycoproteins of plant or animal sources 
that bind specific carbohydrates and agglutinate cells of various 
types (1); they are a diverse group of multivalent sugar-binding 
proteins of non-immune origin and are ubiquitous in all forms 

of living matter, including bacteria and viruses (1,2). Their char-
acteristic agglutination properties imply possible involvement of 
the membrane glycoproteins or glycolipids containing specific 
carbohydrate residues in the interaction with lectins (2,3). 
Several lectins from plant sources have been well studied and 
characterized. Concanavalin A (Con A) from jack bean (Ca-
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navania ensiformis) has been investigated extensively in terms 
of the protein structure, saccharide specificity and its interac-
tion with a variety of cells (4); it has been shown to activate 
basophils and mast cells specifically by binding to the car-
bohydrates on the Fc portion of cell-bound IgE, resulting in 
the release of histamine and other biological mediators (5,6). 
Many dietary lectins have been investigated for their inter-
actions with cells of the immune system (thymocytes, sple-
nocytes, dendritic cells and macrophages) and allergic system 
(mast cells, basophils and eosinophils) (7). 
Bridging of IgE molecules on the cell surface of mast cells/baso-
phils by an allergen or bivalent antibody against IgE or artificially 
aggregated IgE is a necessary event for IgE-mediated basophil or 
mast cell degranulation (8,9). The interaction of lectins with ba-
sophils/mast cells (4,5,10) leads to release of histamine and other 
biological mediators, and thus resembles the response of the in-
teraction of food allergens with mast cells/basophils from aller-
gic subjects (11,12). Allergic reactions caused by the activation 
of mast cells/basophils by dietary lectins are commonly termed 
as non-allergic food hypersensitivity (formerly termed as “false 
food allergy”). Lectins can either interact with carbohydrates on 
cell-bound IgE or directly with the carbohydrates of cell surface 
glycoproteins and glycolipids on basophils and mast cells (5,10); 
however, the end result is similar to the food allergen-specific IgE 
interaction seen in food allergy (13). A detailed study showed that 
potato lectin (Solanum tuberosum agglutinin) induces non-specif-
ic activation of mast cells and basophils of atopic subjects, and an 
excellent correlation was seen between histamine release from the 
buffy coat and serum total IgE level (14). Therefore, it appeared 
important to address the role of other common dietary plant lec-
tins in mediating false-food allergic reactions.
Banana is widely consumed all over the globe as a wholesome 
nutritional fruit containing 75% moisture, 23% carbohydrates, 
1.1% protein and 0.33% fat (wet weight basis) (15). Among 
the proteins, BanLec is a minor protein present in relatively 
low amounts: 4 mg lectin/100 g fruit, edible portion (16,17). 
Banana lectin (BanLec) is a homodimeric plant lectin (subunit 
molecular weight: 15 kDa; isoelectric point: 7.2-7.5) belonging 
to the jacalin-related lectin family (16,17). BanLec belongs to a 
subgroup of this family that binds to glucose/mannose, but is 
unique in recognizing internal a-1,3 linkages as well as b-1,3 
linkages at the reducing termini (18,19). The structure of Ban-
Lec has a b-prism I fold, similar to other family members, but 
differs from them in its mode of sugar binding; the reducing 
unit of the sugar is inserted into the binding site causing the 
second saccharide unit to be placed in the opposite orientation 
compared with the other ligand-bound structures of family 
members (20,21). BanLec does not agglutinate untreated hu-
man or sheep erythrocytes, but agglutinates rabbit erythrocytes, 
and is known to stimulate T-cell proliferation (22). 

The present study is focused on studying the effect of pu-
rified BanLec on basophils and mast cells from different 
atopic subjects. Since lectins are often present in significant 
amounts in many plant foods (1,2,7,11,16), it appeared in-
teresting to study the interactions of BanLec with mast cells 
and basophils of atopic and non-atopic subjects, to under-
stand their physiological significance and role in non-allergic 
food hypersensitivity reactions. 

