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Abstract

We report the detection of insulin-like antigens in a large range of
species utilizing a modified ELISA plate assay and Western blotting.
We tested the leaves or aerial parts of species of Rhodophyta (red
alga), Bryophyta (mosses), Psilophyta (whisk ferns), Lycopodophyta
(club mosses), Sphenopsida (horsetails), gymnosperms, and an-
giosperms, including monocots and dicots. We also studied species of
fungi and a cyanobacterium, Spirulina maxima. The wide distribution
of insulin-like antigens, which in some cases present the same electro-
phoretic mobility as bovine insulin, together with results recently
published by us on the amino acid sequence of an insulin isolated from
the seed coat of jack bean (Canavalia ensiformis) and from the
developing fruits of cowpea (Vigna unguiculata), suggests that path-
ways depending on this hormone have been conserved through evolu-
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Introduction

The peptide hormone insulin was discov-
ered in 1921 by Banting and Best (1). Imme-
diately after its discovery and isolation from
dogs, two reports on the positive results ob-
tained with similar purified preparations from
several plants on the lowering of glucose
levels in diabetic animals were published by
Collip (2) and Best (3), investigators in-
volved in the original discovery. One of them,
(Collip) named the isolated protein “gluco-
kinin” because he did not want to give the
same name, insulin, to a protein originating

from plants, which do not have a pancreas or
islets. Although many reports on the benefi-
cial effects of plant-derived materials on the
alleviation of diabetes symptoms continued
to appear (4) it was only in 1974 that further
work on the possible presence of insulin in
plants was published (5). Khanna et al. (5-7)
reported on the isolation of a protein from
the fruits of the bitter gourd (Momordica
charantia) that exerted positive effects on
diabetic patients and showed properties simi-
lar to insulin. Following these reports, Collier
et al. (8) reported on the isolation from spin-
ach, rye and Lemna gibba of proteins with
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molecular weights, chromatographic prop-
erties, immunological characteristics and bio-
logical activities identical to those of verte-
brate insulins. No further structural informa-
tion was given for these molecules at the
time.

Insulin is part of the signaling pathways
involved in the internalization of glucose into
several types of vertebrate cells (9,10). Other
actions of insulin refer to its effects on protein
synthesis and gene transcription (11). Besides
pancreatic tissues in vertebrates, insulin has
been detected in different tissues of members
of several other phyla, suggesting that path-
ways in which it is involved have been evolu-
tionarily conserved (12-15). In plants, apart
from the many reports on the lowering of
blood sugar levels in diabetic animals by ex-
tracts of plant parts (4,16,17), no place for
insulin as a member of signaling pathways has
been suggested by researchers in the fields of
glucose mobilization or transport (18-21).
Nevertheless, it has been shown that added
insulin increases germination of some seeds
(22; Oliveira AEA and Xavier-Filho J, unpub-
lished results), accelerates synthesis of riboso-
mal proteins in germinating maize embryos
(23,24), and increases the activity of
glyoxysomal enzymes involved in the conver-
sion of fat to carbohydrate in maize (22).

The objective of the present study was to
show that insulin-like antigens are present in
the leaves of a multiplicity of green plant
species, a red alga, a cyanobacterium, and
fungi. In many cases these insulin-like anti-
gens show characteristic molecular weights
of the vertebrate insulins.

Material and Methods
Plant material

Leaves of the plants (Table 1) utilized
were collected at the Rio de Janeiro Botani-
cal Garden, locally in Campos dos Goytaca-
zes, Manaus (Amazon), or acquired com-
mercially. Arabidopsis thaliana leaves were
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kindly provided by Larissa Nogueira S.
Menezes from the Departamento de Genética,
Universidade Federal do Rio de Janeiro. After
collection, leaves were washed in tap water
and dried at 40°C in a circulating air oven.
After drying, leaves were powdered in a
mortar and kept in sealed bottles for further
protein extraction. The cyanobacterium
Spirulina maxima was bought from Her-
barium Laboratério Botanico Ltda., Curitiba,
PR, Brazil. The red alga (Rhodophyta)
Gracilariopsis sp was collected by André
Touil of the Laboratério de Ciéncias Ambi-
entais, CBB, Universidade Estadual do Norte
Fluminense, Campos dos Goytacazes, in the
Lagoa do Acu (Rio de Janeiro, RJ, Brazil).
The yeast Saccharomyces cerevisiae and the
fungus Shiitake (Lentinus edodes) were com-
mercial products.

