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Mannan: structure, biosynthesis, and methods extraction
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In recent decades, interest in biologically active Mannan-oligosaccharides isolated from yeast, algae, and higher plants have
grown. The growth is due to their attractive properties, which have expanded their use and application not only in the food
industry but also in medicine and animal feed. Indeed, the yeast extracts sector generates an enormous amount of yeast
cell wall (YCW) as a by-product, so increasing attention is being paid to the yeast cell wall (YCW) as a promising source
mannan. This review presents various sources of mannan and its structure and highlights the biosynthesis of mannan
in S. cerevisiae yeast and its extraction methods.
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B nocneonue oecamunemusn nabniooaemcea évicOKUil unmepec K MAHHAHOIUZOCAXAPUOAM, BbIOETICHHBIM U3 OPOIHCICell,
6000pocnell u 8bICUIUX PACMEHUIL, YO 00YCN06/1€HO UX OUOI02UYEeCKU AKMUGHBIMU CEOICMEAMU, KOMOPbLE NO3GONAIOM
UCNO1b306aMb OAHHbLIL NOIUCAXAPUO HE MOTILKO 8 NUWLEBOI NPOMBIULIEHHOCIU, HO MAKJce 6 MEOUUUHE U KOPpMAX 01
scugomnuix. Ilpu smom cekmop 0podHciHcesbix IKCMPAKIMOE 6 Kauecmee no6OUH020 RPOOYKINA NPOU3EOOUM 0ZPOMHbIE
KOIUYecnea OpodHciHcesbix KaemouHblX CIeHOK, KOmopble AGNAIOMCA MHOZ000eujaioujum ucmouHuKoM Maunana. OcHos-
HOe GHUMaHUe OAGHHOZ0 0030pa y0eneHo OCHOGHLIM UCIOYHUKAM MAHHANHA, €20 CMPYKHYPe, OUOCUHMEY 6 OPOHCHCEEOT
Knemke S. cerevisiae, a makaice Memooam IKCMPaAKyuu.
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Introduction bacteria, fungi, and yeast. In nature, mannan generally is

Mannan is a polysaccharide widely distributed in na- associated with other sugars, including galactose and glu-
ture, formed from mannose residues linked by  [1]-[4] cose, so there are distinct forms generally recognized de-
bonds. It is obtained from various sources, such as plants, pending on the relative amounts of the additional sugars



60

BECTHUK MAX N2 1, 2021

such as glucomannan, galactomannan, and glucogalacto-
mannan.

Mannan polysaccharides have many attractive proper-
ties, such as biological activity, non-toxicity, rare adverse side
effects, and this made it a focus of interest by various sectors
[1]. In this context, many studies have shown the successful
use of mannan as a biologically active substances in medicine
and, even more, on the use of mannan as additives in the food
industry and animal feeding. Studies have shown the impor-
tance of mannan in enhancing the immune system and sup-
pressing the pathogens and its importance in improving
the digestive system’s health and thus improving growth per-
formance and health [2, 3].

Recently there is an increasing focus on the mannan ex-
tracted from the yeasts for two essential reasons: Firstly,
the yeast extracts sector produces a significant amount of
(YCW) as a by-product, and secondly, yeast cell walls are
cheap, so using them as raw material to extract mannan is
a right choice [2]. Most of the yeast mannan is localized
in the cell wall and is bound to the mannoprotein’s protein
complex. This type of mannan has an a-(1-6) linked
to the main chain, and a-(1-2) and a-(1-3) linked branches.
Mannan, obtained from the yeast cell wall, inhibits coloni-
zation of pathogenic bacteria in the gut [4, 5].

Besides, the mannan obtained from yeast is used as addi-
tives, both for human and animal feed, to prevent diarrhea [3].
Similarly, many studies reported improved performance, gained
bodyweight and reduced mortality rates for birds fed on the man-
nan oligosaccharides containing diet [6, 7]. In the food industry,
mannan’s antioxidant properties have expanded its application
as antioxidant additives in food products [1]. Besides, mannan
polysaccharide derived from yeast acts as prebiotic, where
the addition of mannan extracted into yogurts has increased
the viability of probiotic bacteria [8].

