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1. Introduction
1.1. Terminology

1) Enzymatic reaction mechanisms involve the delocalization of electrons from
one atom to another within chemically reactive entities, depicted using arrows and
catalyzed by enzymes. In other words, an electron-poor atom or electrophile ac-
cepts electrons originating from a nucleophile or base rich in electrons.

2) An enzyme is a protein that binds or reacts with a particular substrate to
bring the concerned chemical reactive entities close to one another so that they
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can interact to generate bonds; consequently, the activation energy decreases.

3) In this conceptual study, extracellular organic compounds refer to carbohy-
drates, proteins, and lipids derived from the decomposition or hydrolysis of ani-
mal waste, which will be absorbed by plant roots as nutrients.

4) Plant absorption is the penetration process of extracellular chemical prod-
ucts, notably carbohydrates, proteins, and lipids, into plant cells, specifically into
the plant cellular cytoplasm.

5) An analogous compound is a corresponding product generated from the
combination of a single substrate with an appropriate reagent, which is similar to
the parent substrate. Because of the similarity of an analogous product, it can dif-

fuse or pass through the plant cellular membrane.

1.2. Objectives

In connection with our ongoing research on organic waste to produce fertilizers, I
would like to report herein detailed reaction mechanisms, which I have applied to
plant cellular chemical constituents and animal waste components such as carbohy-
drates, lipids or fatty acids esterified to glycerol including proteins [1]. Indeed, ani-
mal waste components or extracellular organic compounds react with plant cellular
membrane components, namely glycoproteins, glycolipids, and phospholipids, so
that they can easily be absorbed as substantial nutrients for plant development [2].
The descriptive enzymatic reaction mechanisms revealed in this article remain an

added value for comprehensive plant nutritional absorption.

2. Plants

Enzymes are significantly involved in the degradation of carbohydrates, lipids,
and proteins so that plants can easily utilize their derived molecules for growth
and replenishment. In this context, farmers using organic fertilizers can better
understand the enzymatic processes regarding nutritional cycling and chemical
modifications because these processes are substantial for correctly fertilizing the

soil or making it productive.

3. Animal Waste Organic Compound Constitution

Animal waste mainly contains carbohydrates, lipids, and proteins as organic com-
pounds. They are enzymatically decomposed into glucose, fatty acids, and amino
acid units, respectively [3]-[9]. In other words, due to their functional groups,
carbohydrates, proteins, and lipids behave as acids, bases, nucleophiles, or elec-
trophiles toward soil microbial enzymes to achieve their hydrolysis. Their deriva-
tives, notably glucose and amino acids, including fatty acids, will then react with
glycoproteins, glycolipids, and phospholipids before entering plant cellular cyto-
plasm or being absorbed as nutrients by plants [3]-[9].

3.1. Enzymatic Animal Waste Carbohydrate Hydrolysis

Soil microbes release enzymes into the intracellular medium, and these enzymes
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can pass through the cellular membrane to operate in an extracellular medium.
Indeed, it has been reported that extracellular enzymes act as organic catalysts to
accelerate the degradation of organic substances, including a-glucosidase, S-glu-
cosidase, a specific enzyme that catalyzes the hydrolysis of glycosidic bonds and
degrades complex carbohydrates such as cellulose into glucose [10]-[12].

The detailed carbohydrate hydrolysis mechanism will be particularly illustrated
by utilizing the cellulose hydrolysis reaction mechanism under specific enzymatic
catalysis [13]-[18]. Indeed, the experimental analysis revealed that at 45°C the cel-
lulase catalytic activity was still operational (Scheme 1, reaction 1). From the same
perspective, it has been reported that aspartate, cysteine, and glutamate amino
acid residues have been observed in the cellulase enzymes’ active sites [13]-[18].
Indeed, amino acids are dissociated in the physiological medium due to its basicity

(Scheme 1, reaction 2).
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3.1.1. Glucose Addition to Plant Cellular Membrane Glycoprotein