Materials and methods

Reagents, allergenic extracts and animals

Sephadex G-75, compound 48/80, o-pthalaldehyde (OPT), 
pectinase, concanavalin (Con A), Favin from Vicia faba (broad 
bean, fava bean or field bean) and murine anti-human IgE 
(monoclonal)-alkaline phosphatase (AP) conjugate were prod-
ucts of Sigma-Aldrich Co., St. Louis, MO, USA. Lysozyme, 
ovalbumin (OVA) and bovine serum albumin (BSA) were pur-
chased from Bangalore Genei, Bengaluru, India. Flat-bottom 
96-well microtiter plates (MICROLON) were bought from 
Greiner Bio-One GmbH, Frickenhausen, Germany. All other 
chemicals/reagents used in this study were of analytical grade.
Southern grass pollen mix (no. 1651, Bayer Corp., Spokane, 
WA, USA) contained pollens from Bermuda, Johnson, Ken-
tucky blue, Orchard, Redtop, sweet Vernal, and timothy grasses; 
this is referred to as grass pollen mix 1. Grass pollen mix (no. 
P28, Greer Laboratories, Lenoir, NC, USA) contained pollens 
from Bermuda, Johnson, Kentucky blue, Orchard, Redtop, 
Timothy, sweet Vernal meadow, fescue, and perennial rye grass-
es; this is referred to as grass pollen mix 2. House dust mite 
extract (D. farinae, 10,000 AU/mL) and weed pollen mix were 
also products of Greer Laboratories, Lenoir, NC, USA. Skin 
prick tests (SPT) were performed with grass pollen mix 1, grass 
pollen mix 2, weed mix and house dust mite extract to classify 
whether the patient was atopic or non-atopic. 
Experiments involving animals have been conducted in accor-
dance with the “International Guiding Principles for Biomedical 
Research Involving Animals” guidelines recommended by the 
World Health Organization (WHO) for the use of laboratory 
animals, after obtaining approval from the Institutional Animal 
Ethics Committee (IAEC). Adult male Wistar rats (4-week-old) 
housed in the animal house facility of our institute were used for 
the preparation of peritoneal exudate cells (PEC) as per standard 
operating procedures described later. 

Identification of atopic and non-atopic subjects

All procedures involving human subjects were approved by the 
Institutional Research Ethics Committee (approval number: 
IHEC-07-04), and were conducted in accordance with the ethi-
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cal standards established in the Declaration of Helsinki of 1946 
and its later amendments or comparable ethical standards. Writ-
ten informed consent was obtained from all atopic (allergic) and 
non-atopic (normal) subjects before enrollment in this study. 
The atopic (n = 117 of which 57 were males and 60 were fe-
males) and non-atopic (n = 20 of which 11 were males and 9 
were females) subjects were identified based on case history (al-
lergic subjects are chosen at random who had symptoms of at 
least one allergic condition such as allergic rhinitis, atopic der-
matitis, asthma, food allergy, and allergic conjunctivitis) of the 
subjects and the results of skin prick test (SPT) of certain com-
mon allergenic extracts (grass pollen, weed, house dust mite) 
and prepared banana extracts. The age of the subjects was in the 
range of 18 to 60 years with a median of 41 years. Banana ex-
tract (50% w/v) prepared from the commonly consumed variety 
(Musa acuminata) was used for this study. 

Eosinophil count, serum IgE and serum/plasma histamine levels 

Eosinophil count was determined using whole blood, and ex-
pressed as numbers per mL of blood (23). Murine monoclonal 
anti-human IgE antibody (murine IgG2a, κ; hybridoma cell 
line ATCC HB-121, designation E5BB3IIA2) was purified by 
hybridoma cell culture supernatant on protein A-agarose; this 
cell line was obtained from National Centre for Cell Science, 
Ganeshkhind, Pune, India. Serum total IgE (expressed as IU/
mL, and hereafter referred to as serum IgE) was quantitated by 
ELISA (24) using this antibody. Following TCA precipitation 
of serum, histamine was extracted, determined by fluorometry 
(25), and expressed as ng/mL serum.

Preparation of banana extract from banana pulp

Banana was purchased from the local grocery market; after 
peeling the skin, the pulp portion (500 g) was chopped into 
pieces to prepare 50% (w/v) extract in salt solution (250 mM 
NaCl/5 mM MgCl

2
/5 mM MnCl

2
/5 mM CaCl

2
) containing 

0.5% pectinase. The extract was stirred for 2 h and left at 25 
°C overnight; later, the extract was filtered through Whatman 
no. 1 filter paper. The filtrate was concentrated using Amicon 
ultrafiltration system using a membrane having 3 kDa molec-
ular weight cut-off, and the retentate obtained was extensively 
dialyzed against 50 mM sodium acetate buffer, pH 4. 

Purification of banana lectin (BanLec)

This was essentially performed as per the method described by 
Koshte et al. (16); this is an affinity-based purification wherein 
banana lectin having specificity to glucose/mannose will bind 
to the dextran matrix of Sephadex G-75, whereas all the other 
proteins will not bind to the column and elute based on their 

molecular masses. Banana lectin was isolated from 50% (w/v) 
banana extract on Sephadex G-75. The concentrated, dialyzed 
sample (28 mL) was loaded onto Sephadex G-75 column (2 × 
110 cm), which was pre-equilibrated with 50 mM sodium ac-
etate buffer, pH 4.0. After loading the sample, the column was 
washed with the equilibration buffer until the absorbance has 
fallen to 0.005. The bound proteins were then eluted with 50 
mM sodium acetate buffer, pH 4, containing 0.15 M NaCl and 
0.5 M D-glucose. The eluted fractions were pooled and analyzed 
by SDS-PAGE and hemagglutination assay.