1. Mannan sources

Mannan is a polysaccharide mainly consisting of D-man-
nose. In most cases, mannan is found along with other sugars,
such as glucose and galactose. Mannan is obtained from var-
ious sources. In plants, it plays a storage function as a reserve
carbohydrate in seeds and vegetative tissues.

It has a structural role since it is involved in the cons-
truction of hemicellulose, representing about 23—32% of plants’
polysaccharide composition. Therefore, mannan with cellulose
and lignin are the main components of plants [9]. Besides its
structural role and functions as a reserve carbohydrate, man-
nan, which is found as a constituent of some plants’ cell walls
like fern roots, has a defense mechanism that limits the bac-
terial ingress [10]. Hemicellulose, which contains mannan and
heteromannan, is widely available in biological waste from
agricultural residues such as grass, coffee bean extracts, and
palm Kernel [11]. In addition to plants, fungi and algae are
also a common resource for mannan, where the Dasycladalean
alga Acetabularia acetabulum has long been known to contain
mannan-rich cell walls [12].

Furthermore, Mannan polysaccharide is the main com-
pound in the yeast cell wall, consisting of three significant com-
pounds: mannan, B-(1,3;1,6)-glucan, and chitin [13]. Since
the yeast production sector produces a large amount of cell wall
as a by-product and in addition to its low price, there is an in-
creased interest in the yeast wall as a promising source for man-

nan extraction [13, 16]. Some studies have pointed out the im-
portance of mannan of pathogenic Candida species because of
its role in adhesion to epithelial cells and pathogenicity devel-
opment. Therefore, investigation of the chemical structure of
Candida mannan is necessary to understand the mechanism of
pathogenicity and to develop new antifungal drugs [14, 15].

In Saccharomyces cerevisiae, mannan is localized
in the outer layer of the cell wall and plays an essential role
in determining the yeast’s surface properties. Most of the man-
nan is associated with protein in mannoprotein, which rep-
resents 30—40% (by weight) of the total cell wall [17]. The
mannan oligosaccharide (MOS) obtained from yeast reduces
pathogenic bacteria such as Salmonella, E. coli, and Campy-
lobacter because it attaches and adsorbs those bacteria [18].
Therefore, it inhibits their colonization in the intestines. More-
over, (MOS) can be a prebiotic, and it is a source of nutrients
for the growth of some beneficial bacteria in the colon [2].
Besides the fact that mannan is considered to be the main
component of the cell wall, the yeast can produce and release
it into the culture medium. During the yeast cultivation in a su-
crose-containing medium, the yeast Rhodotorula acheniorum
MC released 6.2 g/l of mannan into the medium after 96 hours
of cultivation, while the yeast Sporobolomyces salmonicolor
ALI produced only 5.6 g/1 of glucomannan after five days of
cultivation [19, 20].

In addition to fungi, algae, and yeast, some reports
demonstrate some bacteria’s ability to produce mannan, such
as the gram-negative bacterium Pseudomonas syringae pv.
ciccaronei, which produces mannan exopolysaccharide.

This polysaccharide consisted of the main chain of
a-(1, 6)-linked mannopyranose units with 80% substituted
at C-2 by mono-, di- and trisaccharide side chains. Mannan
exopolysaccharide, produced by the gram-negative bacterium
Pseudomonas syringae pv. ciccaronei has phytotoxic effects,
and it is the pathogenic agent responsible for the leaf spots of
carob plants [21].

It has also been reported that two water-soluble polysac-
charides have been isolated from marine bacteria Edwardsi-
ella tarda. The polysaccharides consist of a-(1, 3)-linked
mannose residues and branched mannose linkages. These
polysaccharides have good antioxidant activity, which has
expanded their use in the food industry [22].

2. Structure of mannan

Mannan polysaccharide is the main component of hemi-
cellulose. In nature, it exists as a relatively pure mannose poly-
mer (>95%) or is generally associated with other sugars, such
as glucose and galactose. Accordingly, the mannan is classified
into four groups according to the compounds that enter in this
polymer’s composition, including the linear mannan that com-
posed of mannose units joined together by B-(1-4)-links (fig. 1,
a), glucomannan, galactomannan, and glucogalactomannan.