Before entering the plant cellular cytoplasm or being absorbed by the plant roots,
the glucose (axial isomer or equatorial isomer) will react with glycoprotein to gen-
erate the corresponding analogous product or glycoprotein analog, which is sim-
ilar to the original glycoprotein. Therefore, the produced glycoprotein analog can
easily pass through the plant cellular membrane and reach the cytoplasm, where
it will be hydrolyzed to release the expected glucose for the benefit of the plant. In
this regard, the plausible mechanism involves the reaction of the enzyme conju-
gate base with the equatorial isomer hydroxyl group to enhance its nucleophilic
character (Scheme 2, reaction 1). This step is followed by the nucleophilic addition
of the glucose conjugate base to glycoprotein to eject the leaving group and to
produce the expected glycoprotein analog (Scheme 2, reaction 2). The following
step is the hydrolysis of the glycoprotein analog within the plant cellular cyto-
plasm, and it will be metabolized to contribute to adequate plant growth (Scheme
2, reactions 4-5). The final steps of this reaction process are the regeneration of

glycoprotein including the enzyme (Scheme 2, reactions 7-8).
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3.1.2. Glucose Addition to Plant Cellular Membrane Glycolipids
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The glucose conjugate base as a powerful nucleophile will react with glycolipid to

afford a glycolipid analog. In other words, it is a substitution reaction in which the
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addition of the nucleophile to the substrate will displace the leaving group
(Scheme 3, reaction 1). As previously stated, the enzyme will activate the substrate
to bring it closer to the glucose conjugate base so that they can easily combine or
react to substitute the leaving group and furnish the expected glycolipid analog
(Scheme 3, reactions 1-2). When the glycolipid analog reaches the plant cellular
cytoplasm, it will be disintegrated under the action of a molecule of water, pro-
ducing or releasing the appropriate glucose as well as the corresponding diglycer-
ide or diacylglycerol (Scheme 3, reactions 3-5). The final stage of this kind of re-

action is the regeneration of the glycolipid substrate (Scheme 3, reactions 6-8).

3.1.3. Glucose Addition to Plant Cellular Membrane Phospholipid

The addition reaction of glucose to phospholipid offers two possibilities. Un-
doubtedly, glucose can react with the phospholipid to remove the diglyceride con-
jugate base as a leaving group to generate the corresponding glucose phosphate,
which is analogous to phospholipid (Scheme 4, reaction 1). Indeed, due to their
similarity, the glucose phosphate will diffuse effortlessly through the plant cellular
membrane and reach the cellular cytoplasm. In the same regard, the diglyceride
ion (nucleophile) will react with the carbo-oxonium (electrophile) to afford the
corresponding product that will also smoothly enter the plant cellular membrane

(Scheme 4, reaction 2).
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Glucose phosphate, due to its phosphate moiety as well as its phospholipid an-
alog, will therefore be hydrolyzed to release the expected glucose into the plant
cellular cytoplasm, where it will be metabolized to fulfill its energetic role in the

development of the desired plant (Scheme 5).

DOI: 10.4236/ijoc.2026.162002

14 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002

T. M. Mwene-Mbeja

OH

HO O on HO_,.O

oL + MO

%Qmo %/ * H’é‘P/ — M= dbo
H o ©

Regenerated glucose

Scheme 5a
R
OH RN OH Q
(o\/io Rano RN
4 2 HO 0 3
2. HO 9 O\)\/O - HO p OQ\/O H- g
H
i H
OH
o OH
HO
H
H
OH
OH OR'
3 HQ ° O\)\/OH 4
= — OO e \
H 0)

