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Investigation into the Usability of the Maackia amurensis Lectin in Bacterial
Diagnosis with the Help of Transmission Electron Microscope

Yosun Mater!

Gebze Technical University, Molecular Biology and Genetics Department, Kocaeli, Turkiye

ABSTRACT
Objective: Glycoconjugates are known to play a crucial role in the attachment-recognition relationship of prokaryotic cells,
particularly bacteria. Therefore, understanding the function and properties of these glycoconjugates is of great importance.

Materials and Methods: While various methods have provided significant information in determining the chemical structures
and functions of sialic acids, histological methods have remained essential in determining their function and location in living
organisms. The discovery of lectins with unique marking ability based on the bond structures of sialic acids and the development of
antibodies, which can be microscopically distinguished by adding colloidal silver and gold particles, were significant milestones.
In the 1990s, methods were developed to specifically mark the types and locations of sialic acids using immunocytological,
histological, and fluorescence microscopy methods with fluorescently labeled lectins and antibodies. These methods still remain
valid and important today. Using this information, it is possible to create smart drugs and biomarkers specific to bacteria.

Results: In this study, the unique connections of gold-labeled lectins with different bacteria were demonstrated with the help of

transmission electron microscopy.

Conclusion: Our study supports the idea that labeled lectins could be used for rapid and precise bacterial diagnosis.
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INTRODUCTION

"Glycans", often referred to as oligosaccharides and polysac-
charides, are found in all eukaryotic and prokaryotic cells, as
well as viruses, including embryonic and pluripotent stem cells.
They consist of a basic chain structure with added protein and
lipids. When found on cell surfaces, glycans form the "Glycoca-
lyx" layer.' = This layer plays a crucial role in various cellular
processes such as cell growth, differentiation, cell migration,
disease pathogenesis, and immune system function.' 33 One of
the most significant glycans are sialic acids, which were initially
discovered in saliva during the mid-1930s and subsequently re-
ferred to as sialic acid. In 1941, sialic acid was also identified in
nerve cells and termed neuraminic acid. It was later established
in the 1950s that sialic acid and neuraminic acid were iden-
tical structures consisting of 9-carbon acidic sugar molecules
with a pH range of 2-3.! N-linked and O-linked glycans, as
well as glycosphingolipids, are commonly situated at the out-
ermost ends of biological systems."»>® When considering the
tasks that are solely attributed to their receptor functions, sev-
eral come to mind. These include primarily the formation of

viral and bacterial infections, toxin binding, colony formation
of bacteria, determination of serological characteristics, and the
preservation of cell shape.!-3-¢

One of the most commonly utilized methods for labeling
surface glycoconjugates and unique sugar sequences is through
the use of lectins. Lectins were first discovered in castor bean
plant seeds in 1888. These molecules, which have the ability to
agglutinate animal red blood cells, have attracted attention with
this feature. Although its specific glycan binding properties are
known, its biological functions in plants and other organisms
are mostly unknown. Different classifications of lectins were
later made, such as R-Type, L-Type, P-Type, C-Type, I-Type,
Galectins and Bacterial Lectins. The Maackia amurensis lectin
used in our study is an L-Type lectin and specifically binds to
sialylated glycans.”~’

Lectins that are utilized to label sialic acids can be obtained
from a variety of sources including vertebrates, arthropods,
mollusks, protozoa, plants, bacteria, and viruses.® Lectins have
been found to be useful in the detection of glycoconjugates
in complex matrices and body fluids, even in trace amounts.
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Additionally, they can be utilized to characterize compounds
that bear a specific glycan structure. The mitogenic stimulation
of lymphocytes and lectins in cell division can be leveraged
due to their distinct and specific binding ability to detect glyco-
structures, virus and bacteria surfaces, and changes in cancer
cells after malignant transformation. These changes may occur
in cellular or non-cellular membrane elements or within the
cell itself 310

The Maackia amurensis plant lectin (a2-3) utilized in our
study is a lectin that specifically recognizes the motif [Siaa2-
3Galp1-4GlcNAc] from bound sialic acids. The Maackia
amurensis lectin [MAL] demonstrates a unique ability to oligo-
valently bind (a2-3) sialic acids with high affinity. Conversely,
it exhibits a weaker binding affinity towards sialic acids with
monovalent («2-3) linkages.!!

