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Abstract

Certain plant cell wall constituents have been found in gum samples derived from Acacia
trees, thus analytical techniques for the determination of these plant cell wall
components in any media can be applied in the analysis of the physico-chemical
properties of these gums. In this experiment, gum samples harvested from various
Acacia trees grown in different African countries were subjected to a dotimmunobinding
reaction using a panel of anti-plant cell wall directed monoclonal antibodies since the
gum samples have been found to contain certain plant cell wall constituents. Five anti-
plant cell wall monoclonal antibodies, JIM 5, JIM 7, JIM 13, LM 6 and MAC 207 were
reacted with fifteen gum Arabic samples 1 — 15 and water as control. The results showed
that apart from reacting with the monoclonal antibodies, gum samples showed varying
degrees of reactivity with the monoclonal antibodies. JIM 5 indicated no reaction with
any of the gum samples, whereas JIM 7, JIM 13, LM 6 and MAC 207 exhibited reactions
with the samples. The results suggest that, anti-plant cell wall directed monoclonal
antibodies can be used as a tool to distinguish between gum Arabic samples from
different tree species, as well as from different African countries. Thus, a testing kit
which is easy to use and cheaper to acquire can be developed using anti-plant cell wall
monoclonal antibodies, to improve quality control in the current gum trade.
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Introduction

A dot immunobinding also known as dot
blot is a technique in molecular biology used to
detect proteins, in which the sample is applied
directly on a membrane at a single spot and the
blotting technique is performed. The technique
permits assays of multiple specimens
simultaneously on single strips of blotting media,
thereby offering significant savings in time and
resources (Renner, 1988). By international
standards gum Arabic is recognised as "a dried
exudate obtained from the stems and branches
of Acacia senegal (L.) Willdenow, or Acacia seyal
(fam. Leguminosae)" (WHO, 2000; FAO, 1999).

Currently, Sudan and Nigeria are the world's first
and second largest producers of gum arabic
respectively, supplying approximately 80 % of
theworld'sdemand. The genus Acacia from
which gum arabic is obtained is one of the largest
vascular plant genera thriving in a wide range of
ecological environments from the arid deserts to
tropical climates in Australia, Africa, India and
America (Abdel-Gadir et al., 2014). The value of
gum Arabic arises from its vast applications in the
production of a wide variety of commercial goods
in the food, pharmaceutical, cosmetic,
lithographic, pottery and textile industries
because of its ability to stabilise emulsions, act as
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a thickening agent and its excellent emulsifying
properties among others (Ali et al., 2012).
However, it is in the food industry that the
majority of gum Arabic is utilised (Ali et al.,
2009). Since it is a natural substance, gum Arabic
exhibits natural variations in its composition,
which influences the quality of the final products
obtained. The quality of gum Arabic vary with
certain conditions including soil type and the
location of growth of the parent plant - Acacia
(Idris et al.,, 1998; Idris & Haddad, 2012).
Therefore, there are intrinsic differences in the
physico-chemical characteristics depending on
species and locations. The most important gum
yielding species in terms of their global
agronomic importance are, A. senegal and A.
seyal, with A. Senegal widely recognised as the
more important of the two. As a commodity of
international trade, gum Arabic is subjected to
rigorous quality regulations, specifications and
controls to avoid dealing in adulterated samples.
One of the important factors determining the
quality, marketability and utilization of a
particular gum sample is the physico-chemical
characteristics (Chikamai, 1997). Therefore,
molecular tools for determining its composition
have been of great benefit to the gum trade and
end users. To this end a number of tools have
been used to identify the molecular compositions
of gums from trees grown in different countries
with a view to distinguishing between them.
Reports have demonstrated the utility of a panel
of anti-plant cell wall monoclonal antibodies in
combination with chemical/physicochemical
analyses in determining molecular compositions
of different gum samples (Osman et al., 1993).
Menzies et al. (1996) employed a panel of anti-

plant cell wall monoclonal antibodies in a
serotaxanomic study of Acacia gum exudates
from various countries in Africa. The results
showed some gum samples harvested from same
species showing wide differences in their
molecular compositions compared to gum
samples from taxonomically unrelated species.
Moreover, gums from different sub-species of a
single species had very distinct molecular
compositions. The above findings create a
possibility for the application of a panel of the
monoclonal antibodies as a toolkit for carrying
out comparisons between the commercial Acacia
senegal gum samples from different locations as
the need for cheap and effective tools that permit
for the recognition of the gums' natural
differences continues (Yebeyen et al., 2009). The
aim of this paper is to evaluate the reaction of
some gum samples with monoclonal antibodies
in immuno dot-blots as a step towards optimizing
immuno dot-blots as a tool for determining the
molecular similarities and differences between
gum Arabic samples harvested from different
African countries, particularly Nigeria and Sudan.