Twist-boat

OH
ol W T

Regenerated glucose

Scheme 5b

3.2. Enzymatic Animal Waste Lipid Synthesis

Lipids are organic compounds, which are constituted by fatty acids esterified to
glycerol moisture. Indeed, glycerol is an alcohol bearing three hydroxyl groups
that act as nucleophiles to displace three molecules of water from free fatty acids
to produce triglyceride under an appropriate acid catalyst, which can be esterase
or lipase because both enzymes catalyze the synthesis or the hydrolysis of esters
[19]-[23]. This kind of synthetic reaction is known as the esterification of fatty
acids, in which an acid catalyst favors the production of triglyceride or biodiesel.
In this context, it has been reported that the essential active site amino acid resi-
dues of esterase or lipase are mainly comprised of aspartate, histidine, and serine
that form the root of the enzymatic catalytic activities (Scheme 6) [19]-[23].
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Concerning the plausible mechanism of the esterification catalyzed by a specific
enzyme, the first step is the protonation of the fatty acid by aspartic acid to gen-
erate aspartate, which will then deprotonate a molecule of glycerol to afford a cor-
responding conjugate base of glycerol and a regenerated aspartic acid (Scheme 7,
reactions 2-3). The following step is the reaction between the glycerol conjugate
base and the protonated fatty acids to remove 3 molecules of water and furnish

the expected triglyceride (Scheme 7, reaction 4).
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Enzymatic Hydrolysis of Animal Waste Lipids

Having the synthesized lipid or triglyceride in mind, the bacterial enzymatic hy-
drolysis of lipids will therefore take place to release three molecules of fatty acids
and a molecule of glycerol (Scheme 8). In this context, it has been reported that
the essential active site amino acid residues of esterase are also applicable for the
hydrolysis pathway [19]-[23]. Indeed, to illustrate animal waste lipid hydrolysis,
trans-octadecenoic acids which have been observed in rats can be used for this
purpose [19]-[23]. Regarding the reaction mechanism, the first stage is the proto-
nation or activation of the ester moiety by the enzyme because the ester carbonyl
group is less electrophilic due to the free electron pair on the oxygen atom, which
can be delocalized toward the carbon atom of the carbonyl group, thereby de-
creasing its electrophilic character (Scheme 8, reactions 1-2). The ester carbonyl
group being activated, three molecules of water will now hydrolyze the entire tri-
glyceride with the support of the aspartic acid conjugate base and the serine con-
jugate base to furnish the expected three molecules of fatty acids and a molecule

of glycerol (Scheme 8, reactions 3-7).
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1) Enzymatic Addition of Fatty Acids to Plant Cellular Membrane Glyco-
protein

To overcome the addition of fatty acid to glycoprotein, it is important to depro-
tonate the fatty acid to generate the corresponding acetate moiety derived from
the fatty acid, which will then react with the oxonium ion generated from the
twist-boat conformation adopted by the glycoprotein to facilitate the departure of
the leaving group (Scheme 9, reaction 2). The following reaction stage is the com-
bination of the oxonium ion with the fatty acid acetate moiety to achieve the for-
mation of the glycoprotein-analogous product (Scheme 9, reaction 4). The final
reaction step is the protonation of the protein conjugate base by the glutamic acid
moiety of the enzyme to regenerate the enzyme as well as the protein containing
an asparagine residue (Scheme 9, reaction 5). Indeed, the literature has revealed
that glycosaminidase is specifically susceptible to achieving this kind of hydrolysis
reaction and that the glutamic acid residue constitutes its catalytic action [14].
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2) Enzymatic Addition of Fatty Acids to Plant Cellular Membrane Glycoli-
pid

Transesterification is a suitable reaction to explain how animal waste fatty acids
connect or react with plant cellular membrane glucolipids to afford the corre-
sponding glucolipid analogues, which will then diffuse smoothly and fully through
the plant cellular membrane to penetrate the plant cytoplasm for absorption pur-
poses (Scheme 10). Indeed, the glutamate residue is more nucleophilic than the
glutamic acid residue due to its free electron density, which allows it to easily re-
move the proton from the carboxylic group of the fatty acid to generate the cor-
responding carboxylate or the nucleophilic conjugate base (Scheme 10, reactions
1-2). In the following step, the generated nucleophilic conjugate base will decom-
pose the plant membrane glucolipid to furnish the corresponding glucolipid ana-
logue (Scheme 10, reaction 3). It is important to note that this process is called a
transesterification reaction because the starting product or substrate possesses an
ester moiety, which is maintained in the product after its transformation (Scheme
10, reaction 3). It is also important to mention that the structure of a compound
determines its reaction behavior (Scheme 10).