The identification of bacteria at both the genus and species
level was initially performed using morphological character-
istics, followed by biochemical tests. However, these tradi-
tional methods are time-consuming, taking hours and days
to complete. Therefore, molecular biological methods have
gained importance in bacterial classification as a result of tech-
nological advancements. These methods are based on deter-
mining genes and their products and can be categorized into
seven main groups. These include DNA-based methods such
as 23S, 16S, and 5S rRNA sequence similarity, cataloging of
oligonucleotides, analyses for the separation of total soluble
proteins that form morphological and biochemical properties,
cell wall analysis, serological profiles, and profiles of cellular
fatty acids.”-!1%13

The combined use of traditional and molecular biology-based
techniques has facilitated the rapid classification of bacteria and
the identification of new microorganism groups. In addition to
these methods, automated classification devices such as the
VITEK 2 Compact (bioMérieux Diagnostics) microbial iden-
tification and API identification systems are commonly used.!?
The VITEK 2 Compact system utilizes colorimetric cards con-
taining 60-65 different tests to determine microorganisms at the
species level within 5-8 hours.!3

In our study, we examined bacterial surface differences us-
ing labeled lectins that could make highly specific connections.
The feasibility of glycobiology-based bacterial identification
was evaluated based on these bacterial cell surface differences.
The originality of our work; the aim of this study is to ex-
amine the possibility of rapid and accurate bacterial species
diagnosis by using the sensitive binding abilities of lectins to
glycoconjugates. The method sensitivity was demonstrated by
transmission electron microscopy. Based on the results of our
study, we believe that the methods developed using labeled
lectins can provide more sensitive results than the VITEK and
API systems in bacterial species identification.

MATERIALS AND METHODS

In our study, we employed the Maackia amurensis lectin, a
lectin that selectively recognizes the motif [Siaa2-3Galfl-
4GIcNAc] present on sialic acids («2-3), as a marker to label
bacterial samples from five different strains with three distinct
cell morphologies and genera. To achieve this, we conjugated
the Maackia amurensis lectin with colloidal gold particles mea-
suring 10-12 nm, which were synthesized in our laboratory.
The [Siaa2-3Galp1-4GlcNAc] motif was specifically labeled
on the cell membranes of bacteria using the colloidal gold-
linked lectin.

To prepare the bacterial samples for microscopy, they were
first fixed and embedded in epoxy resin. Thin sections were then
obtained using a Reichert OM U3 ultramicrotome and micro-
graphed using a JEOL 1010 transmission electron microscope.

The study employed five bacterial strains of three different
cell morphologies and genera, including Gram-negative, coc-
cobacillary strains of Escherichia coli ATCC 35860 (K92),
ATCC 8739, and ATCC 29998, Micrococcus luteus ATCC
9341 in coccal form, and Bacillus subtilis ATCC 6634 bacteria
in bacillus form.

The Escherichia coli ATCC 35860 (K92) strain (BOS12
strain) was isolated from cerebrospinal fluid and is used in
sialic acid production and bacteriophage host assays. The
Escherichia coli ATCC 8739 strain was isolated from feces
and is utilized in various microbial tests, including media tests,
impact tests, and quality tests. The Escherichia coli ATCC
29998 strain is a clinical isolate, particularly used in specti-
nomycin action spectacin tests and nutritional analysis. The
Micrococcus luteus ATCC 9341 strain, currently known as the
Kocuria rhizophila ATCC 9341 strain, is a soil isolate and is
frequently used in antibiotic tests. The Bacillus subtilis subsp.
spizizenii ATCC 6633 strain is a clinical isolate and is also
utilized in antibiotic tests.

Bacteria were grown using Luria Broth (LB) and Luria Agar
(LA) media. Broth inoculated with a single colony of bacteria
grown for appropriate times on solid media was grown at 37 °C
until sufficient optical density was achieved and stored in 50%
glycerol at -20 °C and 15% glycerol at -80 °C until the marking
step.

Preparation of Colloidal Gold

The preparation of colloidal gold followed the procedure out-
lined in Hayat.'* To form gold-labeled lectins, a stock colloidal
gold solution was first prepared using tetrachlorogold (III).
Then, 5 mL of Na-citrate was added to boiling water, followed
by the appropriate amount of 0.2% tetrachloroauric acid (gold).
The mixture was allowed to boil for 5-10 min, during which
red-colored colloidal gold particles were formed. The forma-




tion of the particles was confirmed by spectroscopic scanning
(OD400-600)-

To control the agglutination of colloidal gold, 1% PEG
20,000 and 100 mM K,COs3 were added to 5 mL of the gold
solution, and the pH of the solution was measured. The amount
required for agglutination was determined, and the prepared
colloidal gold was then challenged with the Maackia amurensis
lectin.

