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Summary

The phospholipids (PLs) play an important role in building up all the
cells membrane of the animals. In addition, PLs are amphiphilic
compounds that are widely found in the living system. In general, PLs can
be divided into two groups: sphingomyelin and glycerophospholipids,
which include phosphatidylcholine (PC), phosphatidylserine (PS),
phosphatidylethanolamine (PE), phosphatidylglycerol and
phosphatidylinositol.

The hydrolysis of the PLs is the main reaction for lipolysis that
catalyzes in presence of specific enzymes known as phospholipases. In
vitro, there are many studies to understand the mechanism of the
phospholipolytic PLs and what the effect of the environment on this

reaction.

The current study focused on monitoring of the hydrolysis reaction
of PC in acidic medium and compared of the same reaction in alcoholic
medium to find the effect of alcoholic environment on this reaction. In
addition, this work focuses on the enzymatic hydrolysis reactions of the
two PLs derivatives, which are phosphatidylcholine  and
phosphatidylserine, in water as well as in ethanol catalyzing by
phospholipase D to find the impact of the toxic concentration of ethanol
that may lead to damage to the cell membrane. The study shows that there
is clear impact of the change of the nitrogen bases of phospholipids and the

environment of the hydrolysis on the activity of the enzymatic catalyzing.

All products for the hydrolysis of PC in both the acidic and alcoholic
environments were isolated and characterized using the GC-Mass, NMR,
and FTIR spectroscopy.



Depending on the results, the mechanisms of the hydrolysis of PC in
acidic and alcoholic environments were suggested. The final products of
the hydrolysis of PC in acidic medium were choline chloride, palmitic acid,
octadeca-9,12-dienoic acid, and glycerol-3-phospate. However, the
hydrolysis of PC in ethanol provided the following products: choline
chloride, ethyl palmitate, ethyl octadeca-9,12-dienoate, and glycerol-3-
ethylphospate. It can be noted that the glycerol-3-phosphate was formed in
both reactions as backbone of the PC also the choline chloride was

produced during the dissociation from the phosphate group of the PC.

The same reactions above were repeated for two phospholipids,
which were the PC and PS, respectively, in presence of phospholipase D
(PLD) as catalyst. The kinetics of dissociation of the choline from the
phosphate-group in presence of PLD were studied by applying the
Michaelis-Menten equation. The maximum velocity (V) and the
Michaelis-Menten constant (K,,) for all the enzymatic hydrolysis of PC and
PS in presence of PLD at the acidic and alcoholic environments were
determined. The affinity between the phospholipid PC and the enzyme in
the case of using ethanol as a solvent was the least among the other
reactions because it had the highest K, value of 3.664. However, the
enzymatic hydrolysis reaction of PS was the highest affinity among others

by having the lowest K, value.

In addition, the optimization of the enzymatic hydrolysis reactions
which were included the concentration of the substrate, the enzymatic
activity, the pH, and the temperature were performed to ensure that this
enzymatic hydrolysis mimics that occurs in a living system. The
thermodynamic parameters, which include enthalpy change (AH), Gibbs
free energy change (AG) and entropy change (AS) were determined. All the



enzymatic hydrolysis reactions of PC and PS in presence of PLD were

thermodynamically favorable and not spontaneous.

This study has exhibited that all hydrolysis reactions of the
phospholipids in the absence of the enzyme are slower than that in presence
of the PLD. Consequently, all products for the hydrolysis of PC without
enzyme were smoothly isolated and characterized. However, it could not
isolate the products for the enzymatic hydrolysis of the PC and PS due to

the reactions being very fast.

Despite the similarity in mechanisms of the hydrolysis reaction of
the phospholipids (PC and PS) in different environments (acidic and
alcoholic), the differences in byproducts may provide us with a good vision
to predict the impact of the solvent on this process. Due to the various
applications of phosphatidylcholine and phosphatidylserine, understanding
of the effect of the alcoholic environment can help pharmaceutical,
cosmetic, and food factories to design appropriate experiments to reduce

the impact of these byproducts on the main product efficiency and yield.
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1.1 Introduction :

Phospholipids (PLs) are amphiphilic molecules, it have
important roles to bull up the lipophilic moiety as well as the
hydrophilic group that is phosphorylated. In addition,
phospholipids are considered as the structural foundation for
biological membranes in human, plant, and animal cells as well
as in subcellular organelles. Along with organizing and
controlling the activity of embedded proteins, PLs also control
the biophysical characteristics of membrane bilayers such
fluidity and permeability (1-3). Additionally, polyunsaturated
fatty acids (PUFAs) at the structure of membrane PLs play
significant roles as precursors of the variety of signaling
molecules, including eicosanoids, leukotriene, prostaglandins,
and thromboxane, which are crucial regulators of both pro-

inflammatory and anti-inflammatory signals (4-6).