3) Enzymatic Addition of Fatty Acid to Plant Cellular Membrane Phospho-
lipid

The transesterification chemical modification is appropriately applied to demon-

strate the enzymatic catalysis of the addition of a fatty acid to a plant membrane
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phospholipid. Indeed, it is notable to recall that a transesterification reaction is
a chemical transformation of an ester as a starting material to afford another
ester as a final product. Having that in mind, the connection of oleic acid, a
fatty acid found in meat animals [19]-[23], to a phospholipid will displace a
molecule of a linoleic acid residue or a molecule of a stearic acid residue as a
leaving group to generate a corresponding analogous compound (Scheme 11,
reaction 2). In other words, the plausible enzymatic mechanism of this kind of
substitution reaction starts with the deprotonation of oleic acid to produce the
acetate or the conjugate base of oleic acid and the conjugate acid of the gluta-
mate residue (Scheme 11, reaction 2). The following step is the substitution of
the stearic acid residue by the conjugate base of oleic acid, which behaves as a
nucleophile, to furnish the corresponding phospholipid analog, capable of pen-
etrating the plant cellular cytoplasm, and a conjugate base of stearic acid
(Scheme 11, reaction 3). The final step concerns the protonation of the stearic
acid conjugate base by the glutamate residue conjugate acid to regenerate the
glutamate residue characteristic of the specific enzyme of this transesterifica-

tion catalysis (Scheme 11, reaction 4).

DOI: 10.4236/ijoc.2026.162002

21 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002

T. M. Mwene-Mbeja

X
Linoleic acid resisdue
1 O@ T 2
© Ofb/o\’l)\/o\g/\/\/\/\/\/\/\/\/
o) : Stearic acid residue
Phospholipid
0] 0]

Oleic acid

Scheme 11a
A
O~ 0
3. 00 P/OJ\go\g/\/\/\/\/\/\/\/\/
+
(0]
O S
fj?
l 0”0

Phospholipid analogous

9 R i R'
R R' .
by p
4, %—@O p .
., \g/\/\/\/\/\/\/\/\/ -
O 9’) . ) 07 ™0
Stearic conjugate base

Enzyme regeneration

Ho\g/\/\/\/\/\/\/\/\/
Stearic acid regenaration

Scheme 11b

DOI: 10.4236/ijoc.2026.162002 22 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002

T. M. Mwene-Mbeja

3.3. Enzymatic Animal Waste Protein Hydrolysis

Protein hydrolysis is defined as the disintegration of a protein into different amino
acids under the action of an enzyme and a molecule of water. The hydrolysis re-
action can take place in an acidic medium or a basic medium because of the nature
or the chemical properties of the catalysis. In the current situation, due to the
chemical properties of the lateral chains of the amino acid residues, the enzyme
can behave as an acid catalyst or a base catalyst. In order to avoid confusion, it is
meaningful to note that an enzyme is a particular protein, which catalyzes or ac-
celerates the velocity or the speed of a specific reaction to achieve the desired prod-
uct because of the polar amino acids of its active site, such as a glutamate residue
(Scheme 12). This is a single region that constitutes the root of the catalytic activity
of an enzyme.

To accomplish the enzymatic animal protein hydrolysis, the enzyme protonates
the protein carbonyl oxygen atom to increase the electrophilic character of the
carbonyl group carbon and to afford the corresponding conjugate protein acid as
well as the conjugate enzyme base (Scheme 12, reaction 2). In the following step,
a molecule of water donates its free electron pair to the carbonyl group carbon
previously protonated by the enzyme, cleaving the targeted peptide bond or amide
bond and furnishing the expected amino acids as well as the regenerated enzyme
(Scheme 12, reactions 3-5). The remaining protein portion is hydrolyzed follow-
ing the same hydrolysis procedure (Scheme 12, reaction 6). The amino acids ob-
tained from the enzymatic animal waste protein hydrolysis are therefore absorbed
or incorporated into the plant cells through glycoprotein analog, glycolipid ana-

log, or phospholipid analog synthesis (Scheme 12, reactions 5-9).

