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Abstract

The sugar glider is a popular exotic pet animal endemic to Australia, Tasmania, Papua New Guinea, and
Indonesia. Sugar gliders are often kept as pets and in zoos, yet information on histological characteristics of sugar
gliders is limited. This study aims to determine the distribution profile of various sugar residues in the intestines
of Petaurus breviceps using lectin histochemical staining. Samples were taken from healthy adult Petaurus
breviceps and stained with the lectins: Concanavalin-A (Con-A), Dolichos Biflorus Agglutinin (DBA), Peanut
Agglutinin (PNA), Ricinus Communis Agglutinin (RCA), and Ulex Europaeus Agglutinin-1 (UEA-1). The data
obtained were analysed qualitatively with four categories of reactivity, namely negative, weak, moderate, and
strong. The results of research on Petaurus breviceps intestines showed that the PNA lectin was weak positive
in the duodenum, ileum and cecum indicated that there was a small amount of Galf1-3GalNAc. The DBA lectin
was weak to strong positive in the cecum and colon indicated that there were small to a lot amount of GaINACa/l-
3GalNAc. The UEA-1 lectin was weak to strong positive in the cecum, colon dan rectum, indicated there were
small to a lot amount of a-L-Fucose. The RCA-1 lectin was moderate positive in the cecum, indicated there
were moderate amount of B-D-Galactose. The Con-A lectin weak to moderate positive in the colon and rectum,
indicated there were small to moderate of a-Mannose. This study concluded that there were numerous sugar
residues indicated by various lectin reactivities in the intestine of Petaurus breviceps.
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Introduction et. al., 2011). The gastrointestinal tract is

Sugar gliders (Petaurus breviceps) are protected by a layer of mucus which consists

small omnivorous marsupial animal endemic to
Australia, Tasmania, Papua New Guinea, and
Indonesia (Booth, 2003; Kubiak, 2021). Their
small size and appearance have made them popular
animals around the globe and often kept as pets or
in zoos (Booth, 2003). There is a well-established
pet trade for sugar gliders across Europe, Asia, and
North America (Kubiak, 2021). Their increasing
popularity shows a need to increase our knowledge
about sugar gliders as they may be presented at
any veterinary practice (Raftery, 2015).

Sugar gliders have a simple gastrointestinal
tract similar to other carnivorous mammals
(Johnson-Delaney and Orosz, 2009; Quesenberry

mainly of mucin. Mucins are glycoprotein that are
composed by a high content of oligosaccharides.
These intestinal mucins are synthesized by goblet
cells found throughout the intestinal wall. Studies
on mammals have shown varying distribution of
goblet cells and mucin subtypes based on their
glycosylation pattern (Tano De La Hoz et. al,
2016). These differences are caused by factors
such as genetic (Buisine et. al, 1998; Jass and
Walsh, 2001), enzyme expression (Buisine et.
al., 1998), age and diet (Montagne et. al., 2004;
Galotta et. al, 2009), physiology (Brinck et.
al., 1995; Sakamoto, 2000), and pathological
processes (Brinck et. al., 1995; Kandori, 1996).
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Currently, there is limited information regarding
glycosylation patterns in the sugar glider.

This study aims to determine the distribution
of various sugar residues in the intestines of male
Petaurus breviceps in normal condition by using
lectin histochemical staining. Lectins are proteins
that can bind to polysaccharides or glycoconjugates
(Bender and Murray, 2015). They have high
affinity and specificity for specific sugar residue
that can be found in intestinal mucins (Narita and
Numao, 1992).

Materials and methods

Procedures in this study has received approval
from the Ethics Commission of the Faculty of
Veterinary Medicine, Gadjah Mada University,
Indonesia with ethical clearance number 011/
EC-FKH/Int./2022. This research used two adult
male Petaurus breviceps to obtain the intestinal
samples. While in captivity, the animals were
provided with commercial feed and sliced fruits,
and occasionally with crickets and mealworms.
They were fasted a day prior to euthanasia. They
were anaesthetized with an intramuscular injection
of ketamine (20 mg/kg BW) and xylazine (2 mg/
kg BW), after that, the animals were perfused with
NaCl 0.9% and continued with Phosphate Buffer
Saline (PBS) formalin 10%. The digestive system
was taken out quickly after the body showed signs
of stiffness. The intestines were then processed
to be immunohistochemically stained using
FineTest® SABC KIT (Wuhan Fine Biotech Co.
Ltd), DAB Substrate Kit (Wuhan Fine Biotech Co.
Ltd) and Biotinylated Lectin Kit I (Vector Lab.):
Concanavalin-A  (Con-A), Dolichos Biflorus
Agglutinin (DBA), Peanut Agglutinin (PNA),
Ricinus Communis Agglutinin (RCA), and Ulex
Europaeus Agglutinin-1 (UEA-1). The specificity
of lectins used in this study was shown in Table 1