Mannan is the main component of hemicellulose. In na-
ture, it exists as a relatively pure mannose polymer (>95 %)
or is generally associated with other sugars, such as glucose
and galactose. Accordingly, mannan is classified into four
groups, including the linear mannan that consists of mannose
units joined together by B-(1-4)-links (fig. 1, a), glucoman-
nan, galactomannan, and glucogalactomannan.

Glucomannan is a heteropolymer composed of §-(1-4)-
linked D-mannose and D-glucose monomers (fig. 1, b). Glu-
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comannan is a significant constituent in hardwood (angio-
sperm) and softwood (gymnosperms).

Hardwood glucomannan consists of mannan and glucan
in a 2:1 ratio, respectively, without side groups, while soft-
wood mainly consists of galactoglucomannan and glucoman-
nan (which consists of 3:1 mannose and glucose residues,
respectively, with the side group).

Galactoglucomannan contains mannose, glucose, and
galactose residues in a ratio of 3:1:1, respectively, where
the galactose residue is associated with approximately every
15th or 30th unit of mannose in position C6 or with glucose
in position C3.

Glucomannan is extracted from grass and grains such
as rice and wheat, a minor compound of aleurone and endo-
sperm surface layer in grains. Glucomannan is also obtained
from Konjac plants’ roots (Konjac plant or elephant yam,
which is native to the warm and tropical parts of Asia), which
raw roots contain 10-8% glucomannan. Glucomannan iso-
lated from these plants is characterized by its ability to form
a gel, which is affected by sugar and salt concentration. Gelat-
ination is enhanced by sugar and inhibits by salt. This can be
used to control its gelling ability in foods. Glucomannan is
used as a substitute for fat in dairy and meat products [24].

Galactomannan is a hetero-polymer consisting of a 3-1,4-
linked D-mannose chain with D-galactose side groups (fig.
1, ¢). Galactomannans are obtained from various sources,
such as fenugreek seeds (containing 45—-60% of galactoman-
nans), guar gum, and carob trees [26]. Moreover, galactoman-
nans are the main component of the cell wall of Aspergillus
and Penicillium species [25]. Galactomannan is used as a food
thickener because of its high viscosity. It is also considered
an important dietary fiber that can reduce glucose absorption
from the small intestine [26].

Galactoglucomannan is similar to glucomannan, which
consists of B- (1-4)-linked D-mannose and D-glucose mono-
mers, except it has galactose side groups which are attached
to either mannose or glucose [23] (fig. 1, d). Galactoglucoman-
nan is obtained from softwood. Some studies indicate the pro-
biotic properties of galactoglucomannan, which may expand
their application as a dietary supplement in animal feed. Re-
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search data showed the beneficial nutritional properties of
additional Galactoglucomannan in dog food [27, 28].

3. Structure and biosynthesis
of S. cerevisiae cell wall mannan

S. cerevisiae cell wall mannan consists of 50 a-1, 6-linked
mannoses main chain of, to which many branches consisting
of a-1, 2- linked and a-1, 3-linked mannoses are attached.
These macromolecules bind to asparagine in proteins. Also,
mannan has short oligomannoside units with a-1,2 and a-1,3
bonds that bind to serine or threonine in the protein [12, 31].

Mannan may attach to protein by two ways either via the ni-
trogen atom on the side chain of asparagine (N-linkage) or via
oxygen atom on the serine’s side chain threonine (O-linkage).

Thus, the O-linked structures are chains of 4—5 man-
noses attached to serines or threonines, whereas the N-linked
glycans comprise the core structure to which can be attached
an outer chain structure of up to 200 mannose residues (Fig.
2).chain also contains several mannosylphosphatet give the oli-
gosaccharides a negative charge (26,32).

The synthesis of mannoprotein in yeast is a multi-stage
process, including the association of the protein with chain
(glycosylation) and the synthesis of a polysaccharide chain,
which contains mannose residues obtained from the respec-
tive donors. All synthesis steps are carried out using glycos-
yltransferases suitable for each step [35, 36].