Based on the composition of PL  backbones,
phosphosphingolipids (PSLs) and glycerophospholipids (GPLS)
are the two main families of PLs(3). Generally, the structure of
PL involves the two fatty acids (FAS), which bind through ester
bonds to the L-glycerol in the locations (sn-1 and sn-2) to create
the diacyl moieties that build up the lipophilic segment of GPLs
(3, 7). Commonly, the saturated fatty acids (FA) binds at the sn-
1 position and the unsaturated FA typically binds at the sn-2
location in plants and animals GPLs. Furthermore, the ether
phospholipids (EPs), are found in both microbial and animal
organisms, in this type of PLs the lengthy O-alkyl or O-alkenyl
chains bind with the backbone of glycerol instead of the FA at
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the sn-1 and sn-2 positions. Moreover, the PSLs have a long-
chain of the amino alcohol-sphingoid base as their main
structural component. Sphingoid bases depend on their source in
terms of their alkyl chain length about twelve to twenty-two
atoms of carbon, the placement of the double bonds and the
degree of unsaturation. For example, the sphingosine with
eighteen carbons (2-amino-4-octadecene-1,3-diol) links with the
FA by an amide bond which usually saturated, is the greatest
widespread sphingoid base found in tissues of animals. In
plants, ceramides are the amides (3, 7). (2-amino octadecano-
1,3,4-triol) Phytosphingosine or its unsaturated analogues and
are the most prevalent Sphingoid base (8, 9). The hydroxyl
group at glycerol's sn-3 location link with the hydrophilic
group's hydroxyl group and the sphingoid base's first carbon
atom are substituted by phosphodiester bond as a polar moiety
of GPLs, EPs, and PSLs (3, 10). The group of phosphonic, that
iIs located in the phosphono sphingolipid and
glycerolophosphonolipids structures, can take the place of the
ortho-phosphate group. In this instance, the phosphorus atom in
the phosphono group directly binds to the carbon atom of the
hydrophilic group (11). The hydrophilic group's structure allows
for the division of PLs into various categories such as
glycerophosphoethanolamines (PEs), glycerophosphocholines
(PCs), glycerophosphoinositols (Pls), glycerophosphoglycerols
(PGs),glycerophosphoserines(PSs),glycerophosphoglycerophos
phoglycerols (Likewise referred to as cardiolipin (PAs) (12, 13).

Chemical reactions are speed up and catalysed by

macromolecular biological catalysts called enzymes(14, 15).
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Enzymes are recognised to catalyse a variety of biological
reactions, not just those in the food, increasing the rate of the
reaction due to decrease of the activation energy (16). In
addition, enzymes have the significant roles in the variety of
industrial productions that include dyes, food, pharmaceuticals,
textiles, leather, water purification, cosmetics, as well as
additional biofuels (17, 18). Recently, the enzymes are used in
industry to increase the yield of productions. The use of enzyme
hydrolysis provides excellent specificity and efficiency in
comparison to traditional processes depending on high
temperatures and acid-base (19, 20). The enzymatic reactions
can also be conducted in milder settings with lower levels of
pollutants and waste products (21). Additionally, enzymes are
altered in the different ways, and are generally nontoxic (22,
23). According to the global assessment on enzyme sales, food
enzymes accounted for 31% of sales, feed enzymes for 6%, and
technical enzymes for the remaining percentage. (24). On the
other hand, enzymes are extremely expensive for commercial
applications and have a poor degree of stability under adverse
conditions. Stability, enhancing enzyme activity, enzymatic
efficiency , and reuse capacity are of highly desirable in order to

address these shortcomings (25) .

In 1968, Koning and McMillan conducted the hydrolysis for
lecithin (phosphatidylcholine) in presence of hydraulic acid.
They identified and statistically calculated the major hydrolytic
products. A reaction mechanism for the acid hydrolysis of the
aforementioned substances is hypothesized based on the data
acquired (26)



Chapter One Introduction and Literature Review

1.2. Literature Review

1.2.1. Phospholipid

The essential lipids in the eukaryotic cell membrane are
glycerophospholipids, sphingolipids, and sterols as shown in
Fig. 1-1 (27). In nature, there are 180,000 different species of
lipids making them numerous and distinct(28). One of the
fundamental eukaryotic model species, the budding yeast
Saccharomyces cerevisiae, is predicted to have a lipidome of
roughly 300 compounds(29, 30).
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Figure (1-1): Phospholipids®, sphingolipids’, and sterols' chemical
structure.(31)

Where Phosphatidylcholine (POPC), phosphatidylethanolamine

(POPE), phosphatidylserine (POPS), and phosphatidylinositol

(POPI) are displayed. The acyl groups are oleoyl and palmitoyl

(PO). Major sphingolipids found in both humans and yeast are

sphingomyelin and mannosyl-diinositolphospho-ceramide
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(M(IP)2C), respectively. Three sterols are displayed:
epicholesterol, which has a 3a stereochemistry and is frequently
employed in sterol-binding investigations, ergo sterol, which is

found in fungi, and cholesterol, which occurs in humans.(31)

All living organisms have phospholipids, which are important
parts of their biological membranes. Phodpholipids are broadly
divided into sphingomyelin and glycerophospholipids, including
phosphatidylserine (PS), phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylinositol (PI), and
phosphatidylglycerol (PG) (32). In addition, the phospholipids
are arranged as lipid bilayer, and have profound roles in both

the composition and operation of biological membranes (32).

Phospholipids are ubiquitous amphiphilic molecules(2, 33,
34). The chemical structure of PLs involve the glycerol
backbone binds to the two acyl residues obtained from fatty
acids sites sn-1 and sn-2 on the carbon chain as well as the
phosphodiester group in the sn-3 position as a polar head, see
Fig. 1-2 for more information. Therefore, PLs have an
intermediately polarized glycerol backbone, a polar hydrophilic
head group, and the hydrophobic moiety made up of two fatty
acid chains. The FAs chains of glycerophospholipids consist of
the range of chain lengths and unsaturation states(2, 35, 36).
FAs were typically discovered in the dietary supplements
include linoleic acid (18:2A9,12), or 9-120ctadecenoic acid, and
oleic acid (18:1A9) or 9-octadecenoic acid, alpha-linolenic acid
(18:3A9,12,15 ) or 9,12,15-octadecatrienoic, , and arachidonic
acid (20:4 A5,8,11,14) is another name for 5,8,11,14-

eicosatetraenoic acid (37).