SDS-PAGE (reducing) and hemagglutination assay

SDS-PAGE (12%, reducing) was carried out following the stan-
dard procedure (26) to assess the purity and relative molecular 
mass of the purified banana lectin. Hemagglutination activity 
of the purified lectin was carried out using trypsinized rabbit 
erythrocyte suspension as described by Burger (27). Briefly, a 
2% suspension of trypsinized rabbit erythrocytes (0.2 mL) was 
added to a serially diluted lectin solution, gently mixed and in-
cubated at 37 °C for 1 h, and the agglutination was visualized. 
The amount of protein present at the highest dilution represents 
the minimum quantity of protein necessary for agglutination 
and is taken as the titer. 

Preparation of samples (BanLec and banana extract) for SPT  

Based on protein estimation by Bradford method (28), banana 
extract and banana lectin were prepared at 2 mg/mL and 200 
µg/mL in phosphate-buffered saline, respectively. The sam-
ples were then diluted 1:1 using glycerol (analytical grade) to 
obtain banana extract at 1 mg/mL and BanLec at 100 mg/µL 
concentration; these samples were used for performing SPT on 
non-atopic and atopic subjects.
Banana extract (1 mg/mL) and BanLec (0.1 mg/mL) was used 
for SPT; these concentrations were chosen since in many aller-
gological studies, purified allergens (natural or recombinant) 
have been used in the concentration range of 20 µg/mL to 1 
mg/mL, and most whole food extracts have been used for SPT at 
a maximum concentration of 10 mg/mL. Glycerinated-PBS and 
histamine base (at 1 mg/mL) were used as negative and positive 
reference standards. SPT was carried out as per the described 
protocol (29). After 20 min, the wheal and flare diameters were 
measured; a wheal diameter of 3 mm greater than that of the 
negative control was considered as positive.

ELISA for detection of BanLec-specific IgE 

BanLec-specific IgE was detected by indirect ELISA (24). Briefly, 
microtiter wells were coated with 10 µg of BanLec at pH 9.6 at 4°C 
overnight. After the blocking step, the wells were incubated with 
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subjects’ sera at 1:3 dilution in PBS containing 1% BSA/0.05% 
Tween-20 at 4 °C overnight. Next, incubation was done with mu-
rine monoclonal anti-human IgE-AP conjugate (1:1500 dilution) 
at 37 °C for 2 h, followed by color development.

Isolation of leukocytes containing basophils 

The buffy coat (leukocyte layer containing basophils) was iso-
lated from 10 mL of venous blood drawn from non-atopic  
(n = 10) or atopic (n = 20) subjects as described (30) using 6% 
dextran T-700 gradient. The buffy coat was washed 4-5 times 
with isotonic PBS and resuspended in Tris-CAM buffer (10 mM 
Tris-HCl buffer, pH 7.4 containing 1 mM CaCl

2
, 1 mM MgCl

2
 

and 0.03% BSA). The isolated leukocytes were counted using 
crystal violet stain. Percentage viability of leukocytes in the buffy 
coat was determined by Trypan blue dye exclusion.

Isolation of rat peritoneal exudate cells (PEC)

PECs were isolated from male Wistar rats (adult; 4-weeks-old 
weighing ~250-300 g) following the standard procedure (31) us-
ing Tyrode buffer, pH 7.4 containing 0.1% BSA. After injecting 
the peritoneal cavity, the fluid containing PECs was collected 
and the cells were pelleted, washed with physiological salt solu-
tion, and finally resuspended in Tris-CAM buffer. PECs were 
stained for mast cells using toluidine blue, and their viability was 
assessed by Trypan blue dye exclusion. The PEC preparation was 
found to contain 15-20% mast cells.

