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Abstract: Lectins are carbohydrates with structure usually binding with proteins. The isolation of lectins from local and
inexpensive sources, such as rice, considered one of the chief cereal crops, is necessary due to its broad application.
Methods: Lectin was extracted from a novel source, Oryza sativa grains, with solvent (hexane) of ratios (1:5 w/v) for 15
minutes. The extract solution was fractionated with ammonium sulfate at 25-65% saturation concentrations and then
applied to a DEAE-cellulose column followed by a Sephadex G-100 column. SDS-PAGE has been done to vitrify from
lectin purity. An enhancement and inhibition activities were calculated to detect the effect of lectin on lactic acid bacteria
and pathogenic bacterial growth. The extracted lectin from three types of Oryza sativa grains showed various levels of
erythrocyte agglutination from 8 to 32U/ml. Then, the specimen was loaded into a DEAE-cellulose column followed by gel
using Sephadex G-100 column with a final specific activity of 246.15U/mg, 24.15 fold of purification and 70% yield of lectin.
Findings: Lectin SDS-PAGE result revealed a single protein band with 43 k Da. The purified lectin exhibited a substantial
prebiotic property of lactic acid bacteria growth enhancement while exhibiting apparent growth inhibition against tested
pathogenic bacteria. Typically, prebiotic properties should inhibit the growth of pathogens and enhance the growth of
beneficial and desirable bacteria like Lactobacillus reuteri. Conclusion: The lectin may be used in animal diet to improve

digestibility and support gastrointestinal tract health.
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|
Introduction

Lectins are carbohydrates of non-immune origin with
multivalent or divalent structures usually binding with prote-
ins; lectin has with its structures in at least one domain with
non-catalytic properties, which exhibit the reversible abili-
ty to bind with specific mono or oligosaccharides that can
cause agglutination of erythrocytes (human and animal) by
combining to the carbohydrate molecules on the surface of
the erythrocyte'. Lectins were initially called phyto hemag-
glutinins because they were first discovered in plants.

Numerous parts of the plant contain lectin with high le-
vels like fruits, tubers, legumes and seeds such as cereals?.
Rice (Oryza sativa) is one of the chief cereal crops that is
considered the major diet source consumed by up to half
of the human population around the world®. In a study by
(4), authors defined and sequenced the genes responsible
for lectin production in rise; the previous study also mentio-
ned that lectin contributes to rise resistance and tolerance
against biotic and abiotic stress. Probiotics, defined as diet
supplements, consist of live microbes that possess health
benefits and are usually used as a dietary method to treat
the influenced composition of intestinal tract flora®. On the
other hand, prebiotics is non-digestible food constituents
and benefit by selectively promoting the activity and growth
of beneficial bacteria in the colon®. Probiotics and prebiotics
are the new suggestions to modulate the target microflora
balance in the gastrointestinal gut’.

Lectins have various applications in many research
fields like molecular biology, cell biology, genetic enginee-
ring, immunology and pharmacology®. In addition, it acts
as a potential cancer diagnostic tool®. Moreover, diagnostic
tools such as lectin microarrays'™. Since many plant-deri-
ved lectins are comparatively stable against denaturation by
heat and proteolytic digestion, the digestive gut is regularly
exposed to the biologically active lectins through feeding™'.
Therefore, this investigation aimed to extract and purify lec-
tin from local non-expensive Oryzae sativa grains and use
purified lectin as a prebiotic agent by determining its effi-
cacy as a promoter of probiotic lactic acid bacteria growth
and as an antibacterial against several pathogenic bacteria
isolated from the intestinal gut.

|
Materials and methods

Bacterial isolates collection

In this study, diagnosed bacterial isolates have been
obtained from the microbiology laboratory for higher gra-
duates at Mustansiriyah University. These include probiotic
bacteria ( 3 Lactobacillus reuteri isolates as well as 3 isola-
tes of Pediococcus sp) and pathogenic bacteria (3 isolates
of Salmonella sp., 3 isolates of E. coli, 3 isolates of Ente-
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robacter aerogens, 2 isolates of Eromonas hydrophila and
two isolates of Serrata marcescence). These isolates have
been used to estimate the effect of purified lectin on probio-
tic and intestinal pathogenic bacteria.

Extraction of lectin from rice grains (Oryza sativa)

Three samples of rice grains have been purchased
from local markets. Grain powder was obtained by grinding
with mortar and then defatted with solvent (hexane) of ra-
tios (1:5 w/v) for 15 minutes. This procedure was repeated
twice. Fatherly 0.02 M phosphate buffer saline (pH 7.2) was
added to the sample at a 1:5 (v/w) ratio and stirred conti-
nuously using a magnetic stirrer for sixteen hours, followed
by immediate filtration. The yielded solution was exposed
to centrifugation (10000 rpm/15 min), the residual precipita-
tion was neglected, and the resultant solution was kept by
freezing for further analysis.