The individual stages of biosynthesis are localized in dif-
ferent cellular structures. Starting in the endoplasmic retic-
ulum (ER), continue in the Golgi apparatus, and end the plas-
ma membrane [36].

In yeast, glycosyltransferases involved in mannoprotein
biogenesis use nucleotide sugars such as Uridine diphosphate
glucose (UDP-GIc), Uridine diphosphate N-acetylglucosamine
(UDP-GIcNAc), GDP-Mannose (GDP-Man),dolichol phosphate
mannose (Dol-P-Man), or dolichol phosphate glucose (Dol-P-
Glc) as donors [29, 37]. GDP-Man is formed from Fruc-
tose-6-Phosphate by the sequential actions of phosphomannose
isomerase, phosphomannomutase, and GDP-Man pyrophos-
phorylase. Loss of any of these enzyme activities leads to se-
vere glycosylation and secretion defects [29].

B ~Glucosidase
GH 1,3,9)

GN S, 26 113

a~Galactosidase
el |
GH139 %{/

,\/'&m A T AR

B ~Mannosidase
GH 5,26,113

d

Fig. 1. Types of mannan: a — linear mannan; b — glucomannan; ¢ — galactomannan, d — galactoglucomannan [45]
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Fig. 2. The structure of the mannan from S. cerevisiae showing . X
the inner core and the outer chain oligosaccharides

Dolichol, a product of the mevalonate pathway, plays
a major role in the co-translational modification of proteins,
which is known as N-glycosylation. In yeast, dolichols con-
tain 1418 isoprene units (2-methyl-1, 3-butadiene, which has
the formula CH2=C (CH3) —CH=CH2).

Biosynthesis of dolichol starts with an extension of trans-
farnesyl diphosphate (FPP) by sequential addition of cis-iso-
prene units by the cis-prenyltransferases Rer2 and Srtl!, and
this leads to the formation of a dehydrodolichyl diphosphate
[29]. Then dehydrodolichyl diphosphate subsequently under-
goes the loss of both phosphate groups by unknown enzymes,
resulting in a polyprenol. Finally, the a-isoprene unit of
the polyprenol is then reduced by polyprenol reductase, Dfgl0,
and this saturated polyprenyl alcohol is known as dolichol.
Then dolichol is phosphorylated by the CTP-dependent Dol
kinase (Sec59), which catalyzes the terminal step in dolichyl
monophosphate (Dol-P) biosynthesis [29, 36].

3.1. Protein glycosylation

Proteins can be modified by the addition of carbohydrate
components to form glycoproteins, and this process is called
glycosylation. Glycoproteins are important biomolecules that
play an important role in the cell and can be found mainly
in cell membranes [29].

3.1.1. N-linked glycosylation

N-linked glycosylation begins in the endoplasmic retic-
ulum (EP) and is completed in the Golgi apparatus [31].

As a first step, the Dol-PP-GlcNAc,Man; is formed
on the ER membrane’s cytoplasmic face and translocated into
the EP membrane’s luminal side. Then, Dol-PPGIcNAc,Man;
is extended by four Man and three Glc on the luminal side of
the ER membrane using Dol-P-Man and Dol-P-Glc as donors.
As a result, GleNAc,Man,Glc;, is formed, which is transferred
by the luminal oligosaccharyltransferase (OST) to an asparag-
ine residue Asn-x-Ser/Thr sequons, where X can be any amino
acid except proline [30, 32, 36]. GIcNAc,Man,Glc, (Glc: glucose,
Man: mannose, GlcNAc: N-acetylglucosamine) is trimmed
in the EP before its export the Golgi apparatus to glycans, which
are recognized by the mechanisms that monitor a protein-fold-

1 https://www.yeastgenome.org/locus/S000004707

ing quality [33]. Correctly folded proteins are exported from
the ER to the Golgi apparatus. The trimming occurs by remov-
ing al,2-linked Glc using glucosidase I, and two al,3-linked
Glc using glucosidase I, and then al,2- linked Man using man-
nosidase I, respectively to form GIcNAc,Man, [36].