5
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The majority of the PLs have categories according to either
of fatty
acids substituents used and the isomerism of the region in which

the polar head's features Fig. 1-2, or their structural

are found(38, 39). However, numerous classification schemes
exist for phospholipids, depending on factors such as their
relative abundance (major lipids versus minor lipids, or less than
5% of all phospholipids), neutral vs. anionic net charges,
metabolic fluxes(acute versus somewhat constant concentration)
rapid turnover and production/interconversion), their place of
manufacture (where something is made), their shape (conical,
straight, or inverted); exported conical), and the number of
unsaturated. In general, several phospholipids, including PC and
PE, are generally regarded as "structural” lipids since they are

required to build a barrier that deters water (40).
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Most of glycerophospholipids are produced in the
endoplasmic reticulum, but some of them are also formed in the
inner mitochondrial membrane. Typically, the formation of PLs
can be summarized as the following; (i) Glycerol-3-phosphate
(G-3-P) molecule synthesis via glycolysis, (ii) FAs bind with the
backbone of G-3-P in presence of FA acyl coenzyme A (CoA),
(i) addition of a hydrophilic head group, such as
phosphocholine, to form PC, and (iv) dephosphorylation to 1,2-
diacylglycerol( 1,2-DAG).Certain  glycerophospholipids are
created by altering already present molecules, which are like
phospholipid head groups being replaced or ethanolamine

groups being methylated to produce choline. (40)

Phospholipids were inattention due to the idea that the PLs
were merely inactive structural and metabolic substances with
methodological issues until the 1950s, when publications
elucidating their biosynthesis process started to appear. The
study of phospholipids' physiological and metabolic functions is
a vibrant and fascinating field right now. The extensive studies
showed that the PLs are physiologically active substances (41).
In addition to serving as the primary element in all biological
membranes, PLs exhibit great biocompatibility as well as
corresponding to the inherent characteristics of the individual
molecules that offer the variety of intriguing applications .The
PLs have positive benefits on human health (42, 43) and are the
nourishing source of fatty acids, organic phosphate, and choline
(44). The various of biomedical studies focused on the
application of PLs to produce the model systems of biological

membranes (45). In actuality, PLs play important roles in the
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variety of biological processes (46). In addition, PLs have
extremely role in molecule transportation through the cell
membrane, are capable of promoting the biological activity of
several membrane-bound proteins and receptors, which can be
used as diagnostic biomarkers for specific diseases, and can be
used as therapeutic agents (47-50). Additionally, PLs have a role
in the differentiation and cellular regeneration of neural circuits
(51, 52). A variety of human disorders, including coronary heart
disease, cancer, and inflammation, can be prevented by dietary
PLs (53). Additionally, these molecules' amphiphilic character
is the primary cause of their special ability to spontaneously
aggregate in watery conditions. The medicine delivery,
diagnostic testing, and cosmetic industries are all highly
interested in PLs ability to spontaneously self-associate to create
supramolecular structures such bilayers, micelles, and liposomes
(54). A wide range of PLs formulations have been used in
clinical applications due to the PLs based as drug delivery
system's to success in delivering medications effectively (55-
57). Antioxidants, vitamins, essential oils, tastes, fatty acids, and
enzymes are just a few examples for the types of substances that
can be contained in liposomes(58, 59), and their gastro-
resistance is a vital component in the formulation of bioactive
compounds (60). The industrial use of PLs as food stabilizers,
detergents, emulsifiers, surfactants, and antioxidants is also
significant (44, 61). As a result, it is clearly noted that the PLs
preparation approaches can apply at different fields in living
system (40).
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PLs are abundant in nature (62), and they can be obtained
from both plants and animals sources, such as krill, peanuts,
soy, milk, bovine brain, egg yolk, maize, rapeseed, sunflower
linseed, and wheat germ (44, 63-65).

1.2.2. Types of Phospholipids:
1.2.2.1. Phosphatidylcholine (Lecithin):

The most prevalent phospholipid found in every mammalian
cell types and subcellular organelles is phosphatidylcholine (PC)
(66). Typically, the PC has important roles to build up 40-50%
of all cellular phospholipids(67). The PC has a positively
charged choline linked to the phosphate (68, 69). The
hydrophilic part of the PC consists of choline, phosphate, and
glyceride while the hydrophobic part consists of fatty acids of
glycerol (70-72) (Fig. 1-3). The PC was initially identified as a
phospholipid. Lecithin was firstly named, which was derived
from the Greek word lekithos, which meaning egg yolk (73, 74).
The expression "lecithin" describes a mixture of plant and
animal based PLs with different polar head and acyl chain
compositions. Lecithin is frequently produced industrially today
by processing animal organs, soy beans, egg yolk, milk,
biomass, and vegetable oils (2, 44). Egg yolk and soybeans are
the main sources of commercial lecithin in terms of quantity.
Triglycerides, carbohydrates, PLs, and other small substances

make up the majority of lecithin composition (75).
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Figure (1-3): The chemical structure of phosphatidylcholine used in
this study.(76)

Phospholipids have numerous biological purposes. For
instance, in addition to the PLs role in cell membrane function,
PLs and particularly PC, have digestive and metabolic roles in
bile (as monoacyl phospholipids, or lyso-phospholipids) to
solubilize cholesterol and fatty components in meals as well as
lipophilic  medicinal compounds(77). Furthermore, the
phospholipids have the function as vital fatty acid and energy
sources as well as lipoprotein components for the transportation
of fat from the gut to the liver (78). In addition, lung surfactant
contains a specific phospholipid called 1,2-dipalmitoyl-sn-
glycero-3-phosphocholine (DPPC)(79). This reduces the surface
tension at the air/water interface inside the alveoli of the lung.
(80). The PC plays various roles in the regulation of blood
coagulation (81) , apoptosis (82), and during the development of

bone to deposite of the lipid-calcium-phosphate complex (56).