Antibodies

A highly purified antibody (Cat. No.
GGG7303/971577) against human insulin
raised in guinea pigs was purchased from
Peninsula Laboratories (San Carlos, CA,
USA). A peroxidase-conjugated guinea pig
anti-IgG antibody (A5545) raised in goats
was bought from Sigma (St. Louis, MO,
USA).

Protein extraction

Protein in the finely powdered plant ma-
terials was extracted (1:10 ratio) with a solu-
tion of 4.0% SDS, 12% glycerol, 50 mM
Tris-HCI, 35 mM EDTA, pH 6.8, and 0.01%
bromophenol blue for 2 h at 4°C with con-
tinuous shaking. The suspensions were cen-
trifuged at 4,000 g and the supernatants uti-
lized for polyacrylamide gel electrophoresis
and Western blotting. The same buffer was
utilized for insulin solubilization. To assess
the presence of insulin-like antigens, the
plant materials were extracted (1:10 ratio)
with 0.05 M carbonate/bicarbonate buffer,
pH 9.6, for 4 h at 4°C with continuous shak-
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ing. The suspensions were centrifuged at
4,000 g and the supernatants utilized for the
assay (see below).

Polyacrylamide gel electrophoresis and
Western blotting

Protein extracts (50 pl) and commercial
bovine insulin (10 pg) were submitted to
SDS-PAGE by the method of Laemmli (25).
Electrophoresis was run for 4 h at 15 mA.
Gels were stained with 0.25% (w/v) Coo-
massie brilliant blue R in methanol/acetic
acid/water (5/1/4) and destained in the same
solution. Western blotting (26) to nitrocellu-
lose membranes was performed using a semi-
dry device and a buffer consisting of 25 mM
Tris, 192 mM glycine and 20% methanol.
Transfer was done at 1 mA/cm?for 4 h. After
transfer and blocking with non-fat milk, pro-
teins were identified using the guinea pig
anti-insulin (human) antibody (Peninsula
Laboratories) as primary antibody and an
IgG peroxidase complex. A positive reaction
was detected by chemiluminescence.

Insulin detection

The presence of insulin-like antigens in
the bacteria, fungi and plant extracts studied
was determined in an assay developed for
96-well plates (Nunc-Maxisorp). The con-
trol insulin solution (bovine insulin, 1 pg/
100 pl) and the different extracts, all pre-
pared in 0.05 M carbonate/bicarbonate
buffer, pH 9.6, were pipetted into the wells
of'aplate (100 pl of each solution) and left to
stand for 16 h at 4°C. The solutions were
then discarded and the wells were washed
for 1 h (changing solutions every 10 min)
with 0.05% Tween 20 in 0.1 M phosphate,
0.5 M NaCl, pH 7.6 (buffer A). After wash-
ing, 300 pl of a blocking buffer (1% gelatin,
0.05% Tween 20in 0.01 M phosphate buffer,
0.5 M NaCl, pH 7.6) was added to the wells
for 1 h. The plates were again washed for 1 h
as described above. After the washings, 50

ul of the anti-human insulin antibody solu-
tion (1:5000 dilution) prepared with block-
ing buffer was added to the wells and left to
stand at room temperature for 45 min. The
plates were then washed with buffer A for 30
min, with changes every 5 min, and incu-
bated with 50 pl of peroxidase-conjugated
anti-IgG (1:2000) in blocking buffer at room
temperature for 45 min. The plates were then
washed four times with buffer A for 5 min
each time. The substrate for peroxidase (10
mg ortho-phenylenediamine in 25 ml of 26
mM citrate/52 mM phosphate buffer, pH
5.0, with 10 pl hydrogen peroxide) was then
added and the plates were left to stand for 10
min in the dark at room temperature. The
reaction was stopped by the addition of 50 pl
3 N sulfuric acid and absorbance was read
with an ELISA reader at 490 nm (27). A
sample was considered positive when the
reading at 490 nm was above that of the
control (buffer without insulin).

Results
Detection of insulin-like antigens in solution

Table 1 shows a list of plants whose
leaves or other aerial parts tested positive for
insulin in the qualitative plate assay described
above. The results suggest that insulin-like
antigens were present in most of the leaves
examined. The plants which tested positive
belonged to a diversity of phyla like Bryo-
phyta (mosses), Psilophyta (whisk ferns),
Lycopodophyta (Selaginella sp), Spheno-
psida (horsetails, Equisetum), gymnosperms
(Coniferophyta, the conifers; Cycadophyta,
the cycads; Ginkgophyta, ginkgos), and an-
giosperms (flowering plants including mono-
cotyledons and dicotyledons). We also
showed that the alga Gracilariopsis sp, a
common red alga from estuarine habitats,
the cyanobacterium Spirulina maxima, and
fungi like Shiitake (Lentinus edodes) and the
yeast Saccharomyces cerevisiae all contain
insulin-like antigens (Table 1).
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Table 1. List of phyla (green plants, cyanobacterium, red alga, and fungi) and species which tested positive for insulin-
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like antigens with an antibody to human insulin.