Gold-Lectin Conjugation

The gold solution was prepared by adding 100 mM K2CO3
to particle-free glassware on a magnetic stirrer. Then, lectin
was added dropwise to the mixture, followed by 1% PEG
20,000. The resulting mixture was centrifuged at 14,000 rpm at
4 °C, and the supernatant was discarded. The precipitates were
then diluted with a mixture of PBS and PEG. The conjugates
were scanned spectrophotometrically to determine the optimal
amount for use.

Exposing the Bacteria to Colloidal Gold-Labeled Lectins

Bacteria were cultured in LB medium at the appropriate temper-
ature. Samples (500 ul) were taken from each bacterial culture
and transferred to sterile Eppendorf tubes. The samples were
centrifuged at 7,000 rpm for 10 min, and the supernatant was
discarded. The obtained precipitates were resuspended in 500
w1 of salt solution (PBS pH 7.2/PEG 20,000). A 15 ul part of
the samples was separated from the cells, centrifuged at 7,000
rpm for 10 min, and washed by adding 500 ul of salt solution
(PBS/PEG 20,000) in sterile Eppendorf tubes.

Salt solution (10 ul) and gold-labeled lectins (10 ul) were
added to each tube, and the appropriate storage conditions were
observed. The samples were then fixed using TEM fixation steps
and embedded in Epoxy resin.” Thin sections with a thickness
of 250-300 A were taken using the Reichert OM U3 ultrami-
crotome and stained with saturated uranyl acetate and 2.66%
lead citrate. The samples were examined at 80 kV in a JEOL
1010 electron microscope, and micrographs were taken and
evaluated for results.

RESULTS

In this study, we utilized colloidal gold-conjugated Maackia
amurensis lectin (MAL) to specifically detect the motif [Siaa2-
3Galp1-4GlcNAc] (a2-3). MAL is known to especially bind
oligovalently-bound («2-3) sialic acids.11 It uniquely marked
the [Siaa2-3Galf1-4GIlcNAc] motif observed on the bacterial
surfaces following the washing steps (Figures 1-5). When the
results of the bacteria used in our study are examined, we see the
presence of sialic acids with the [Siaa2-3GalB 1 -4GlcNAc] mo-
tif in the cell membranes of the coccobacillus Escherichia coli
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ATCC 35860 (K92) strain (Figure 1), Escherichia coli ATCC
87309 strain (Figure 2), and Escherichia coli ATCC 29998 strain
(Figure 3). It should be noted here that all the bacteria samples
examined in this study have the [Siaa2-3Galf 1-4GlcNAc] mo-
tif in their membranes, but the densities of oligovalently-bound
(a2-3) sialic acids were different even among the various strains
of the same bacteria. The Escherichia coli ATCC 35860 (K92)
strain (Figure 1) and Escherichia coli ATCC 8739 strain (Fig-
ure 2) specifically exhibited more intense labeling indicating
a higher concentration of the [Siaa2-3Galf1-4GlcNAc] mo-
tif. On the other hand, oligovalently-bound (a2-3) sialic acids
were found to be quite low in the Escherichia coli ATCC 29998
strain (Figure 3).

Figure 1. The Escherichia coli ATCC 35860 (K92) strain, exhibiting a coc-
cobacillus structure (a2-3) with sialic acids, which were marked with gold-
labeled MAL (—) at a magnification of 100,000X.

Figure 2. The Escherichia coli ATCC 8739 strain, exhibiting a coccobacillus
structure (a2-3) with sialic acids, was visualized using gold-labeled MAL (—)
at a magnification of 75,000X.
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Figure 3. The Escherichia coli ATCC 29998 strain, exhibiting a coccobacillus
structure (a2-3) with sialic acids, was visualized using gold-labeled MAL (—)
at a magnification of 30,000X.

The presence of sialic acid bearing the motif [Siaa2-3Galp1-
4GlcNAc] in the coccus form of Kocuria rhizophila ATCC
9341 (formerly known as Micrococcus luteus ATCC 9341) is
observed to be in a very limited quantity, as depicted in Figure
4.

Figure 4. The coccus form of Micrococcus luteus ATCC 9341, now classified
as the Kocuria rhizophila ATCC 9341 strain, displays a2-3 sialic acids labeled
with gold using MAL (—) at a magnification of 100,000X.