Table 1. Lectins used in this study

Lectins Specificity

GalP1-3GalNAc
GalNACal-3GalNAc

Peanut Agglutinin (PNA)
Dolichos Biflorus Agglutinin (DBA)

Ulex Europaeus Agglutinin-1 (UEA-1) a-L-Fucose
Ricinus Communis Agglutinin (RCA) B-D-Galactose
Concanavalin-A (Con-A) a-Mannose

The collected samples were then fixed
in 10% formalin for 24 hours. Samples were
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processed using the paraffin method and paraffin
blocks were cut to a thickness of 8 um. The slides
were at first deparaffinized and rehydrated, then
washed with running water They were submerged
in a boiling citrate buffer solution and put in an
incubator at 60°C for 1 hour, the slides were left
at room temperature for 20 minutes to cool down.
Endogenous peroxidase activity in the sample
was blocked by submerging the slides under
H,O, : methanol solution for 30 minutes. After
submersion, the slides were washed using PBS 3
times for 5 minutes each. Non-specific reactions
in the sample are limited by administrating 50 pl
of FineTest® blocking serum working solution to
each slide and left in a chamber for 1 hour. Tissue
samples were then stained with lectins: Con-A (20
png/ml), DBA (20pg/ml), PNA (10 pg/ml), RCA
(10 pg/ml), and UEA-1 (5 pg/ml). Slides were
placed back in the chamber and incubated in a
refrigerator at 4°C for 24 hours.

Slides were taken out from the refrigerator
and left at room temperature from 15 minutes to
thaw. They were washed with PBS. Then, each
slide was given 50 ul of the SABC reagent working
solution and incubated in the chamber for 60
minutes. They were washed with PBS and given
50 ul FineTest® DAB substrate kit reagent each
in a dark room until stain discoloration appeared.
Immediately after the colour developed, the slides
were rinsed with distilled water and counterstained
with Harry’s haematoxylin for 30 seconds. After
being counterstained, the slides were washed
under running water for 10 minutes, then the slides
dehydrated and clearing before being mounted
and observed using light microscopy.

Data analysis was carried out descriptively
qualitatively on the intensity of lectin reactivity
using diaminobenzidine. The intensity of lec-
tin reactivity was indicated by the presence of a
brown color on the tissue. The observation results
are divided into four categories: negative (-), weak
(+), moderate (++), and strong (+++) based on the
observer’s subjectivity. Some samples were not
observable as they had expired prior to staining
procedure and the results were not available (N/A)

Results and discussion

Lectin reactivity indicates the presence of the
specific sugar residue corresponding to the lectin
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specificity as shown in Table 1. In this study, the
aspect of lectin reactivity to sugar residues was
observed in Goblet cells of the organ observed.
Overall, the slides of sugar gliders intestinal tract
which was incubated with DBA, UEA-1, RCA-1,
Con A, and PNA lectins showed varying results.
Reactions are localized in the Goblet Cells (GC)
of Petaurus breviceps. The result of lectin staining
in this study is summarized in Table 2.

Table 2. Lectin binding pattern in the Petaurus breviceps intestinal
mucosae

PNA DBA UEA-1 RCA-1 ConA
Duodenum +2 N/A N/A N/A N/A
Jejunum - - - - -
Ileum +2 - - - -
Cecum + et + ++ -
Colon - +++ ++ N/A +b
Rectum - - A+ - ++

-negative;+weakly positive; ++moderately positive;+++strongly
positive;* GC located at the luminal surface of the willi;
"Heterogenous staining (some GC were positive while some others
were negative); N/A data not available