Phylum (kingdom) Division Species Common name
Eubacteria Cyanobacteria Spirulina maxima Spirulin
Fungi Ascomycota Saccharomyces cerevisiae  Yeast
Basidiomycota Lentinus edodes Shiitake
Protoctista Rhodophyta (red algae) Gracilariopsis sp
Plantae Bryophyta (mosses) Frullania kunzei ?
Meteorium nigrescens ?
Bryum denupliun ?
Marchantia chenegada ?
Psilophyta (whisk ferns) Psilotum sp
Lycopodophyta (club mosses) Selaginella sp Spike moss

Sphenopsida (horsetails)

Gymnosperms-Coniferophyta (conifers)

Equisetum sp

Pinus ponderosa

Poderosa pine

Cupressus sempervirens Cypress
Gymnosperms-Cycadophyta (cycads) Cycas revoluta Sago palm
Gymnosperms-Ginkgophyta (ginkgos) Ginkgo biloba Ginkgo
Anthophyta-Angiosperms-Monocotyledons Euterpe oleracea Acai palm
Bactris gasipaes Pupunha
Zea mays Maize
Saccharum officinarum Sugar cane
Anthophyta-Angiosperms-Dicotyledons Persea americana Avocado
Annona muricata Graviola
Hevea brasiliensis Ruber tree
Cissus cicyoides Cip6-pucé
Peumus boldus Boldo
Spinacia oleracea Spinach
Licania rigida Oticica tree
Coupeia canomensis Bajuru
Tamarindus indicus Tamarind
Bauhinia forficata Pata-de-vaca
Canavalia ensiformis Jack bean
Phaseolus vulgaris Common bean
Vigna unguiculata Cowpea
Averrhoa carambola Carambola
Brassica oleracea capitata Cabbage
Arabidopsis thaliana Thale cress
Adamsonia digitata Baoba
Ocimum sp Basil
Mentha arvensis Mint
llex paraguariensis Mate
Pimpinella anisum Anise
Baccharis genistelloides Carqueja
Lippia alba Erva cidreira
Aspidosperma carapanauba Carapanauba
Sambucus sp Sabugueiro
Matricaria chamomilla Chamomille
Eucalyptus Eucalyptus

Classification of green plants and other phyla as given by Raven et al. (28).
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Bovine insulin Spirulina maxima

S. cerevisiae

Gracilariopsis sp

-t

P. vulgaris

Western blotting

Some of the plant materials that tested
positive for insulin-like antigens in the plate
assay utilized and listed in Table 1 were
further analyzed by Western blotting after
SDS-PAGE using the same anti-human in-
sulin antibody as for the plate assay. Some of
the results obtained are presented in Figure
1. Extracts from S. maxima, S. cerevisiae,
Gracilariopsis sp and Phaseolus vulgaris all
showed bands that stained positive by West-
ern blotting. In addition to a positive signal
confirming the findings for the plate assay
(above) the position of the bands suggests
that the stained materials have the same mo-
lecular weight as bovine insulin.

Discussion

A considerable number of reports on the
presence of insulin-like molecules in ex-
tracts from many different species ranging
from unicellular prokaryotes and eukaryotes
to multicellular invertebrates and vertebrates
have been published. These molecules have
always been detected by employing antibod-
ies raised against vertebrate insulins and dif-
ferent chromatographic techniques. Many of
these have proved to be functional in bio-

P WB P WB

logical insulin assays (12,13,29,30).

The presence of insulin-like antigens in
plants was previously reported by Collier et al.
(8) in a study on the flowering plants spinach,
rye and Lemna gibba. These investigators also
showed that the isolated molecules behave
like vertebrate (porcine) insulins in reversed-
phase HPLC, bind to insulin receptors on
lymphocytes and stimulate glucose oxidation
and lipogenesis in isolated rat adipocytes.

In addition, we recently reported that
some leguminous plants (dicotyledons) con-
tain insulin-like antigens. In fact these anti-
gens isolated from seed coats, leaves and
developing fruits were shown to be proteins
with molecular weights similar to those of
vertebrate insulins and to possess the same
amino acid sequence as bovine insulin (31;
Venancio TM, Oliveira AEA, Machado OLT,
Fernandes KVS and Xavier-Filho J, unpub-
lished results).