In the study, it was observed that Bacillus subtilis ATCC 6633
cell membrane, in the form of bacillus, contained oligovalently-
bound (a2-3) sialic acids which were highly labeled with col-
loidal gold bound - MAL (Figure 5).

DISCUSSION

The Maackia amurensis plant lectin used in our study is
a lectin that specifically recognizes the oligovalently-bound

Figure 5. The presence of sialic acids in Bacillus subtilis ATCC 6633 strain
(a2-3) in its bacillus form was confirmed through gold labeling with MAL
(—) at a magnification of 30,000X.

(a2-3) sialic acid motif [Sia2-3Galp1-4GIcNAc]. The lectin
was conjugated with colloidal gold, which was prepared in
our laboratory. We investigated bacteria with various cell
morphologies, including coccus, coccobacillus, and bacillus
forms. The bacterial strains used in this study were Gram-
negative coccobacillus Escherichia coli strains ATCC 35860
(K92), ATCC 8739, and ATCC 29998, and Gram-positive coc-
cus form Micrococcus luteus ATCC 9341, and bacillus form
Bacillus subtilis ATCC 6634. These morphologies are the most
common in bacteria, some of which may have pathogenic prop-
erties. These are important species that are frequently encoun-
tered in microbiological studies. The lectin-labeling of bacte-
ria was visualized ultrastructurally (Figures 1-5) and quanti-
fied to determine the amount of oligovalently-bound («2-3)
sialic acids in different bacterial genera and morphologies
(Figures 1, 4 and 5). Specifically, we compared the amount
of [Siaa2-3GalB1-4GlcNAc] sialic acid motif in Escherichia
coli, Micrococcus luteus ATCC 9341, and Bacillus subtilis
ATCC 6634 strains, as well as in different species of Gram-
negative coccobacilli belonging to the same genus (ATCC
35860 [K92], ATCC 8739, and ATCC 29998) (Figures 1-3)
of Gram-negative, coccobacillary Escherichia coli of different
species belonging to the same genus (Figures 1-3). Our results
provide serologically sensitive information about the genus and
species of bacteria based on the specific labeling of surface
glycoconjugates with lectins. The results were verified visu-




ally and ultrastructurally by micrographs (Figures 1-5), which
supported previous findings in the literature.!>~1”7

Studies on sialic acid and its metabolism in prokaryotes
have mainly focused on gene regions associated with cap-
sule synthesis due to their involvement in disease-causing
properties.'®=1% Although different bacteria (e.g., E. coli K1,
K12, K92, 024, 037, 0104, 056, 0157, O111, BOS12, Neis-
seria meningitidis, Haemophilus influenzae, Campylobacter
Jejuni, Staphylococcus epidermidis, Streptococcus pneumonia,
Brucella, etc.) exhibit striking similarities in determinant or-
ganization; the degree of virulence is determined by the ex-
istence and type of polysaccharides on the surface of cell
membrane.'>>” Based on the findings of our study, we have
obtained supportive evidence regarding pathogenicity at the
ultrastructural level. Our results indicate that the surface of
the selected bacteria contained a higher concentration of sialic
acid with an increase in the range of bacteria used. Notably,
the Bacillus subtilis ATCC 6634 strain demonstrated the most
significant labeling, followed by the Escherichia coli strains
ATCC 35860 (K92), ATCC 8739, and ATCC 29998, which
exhibited similar but less pronounced labeling (Figures 1-3 and
5).

This study demonstrates the feasibility of distinguishing
between different bacterial species using Maackia amurensis
lectin, which selectively binds to «2-3 sialic acid units on bac-
terial surfaces. The observed variations in sialic acid density
among strains of the same Escherichia coli species suggest
that this method can also differentiate between strains within
a species. The visual results obtained provide evidence that
lectins can provide specific and precise binding, enabling ac-
curate distinction between genera and species. These findings
are consistent with previous studies in the literature.'-

CONCLUSION

Transmission electron microscopy has demonstrated that bac-
terial diagnosis can be achieved at the genus and species level
by utilizing specific lectins. This method is based on glycobi-
ology and employs labeled lectins to form unique connections
with sialic acid units. These findings suggest that immunoflu-
orescent labeled lectins could be used to develop a practical,
rapid, and specific bacterial diagnosis method.

Based on these findings, we aim to develop biomarkers
for the genus and species-level diagnosis of bacteria using
immunofluorescently-labeled lectins. Additionally, we aim to
develop techniques suitable for fluorescent microscopes, which
can be considered a faster and easier method for sensitive diag-
nosis.