Materials and methods
Preparation of gum exudate samples

A total of 15 gum samples derived from
Acacia senegal trees, in the form of freeze-dried
powders were dissolved in sterile distilled water
(SDW) to a concentration of 20 mg/ml in separate
eppendorf tubes and stored in a freezer at -20 C.

Monoclonal antibodies used

Monoclonal antibodies directed to cell
wall polymers used in the experiment are listed in
Table 1.

Table 1. Monoclonal antibodies and the antigens being detected.

Monoclonal antibody

Antigen detected

High methyl-esterified homogalacturonan epitope (Clausen, et al., 2003)

1, 5-a-L-Arabinan (Moller et al., 2008; Verhertbruggen et al., 2009; Willats, et al., 1998).

JIM 5 Partially methyl- esterified HG/ no ester (Li et al., 1995)
JIM7

JIM13 Arabinogalactan-protein (Yates et al., 1996)

Lmo6

MAC 207 Arabinogalactan-protein (Li et al., 1995; Yates, et al., 1996)

Immunobinding /Immuno-dot blots

The immuno-dot blots were performed
by preparing a duplicate of two nitrocellulose
membrane strips for each antibody used.
Membrane strips are prepared by drawing eight
1cm long squares on the top of each of them, the
upper left corners of each strip were cut to mark
the beginning of the strip. Antibody used was
labelled on the first square as well. The last
squares on each strip were served as a negative

control (1 pl of sterile distilled water (SDW)). The
prepared strips were then placed in small plastic
trays and 1pul (20 pg) of the gum samples were
dotted onto the nitrocellulose membrane and left
air-drying for 30 minutes. The membranes were
then incubated in 1x TBS (Tris buffered saline) pH
7.4 for 5 minutes. Next, the membranes were
incubated in @ 5 % solution of skimmed milk
powder in 10 ml 1x TBS which acts as blocking
solution for 1 hour. 200 pl of primary antibody
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was added to the blocking solution (1:50 were then rinsed with SDW, air-dried and
dilution) and incubated for 2 hours. The photographed.

membranes were then washed 4 times for 5

minutes with 1x TBS. 10pl of secondary antibody = Results

was then added together with the 10ml of  ReactionswithJIM5

blocking solution to the dot-blots and incubated JIM5 is a monoclonal antibody which
for 1 hour after the removal of 1x TBS. The readily reacts with partially methyl-esterified
membranes were again washed 6 times for 5  pectin epitope. In this experiment, JIM5 could
minutes with 1x TBS. 10 ml of alkaline not bind to gum samples from Acacia seyal from
phosphatase buffer containing 66 pl of nitro blue  Sudan (sample 14), Acacia compylacantha from
tetrazolium (NBT) and 33 pl of 5-bromo-4-  Zimbabwe (sample 9), Acacia karroo from the
chloro-indolyl-phosphate (BCIP) was added to  Sudan (sample 10) and Acacia verek from Nigeria
detect the existence of the bound antibodies.  (sample 12). However, it had a strong reaction
When the blots were fully developed on the  with the sample from Acacia nilotica from Sudan
nitrocellulose membranes (15 minutes), the (sample 8) (Fig.1).

detection buffer was removed. The membranes

1 2 3 4 3 6 7 C

] 9 10 11 12 13 14 15 C

Fig.1. Immuno dot-blot results for samples probed with monoclonal antibody JIM5. Where, 1 —15 are
samples 1 — 15 and C s negative control. JIM5 reacted with only sample 8, all other samples 1 -7 and 9
—15did not show evidence of reaction with JIM 5.