3.3.1. Enzymatic Addition of Amino Acids to Plant Cellular Membrane
Glycoproteins

Considering the structure of the involved reactive entities, such as glycoprotein
and histidine, the suitable addition of amino acids to glycoprotein is essentially a
substitution reaction to substitute the protein moisture with histidine to generate
a glycoprotein analog. In other words, the glycosyl fragment will remain in place
or be conserved in the produced glycoprotein analog (Scheme 13, reaction 1). In-
deed, the reaction mechanism will involve the protonation of the glycoprotein by

the enzyme to obtain the corresponding glycoprotein conjugate acid as well as an
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enzyme conjugate base (Scheme 13, reaction 1). In the following stage, the glyco-
protein conjugate acid will adopt a twist-boat conformation to arrange the leaving
group in a position opposite to the intracyclic oxygen atom of the glucosyl mois-
ture, a structure that favors the departure of the leaving group (Scheme 13, reac-
tion 2). The produced carbo-oxonium ion will receive the nitrogen’s free double
electrons from histidine to generate a protonated product, which will concede a
proton to an appropriate conjugate base to produce a corresponding glycoprotein
analog (Scheme 13, reactions 3-4). This type of analog will now be susceptible to
penetrating the plant cytoplasm (Scheme 13, reactions 3-4). When the glycopro-
tein analog is now available in the plant cytoplasm, it will disintegrate to regener-
ate the corresponding histidine (Scheme 13, reactions 5-6).
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3.3.2. Enzymatic Addition of Amino Acids to Plant Cellular Membrane
Glycolipids

To afford the enzymatic addition of an amino acid to a plant cellular membrane
glycolipid, the amino acid, such as histidine, will react with the enzyme to furnish
the enzyme conjugate base and the histidine conjugate acid (Scheme 14, reaction
1). In the following step, the glycolipid will adopt the twist-boat conformation to
align the leaving group in a favorable orientation to produce the conjugate base of
the leaving group as well as the carboxonium ion (Scheme 14, reaction 2). From
the same perspective, the leaving group conjugate base, as a very good nucleophile,
will react with the histidine conjugate acid to remove the histidine ammonium
group, producing the glycolipid analog, which will penetrate the plant cytoplasm
(Scheme 14, reaction 3). Another equivalent of histidine will react with the car-
boxonium ion to regenerate the enzyme and to produce glycol histidine. Bearing
the glucosyl moiety, the glycol histidine will also diffuse through the plant mem-
brane to reach the cytoplasm (Scheme 14, reactions 4-5).
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3.3.3. Enzymatic Addition of Amino Acids to Plant Cellular Membrane
Phospholipids

In this kind of enzymatic addition reaction, the enzyme protonates the phospho-
lipid phosphate group (Scheme 15, reaction 1). The protonated phosphate group
is then removed by the nucleophilic addition of an adequate amino acid such as
histidine to generate the corresponding intermediate compound (Scheme 15, re-
action 2). This intermediate compound is subsequently deprotonated by the en-
zyme conjugate base to furnish the corresponding phospholipid analog (Scheme
15, reaction 3). Being similar to the parent phospholipid, the analog diffuses
through the plant cellular membrane to reach the cytoplasm, where it is hydro-
lyzed to free the histidine for the benefit of the plant (Scheme 15, reactions 4-6).