Histamine release (HR) assay 

Cells and reagents (BanLec or other proteins) in Tris-CAM 
buffer were added to polystyrene tubes at a final volume of 1 
mL in an ice bath. Each tube containing ~2 × 106 cells/mL 
was incubated at 37 °C for 45 min (30). In each experiment, 
perchloric acid (final concentration: 3%) was added to one 
set of samples (alternatively, one set of samples was boiled at 
100 °C for 10 min), to obtain the total histamine content of 
cells (Pc). Blank tubes containing only cells and buffer were 
used as controls for non-specific or spontaneous release (Ps), 
which was generally < 10%. After 45ß min, the tubes were 
transferred to an ice bath to stop the reaction and centrifuged 
at 1600 rpm at 4 °C for 20 min; the supernatants were as-
sayed for histamine content (Pt). 
The released histamine was quantitated by a fluorometric 
assay (32). Briefly, the histamine in the supernatant was ex-
tracted initially into n-butanol, and then HCl; the histamine 
extracted into HCl was neutralized, derivatized using OPT, 
and the reaction arrested using phosphoric acid. The fluores-
cence intensity of the derivatized histamine was measured us-
ing a spectrofluorometer (λ

ex
 = 360 nm; λ

em
 = 450 nm). The 

formula for the calculation of percent HR (A%) is = (Pt - Ps) 
/ (Pc - Ps) × 100, where Pt refers to test release, Ps refers to 
spontaneous release, and Pc refers to complete release.

Statistical analysis

Each datum represents the arithmetic mean and standard devi-
ation (s.d.) of the different experiments under identical condi-
tions. Student’s t-test was used to make a statistical comparison 
between the paired and unpaired groups. The correlation be-
tween histamine release and serum IgE was analyzed to find the 
correlation coefficient. A p-value of < 0.05 was considered sta-
tistically significant. All the statistical analyses were performed 
using software SPSS, version 10 (SPSS Inc., Chicago, IL, U.S.).

Results

Purified banana lectin exhibits hemagglutination activity 

Banana lectin was isolated from banana pulp by affinity chroma-
tography on Sephadex G-75. The column-bound proteins were 
eluted with elution buffer containing 0.5 M D-glucose. The 
elution profile is shown in figure 1. Fraction numbers 35-58 
were pooled, and analyzed by SDS-PAGE (12%) and hemag-

Figure 1 - Affinity chromatography of BanLec from pectinase-treat-
ed banana pulp on Sephadex G-75 (2 × 110 cm). Equilibration 
and loading buffer: 50 mM sodium acetate buffer, pH 4 containing 
0.15 M NaCl. Elution buffer: 50 mM sodium acetate buffer, pH 4 
containing 0.15 M NaCl and 0.5 M D-glucose. Fraction volume: 
3 mL. Inset: 12% SDS-PAGE (reducing); lane 1, purified banana 
lectin (10 µg); lane 2, molecular weight marker, 6 µg (lysozyme, 
14.3 kDa). 
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glutination assay. The pooled fraction showed a single band by 
SDS-PAGE having a molecular mass of 15 kDa (figure 1, in-
set) and exhibited hemagglutination activity towards 2% rabbit 
erythrocytes; the activity was mannose-specific as analyzed by 
glycoprotein-binding ELISA assay (data not shown). The hem-
agglutination activity of the pooled fraction was ~28.6 units/
mg protein, wherein one unit of hemagglutination activity is re-
ferred to as the minimum amount of protein required for caus-
ing hemagglutination activity. The yield of banana lectin from 
500 g of banana pulp was found to be 3.5 mg.

SPT of BanLec on atopic subjects indicates a high positivity

Atopic and non-atopic subjects were selected based on detailed 
case history and clinical symptoms. The subjects’ status of atopic 
or non-atopic was confirmed in all the subjects under evalua-
tion (n = 117 for atopics, and n = 20 for non-atopics) based 
on SPT. Subjects were considered atopic if they had generalized 

symptoms characteristic of at least one allergic condition and a 
positive SPT (> 3 mm over the negative control) to one of the 
allergens tested. Subjects were considered non-atopic if they did 
not have any clinical symptoms suggestive of allergies and had 
a negative SPT. Consecutive 117 atopic subjects consenting to 
participate in the study were included; non-atopic subjects were 
selected from the general population. The results are summa-
rized in table I, which shows the results of SPT with BanLec 
tested on 117 atopic subjects and on 20 non-atopic subjects. 
BanLec at 100 µg/mL showed a positive SPT in 33 out of 117 
atopic subjects (28.2%). It is interesting to note that SPT using 
banana extract shows that 29 out of 117 atopic subjects (24.8%) 
were positive. SPT reactions as assessed by means of wheal/flare 
diameter were barely positive (designated as +; 3-3.5/5 mm) or 
moderately positive (designated as 2+; 4-4.5/10-15 mm) com-
pared to the positive control, histamine base (6/25 mm). None 
of the non-atopic subjects gave a positive SPT (wheal/flare di-
ameter of 0-1/0 mm) for both BanLec and banana extract (table I).