Reactions with JIM 7 from Ethiopia and Nigeria respectively and no
For JIM7 that reacts with a highly methyl-  reactions with Samples 1 and 13 from Sudan and
esterified HG epitope, strong reactions were  Nigeria. Gum samples from Acacia sayel and
demonstrated with the gum samples harvested  Acacia nilotica both of Sudanese origin
from Acacia senegal sample (4) in Sudan and demonstrated moderate reactions with JIM7,
moderate interactions with other gum Samples while gum samples from Acacia
2, 6, 5 and 15 from Acacia senegal from Sudan, = compylacacantha showed no reaction with the
Chad and Nigeria. Weak reactions were however  antibody (Fig. 2).
shown with Acacia senegal samples 7 and 15

L] 9 10 n 12 13 14 15 C

Fig. 2. Immuno dot-blot results for samples probed with monoclonal antibody JIM7. Where, 1 — 15
shows samples 1 - 15 and C, is negative control. JIM 7 showed reactions with samples 1- 8 and samples
11 -15. No reaction was observed with samples 9 and 10.



Samaila and Gashua/ Nig. J. Biotech. Vol. 36 Num. 1: 1-8 (June 2019)

Reactions withJIM 13

JIM13 raised against arabinogalactan-
protein (AGP) had no reaction at all with gum
samples from Nigeria. LM6, another antipectin
antibody, recognising pectin

rhamnogalacturonan- 1 (RG-1) (1— 5, L -
arabinan) (Willats, et al., 1998) showed very
strong reactions with all the gum samples from
Sudan and Nigeria, indicating the possibility of a
large amount of this type of pectin
rhamnogalacturonan-1in all the samples (Fig. 3).

4 § 6 7 C

8 9 0 1 1l 13 4 15 C

Fig. 3. Immuno dot-blot results for samples probed with monoclonal antibody JIM13. Where 1 — 15
represents samples 1 — 15 and C, is negative control. The monoclonal antibody JIM13 showed reaction
with samples 1-14, and no reaction with samples 15.

showed very strong reactions with all the gum
samples from Sudan and Nigeria, indicating the
possibility of a large amount of this type of pectin
rhamnogalacturonan-1 in all the samples (Fig.4).

Reactions with LM 6

Lm6, another antipectin antibody,
recognising pectin rhamnogalacturonan- 1 (RG-
1) (1— 5, L - arabinan) (Willats et al., 1998)

1 2 3 4 § 6 1 C

8 9y 10 1 12 3B 4 15 C

Fig. 4. Immuno dot-blot results for samples probed with monoclonal antibody LM6. Where, 1 — 15
represents samples 1 —15 and C, is negative control. Reactions between the monoclonal antibody LM6,
and sample 1 -8 and samples 10 - 15 were observed, while no reactions were observed with sample 9.

Reactions with MAC 207. with those from Nigeria, which indicates that

MAC207 which recognizes
arabinogalactan-protein (AGP) (Moller et al.,,
2008) shows a moderate reaction with Acacia
senegal gums from Sudan and a strong reaction

there may be higher levels of AGP's in the gum
samples from Nigeria than those from Sudan

(Fig. 5).
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Fig. 5. Immuno dot-blot results for samples probed with monoclonal antibody MAC207. Where, 1 — 15
stands for samples 1 — 15 and C is negative control. Samples 1- 6, 11 — 15 showed reactions with the

MAC 207, while 8 — 10 did not show any reaction.

Discussion
Identification of different plant cell wall epitopes
using monoclonal antibodies

There is ample evidence for the presence
of a number of plant cell wall epitopes being
detected by the monoclonal antibodies in most
of the gum Arabic samples originating from both
Nigeria and Sudan. JIM 5 monoclonal antibody
did not show reaction with most samples under
investigation, but reacted strongly with sample
8. This result shows the presence of the partially
esterified region in the HG molecule in sample 8
from the Acacia nilotica from Sudan and its
absence from all other samples. Menzies et al.
(1992) obtained a similar result showing JIM 5
bound differently to gums depending on their
botanical series. It reacted strongly with gums
from Gummiferae series and not at all with those
from the Vulgares series. The antibody appears
rather more specific to gums from trees in the
Gummiferae series. Christiaens et al., (2011)
found that the binding ability of JIM 5 to pectin
apparently increases with decreasing degree of
esterification. Therefore, further tests to detect
methyl esterification status of the gum samples
and their botanical series may be required to
draw conclusions about gum reactions with JIM
5.