The enzyme is also regenerated in the plant cytoplasm (Scheme 15, reaction 7).
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4. Conclusions

The current paper is an excellent demonstration of how extracellular organic com-
pounds can diffuse through the plant cellular membrane. In fact, I have compre-
hensively detailed the mechanisms for the plant absorption of animal waste nutri-
ents, particularly carbohydrates, lipids, and proteins. These animal waste sub-
stances are first decomposed or hydrolyzed by microorganisms through their en-
zymes, and then the resulting products, which are extracellular compounds, will
then react or combine with the plant cellular membrane constituents such as gly-
coprotein, glycolipid, and phospholipid to acquire new shapes or structures that
are similar or analogous to the plant cellular membrane constituents. The for-
mation of glycoprotein, glycolipid, and phospholipid analogues is a subtle path-

way to better understand the integration of animal waste compounds into the
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plant cellular cytoplasm or their absorption by roots for the development of the
plant.

Compared to the literature, the proposed plant uptake routes for organic nutri-
ents are identical to the purpose of this conceptual study or theoretical elucida-
tion, even if the used concepts are related to other scientific disciplines or research
domains. For instance, it has been reported that plant roots interact with soil mi-
crobes to increase nutrient accessibility and plant health [24] [25]. In the same
context, the experimental observations reveal that cellular membranes are consti-
tuted by glycoproteins, glycolipids, and glycerophospholipids [26]. In other words,
plant root cellular constituents, particularly glycoproteins, glycolipids, and phos-
pholipids, are plant root cellular membrane receptors, which interact with extra-
cellular organic nutrients including carbohydrates, proteins, and lipids to generate
the corresponding analogous products.

As I have explained previously, when extracellular organic compounds connect
with intracellular receptors, they react or interact because they have functional
groups at which organic reactions take place, and for that reason, they can behave
as acids, bases, electrophiles, or nucleophiles depending on the reaction condi-

tions, like enzymes acting as natural catalysts.

Conflicts of Interest

I declare that I have no conflict of interest regarding the publication of this paper.

References

[1] DeBruyn,J.M., Keenan, S.W. and Taylor, L.S. (2025) From Carrion to Soil: Microbial
Recycling of Animal Carcasses. Trends in Microbiology, 33, 194-207.
https://doi.org/10.1016/j.tim.2024.09.003

[2] Mwene-Mbeja, T.M. (2024) Conceptual Study of Enzymatic Organic Reactions in the
Bacteriophage Therapy. Open Journal of Chemistry, 10, 73-79.
https://doi.org/10.17352/0jc.000042

[3] Yang, X, Li, L., Zhao, W., Wang, M., Yang, W., Tian, Y., et al. (2023) Characteristics
and Functional Application of Cellulose Fibers Extracted from Cow Dung Wastes.
Materials, 16, Article 648. https://doi.org/10.3390/ma16020648

[4] Mwene-Mbeja, T.M. (2022) Chemistry of Organic Additives in the Food Preserva-
tion. Journal of Chemical, Biological and physical Sciences, 13, 29-37.

[5] Mwene-Mbeja, T.M. (2022) Enzymatic Catalysis Conceptual Study. Journal of Chem-
ical, Biological and physical Sciences, 12, 217-236.

[6] Shorthouse, D., Hedger, G., Koldsg, H. and Sansom, M.S.P. (2016) Molecular
Simulations of Glycolipids: Towards Mammalian Cell Membrane Models. Biochimie,
120, 105-109. https://doi.org/10.1016/j.biochi.2015.09.033

[7]1 Martiniére, A. and Runions, J. (2013) Protein Diffusion in Plant Cell Plasma Mem-
branes: The Cell-Wall Corral. Frontiers in Plant Science, 4, Article 515.
https://doi.org/10.3389/fpls.2013.00515

(8] Harrison, R. and Lunt, G.G. (1980) Glycoproteins, Glycolipids and Cellular Recogni-
tion. In: Biological Membranes, Springer, 130-165.
https://doi.org/10.1007/978-94-011-6857-1 7

DOI: 10.4236/ijoc.2026.162002

31 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002
https://doi.org/10.1016/j.tim.2024.09.003
https://doi.org/10.17352/ojc.000042
https://doi.org/10.3390/ma16020648
https://doi.org/10.1016/j.biochi.2015.09.033
https://doi.org/10.3389/fpls.2013.00515
https://doi.org/10.1007/978-94-011-6857-1_7