Johann (14) “shown that phosphoric acid, glycerol, and an
organic base with a nitrogen atom were the byproducts of the
complete hydrolysis of lecithin™ . This group of phosphatides is
known as the phosphoglycerolipid.

10
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1.2.2.2. Phosphatidylethanolamine (Cephalin):

Phosphatidylethanolamine (PE), which builds up about 40%
of all phospholipids in mitochondrial inner membranes, and 15—
25% of all phospholipids for other organelles. Hence, the PE is
considered as the second of the most common phospholipid in
mammalian membranes (83). An ethanolamine group is joined
to the phosphate in phosphatidylethanolamine. Both the PC and
the PE have the neutral overall charge, so are found as
zwitterion form (2) (Fig. 1-4).

In addition, PC and PE are sub classified as diacyl, alkyl acyl,
or alkenylacyl phospholipids, respectively, depending on
whether they have acyl-, ether-, or vinyl-ether linkages at the sn-
1 location (84, 85). In rat and human liver, the great majority
(95-100%) of PE and PC is diacylated (86). There are four
distinct pathways exist in cellular mammalian systems for PE
synthesis: the cytidine diphosphate-ethanolamine (CDP-
ethanolamine) pathway, the base-exchange pathway, the
phosphatidylserine decarboxylase (PSD) pathway (87), and the
acylation of lyso-phosphatidylethanolamine (88),(89).

Figure (1-4): Represents the fatty acids (R1, Ry) , the phosphate group,

and the ethanolamine attached to the glycerol backbone.(76)

11
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Many different molecular types of PE with the various acyl
chains at the sn-1 and sn-2 positions are characterized in
mammalian cells (90). Phospholipases and lysophospholipids
acyltransferases involved in a remodelling process that results
in this acyl-chain variety, at least in part (90). The head group
components of membrane phospholipids as well as the acyl-
chain composition determine the membrane's physical
characteristics. For instance, the PE molecule's cone shape
encourages membrane curvature , and PE's capacity to improve
fusion of membranes is correlated with its capacity to create
membranes with hexagonal Il phases (91). Due to the physical
characteristics of PE. It is additionally necessary for the
dissolution of contractile rings near the mammalian cells'
cleavage furrow at cytokinesis (92). Additionally, Dowhan’s
team demonstrated a number of cutting-edge investigations that
“ PE significantly affects the structure of membrane proteins in
E. coli, including lactose permease, and aids in their folding by
functioning as a "lipid chaperone” (93). In addition, the PE has
essential role to build up the plasma lipoproteins including very
low density lipoprotein (VLDL), low density lipoprotein (LDL),
and high density lipoprotein (HDL). The neutral lipid core of the
lipoprotein particles, principally triacylglycerols and cholesteryl
esters, is surrounded by an outer monolayer of phospholipids,
which is necessary for the production and stability of the
particles (93, 94).

In addition to these crucial roles, PE also plays important
roles in autophagy in mammalian cells (95). Moreover, the PE

provides the ethanolamine moiety of the

12
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glycerophosphatidylinositol anchors, which attach to the plasma
membrane and trigger a variety of signaling proteins on the cell
surface. (96). In addition, Anandamide, also known as N-
arachidonoylethanolamine, is a ligand for the brain's

cannabinoid receptors and the precursor of PE. (97).
1.2.2.3. Phosphatidylserine (PS):

Folch’s team discovered phosphatidylserine species in whole
brain lipid extracts for the first time in the 1940s (98). The PS
has a polar head group, just like other phospholipids Fig. 1-5
(neutral serine group attached with the phosphate and thus has
an overall negative charged) (70) linked to position sn-3 and
two acyl chains at locations sn-1 and sn-2 of the glycerol
moiety. Saturated fatty acids and have sixteen or more carbons
are often connected to PS's sn-1 location, conversely,
unsaturated fatty acids are typically located at the sn-2 site, even
if different cell types and organelles have different acyl chains
in PS.

Figure (1-5): Two acyl chains, a glycerol backbone, and a

phosphate head group make up the typical PS structure. (76)

13
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The PS bulids up the small portion of the most cellular
membranes. The physiological significance of PS, which is due
to its special physical and biochemical features, outweighs its
modest abundance, though. Important actions including the
elimination of apoptotic cells and the host cells' absorption of
viruses are signaled by PS, It is necessary for the induction and
initiation of several enzymes and structural elements (99, 100).
The PS disperses in the cell as an asymmetrical manner,
probably even more so than other types of phospholipids.
Finding PS's distribution within cells is a challenging issue takes
on a significant dimension in light of its numerous and essential
physiological activities (101). Both the calcium-dependent base
exchange - phosphatidylserine synthase type (BE-PSS) and the
cytidine diphosphate diacylglycerol-dependent
phosphatidylserine synthase (CD-PSS) are potential pathways
for PS production. The first PC was characterized in the
mammals, where PS is produced from PE or PC as substrates in
calcium-dependent base exchange type reactions(102). The
biosynthesis of both PS and phosphatidylserine synthase (PSS)
catalyzes the replacement of the polar head group of the PE or
PC with L-serine, phosphatidylserine synthase 1(PSS1) and
phosphatidylserine synthase2 (PSS2) to release the choline from
PC and the ethanolamine from PE, respectively. While PS is
produced by a different mechanism (CD-PSS) in prokaryotes
and yeast at the second pathway (102).