Reactions with JIM 7 indicate there could
be absence of highly methyl-esterified pectins
hence no reactions when probed with JIM 7 in
the Acacia senegal gum samples from Sudan
(sample 1) and Nigeria (sample 13) and Acacia
compylacantha (sample 9) from Zimbabwe and
that of Acacia karro (sample 10) from
Zimbabwe. A similar trend of reaction has been

reported (Baldwin et al., 1999) which indicated
the absence of the highly methyl esterified
pectins in gum samples harvested from Acacia
senegal, Acacia compylantha and Acacia karro.

Regarding JIM 5 and JIM 7, there is
apparently high level of sensitivity and
specificities of the antibodies in detecting the
presence or absence of highly methyl-esterified
or partially esterified HG epitopes in plant
samples according to methyl esterification
(Verhertbruggen et al., 2009). Hence, the
differences observed in the reactions of the two
antibodies JIM 5 and JIM 7 both of which are
anti-pectin. According to Verhertbruggen et al.,
(2009) HG-directed monoclonal antibodies
including JIM 5 and JIM 7 have differing
specificities in relation to HG methyl-
esterification. Thus, for easy delineation of
samples using these monoclonal antibodies
there is need to consider the methyl esterification
status of HG in the gum samples.

On the hand results of reactions with JIM
13 shows that gum samples from Sudan appear
to contain arabinogalactan protein epitopes,
while those from Nigeria may not. However, MAC
207 which also reacts with arabinogalactan
proteins did show reactions with gum samples
from Nigeria and Sudan indicating the presence
of this protein in the gum samples. The
differences in reactions could be due the efficacy
of the monoclonal antibodies in detecting the
presence of arabinogalactan proteins in the
samples. Thus, although both monoclonal
antibodies could detect arabinogalactan protein,
in this particular instance, JIM 13 had failed to do
so, while MAC 207 showed reactions with it. It
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can therefore be inferred that MAC 207 is a more
robust tool to detect the arabinogalactan
proteins in gum Arabic grown in Nigeria and
Sudan.

Similarities and differences detected using
monoclonal antibodies

The gum sample harvested from Acacia
nilotica (sample 8) harvested in Sudan does not
share compatibility with gum samples 1, 2, 3, 4
and 6 harvested from Acacia senegal from the
Sudan. In addition, the sample harvested from
Acacia nilotica (sample 8) from Sudan does not
share reaction similarity with gum samples
harvested from Acacia senegal from Chad
(sample 5), Ethiopia (sample 7) and Nigeria
(samples 13, 14 and 15). It did not also have
reaction similarities with gum samples harvested
from Acacia seyal (sample 14) from Sudan,
Acacia compylacantha (sample 9) from
Zimbabwe, Acacia karroo (sample 10) from
Zimbabwe and Acacia verek (sample 12) from
Nigeria. From the reactions between the gum
samples and JIM7, it can be deduced that gum
samples harvested from Acacia senegal
(samples 2 and 6) from Sudan have similarity
with those grown in Chad (sample 5) and Nigeria
(sample 16). In addition, similarity is shown to
exist between gum samples harvested from
Acacia seyal (sample 14) and Acacia nilotica
(sample 8) both from Sudan. Gum samples
harvested from Acacia senegal (samples 2 and 6)
of Sudanese origin have similarity with those
from Chad (sample 5) and those from Nigeria
(sample 16) and with samples harvested from
Acacia seyal (sample 14) and Acacia nilotica
(sample 8) both from in Sudan. Therefore, gums
from different species, such as Acacia senegal,
Acacia seyal and Acacia nilotica and Acacia
compylacantha may exhibit certain
characteristics that are different. Moreover, even
within the same species e.g. in Acacia senegal,
individual trees of different genotypes grown in
countries could produce gums with slightly
different characteristics due to differences in the
agro-ecologies of their countries of origin.
Hence, samples harvested from Acacia senegal,
sample 1 is the only Acacia senegal sample of
Sudanese origin which did not react with JIM7.
Both samples (samples 9 and 10) of
Zimbabwean origin did not bind to JIM7 though
harvested from different species.

The reactions between JIM13 and the
gum samples from different Acacia species
resulted into certain similarities. Samples
harvested from Acacia senegal species 2, 3 and 4
from Sudan and samples harvested from Acacia
senegal (sample 7) from Ethiopia shared

similarity with the gum exudate samples from
Acacia compylacantha (sample 9) from
Zimbabwe and Acacia nilotica (sample 8) grown
in Sudan. This result agrees with Yebeyen et al.
(2009), who found similarity between gum
samples harvested from Acacia senegal grown in
the rift valley of Ethiopia and gums harvested
from Acacia senegal of Sudanese origin.