T. M. Mwene-Mbeja

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Gahmberg, C.G. (1981) Membrane Glycoproteins and Glycolipids: Structure, Local-
ization and Function of the Carbohydrate. In: New Comprehensive Biochemistry,
Elsevier, 127-160. https://doi.org/10.1016/50167-7306(09)60008-9

Daunoras, J., Kacergius, A. and Gudiukaité, R. (2024) Role of Soil Microbiota En-
zymes in Soil Health and Activity Changes Depending on Climate Change and the
Type of Soil Ecosystem. Biology, 13, Article 85.
https://doi.org/10.3390/biology13020085

Li, L.Q., Liu, H.Y.,, Liu, T.Y., et al (2025) f-Glucosidase: Progress from Basic Mech-
anism to Frontier Application. Fermentation, 11, Article 588.
https://doi.org/10.3390/fermentation11100588

Huang, K.X,, Jiang, Y.X., Dang, Y.R. and Qin, Q.L. (2024) Release of Intracellular
Enzymes Increases the Total Extracellular Activities of Carbohydrate-Processing En-
zymes in Marine Environment. FEMS Microbiology Letters, 371, fnae077.
https://doi.org/10.1093/femsle/fnae077

Mwene-Mbeja, T.M. and Vaneeckhaute, C. (2019) Conference Paper: Green Industry
Adapted to Recycling Needs of Lubumbashi City and Surrounding Areas in Demo-

cratic Republic of the Congo. Green and Sustainable Chemistry, 9, 11-25.
https://doi.org/10.4236/gsc.2019.91002

Fouda, A., Alshallash, K.S., Atta, H.M., El Gamal, M.S., Bakry, M.M., Alawam, A.S.,
et al. (2024) Synthesis, Optimization, and Characterization of Cellulase Enzyme Ob-
tained from Thermotolerant bacillus Subtilis F3: An Insight into Cotton Fabric Pol-
ishing Activity. Journal of Microbiology and Biotechnology, 34, 207-223.
https://doi.org/10.4014/jmb.2309.09023

Yunus, G. and Kuddus, M. (2021) Cold-Active Microbial Cellulase: Novel Approach
to Understand Mechanism and Its Applications in Food and Beverages Industry.
Journal of Microbiology, Biotechnology and Food Sciences, 10, 524-530.

Bras, J.L.A., Cartmell, A., Carvalho, A.L.M,, Verzé, G., Bayer, E.A., Vazana, Y., ef al
(2011) Structural Insights into a Unique Cellulase Fold and Mechanism of Cellulose
Hydrolysis. Proceedings of the National Academy of Sciences, 108, 5237-5242.
https://doi.org/10.1073/pnas.1015006108

Mwene-Mbeja, T.M., Muzala Ndala, J., Kitambala, M.M., et al (2017) Synthesis of
Alkyl Esters from Vegetable Oils Catalyzed by Lemon Juice as Natural Catalyst and
Ethanol as Reagent. Journal of Chemical and Pharmaceutical Research, 9, 83-87.
Badieyan, S., Bevan, D.R. and Zhang, C. (2012) Probing the Active Site Chemistry of
F-Glucosidases along the Hydrolysis Reaction Pathway. Biochemistry, 51, 8907-8918.
https://doi.org/10.1021/bi300675x

Reichwald-Hacker, 1., Grosseoetringhaus, S., Kiewitt, I. and Mukherjee, K.D. (1980)
Molecular Structure of Glycerolipids in Rats Fed Partially Hydrogenated Triacylglyc-
erols. The Journal of Nutrition, 110, 1122-1129.
https://doi.org/10.1093/in/110.6.1122

Bracco, P., van Midden, N., Arango, E., Torrelo, G., Ferrario, V., Gardossi, L., et al.
(2020) Bacillus Subtilis Lipase A—Lipase or Esterase? Catalysts, 10, Article 308.
https://doi.org/10.3390/catal10030308