1.2.2.4. Phosphatidylinositol (PI):

In mammalian cells, the minor anionic lipid

phosphatidylinositol (P1) is present. Its components include a

14
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backbone of glycerol, the two chains of acyl that are esterified at
locations sn-1 and sn-2 , and an inositol ring that the phosphate
group attaches to the position of sn-3 (Fig. 1-6) (103). About 5—
10% of the overall lipids in mammalian cells are made up of PlI,
but it performs a significant function as the starting point for
the production of seven Pl phosphorylated derivatives (104).
Lipid kinases can phosphorylate the inositol head group’s to
three hydroxyls, which are  monophosphorylated,
diphosphorylated, and triphosphorylated, that leads to form the
inositol head group’s negative charge. The activities of
phosphorylated Pls in the cell are numerous and include
membrane crossing, actin cytoskeleton control, phospholipase C
(PLC), and phosphoinositide 3-kinases-mediated cell signalling,

, autophagy, endocytosis protein recruitment (104).
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Figure (1-6): Hlustration of phosphatidylinositol structure. The head

group carbon atoms of phosphatidylinositol are labeled. In cerevisiae,
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the major fatty acids present on the sn-1 and sn-2 positions of glycerol
are oleic acid (C18:1) and palmitic acid (C16:0), or palmitic acid and
palmitoleic acid (C16:1). The sn-3 carbon of the glycerol is connected
to the inositol ring with five hydroxylated carbon atoms by a
phosphate group in position 1.(105)

The biggest the cell's membrane compartment is the
endoplasmic reticulum (ER),where phosphatidylcholine(PC),
phosphatidylethanolamine (PE), phosphatidylserine (PS),
phosphatidylinositol (PI) and triacylglycerol are synthesized
(104). Other organelles' cytosolic facing surfaces frequently
undergo Pl phosphorylation not at the ER, but by resident
Kinases (104).

1.2.2.5. Phosphatidylglycerol (PG):

In natural membranes, one of the most prevalent
phospholipids found is phosphatidylglycerol (PG) as shown in
(Fig. 1-7). In 1985, the study showed that the PG has role as an
emulsifier for drug delivery systems, and it has a great ability to
form the liposomes (106). In fact, the PG have special
lubricant/surfactant qualities when combined with the intact
proteins. By comparison with the other mammalian membranes,
as an example, it can be discovered in relatively considerable
concentrations in the lungs of mammals that leads for focus the
studies about the production of surfactant formulations for use
in therapeutic procedures to treat a range of diseases,

encompassing respiratory distress syndrome in neonates (107).
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Figure (1-7): The chemical structure of phosphatidylglycerol. Where R
and R represent the fatty acids attached to the glycerol backbone in
the site sn-1 and sn-2 respectively. As for the glycerol moiety, it is
attached to the phosphate group linked in turn to the backbone of
glycerol in sn-3 position. (106)

Although PG is naturally found as the PL, it is only found as
a little amounts in nature, as a result many researchers have

successfully prepared it in presence of enzymes (108).

For instance, Piazza’s team showed that the phospholipase D
(PLD) from Streptomyces (sp.) produced PG that was almost
quantifiable yields at the phospholipase D has a greater glycerol
selectivity than cabbage PLD because the molar ratio of glycerol
to PCis 5to 3. (109).

1.2.2.6. Phosphatidic Acid (PA):

Phosphatidic acid is the simplest GPL (110) Fig. 1-8, and it is
an effective lipid secondary messenger that leads to the variety
of signaling reactions in the cell. PA has the roles in the variety
of inside-the-cell activities like vesicular trafficking, membrane
biogenesis and cytoskeletal rearrangements. In addition, PA
effect on cellular behaviors such as growth, migration, and
survival, via changing the biophysical properties of bilayer and
attaching to several protein targets (111, 112). PA plays the

17
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crucial function in maintaining dysregulation of this lipid is
present in a variety of illnesses including various malignancies
autoimmunity, thrombotic diseases, and Alzheimer's disease.
and, cellular homeostasis. (113). Although PA is only found in
trace levels in mammalian cell membranes, it is a crucial
intermediary in the biosynthesis of the acylglycerols and
membrane phospholipids (76). In mammalian cells the PA is
produced by three distinct mechanisms, which are the
diacylglycerol kinase (DGK) pathway, the phospholipase D
(PLD) pathway, and the de novo process including

acyltransferases (76, 114) .

PA(16:0/18:2)

Figure (1-8): Phosphatidic acid's molecular composition. The esterified
fatty acids in PA's sn-1 (green) and sn-2 (red) positions have carbon
chains that are 16:0 and 18:2, respectively, on the glycerol backbone
(black). Blue represents the esterified phosphate head group at sn-3.

(115)

The wvarious techniques were applied to viewing and
disrupting the biosynthesis of the PA to cover the understanding
of the specific physiological impacts of localized PA formation.
However, there are a lot of challenges faced in investigation of
the biology activity of the PA (116, 117).
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1.2.3. Role of Enzymes in Biochemical Reactions

All living systems require enzymes, which are incredibly
selective catalysts. Only a few ribonucleic acids (RNAS),
primarily proteins, are capable of catalysing chemical processes.
By definition, a catalyst is a substance that accelerates a
chemical reaction without being consumed. Because each
catalytic cycle Fig. 1-9 results in its regeneration, a single
catalyst molecule can convert several substrate molecules into
product. There is very little requirement for the catalyst. Though
thermodynamic attributes are linked to energy balance and
equilibrium, kinetic characteristics are connected to the velocity
(or rate) of a reaction. Enzymes accelerate the reaction without
change the equilibrium or the energy balance . However,
enzymes change the kinetics of the process without impact on

the thermodynamics of the reaction (118, 119) .

Enzyme

Product ..,_\ f,— Substrate

Enzyme = Product Enzyme = Substrate

Figure (1-9): The process of catalysis. To create a noncovalent enzyme-
substrate complex (enzyme-substrate), the substrate must bind to the
enzyme. While the substrate is attached to the enzyme, the real
reaction takes place. At the conclusion of the catalytic cycle, the
enzyme is renewed (120).
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The first descriptions of biological catalysts date from the late
1700s. Initial research focused on how stomach secretions break
down meat. Later, during the 1800s, comparable research was
done on how saliva and other plant extracts break down starch
into simple sugar. Louis Pasteur proposed the theory that
"ferments" catalyse the yeast-driven fermentation of sugar into
alcohol in 1850. This theory suggested that the yeast cells and
these structures are inextricably linked. This so-called "vitalism"

viewpoint endured for many years (121).