Table I - Skin prick testa of banana lectin (BanLec) on human atopic and non-atopic subjects. 

Sample used 
for SPT

Subjects tested
Number of

subjects tested
Number of 

subjects positive
Percent positive Wheal/flare diameter (mm)

BanLec (100 µg/mL) atopicb 117 
(m, 57; f, 60)c

33
(m, 15; f, 18)

28.2 3.0 - 4.5/8 - 15

Banana extract (50% w/v)
atopic 

117
29

(m, 11; f, 18)
24.8 3.0 - 5.0/8 - 16

BanLec/banana extract non-atopicd 20 
(m, 11; f, 09)

0 0.0 0 - 1/0

aThe positive control used for SPT is glycerinated histamine base (1 mg/mL), and the negative control is glycerinated PBS.
bSubjects displaying characteristic symptoms from any one of the following: asthma, allergic rhinitis, urticaria or food allergy (age range: 18-60 y).
cm, male; f, female.
dHealthy subjects without any clinical symptoms of allergy (age range: 18-60 y).

Table II - Eosinophil counts, serum IgE, and serum/plasma histamine levels in a subset of non-atopic/atopic subjects.

Subjects
Eosinophil Serum IgE  Histamine level

mean ± s.e.m. (counts/µL)a mean ± s.e.m. 
(A

492
) IgE (IU/mL)b ± s.e.m.

serum
mean ± s.e.m. (ng/mL)c

plasma
mean ± s.e.m. (ng/mL)d

non-atopic
(n = 10)

302 ± 11 0.267 ± 0.010 39.3 ± 4.6 28.2 ± 3.6 1.5 ± 1.2

atopic
(n = 20)

776 ± 18 1.205 ± 0.120 253.7 ± 76.4 184.2 ± 10.1
11.6 ± 1.0

aReference normal value for eosinophil counts = 40 - 400 cells/µL (23); p < 0.001 (t = 38.2);
bReference normal value for serum total IgE = < 120 IU/mL (24); p < 0.001 (t = 13.40);
cValue for non-atopic subjects is 5 - 27 ng/mL (25); p < 0.001 (t = 15.74);
dValue for non-atopic subjects is 0.5 - 2 ng/mL (25); p < 0.001 (t = 10.64).
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In a subset of 20 atopic and 10 non-atopic subjects, eosinophil 
counts, serum IgE and serum/plasma histamine levels were mea-
sured. The results are shown in table II. The serum total IgE 
was found to be significantly higher in atopic subjects, and rep-
resents approximately a 5 to 7-fold increase over the value for 
non-atopic subjects. In atopic subjects, the eosinophil counts 
were increased by ~2.6-fold over the mean value of non-atopic 
subjects (302 cells/µL). The serum and plasma histamine levels 
were found to be significantly higher in atopic subjects (~6 to 
8-fold) as compared to the mean value for non-atopics. 
Based on the clinical symptoms, the atopic subjects were sub-
grouped as representing allergic rhinitis, asthma, or both; this is 
summarized in table III. Again, in the sub-groups the sensitiv-

Table III - Results of SPT to BanLec in atopic subjectsa characterized into three subgroups as allergic rhinitis, asthma, and allergic rhinitis 
with asthma.

Subjects’ status
Subjects 

positive to BanLecb

Percent 
positive

Subjects positive 
to banana extractc

Percent 
positive

Avoidance to bananad 
(n)

Avoidance to 
banana (%)

allergic rhinitis
(n = 33)

07 (m 3, f 4)e 21.2 11 (m 4, f 7) 33.3 15 (m 6, f 9) 45.5

asthma (n = 39) 10 (m 5, f 5) 25.6 09 (m 4, f 5) 23.1 20 (m 9, f 11) 51.3
allergic rhinitis

with asthma
(n = 45)

16 (m 7, f 9) 35.5 09 (m 3, f 6) 20.0 25 (m 14, f 11) 55.6

aAtopic subjects were selected for SPT based on their case history and SPT results to allergenic extracts including house dust mite, and classified into subgroups 
based on their clinical symptoms;  
bAtopic subjects who showed skin prick test positive (> 3 mm wheal) for BanLec (100 µg/mL);
cAtopic subjects who tested positive for banana extract (50% w/v) by SPT were tested here at 1 mg/mL banana extract; 
dNumber of atopic subjects who avoid eating banana and have a positive case history for banana consumption;
em, male; f, female.

ity for BanLec was maximal in the sub-group who had clinical 
symptoms of both allergic rhinitis and asthma, compared to the 
sub-groups with only allergic rhinitis or asthma. The number 
of subjects who avoid eating banana was found to be 60 out 
of 117 (51.3%); these subjects reported that they avoided eat-
ing banana as they had experienced an increase in their allergic 
symptoms upon consumption of banana on most occasions. 
However, some of them have no SPT reactivity to either banana 
extract or to BanLec. On the other hand, none of the non-atopic 
subjects reported the avoidance of banana consumption. About 
half of the atopic subjects tested in each sub-group were having 
case history positive to banana, and they were found to avoid 
banana consumption.