Similarities were shown to exist between
samples 13, 14 and 15 harvested from Acacia
senegal species from Nigeria. Gum exudates
harvested from Acacia senegal samples (samples
1 and 6) from Sudan may be different from
(samples 2, 3 and 4) from Acacia senegal of
Sudanese origin. These samples harvested from
Acacia senegal of Sudanese origin also showed
similarities with gum sample harvested from
Acacia seyal (samplel4) from Sudan because it
also did not react with JIM13. However, they may
be similar to gum samples from Acacia senegal
from Chad (sample 5) and gums harvested from
Acacia karroo grown in Zimbabwe (sample 10)
and Acacia verek from Nigeria (sample 12). Thus,
despite the diversities of the Acacia species in
terms of variety and country of origin, there are
still some similarities among gum samples
harvested. Studies by Habeballa et al. (2010) do
not agree with the above similarities among gum
samples from Acacia, which concluded that a
high level of population differentiation that was
geographically structured is common in
domesticated Acacia species worldwide.

The reactions of LM6 with the gum
samples presented some molecular similarities
as follows: among the samples harvested from
Acacia Senegal, gum samples (samples 2, 3, 4
and 6) from Sudan share similarities with the
gum sample (sample 7) from Ethiopia and the
gum sample (sample 13) from Nigeria. In
addition, sample harvested from Acacia senegal
(sample 1) from Sudan is similar to the sample
from Acacia senegal (sample 5) from Chad.
Sample from Acacia seyal (sample 14) from
Sudan was similar in characteristic to the sample
from Acacia nilotica (sample 8) from Sudan.
Whereas samples harvested from Acacia senegal
(samples 15 and 16) grown in Nigeria shared
some similarities with samples from Acacia
compylacantha (sample 9) and Acacia karroo
(sample 10) both grown in Zimbabwe and with
the gum sample (sample 12) harvested from
Acacia verek grown in Nigeria. Hence, Acacia
senegal samples (sample 6) from Sudan may be
similar to samples harvested from Acacia senegal
(sample 7) from Ethiopia. Also likely similar are
the following: gum samples harvested from
Acacia seyal (sample 14) grown in Sudan, Acacia
compylacantha (sample 9), Acacia karroo
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(sample 10) of Zimbabwean origin, Acacia
nilotica (sample 8) from Sudan and Acacia verek
(sample 12) from Nigeria. These are different
from, gum samples harvested from Acacia
senegal (sample 6) of Sudanese origin and
sample harvested from Acacia senegal (sample
7) grown in Ethiopia.

Conclusions

The results showed that the Acacia
senegal gum exudates under study exhibited
different levels of reactions with the monoclonal
antibodies used. These reactions indicate that
the monoclonal antibodies were being bound
with specific plant cell wall epitopes in the gum
samples. This confirms the presence of certain
plant cell wall components in some of the gum
samples and not in others, hence the
effectiveness of the immune-dot blot technique
using anti-plant cell wall monoclonal antibodies
in probing the compositions of the gums. With
regards to the presence of plant cell wall
components in the gum samples, it has been
shown that the partially methyl-esterified pectin
epitope was completely absent from these gum
samples, whereas there was abundance of highly
methyl esterified pectin, arabinogalactan
carbohydrate moiety (AGP's) and extension in
the gum samples from Nigeria and Sudan.
However, JIM13, did not show strong reactions
with any of the gum samples although it was
raised against the AGP glycan, whose presence
has been shown in the samples using other
monoclonal antibodies. This reaction pattern
may be attributed to the complex structure of the
AGPs or the weakness of JIM13 to recognise the
AGP. Similar incongruent reactions with AGP
bearing structures have been expressed and
attributed to the complex AGP molecular
structure in (Tan et al., 2012). Thus, reactions
with JIM13 would require further investigations
to draw plausible conclusions. Therefore, the
effectiveness of monoclonal antibodies as tools
to differentiate between acacia senegal gums
from Nigeria and Sudan, has been shown in this
experiment. And designing a tool kit for the
purpose of ascertaining similarities and
differences between these gum samples using
this panel of monoclonal antibodies would meet
the need for a cheaper, efficient, less laborious
and more robust method.
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