Enzymes are recognized to catalyze a to a broad range of
biological reactions furthermore to food industries (122).
Similar to the total catalysts, enzymes improve the rate of the
reaction by decrease of the activation energy of the reaction
(123). Enzymes are employed in several industrial processes,
and play significant roles in the variety of industries, including
those that deal with biofuels, textiles, dyes, water treatment,
pharmaceuticals, feed, and food (124). Enzymatic hydrolysis
delivers excellent efficiency and specificity when compared to
the classical processes that according to the high temperature
and acid-base. Enzymatic reactions can also be conducted in
milder environments with less pollutants and waste. Enzymes
are also reasonably harmless and modifiable by the variety of
techniques (22, 125, 126). According to a global study on
enzyme sales, 31% of those were for enzymes of food, 6% were
for feed enzymes, and the rest were for enzymes of technical
(127). Enzymes, however, are expensive to utilize commercially
and have a poor degree of stability in severe environments

interest in improving enzyme stability, reusability, activity, and
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effectiveness. Enhancing the re-use capacity, enzyme activity,
efficiency, stability, are the tremendous interest in overcoming

these disadvantages (128).
1.2.3.1 Active Site of Enzyme:

The enzyme's active site is where the particular substrate
bind to the enzyme to catalyse the chemical reaction (129). In
order to catalyse the chemical process that modifies the
substrate in some way, the enzyme binds with the particular
substrate. In general, the substrate is smaller than the enzyme.
The active site of the enzyme ensures that the substrate is
correctly positioned inside. The enzyme may have one or more
substrate binding sites. The binding site is close by the catalytic
site, which performs the catalysis. It is made up of two to four
amino acids residues, which are involved in the catalysis of the
biochemical reaction. Different sections of the enzyme's amino
acid sequence contain the amino acids that consists of the active
site. As a result, the fundamental design of the enzymes have
pockets that, in contrast to the active site, attach to effector
molecules and alter the conformation or dynamics of the
enzyme. The allosteric modulation of the enzyme's reaction rate
takes place at these pockets, which are referred to as allosteric
sites (130).

1.2.3.2. Role of Cofactors in Enzymatic Reactions

Almost enzymes can catalyse reactions using only the groups
found on their amino acids, but many need other chemical
substances, often known as cofactors, to improve the enzyme

function. Non-proteinogenic substances known as cofactors are
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necessary for the catalytic activity of enzymes and have the
ability to bind to the enzyme either covalently or non-
covalently(131). A complex organic or metalloorganic molecule
known as a coenzyme, and the one or more inorganic ions such
as Fe*, Mg®, Mn*, or Zn* are examples of cofactors.
Reversible cofactor-enzyme or substrate interactions can occur.
Metal ions are the most prevalent cofactors, and enzymes that
need to the cofactors are referred to as metal-activated enzymes,

which are different than the metalloenzymes.

For optimal action, some enzymes need to be in the presence
of both cofactors and coenzymes. For instance, the enzyme
carbonic anhydrase needs the cofactor Zn* to perform its
function, and glycogen phosphorylase needs the coenzyme
pyridoxal phosphate (PLP) (121).

1.2.3.3. Role of Coenzyme (Q10) in Oxidative

Phosphorylation Process

In 1957, coenzyme Q was discovered by Frederick Crane and
others (132, 133). The molecular structure of coenzyme Q10 is a
benzoquinone ring with a side chain of 10 isoprene units. This
naturally occurring substance is also known as ubiquinone
because it is present everywhere in nature. The coenzyme Q10
(CoQ10) can be found in three oxidation states, which are fully
reduced ubiquinol (CoQ10H2), radical semiquinone
intermediate (CoQ10H), and fully oxidized ubiquinone (CoQ10)
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OH O
H3CO =~ CH, H;CO CHs
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ubiquinol ubiquinone
(CoQuioH2) (CoQuao)
i
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Figure (1-10): The fully reduced ubiquinol form (CoQ10H2), the
radical semiquinone intermediate (CoQ10H), and the fully oxidized
ubiquinone form are the three oxidative states of CoQ10 (132).

Fundamental characteristics of CoQ10 refer to the potential
of the helpful in a range of therapeutic circumstances (134,
135). The CoQ10 is a cofactor for the mitochondrial enzyme
complexes that are involved in oxidative phosphorylation to
produce the adenosine triphosphate (ATP)(136). In addition, the
CoQ10 is the crucial part in cellular bioenergetics, which has
allowed for its clinical application in situations affecting tissues
with high metabolic demands, such heart muscle(137). The
CoQ10 also involves as antioxidant, or free radical scavenger in
addition to producing ATP. The CoQ10 may recycle and renew
other antioxidants in the body by its reduced form, ubiquinol,
which is also a strong lipophilic antioxidant. CoQ10 is also
known to affect gene expression, cell signaling, and membrane

stability, among many other things (138).
1.2.3.4. Types of Enzymatic Reactions

In 1964, the International Union of Biochemistry created the

Enzyme Commission number (EC number), which is a
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numerical classification scheme for enzymes, depending on the
chemical reactions that catalyze. As a result, enzymes are
classified into main six groups comprise with the totality of the
biochemical reactions as presented in Table (1-1). These
categories were separated further so that an enzyme could be
identified by its four-digit number beginning with the letters
Enzyme Commission (EC) (121).