Kumar, R. (2023) Structural Dynamics and Mechanistic Action Guided Engineering
of Lipolytic Enzymes. Journal of Cellular Biochemistry, 124, 877-888.
https://doi.org/10.1002/jcb.30410

Sahutoglu, A.S., Duman, H., Frese, S.A. and Karav, S. (2020) Structural Insights of
Two Novel N-Acetyl-Glucosaminidase Enzymes through in Silico Methods. Turkish
Journal of Chemistry, 44, 1703-1712. https://doi.org/10.3906/kim-2006-19

DOI: 10.4236/ijoc.2026.162002

32 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002
https://doi.org/10.1016/s0167-7306(09)60008-9
https://doi.org/10.3390/biology13020085
https://doi.org/10.3390/fermentation11100588
https://doi.org/10.1093/femsle/fnae077
https://doi.org/10.4236/gsc.2019.91002
https://doi.org/10.4014/jmb.2309.09023
https://doi.org/10.1073/pnas.1015006108
https://doi.org/10.1021/bi300675x
https://doi.org/10.1093/jn/110.6.1122
https://doi.org/10.3390/catal10030308
https://doi.org/10.1002/jcb.30410
https://doi.org/10.3906/kim-2006-19

T. M. Mwene-Mbeja

(23]

(24]

(25]

[26]

Dinh, T.T.N,, Virellia, K.T. and Schilling, M.W. (2021) Fatty Acid Composition of
Meat Animals as Flavor Precursors. Meat and Muscle Biology, 5, 1-16, 34.
https://doi.org/10.22175/mmb.12251

Anbarasan, S. and Ramesh, S. (2021) The Role of Plant Roots in Nutrient Uptake and
Soil Health. Plant Science Archives, 6, 5-8. https://doi.org/10.51470/psa.2021.6.1.05

Martiniére, A., Lavagi, I., Nageswaran, G., Rolfe, D.J., Maneta-Peyret, L., Luu, D., et
al. (2012) Cell Wall Constrains Lateral Diffusion of Plant Plasma-Membrane Pro-
teins. Proceedings of the National Academy of Sciences, 109, 12805-12810.
https://doi.org/10.1073/pnas.1202040109

Hanafusa, K., Hotta, T. and Iwabuchi, K. (2020) Glycolipids: Linchpins in the Organ-
ization and Function of Membrane Microdomains. Frontiers in Cell and Develop-
mental Biology, 8, Article 589799. https://doi.org/10.3389/fcell.2020.589799

DOI: 10.4236/ijoc.2026.162002

33 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2026.162002
https://doi.org/10.22175/mmb.12251
https://doi.org/10.51470/psa.2021.6.1.05
https://doi.org/10.1073/pnas.1202040109
https://doi.org/10.3389/fcell.2020.589799

	Enzymatic Reaction Mechanisms Regarding Animal Waste Natural Organic Compounds Plant Absorption Conceptual Study
	Abstract
	Keywords
	1. Introduction
	1.1. Terminology 
	1.2. Objectives 

	2. Plants 
	3. Animal Waste Organic Compound Constitution 
	3.1. Enzymatic Animal Waste Carbohydrate Hydrolysis 
	3.1.1. Glucose Addition to Plant Cellular Membrane Glycoprotein 
	3.1.2. Glucose Addition to Plant Cellular Membrane Glycolipids 
	3.1.3. Glucose Addition to Plant Cellular Membrane Phospholipid 

	3.2. Enzymatic Animal Waste Lipid Synthesis 
	Enzymatic Hydrolysis of Animal Waste Lipids 

	3.3. Enzymatic Animal Waste Protein Hydrolysis 
	3.3.1. Enzymatic Addition of Amino Acids to Plant Cellular Membrane Glycoproteins 
	3.3.2. Enzymatic Addition of Amino Acids to Plant Cellular Membrane Glycolipids 
	3.3.3. Enzymatic Addition of Amino Acids to Plant Cellular Membrane Phospholipids 


	4. Conclusions 
	Conflicts of Interest
	References