Lectin staining in the intestine showed
binding pattern. Lectin binding were with PNA
showing a weak reaction in the duodenum (Figure
1A), ileum and cecum (Figure 1B). Lectin binding
with PNA, in the duodenum stained weakly at the
goblet cells near the luminal surface of the villi,
in the ileum stained weakly in the goblet cells
at the luminal surface and in the cecum stained
weakly at the goblet cells of the intestinal glands.
The colon and rectum showed no reaction of lectin
binding with PNA. The Petaurus breviceps’s
jejenum, ileum and rectum staining using the DBA
lectin showed no reaction. The cecum showed
varying results ranging from weak positive to
strong positive. Goblet cells show a light brown
to dark brown color that varies in a certain area.
The colon (Figure 1C) shows a strong positive
result which is indicated by a brown color that
surrounds the goblet cells of the intestinal glands.
The reactivity of sugar residues with the UEA-
1 lectin in the jejenum and ileum showed a
negative result, the cecum were weakly positive,
the colon was moderately positive, and the rectum
(Figure 1D) had a strong positive reactivity. The
distribution of sugar residues was not detected
using the RCA lectin in the jejenum, ileum and

rectum, whereas the cecum (Figure 1E) showed
a moderate positive result with a brown coloring.
The results of jejenum, ileum dan cecum staining
using the Con-A lectin showed negative. The
colon (Figure 1F) showed weak positive results
with heterogeneous results because some Goblet
cells showed weak positive results, while other
Goblet cells showed negative result. The rectum
showed moderately positive results.

Figure 1.

Lectin binding profile of the Petaurus breviceps
intestine. (A) Duodenum incubated with PNA, (B)
Cecum incubated with PNA, (C) Colon incubated
with DBA, (D) Rectum incubated with UEA-1, (E)
Colon incubated with RCA-1, (F) Colon incubated with
Con-A. Arrow: Goblet cell. Scale bar: A-F 50um

Discussion

Glycoconjugate sugar residues can be found
in the mucin produced by Goblet cells of the
intestinal tract both on the surface and in the
intestinal glands (Martin et. al., 2019). Lectin
binding pattern observed in this study showed
PNA, DBA, RCA-1, UEA-1, Con-A staining
in the intestine of the Petaurus breviceps. The
intestine of Petaurus breviceps stained using
the PNA lectin showed a weak positive result in
the duodenum and cecum, and negative in the
jejenum, colon and rectum. This indicates that
the intestine produces sugar with Galp1-3GalNAc
terminal with a small to non-existent amounts.
The results of the reactivity between the sugar
GalB1-3GalNAc with PNA lectins in the intestine
are similar to the results of the study of Galotta
et al. (2009), where the intestines of rabbits and
pigs, especially in the jejenum, colon and rectum
showed negative results.

The DBA lectin showed varying results
ranging from weak positive to strong positive
in the Goblet cells of the Petaurus breviceps
intestinal glands, which indicates that the tissue
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has sugar residues of GalNAcal-3GalNAc. In the
cecum and colon, sugar residues with terminal
GalNAca/-3GalNAc are found to be varied from
small to abundant amount. Hirabayashi (2014)
states that the sugar GalNAcal-3GalNAc is one
of the sugars that is abundantly distributed in
intestinal epithelial cells, both in complex and less
complex animals, and is one part of the structure of
O-glycansin the mucin component. Similar studies
on omnivores as mice by Kandori et al. (1996)
observed small to large amount of GaINACal-
3GalNAc. Negative results of DBA lectin indicate
the absence of the sugar residue jejenum, ileum
and rectum Petaurus breviceps of GalINACal-
3GalNAc.

The reactivity of sugar residues with terminal
a-L-Fucose using the UEA-1 lectin in the intestine
of Petaurus breviceps showed varying reactivity.
The pattern of lectin reactivity in the intestine of
Petaurus breviceps as compared with omnivorous
animals such as pigs (Galotta et. al,, 2009) and
mice (Kandori et. al., 1996) showed a nearly
close distribution. Pig jejunum and ileum have
moderate to large amount terminal a-L-Fucose
residues, colon and rectum have a small to large
amount terminal residues. The Duodenum and
ileum of mice have unreactive to moderate
amount of a-L-Fucose whereas cecum and colon
have large amount of terminal residues. Negative
results of UEA-1 lectin indicate that the absence
of the sugar residue jejenum dan ileum Petaurus
breviceps seems have no terminal of a-L-Fucose,
while the cecum have a small amount, the colon
have a moderate amount and the rectum have a
large amount of a-L-Fucose.