Table (1-1):Principal Enzyme Classes and Enzymatic Reactions (139).

Enzyme class EC Selected reactions
number

Oxidoreductases 1 Reduction of C =0 and C = C; reductive amination of C=0;
oxidation of C-H, C—C, C-N, and C-0; cofactor reduction/
oxidation

Transferases 2 Transfer of functional groups such as amino, acyl, phosphoryl,
methyl, glycosyl, nitro, and sulfur-containing groups

Hydrolases 3 Hydrolysis of esters, amides, lactones, laclams, epoxides,
nitriles, and so on, as well as the reverse reactions to form such
functionalities

Lyases (synthases) 4 Addition of small molecules to double bonds such as C—C,
C—N,andC—-0

Isomerases 5 Transformation of isomers (isomerizations) such as racemi-
zations, epimerizations, and rearrangement reactions

Ligases (synthelases) 6 Formation of complex compounds (in analogy to lyases) but
enzymatically active only when combined with ATP cleavage

In 2018, the seventh enzyme category (EC 7) that categorized
the translocases was added to the EC (140, 141). Using
evolutionary and biophysical models was possible to classify the
sequences and structures of enzymes, enabling the

understanding of structure and sequencing similarities (142).
1.2.4. Phospholipases

Phospholipases are enzymes that hydrolyze the ester bond of
phospholipids, which are divided into five categories A—D based

on the place they hydrolyze(143) see Fig.1-11. The two fatty
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acid esters are hydrolyzed in the presence of type A enzyme.
The phospholipases are known as Al enzymes when they
hydrolyze phospholipids at the sn-1 site and as A2 enzymes
when they hydrolyze at the sn-2 site (144). In absence of
lysophospholipids, the type B enzyme PLB concurrently
hydrolyzes two acyl-ester bonds in phospholipids(145). The
phospholipase D (PLD) cleaves the terminal phosphodiester
link, releasing the head group and phosphatidic acid, whereas
phospholipase C (PLC) cleaves the phosphorylated head group
and diacylglyceride (146, 147) .

PLB_
\ PLASL |
\ PLA&:‘
'm‘ PLA1 (CHZ),CH,
-PLD
CH3(CH>), \"/ \ /
(@) g —R
PLC
Figure (1-11) : Phospholipase Al, A2, B, C, and D-hydrolyzed sites
(148).

1.2.4.1. Phospholipase Al (PLA1)

One class of phospholipases with 1-acyl hydrolytic activity is
called phospholipase A1 (PLAL1). The PLA1 in particular
hydrolyzes the fatty acid ester bond at the sn-1 position of a
glycerophospholipids (149-151), so it is frequently used to alter
this bond Fig.1-11. For the food and pharmaceutical industries,
fatty acid esters such as polyglycerol esters of fatty acids or
sugar ester work as good biocompatible emulsifiers (152). Two

structurally separate groups of PLAL1 isozymes, the external
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PLAL family and the intracellular PLA1 family, make up the
PLA1 isozymes (153, 154).

Despite the fact that certain PLA1s are extracellular and
belong to a distinct group (150), Others localize in the
cytoplasm and are intracellular, mitochondria, chloroplasts, and
endoplasmic reticulum (150). Phosphatidylserine specific PLA
1 is the first extracellular PLAL that has been identified and that
preferentially breaks down PS (150). These three are genuine
PLA1 enzymes because membrane-associated phosphatidic acid
(PA)-selective PLA1s, membrane-associated phosphatidic acid -
selective phospholipase A1 member a (mPA-PLAla) and
membrane-associated  phosphatidic  acid -  selective
phospholipase A1 member b(mPA-PLALDb), only exhibit PLA 1
activity to ward PA (155).These PLAls are believed to be
engaged in signaling processes by producing 2-acyl-
lysophospholipids due to their sn-1 regiospecificity. The
mammals have three members of the intracellular PLAL family,
which are PA-preferring PLA1 (PA-PLAl), mammalian
Sec23p-interacting protein (p125), and human expressed
sequence tag clone bind to p125(KIAAQ0725p) (155). Due to the
rare relationship exists between the amino acid sequences of
intracellular PLALs and external PLALs, contrary to the external
PLA1 family, the intracellular PLA1ls are evolutionarily
conserved genes that range from yeast to humans and generally
seem to be involved in membrane transport and organelle

maintenance (156).

To enhance L-a-glycerylphosphorylcholine(L-a-GPC)

demonstrates promise in the treatment of dementia and
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Alzheimer's disease enzymatic synthesis applying the aqueous
phase of phospholipase Al (PLAL); several surfactants (NaDC,
AOT, Tween 20, Tween 60, Tween 80, Tween 85) were
reviewed in 2019. According to the findings, “Tween 20 is the
best surfactant for increasing L-a-GPC concentration. The ideal
conditions for PC hydrolysis with 20 g.L™ of Tween 20 were
found to be enzyme loading of 0.64 g.L™' and substrate
concentration of 60 g.L™ at 45 C for 1 h. Additionally, the fed-
batch catalytic process of PC was used to produce 112.56 g.L™
of L-a-GPC from 360.00 g.L™ PC with a yield of 91.36% within
3 hours, avoiding substrate inhibition and increasing product

accumulation” (157) .

According to the findings of the study which was conducted
in 2021 by using soybean lecithin as the substrate, the pure
renatured PLAL had a specific activity of 1380 U/mg and the
ideal temperature and pH were 60 °C and 6.5. In addition,
lipase activity was seen when the catalyzing temperature was
below 55 °C, but the renatured PLAl was reported to have
higher activity towards phosphatidyl inositol (158).