Hem agglutination assay in microtiter plate

Rice extract solution (50 pl) was diluted with (0.02M)
Phosphate Buffer Saline (PBS) with (pH 7.2) in microti-
ter U-plate, then mixed with an equal volume of (3%) hu-
man erythrocytes suspension. After 2 hours of incubation
at 37°C, The activity was expressed as hem agglutination
units (HU). As reported in (13), One H. U. was defined as
the inverse of the highest dilution still capable of agglutina-
ting erythrocyte. Then, the lectin was purified by the method
reported by (1).

Determination of protein content

The protein makeup of lectin was estimated using the
Bradford dye method with BSA as a standard'. The absor-
bance at wavelength 280 nm was used to calculate the pro-
tein concentration in column elutes.

Electrophoresis

After the final purification step, the fractions that exhi-
bited the hem agglutination activity were displayed to elec-
trophoresis by using sodium dodecy! sulfate-polyacrylamide
gel (SDS-PAGE) according to the method of (15).

Effect of lectin on lactic acid bacteria growth

The prebiotic properties of lectin were determined by
its effect on the growth of 6 bacterial isolates (lactic acid
bacteria), including 3 Lactobacillus reuteri and 3 isolates of
Pediococcus sp. These isolates were grown in MRS broth(
volume 50 ml) at30°C. After 24 hr. incubation, 1% of the
growth suspension, which was adjusted to the absorban-
ce of 0.5 at wavelength 600 nm, was transferred into tubes
with MRS broth (5 ml) with or without 1 % of the purified
lectin and transferred to the incubator at 30°C. After 4 hr.,
the number of bacterial cells was calculated by plating on
MRS agar and incubating overnight at 30°C. Then, the ratio
of enhanced activity (%) was calculated using the following
formula (1) according to (16):

Enhancement activity (%)= (SB-CB)/CBx100 (1)

SB: the number of cells in agar with purified lectin (CFU/
ml), CB: the number of cells without purified lectin (CFU/ml).

Effect of lectin on pathogenic bacteria growth

This experiment was achieved according to a method
described in the previous paragraph, except by using the
nutrient broth for tested pathogenic bacteria cultivation and
using shaking at 150 rpm at 37°C during bacterial incuba-

tion. The percentage of activity inhibition was also calcula-
ted as formula (2) according to (16):
Inhibition activity (%) = (CB-SB)/CBx100 (2)
SB: number of cells in nutrient broth with purified lectin
(cfu/ml), CB: the number of cells in nutrient broth without
purified lectin (cfu/ml).

|
Results

Lectin extraction and purification

After extraction of three types of Oryzae sativa grains
collected from local markets, the amount of extracted lectin
showed various levels of erythrocyte agglutination ranging
from 8 to 32U/ml, 32U/ml was the best hem agglutination
activity given by extract Oryzae sativa grain.

After extraction of lectin by organic solvent (hexane).
This produced crude extract supplied to precipitation by am-
monium sulfate and found that 40% saturation raised the
specific activity to 34.59 U/mg, with 3.39 purification folds and
80% yield. After this step, the dialysis removed the access
salts from the purified solution. After the dialysis, the speci-
men was loaded into a DEAE-cellulose column, followed by
an elution step with gradient concentrations of NaCl (25 m M
- 3 M). According to the obtained results, three protein peaks
appeared, and the hem agglutination activity located in the
third peak of protein, as reported in Figure 1. In this chroma-
tographic step, the specific activity increased to 246.15U/mg
with 24.15 fold of purification and 70% yield of lectin.

The active fraction was loaded on Sephadex G-100
in the last step of lectin purification. After the elution, two
protein peaks appeared, with the hem agglutination activity
located in the first protein peak, as shown in Figure 2.

In this final step, the specific activity of lectin reached
825.80U/mg with 81.04 fold of purification and a yield of
70% (Table 1).

In the crude extract, the target proteins are purified from
other materials in the culture medium by using the ammo-
nium sulfate salts by a process called salting-out, where wa-
ter molecules are absorbed by ammonium sulfate and mag-
nesium sulfate and decrease the amount of the molecules
around the protein (lowering the solubility) and lead to coa-
gulate and precipitate the protein of interest (Scopes 2013).
The presence of ammonium sulfate from the settled solution
causes false positive agglutination; therefore, removing the-
se salts after the precipitation process 1 is essential.

Electrophoresis

In using dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE), when the purified protein was analyzed,
the results demonstrated that there was a single protein
band, and this suggested that the lectin could be a mono-
meric protein. This single protein band, whose molecular
weight was 43kDa, is shown in Figure 3.

Evaluation of prebiotic properties

Prebiotic properties assay of purified lectin was carried
out using lactic acid bacteria such as Pediococcus sp. and
Lactobacillus reuteri. According to the resulting data, the
lectin caused stimulation of Pediococcus sp. growth with
47-82%, followed by Lactobacillus reuteri with 55-77%. As
described in Figure 4.