Glycoproteins are extended in the Golgi apparatus with
a Mannan,, ,, core-type structure or with mannan outer chains,
which contain up to 200 mannose residues. The Golgi Man-
nosyltransferase complex transfers the mannose units from
GDP-Man [29, 31].

Synthesis of yeast mannan’s backbone occurs
in the cis-Golgi, where the formation of core begins when
a single a-1,6-linked mannose residue is transferred by
the Mannosyltransferase (Ochl) to a-1,3-linked mannose res-
idue of the ManyGIcNAc, structure. The elongation of the man-
nan backbone is carried out by the action of two cis-Golgi
mannose polymerase complexes (Man-Pol I and Man-Pol II).
An attractive advantage of these complexes is that they pos-
sess Mannosyltransferase activity and act sequentially
to lengthen mannan’s main chain. Man-Pol I complex contains
proteins Mnn9 and Vanl, whereas Man-Pol II complex con-
tains proteins Anpl, Hocl, Mnn9, Mnn10, and Mnnl1 [29, 36].

The elongation process is continued by adding the first
a-1,6-linked mannose residue to the Ochl-derived N-glycan
(Many,GIcNAc,) using Mnn9, after which 10-15 a-1,6-linked
mannose residues are added using Vanl. Then the a-1,6 back-
bone is extended with 40—60 o-1,6-linked mannose residues
using the M-Pol II complex. The a-1,6 mannan backbone ex-
tension is terminated by an a-1, 2-linked mannose [29, 35, 36].

Branches of a-1, 2-linked mannose residues are added
to the a-1,6-mannan backbone using a-1,2-mannosyltransfer-
ase Mnn2, and then they are extended by residues of a-1,2-
linked mannose using MnnS. Moreover, five additional pro-
teins: Kre2/Mntl, Ktrl, Ktr2, Ktr3, and Yurl participate
in the outer chain extension by adding o-1, 2-linked mannose
residues to the mannan side branches. Finally, the outer chains
are terminated by an a-1, 3-linked mannose, which is added
by Mnnl [35, 36]. Mannan can also be modified using phos-
phomannose, where Phosphodiester-linked mannoses are
associated with al, 2-linked residues. Mnn6 and Mnn4 trans-
fer Phosphomannoses, and the level of phosphorylation is
high at the late log and stationary stage of yeast growth [35].
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Fig. 3. The modification of N-linked glycans in the Golgi of S. cerevisiae [34]

3.1.2. O-linked glycosylation

The O-linked structure consists of a short-chain of 4—5
mannose units attached to serine and threonine. The first two
mannan residues are linked by a-1, 2, and the subsequent ones
are linked by a-1, 3 [38].

The initial step of the O-mannosylation starts in ER,
where the first mannosyl residue from Dol-P-Man is trans-
ferred onto serine or threonine and attached by a-linkage.
O-mannosylation is catalyzed by a family of protein O-Man-
nosyltransferases (PMTs) enzymes. These enzymes participate
in the protein O-mannosylation, where they catalyze manno-
syl residues’ transfer to serine/ threonine [39]. In eukaryotes,
PMTs family is divided into PMT1, PMT2, and PMT4 sub-
families, which differ in protein substrate specificity. S. cer-
evisiae has three members of PMT2, two members of PMT1,
and one member of PMT4 [40], while in other yeasts and fil-
amentous fungi, there is only one member from each [41, 42].

The extension of serine-linked or threonine-linked man-
nose structure occurs in the Golgi apparatus, where up to four
mannosyl residues are added to this structure using enzymes
of the KTR family (Kre2 / Mntl, Ktrl, and Ktr3) that catalyze
a-1, 2 links and enzymes of the MNN1 family (Mnnl, Mnt2,
and Mnt3) that catalyze a-1, 3 links [39].

In S. cerevisiae, O-mannosyl glycan is important for
the stability and function of secretory and membrane proteins.
Therefore, it plays an important role in cell polarity and cell
wall integrity [42].