Negative results of RCA-1 indicate the
absence of the jejunum, ileum and rectum sugar
residue in the Petaurus breviceps intestines, so
it can be said that there was no sugar residue
with f-D-Galactose terminal in this organ. The
distribution of f-D-Galactose sugar residues
were detected using the RCA lectin in the cecum.
Compared with omnivorous animals such as pigs
(Galotta et. al., 2009), the jejunum and ileum showed
unreactive to a lot amount of a-L-Fucose, while
there were a large amount of terminal residues to
moderate reavtivity amount of B-D-Galactose in
the colon and the rectum.

66

The Con-A lectin showed varying results
ranging from negative to moderate positive in the
Goblet cells of the Petaurus breviceps intestinal
glands, which indicates that the tissue have a
small amount of sugar residues of a- Mannose.
Compared with animals that have similarities as
omnivores, Kandori et al. (1996) examined the
distribution of a- Mannose sugar residues in the
Goblet cells of the duodenum, ileum, cecum, and
colon of mice showing negative results. Galotta
et al. (2009) also examined glycoconjugates with
the ConA lectin in Goblet cells in pigs. Negative
results were obtained in the jejunum, moderate
positive results in the ileum Goblet cells and
weak positive results were found in the colon of
the pigs.

The results of our study have similarities
with the results of a study on Malayan pangolins
which have an insect diet, one of many food items
that sugar gliders naturally eat (Booth, 2003;
Kubiak, 2021). It was reported that the residues
of glycoconjugates in large intestinal are higher
than in small intestinal epithelium of the Malayan
pangolin (Suprasert et. al, 2007). The sugar
residue N-Acetyl galactosamine has a role in the
transport of fluids and ions, as well as regulation of
membrane interactions and permeability (Spicer
and Schulte, 1992; Blackmore and Isolde, 1999).
Fucose sugar residues have a role in intercellular
adhesion and in regulating the diffusion of
substrates between cells (Spicer and Schulte,
1992; Blackmore and Isolde, 1999). Glucose and
mannose sugar residues have functions in ion
transport in cells, while galactose sugar residues
are involved in intercellular adhesion and as
markers of cell differentiation (Spicer and Schulte,
1992).

These differences could be attributed to the
variety glycosylation pattern appearing in the
intestinal mucin. Mucins are highly heterogeneous
and differ between species and individual within
the same species itself (Linden et. al., 2008). The
pattern of mucin glycosylation is determined by the
gene that regulates the enzyme glycosyltransferase
or glycosidase (Buisine et. al., 1998). They are
affected by pathological or physiological changes
occurring in the body (Brinck et. al., 1995) such as
age (Montagne et. al., 2004), diet (Galotta et. al.,
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2009), and diseases (Miettinen, 1983; Jacobs and
Huber, 1985; Ota et. al., 1988; Narita and Numao,
1992; Kandori et. al., 1996; Blonski et. al., 2007).
Host and environmental factors such as diet
can also affect the composition of the mucin
in an organism. Montagne et al. (2004) said that
the composition of mucin and the properties of
mucus are influenced by the protein, fibre, and
anti-nutritional content of the food. In addition to
diet, age can also affect the mucin composition
of an organ. In the case of intestinal mucin, the
activity of the gut microflora plays an important
role in the glycosylation pattern as they normally
degrade mucin (Spicer and Schulte,1992; Buisine
et. al., 1998).

Conclusion

This study showed the normal sugar
distribution pattern found in the intestine of the
male Petaurus breviceps. Small amount of GalfB1-
3GalNAc sugar residue is present in the duodenal,
ileal and caecal 1 part of the intestine. The residual
sugar of GalNAcal-3GalNAc is not produced
in jejunum, ileum dan rectum while a small to
abundant amounts in the cecum and colon. The
sugar residue of a-L-Fucose is no produced in
jejunum and ileum, a small to large amounts in
all parts of the large intestine. The sugar residue
of B-D-Galactose is not produced in jejunum,
ileum and rectum, while sufficient quantities in
the cecum. The sugar residue of a-Mannose is not
present in the jejunum, ileum and cecum, but still
present in small to moderate amounts in the colon
and rectum This information could be used to
compare and analyze changes in sugar distribution
pattern in the intestine of the Petaurus breviceps
under various conditions for further research on
the sugar glider.
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