When mixed with pathogenic bacteria, the purified lectin
revealed an inhibition activity with different as shown in Figure 5.



Extraction and purification of lectin from rice grains and using it as a novel prebiotic and inhibitor toward some gastrointestinal organisms

Absorbance at 280 nm

e 1 2 3 4 5 & 7 B & W W 0 13 M 1’ W% 17 W 19 W A

2 @ » B

Fraction No.

Hemagglutination
activity (U/ml)

® P W % W A @ @ M/ 3k §7 3w WA 4]

Figure 1. Lectin purification from Oryza sativa grains by using ion exchange chromatography on DEAE —cellulose column.
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Figure 2. Lectin purification from Oryzae sativa grains by using gel filtration chromatography on Sephadex G-100column.

step Size | Hemagglutinati = Protein conc. | Specific activity = Total Purificatio | Yield
(ml) on activity (mg/ml) (U/ mg) activity n fold (%)
(U/ml)
Crude extract 160 32 3.14 10.19 5120 1 100
(NH4)2S0s saturation 64 64 1.85 34.59 4096 3.39 80
DEAE -cellulose 14 256 1.04 246.15 3584 2415 70
Sephadex G-100 7 512 0.62 825.80 3584 81.04 70

Table 1. Purification steps for lectin from Oryzae sativa grains.

Many authors studied the antibacterial activity of lectin
derived from different plant seeds. The resulting data indi-
cate that lectin has a strong prebiotic property of enhancing
probiotic bacterial growth in contrast to its inhibitory proper-
ty for pathogenic bacteria growth. Principally, prebiotic pro-
perties should not only eliminate the growth of pathogens
but also promote the growth of required and advantageous
bacteria, such as Lactobacillus. This is the first study dea-

ling with the purification of lectin from Oryza sativa grain
and elucidating its prebiotic properties and the possibility of
using lectin as a prebiotic agent.

|
Discussion

According to (17), the extract of the grains of peanut and
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Figure 3. Lectin purification from Oryzae sativa grains by using
gel filtration chromatography on Sephadex G-100column.
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black gram seeds (Arachi hypogaea and Vigna mungo) con-
tained a detectable amount of lectin—another result reported
by (18). The lectin extracted from mature horseradish seeds
with PBS at pH 7.2 exhibited a clear agglutination to human
erythrocytes. Also, (19) mentioned that a lectin extracted
from the seeds of Diocleawilsonii as metalloprotein exhibited
strong agglutinating activity against rabbit and ABO erythro-
cytes. The lectin was extracted and purified by ammonium
sulfate precipitation and gel filtration using Sephadix G-75%.
In (21), lectin was purified from Cissuspopulnea through se-
quential steps: centrifugation, salting out, ultrafiltration, dialy-
sis and anion exchange affinity chromatography. The health
benefit prebiotic agents to the host initially target the modula-
tion of intestinal tract microbiota, including the indigenous gut
microflora that contributes to different functions that advance
host health??. Probiotics also produce many compounds with
various pharmaceutical properties that improve gut health,
such as antibiotics and anti-carcinogens?. Prebiotics are
usually chemical, like fructans, inulin, galacto-oligosacchari-
des, lactulose, carbohydrates?*. Dietary fibers and their hy-
drolysis products are becoming an evolving source of new
constituents with vigorous prebiotic activity?. A combination
of a prebiotic agent and a probiotic organism yielded a sym-
biotic which targets the existence and the establishment of
the probiotic in the gastrointestinal tract to promote groups
of beneficial bacteria?. In a study of (27), the results showed
a significant decrease in total biomass for gram-negative
and positive pathogenic bacteria treated with lectin purified
from Phaseolus vulgaris seeds. The previous researcher su-
ggested that the antibacterial effect of lectins yielded from
its binding with components of the bacterial surface cell wall
peptidoglycans like N-acetyl glucosamine, N-acetyl muramic
acid and muramyl dipeptides. These results also strongly
agreed with lectin purified from seeds of Indigofera heteran-
tha legume as well as those extracted from Chenopodium
quinoa seeds?®. Another researcher mentioned that lectins
play an essential role in the plant's defense against bacteria

82

growth enhancement %

I |
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Figure 4. Enhancement of probiotic bacteria by lectin purified from Oryza sativa grains.
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Figure 5. Inhibition percentage of pathogenic bacteria by lectin purified from Oryza sativa grains.

by preventing microorganisms from reaching the plant cell
cytoplasm—an indirection mechanism based on lectin inte-
ractions with bacterial cell wall carbohydrates or extracellular
glycan®.

|
Conclusions

Authors suggest that purified lectin from rice grain may
be used as an animal food additive to improve digestibility
and for gastrointestinal health provision. Further investiga-
tions are needed to examine the ability of its combination
with a suitable probiotic, which may lead to using this com-
bination product in symbiotic applications.
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