4. Methods of Extracting Mannan
Oligosaccharides from Yeast

The yeast cell wall consists of polysaccharides (mannan
and B-glucans), protein, lipids, and a small amount of chitin
1 [5]. It was found that most of the mannan is associated with
proteins in the form of mannoprotein complex, which make
up 30—40% of the total cell wall; therefore, the viable ex-
traction of mannan oligosaccharides deserves to be studied
along with the necessary deproteinization [4].

The dilute alkali-Sevage method has proven relevant and
suitable in the extraction of mannan oligonucleotides.

Extraction is an important method used to obtain the wa-
ter-soluble mannan oligosaccharides from the yeast cell wall.
The mannan was obtained from 5 g yeast biomass using 50 ml

of 1% NaOH subjected to 100 °C for 2 hours. The cooling and
neutralizing of the soluble mannan oligosaccharide were done
at pH 7 with dilute HCI solution. The sedimentation of mannan
polysaccharide done using 200 ml of absolute ethanol, which
was added to it after filtration. Then the sediment was washed
with absolute ethanol and diethyl ether, respectively [5, 8].

Three main methods work on different principles, in-
cluding the Sevage (hydrochloric acid) and trichloroacetic
acid (TCA) methods are using for deproteinization.

— Sevage method of deproteinization.

This method involves the addition of isoamyl alcohol
(0.2 volumes) to concentrated crude mannan oligosaccharide
solution in a ratio of 5 to 1. The mixture was placed in a sep-
aratory funnel and shaken for about 5 min. The residual chlo-
roform and aqueous layers were formed, and the chloroform
layer was drawn off. The procedure has to be repeated 3—5
times until precipitate at the interface disappears [5].

— TCA Method of Deproteinization.

TCA Method of Deproteinization involved adjusting
the concentrated crude mannan oligosaccharides solution to pH
3 using a 10% TCA solution overnight. After the sample’s cen-
trifugation for 10 minutes at 5,000 RPM. The resulting precip-
itate is discarded, thus obtaining a deproteinized solution [44].
The procedure has to be repeated more than once.

— Method of Deproteinization Using Hydrochloric
Acid.

Under this method, the concentrated crude mannan oli-
gosaccharides solution is adjusted to a pH of 3 using 2 M
hydrochloric acid overnight. The solution had to be centri-
fuged for about ten minutes at 5,000 RPM [43]. The sediment
has to be discarded to get the deproteinized solution.

Many studies reported that the percentage of deprotein-
ization was higher using the TCA and hydrochloric acid meth-
ods, respectively. While the loss of mannan polysaccharide
using the Sevage method was lower compared to the other
two methods, and this may be due to more obvious damage
to mannan oligosaccharides caused by TCA and hydrochloric
acid, respectively [3, 18].

In terms of experimental operation and safety, the Sav-
age reagent contains poisonous chloroform, and the process
is cumbersome. While the deproteinization using TCA and
hydrochloric acid only needs to be adjusted to pH, allowing
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the protein to settle; therefore, these two methods are widely
used to remove proteins [8, 18].

Conclusion

Mannan is one of the polysaccharides widely distribut-
ed in nature [9]. It enters the formation of hemicellulose
in plants, and it is considered the main compound of the cell
wall in fungi and yeasts [10, 44]. Mannan polysaccharide has
many attractive features that led to a focus on its use in many
sectors such as medicine and nutrition [2, 3].

The yeast cell walls are a very cheap by-product produced
in large quantities by the yeast-extract producing sector and
consists mainly of alkali-soluble mannoprotein compounds
[1, 2]. In this context, using the yeast cell wall as a source for
obtaining mannan has been the focus of many researchers’
attention [1].

Numerous studies have proven that the optimum condi-
tions for obtaining mannan were at a temperature of 100 by
using a 1% sodium hydroxide (NaOH) solution for 2 hours [2].

The use of TCA and hydrochloric acid for deproteiniza-
tion showed a greater loss of mannan polysaccharide than
the Sevage method. This is due to the damage caused by the ef-
fect of these acids on mannan [3]. Despite the loss of mannan
polysaccharides, the Sevage method is less popular than
the other two methods because it is cumbersome and is not
safe because the Sevage reagent contains toxic chloroform [2].
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