Table IV - Summary of in vivo and in vitro diagnostic tests in the subgroup of atopic subjects positive to BanLec by SPT.

Subjects’ statusa Subjects 
positive to 

BanLec 

Wheal/flare 
diameter (mm)b

Specific IgE
ELISA unitsc (A

405
)

mean ± s.e.m.

Serum IgE
ELISA unitsc (A

492
)

mean ± s.e.m.

Histamine released

(%) (range)

non-atopic 00 0 - 1/0 0.036 ± 0.016 0.280 ± 0.044 23.4 - 28.9
atopic  

(mildly sensitive to BanLec)
00 1 - 3/0 - 5 0.049 ± 0.011 0.466 ± 0.100 37.8 - 42.2

atopic (moderately sensitive 
to BanLec)

23 3 - 4/5 - 10 0.063 ± 0.023 0.737 ± 0.155 44.9 - 56.1

atopic (highly sensitive to 
BanLec)

10 4 - 5/> 10 0.084 ± 0.018 1.311 ± 0.347 58.5 - 68.3

an = 10 in each group;
bPositive control, 1 mg/mL histamine base (5 - 6/20 - 25 mm);
cValue for non-lectin control (BSA) (n = 6), 0.018 (non-atopic); 0.020 (atopic); value for lectin control (Con A) (n = 6), 0.056 (non-atopic), 0.099 (atopic); mean 
of 3 values; 

dmeasured at 2 µg/mL BanLec concentration; mean of 3 values.
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Atopic subjects show a higher level of serum IgE compared to 
non-atopic subjects 

Serum samples of non-atopic (n = 10) and atopic (n = 10) sub-
jects were tested for the presence of BanLec-specific IgE. Con 
A (Man/Glc-specific lectin) and BSA (non-lectin protein) were 
used as negative controls. BanLec-specific IgE values for moder-
ately BanLec-sensitive atopic subjects were very similar to those 
seen for mildly BanLec-sensitive atopic and non-atopic subjects 
(table IV). However, the serum IgE level of moderately Ban-
Lec-sensitive subjects is ~1.5 to 2-fold higher than that of mildly 
BanLec-sensitive subjects, and ~2 to 3.5-fold higher than that of 
non-atopic subjects who are not sensitive to BanLec. 

BanLec induces a higher magnitude of HR release from atopics as 
compared to non-atopics 

The results of percent HR from non-atopic (n = 5) and atopic 
subjects (n = 7) by BanLec in a concentration range of 1 to 
5 µg/mL are presented in figure 2 (panel a). Maximal release of 
histamine occurs at a concentration of 2 µg/mL; an increase of 
about 1.5-fold in HR was observed in the case of atopic subjects 
(62.0 ± 4.7%) compared to non-atopic subjects (37.8 ± 3.7%). 
The HR was found to be significant (p < 0.005) at 2 µg/mL 
concentration. 
Con A (positive lectin control) was found to induce HR from 
both non-atopic and atopic subjects; here again, maximal re-
lease was found at 2 µg/mL concentration. The percent HR was 
~40% in non-atopics (healthy individuals without any symp-
toms of allergy) and ~73% in atopic subjects (figure 2, panel 
b). Both the non-lectin proteins (BSA and ovalbumin) do not 
release histamine in either non-atopic or atopic subjects; HR 
using these non-lectin proteins was found to be only 4% in 
non-atopics and 6% in atopics. Generally, the HR is considered 
negative if the value is < 10%, and the percent HR as a func-
tion of BanLec was comparable with the positive lectin control 
Con A. Another mannose-specific lectin Favin (from Vicia fava) 
shows a similar trend as seen for Con A and BanLec, although 
of a lower magnitude (figure 2, panel b).