We report here on the screening of sev-
eral green plants, algae, fungi, and a cyano-
bacterium for the presence of insulin-like
antigens (Table 1). Particularly interesting
was the finding of insulin-like antigens in
Arabidopsis thaliana, the model plant for
genetic and biochemical studies (32,33).
However, we could not find any sequences
related to vertebrate insulins or plant insu-
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Figure 1. SDS-polyacrylamide gel
electrophoresis and Western
blotting of extracts from leaves
and cells of Phaseolus vulgaris,
Gracilariopsis sp, Saccharomy-
ces cerevisiae, Spirulina maxi-
ma, and bovine insulin. Western
blot was done using an anti-hu-
man insulin antibody and the re-
action was visualized by chemi-
luminescence. P, protein (Coo-
massie brilliant blue staining);
WB, Western blotting.
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lins like those from jack bean (Canavalia
ensiformis) (31) and cowpea (Vigna ungui-
culata) (Venancio TM, Oliveira AEA, Ma-
chado OLT, Fernandes KVS and Xavier-
Filho J, unpublished results) in the published
genome sequences of this plant (34). Ex-
tracts of P. vulgaris leaves, the dicot A.
thaliana and the legume V. unguiculatatested
positive for insulin-like antigens in the plate
assay (Table 1) and gave a positive reaction
in Western blots (Figure 1).

A suggestion that algae may contain or
depend on insulin for metabolic processes
was previously made by Legros et al. (35)
who showed the presence of insulin recep-
tors in the plasma membrane of the unicellu-
lar green alga Acetabularia mediterranea. In
the present study we show that extracts of
the red alga Gracilariopsis sp tested positive
for insulin-like antigens in the plate assay
(Table 1) and presented a band at roughly the
same position as bovine insulin in Western
blots (Figure 1).

The presence of insulin in fungi would
seem to be undisputed since a pseudogene
for preproinsulin was cloned from Neuros-
pora crassa (ascomycete) (36) and insulin-
like proteins were purified from S. cerevi-
siae, also an ascomycete, by Best et al. in
1924 (37). More recently, insulin-like anti-
gens were isolated from the fungus Aspergil-
lus fumigatus, also an ascomycete (29). In
the present study we detected insulin-like
antigens in the edible fungus Shiitake
(Lentinus edodes), a basidiomycete, and in
S. cerevisiae. In yeast extracts we showed
the presence of a band in Western blots at the
same position as bovine insulin (Figure 1).

We also included in our study the cyano-
bacterium Spirulina maxima, widely culti-
vated for food and dietary supplements (38).
It is worth noting here that the cyanobacteria
are photosynthesizing organisms accepted
to have given origin to the chloroplasts of
green plants through endosymbiontic pro-
cesses occurring millions of years ago. Ex-
tracts of S. maxima have tested positive for
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insulin-like antigens (Table 1) and a band
was detected in Western blots after SDS-
PAGE (Figure 1).

The presence of insulin in extra-pancre-
atic tissues from vertebrates, invertebrates,
microorganisms or plants is still denied by
most researchers. The grounds for this are
many, including the fact that the insulins
found in non-pancreatic tissues would not be
true insulins but rather what is called insulin-
like or insulin-related molecules with simi-
lar albeit different structures which are not
involved in metabolic processes (glucose
metabolism). These molecules include the
insulin-like growth factors from vertebrates,
bombyxins from silkworm, molluscan insu-
lin-like peptides, and others (14). In spite of
the many reports on the effects of extracts
from plant parts on the reduction of blood
sugar levels of diabetic animals (4,16,17),
no function for insulin has been suggested
by workers in the fields of glucose mobiliza-
tion or transport (18-21). Nevertheless, it
has been shown recently that insulin increases
seed germination (22; Oliveira AEA and
Xavier-Filho J, unpublished results), accel-
erates synthesis of ribosomal proteins in ger-
minating maize embryos (23,24), and in-
creases the activity of glyoxysomal enzymes
in maize (22).

Although the amino acid sequences for the
great majority of the plant insulin-like mol-
ecules reported here are not known, it is tempt-
ing to speculate that the molecules isolated
from C. ensiformis (31) and V. unguiculata
(Venancio TM, Oliveira AEA, Machado OLT,
Fernandes KVS and Xavier-Filho J, unpub-
lished results) are true insulins. Results from
our laboratory as well as those reported by
many previous investigators suggest that in-
sulin is a molecule present in all organisms,
from unicellular bacteria to multicellular ver-
tebrates. The wide phylogenetic distribution
of insulin would probably be easily accepted
if its function as a component of a metabolic
signaling pathway involved in glucose me-
tabolism were confirmed.
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