Mater, Microscopy-Assisted Rapid Diagnosis with Lectins

Acknowledgments: This study was conducted at the Molecular
and Basic Microbiology Laboratory (MOLTEM) of the Depart-
ment of Molecular Biology and Genetics at Gebze Technical
University.

Peer Review: Externally peer-reviewed.

Conflict of Interest: Authors declared no conflict of interest.

Financial Disclosure: Authors declared no financial support.

ORCID IDs of the author

Yosun Mater  0000-0002-7161-0637

REFERENCES

1. Schauer R, Kamerling JP. Exploration of the sialic acid world.
Adv Carbohydr Chem Biochem. 2018;75:1-213.

2. Alagesan K, Hoffmann M, Rapp E, et al. Glycoproteomics
technologies in glycobiotechnology. Adv Biochem Eng Biotech.
2021;175:413-434.

3. Sackstein R, Hoffmeister KM et al. Sialic acids in human health
and disease. In Varki A, Cummings RD et al. editors. Essentials
of Glycobiology. 4th ed. New York, N.Y.: Cold Spring Harbor
Laboratory Press; 2022. Chapter 46.

4. Lanctot PM, Gage FH, Varki AP. The glycans of stem cells. Curr
Opin Chem Biol. 2007;11:373-380.

5. Varki A, Cummings RD, Esko JD, et al. Essentials of Glycobi-
ology. 4th ed. New York, N.Y.: Cold Spring Harbor Laboratory
Press; 2022.

6. Song Y, Zhang F, Linhardt RJ. Glycosaminoglycans. Adv Exp
Med Biol. 2021;1325:103-116.

7. Mater Y. The cloning, expression and structure-function rela-
tionships of the Escherichia coli sialyltransferase gene. Ege Uni-
versity, Graduate School of Natural and Applied Science, PhD
Thesis, 2004.

8. Silva M, Luisa S. Lectin biosensors in cancer glycan biomarker
detection. Adv Clin Chem. 2019;93:1-61.

9. Mater Y, Ozdas S. The analysis of surface saccharide profiles
through fluorescein-labelled lectins in a rat pancreatic tissue
with established metabolic syndrome model. Turkish J Biochem.
2019;44:98-104.

10. Demircan G, Mater Y. Effects of fluorescent marked Maackia
amurensis-lectin-1 and wheat germ agglutinin on the cell surface
glycan profiles in two different breast cancer cell lines. J Ist Faculty
Med. 2019;82:89-95.

11. Kamerling JP, Gerwig GJ. Strategies for the structural analy-
sis of carbohydrates. Comprehensive Glycoscience. 2007;2:1-68.
doi:10.1016/B978-044451967-2/00032-5.

12. Biomerieux Diagnostics website. https://www.biomerieux-
diagnostics.com/vitek-2-advanced-expert-system. Accessed Oc-
tober 20, 2023.

13. Madigan MT, Bender KS, Buckley DH Brock Biology of Microor-
ganisms. 16th ed. New York, N.Y.: Pearson Education Limited;
2021.

14. Hayat MA. Colloidal Gold Principles, Methods and Applications.
San Diago, California: Academic Press; 1989.

15. Jones CJP, Allen WRT, Wilsher S. A lectin histochemical study to
detect variation in glycosylation at the feto-maternal interface in
three interbreeding equine species. Placenta. 2017;58:115-121.



https://orcid.org/0000-0002-7161-0637

European Journal of Biology

16.

17.

18.

HuM, Lan Y, Lu A, Ma X, Zhang L. Glycan-based biomarkers for
diagnosis of cancers and other diseases: Past, present, and future.
Prog Mol Biol Transl Sci. 2019;162:1-24.

Zhang XL, Qu H. The role of glycosylation in infectious diseases.
Adv Exp Med Biol. 2021;1325:219-237.

Fujitani N, Furukawa J, Araki K, et al. Total cellular gly-
comics allows characterizing cells and streamlining the discov-
ery process for cellular biomarkers. Proc Natl Acad Sci USA.
2013;110(6):2105-2110.

. Costa AF, Campos D, Reis CA, et al. Targeting glycosyla-

tion: A new road for cancer drug discovery. Trends Cancer.
2020;6(9):757-766.

How to cite this article

Mater Y. Investigation into the Usability of the Maackia
amurensis Lectin in Bacterial Diagnosis with the Help of Trans-
mission Electron Microscope. Eur J Biol 2023; 82(2): 161-166.
DOI:10.26650/EurJBiol.2023.1330829