The magnitude of HR by BanLec correlates with the serum IgE level

Ten subjects in the non-atopic group and 20 subjects in the 
atopic group were analyzed for HR and total IgE levels. The 
mean value of percent HR as well as the serum total IgE val-
ues for both non-atopic and atopic (including its sub-groups) 
groups are shown in table IV. Since all non-atopic subjects 
showed serum IgE ELISA unit of < 0.33, 0.35 value was arbi-
trarily taken as the cut-off point of serum IgE (ELISA unit) for 
demarcating non-atopics and atopics. On the basis of the serum 
total IgE level and HR, the atopics can be sub-grouped roughly 

Figure 2 - Panel a, comparison of percent histamine release from 
the leukocytes of non-atopic (n = 5) and atopic (n = 7) subjects 
as a function of BanLec concentration (1 to 5 µg/mL). Panel b, 
Comparison of histamine release from the leukocytes of atopic (n = 
7) and non-atopic (n = 5) subjects as a function of BanLec with the 
lectin control (Con A) and non-lectin controls (non-lectin proteins: 
BSA and OVA). Protein amount used: 2 µg in all cases. 

into three types: (i) mild sensitivity to BanLec with marginal 
HR, (ii) moderate sensitivity to BanLec with moderate HR, and 
(iii) high sensitivity to BanLec with high HR. It is seen that 
all atopic subjects showed a HR of > 35%. Further, the results 
show that the percent HR was found to have a fairly good cor-
relation with the serum total IgE levels (R2 = 0.817, n = 30). 
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BanLec also induces HR from rat peritoneal exudates cells (PECs) 

Con A (Man/Glc-specific lectin), which is taken as a reference 
lectin showed ~58% HR and can be regarded as positive con-
trol for HR assay using rat peritoneal exudates cells (figure 3). 
BSA (data not shown) and ovalbumin (non-lectin proteins) 
show minimal HR and can, therefore, be considered as negative 
controls. Favin and BanLec were found to induce the release of 
histamine (about 4-fold and 6-fold, respectively) in comparison 
to the HR value of the negative control, OVA. 

Discussion

BanLec shows specificity for molecules containing D-glucopyra-
nosyl, D-mannopyranosyl and other related carbohydrate struc-
tures (33-35); it shares many properties with Glc/Man-recog-
nizing legume lectins (Con A). The yield of BanLec was found 
to be 7 mg/kg banana pulp; its purity was confirmed by SDS-
PAGE (single band of 15 kDa) and hemagglutination activity 
indicated glucose/mannose specificity.
SPT of BanLec revealed that roughly one fourth of the atopic 
subjects were positive, whereas non-atopic subjects were nega-
tive. A positive SPT of 28.2% to a purified protein (BanLec) 
from banana pulp appears to be unusual for food allergy, since 
the incidence of food allergy in adults is generally 2-4% (8,9). 
This may be due to the non-specific interaction of BanLec with 

the carbohydrate structures of mast cells in vivo followed by acti-
vation. Similar results have been observed from our earlier studies 
on the effects of potato lectin in SPT of atopic subjects (14). In 
the case of atopic subjects who showed a positive SPT for Ban-
Lec, the serum IgE level was, in general, 3-8-fold higher than in 
non-atopic subjects. The banana reactors (24.8% among atopic 
patients as assessed by positive SPT) also had BanLec reactivity 
(28.2% among atopic patients as seen by positive SPT); however, 
the reactors did not show any specific IgE to banana protein(s). 
It is likely that the sensitivity is due to the effect of BanLec both 
in pure form or as crude form (in banana extract) which causes 
wheal/flare reaction through non-allergic food hypersensitivity 
by interacting with non-specific IgE on mast cells or basophils. 
Mannose-binding lectins (Con A, Lens culinaris agglutinin, 
and pea agglutinin) bind strongly to human IgE (5); the bind-
ing is mainly attributable to the complex-type glycopeptide of 
IgE (36). BanLec has specificity for Glc/Man similar to Con A 
(18,19). Since cell-bound IgE is a glycoprotein rich in oligo-
saccharides (~12%) in its Fc portion (both oligomannose and 
complex bi-antennary types), we examined the composition 
and structures of the N-linked glycans on the heavy chain of 
IgE (37). Among the glycans of human IgE, ~86% of glycans 
terminate in galactose or sialic acid, which represent complex 
bi-antennary type glycans (36). Though the serum IgE level was 
2 to 8-fold higher in atopic subjects (who are positive to Ban-
Lec by SPT) as compared to non-atopics, BanLec-specific IgE 
was found to be very similar in the serum of both atopic and 
non-atopic subjects confirming that none of the atopic subjects 
were truly allergic to BanLec. Although 6 allergens (Mus a 1 
to Mus a 6) have been identified as allergens in banana so far, 
BanLec has not been reported as an allergen in the WHO/IUIS 
Allergen Nomenclature home page (www.allergen.org). Lectins 
have been ranked ninth in their assignment as plant food aller-
gen families in Pfam database (38), and are generally regarded 
as minor allergens. 
Koshte et al. (22) observed that IgG4 antibodies to banana 
were found to occur far more frequently than expected, and 
the most important antigen involved proved to be BanLec; the 
authors firmly established the antigen-antibody nature of the 
BanLec-IgG4 interactions. Their results support the earlier sug-
gestion that some lectins are particularly prone to induce an im-
mune response upon oral feeding (7). Several studies in the past 
decade have shown that BanLec is a mucosal immunostimula-
tor, and that oral administration of BanLec modulates cytokine 
profile and abundance of T-cell populations in mice (39-41). 
HR from the leukocytes of non-atopic and atopic subjects by 
BanLec was found to be dependent on serum IgE levels; the 
release shows a fairly good correlation to serum IgE levels (R2 
= 0.8166); such a correlation clearly indicates that the effect of 
BanLec depends on the basophil IgE density in causing non-spe-

Figure 3 - Histamine release from rat PECs containing 
mast cells at 2 µg protein. Compound 48/80 was used as a 
positive control for histamine release from mast cells. Con A 
was used as a lectin control, and BSA and OVA were used as 
non-lectin controls.
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cific activation. This is strikingly similar to the effect of Con A, 
wherein the HR is higher than spontaneous release (seen for 
non-lectin proteins) in non-atopics, and comparatively more so 
in atopics (4,6,13). 
It is interesting to note that a clear correlation between serum 
IgE and expression of FceRI on basophils has been established 
earlier in several allergic conditions (42). Con A-induced HR 
has been shown to be dependent on the IgE density on baso-
phils (4,6,8); Con A binds to terminal/internal mannose on IgE 
glycans, and cross-links cell-bound non-specific IgE (4,13,42) 
leading to degranulation. Dam et al. (43) showed that a signif-
icant correlation exists between the histamine-releasing proper-
ties of Diocleinae lectins (Glc/Man specificity) and their rela-
tive affinity constants for biantennary complex carbohydrates. 

Non-specific degranulation of mast cells/basophils has also been 
demonstrated by the interaction of potato lectin (specific for core 
chitobiose) and Aspergillus oryzae lectin (specific for α1,6-fuco-
syl residue or “core fucose”) of non-specific IgE (14,44). The 
binding sites of potato lectin, Aspergillus oryzae lectin and Ban-
Lec to the respective sugars on the complex bi-antennary type 
N-glycans of IgE are represented summarily in figure 4. 
In addition to binding to the trimannoside core of IgE glycans, 
one may speculate that BanLec can also bind to the mannose 
residues of the N-glycans of a-chain of human FcεRI, the 
high-affinity IgE receptor on mast cells/basophils (8-10); the 
extracellular domain of a-chain is heavily glycosylated (38-42% 
N-linked, and 4% O-linked glycans of a-chain molecular mass) 
(45). The expression of FcεRI is dependent on serum IgE; since 
the receptor number is certainly higher in the case of atopics 
(42), BanLec can potentially cross-link free cell-surface FcεRI 
through the a-chain, and cause activation. 

Conclusions

SPT using 100 μg/mL BanLec was positive in 28.2% of atopic 
subjects although there was no evidence of type I allergy to Ban-
Lec as shown by the absence of BanLec-specific serum IgE. HR 
from the leukocytes of non-atopic and atopic subjects by BanLec 
was found to show a moderately good correlation to serum IgE 
levels (R2 = 0.817). Based on the results of HR from rat PECs, 
leukocytes of atopics, and positive SPT to BanLec in a majority 
of atopic population, it can be concluded that the binding of 
BanLec to basophils and mast cells is primarily through its in-
teraction with the trimannoside core of N-glycans of cell-bound 
non-specific IgE; on the contrary, non-atopic subjects show only 
marginal activation and degranulation of mast cells/basophils. 
This may explain why several atopic subjects (suffering from 
allergic rhinitis, asthma, or both) experience adverse reactions 
upon consumption of banana fruit and therefore avoid eating 
banana, although they are not truly allergic to banana fruit. 
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Figure 4 - Structure of complex bi-antennary type N-glycan of 
IgE (3,36) showing the binding site for BanLec (specificity for 
mannose shown as Man (shown in a small box), and for tri-
mannoside core (shown in a large box)); the specificity for Man 
and trimannoside core is similar to that of concanavalin A (Con 
A). Solanum tuberosum agglutinin (potato lectin or STA) has 
specificity for GlcNAc oligomers (14), and the core chitobiose 
unit is indicated by an arrow. Aspergillus oryzae lectin (AOL) 
has specificity for α1,6-fucosyl residue (44) which is generally 
referred to as the “core fucose” in complex N-glycans, and this is 
also indicated by an arrow. One of the two branches of the IgE 
glycans may or may not contain sialic acid.
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