In 2020, the study showed that “the phosphatidylserine-
specific phospholipase (PS-PLA1) was a novel target in the
therapy of hyperthyroidism, particularly Graves' illness, and that
its assessment may be helpful as an additional diagnostic test for
thyroid function. The PS-PLAL levels were higher in individuals
with Graves' illness, sub-acute thyroiditis, or silent thyroiditis,
whereas they were wunaffected in individuals with
hypothyroidism. Particularly in the participants who had Graves'

illness, there was a significant correlation between the blood PS-
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PLAL levels and the thyroid hormone levels. In addition, anti-
thyroid medications reduced the blood PS-PLA1 levels in
patient with Graves' illness, and the changes in PS-PLA1 were

closely related to those in thyroid hormones™ (159).

1.2.4.2. Phospholipase A2 (PLA2)

The PLA2 can hydrolyze glycerophospholipids at the sn-2
position to liberate fatty acids and lysophospholipids see Fig. 1-
11. More than 50 enzymes in mammals belong to the
phospholipase A2 (PLA2) superfamily, which is further split
into numerous different families on the basis of biochemical and

structural factors (160).

Considering its structural connections, there are different
families within the PLA2 superfamily. These families include
the lysosomal phospholipase A2 (LPLAZ2), platelet-activating
factor acetyl hydrolase (PAF-AH), calcium-independent PLA2
(iPLA2), also known as patatin like phospholipase (PNPLA),
secreted PLA2 (sPLA2), cytosolic PLA2 (cPLA2), and
phospholipase Alacyltransferases  (PLAATS), (161, 162).
Through  the liberation of  lysophospholipids and
polyunsaturated fatty acids (PUFAs) from membrane
phospholipids, PLA2s stimulate the production of lipid
mediators (163). The PLAZ2 also contribute to membrane
homeostasis by changing the composition of phospholipids,
providing fatty acids for oxidation to produce energy, the lipid
production that forms barriers, and adjusting the micro
environmental ratio of unsaturated to saturated fatty acids,

between other factors. Several enzymes, including transacylase
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processes, lysophospholipase, phospholipase Al, and, neutral
lipid lipase, catalyse even non-phospholipase A2 activities while
recognizing variations in their substrate phospholipids' fatty acyl

and/or head group moieties.

Individual PLA2s' in vivo activities depend on a variety of
pathophysiological factors, including their enzymatic, cell
biological , and biochemical characteristics, or the presence of
cofactors that can modulate the enzymatic function, lipid
composition in target membranes, spatiotemporal availability of
downstream lipid-metabolizing enzymes, tissue and cellular
distributions (164).

1.2.4.3 Phospholipase B (PLB)

A specific class of enzymes that are known as phospholipase
B (EC 3.1.1.5) catalyzes the hydrolysis of fatty acids esterified
at the sn-1 and sn-2 positions, resulting in the formation of free
fatty acids and lysophospholipids Fig.(1-11). Phospholipase B's

structural details and catalytic mechanism are still unclear (165).

Animals and microorganisms are the main sources of these
enzymes. The phospholipase B can play a role in virulence in
animals because it can be found in mammalian tissues and
venom (166). It can also be present in bacteria, fungi (both
pathogenic and nonpathogenic) amoebas, and amoeba. Some
plants have also been found to exhibit their enzymatic activity
(167) .Several fungus, include S. cerevisiae, Candida albicans,
Candida utilus, P. chrysogenum, and Candida neoformans, can
produce the phospholipase B to perform the hydrolase and

acyltransferase activity. The phospholipase B demonstrated a
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strong preference for diacylphospholipids as a substrate instead
of lysophospholipids and hydrolyzed diacylphospholipids
without producing lysophospholipids. A portion of the
phospholipase B enzyme exhibits lysophospholipase-
transacylase activity, which converts free fatty acids into

lysophospholipids and produces diacylphospholipid (166, 167).

Different  species of  phospholipase B  favor
phosphatidylcholine as a substrate, but PC also have a
significant impact on lyso-phospholipids without any special
preference (166). This substrate is crucial for industrial
applications, including oil degumming using phospholipase B in
the food sector. The development of synthetic phospholipids or
natural phospholipids that are uncommon in nature are further
factors that contribute to the high selection of
phosphatidylcholine as a substrate. Phosphatidylcholine is
widely present in nature and it is utilized as a building block for

commercial and academic applications (56, 166).

Phospholipase B is used to modify or transform
phospholipids in addition to oil degumming as an important
application. Phospholipids may be altered or modified through
hydrolysis, specific phospholipid synthesis, or conversion from
type of phospholipid to another (167). It may be more cost-
effective and ecologically beneficial to use low temperature
phospholipase B enzyme compared to thermos tolerant
phospholipases, the low temperature phospholipase B has not
been explored as much, despite the fact that it has a wide range
of potential applications. These isolates are most active at (4—
37)°C and become inactive at (40-50)°C (167).
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1.2.4.4. Phospholipase C (PLC)

To release phosphomonoester and diacylglycerol (DAG),
phospholipases C (PLCs) catalyse the dissociation of
phospholipid glycerophosphate linkages (168). PLCs are
typically divided into phosphatidylinositol- and
phosphatidylcholine-specific PLCs (PC- and PI-PLCs), based on
the specificity of their substrates (169). Although
phosphatidylinositol-containing PLCs (PI-PLCs) exclusively
hydrolyze Pl to liberate inositol-(1,4,5) triphosphate and
diglyceride, along with other phospholipids including
phosphatidylserine (PS) and phosphatidylethanolamine (PE),
PC-PLCs have a preference for hydrolyzing
phosphatidylcholine (PC). (170),(171).

In 1953, “it was reported that the addition of acetylcholine or
carbamylcholine to pancreatic cells led to the production of
phospholipids”. According to investigations, when compared to
control without activation, the samples treated with the
medicines had levels of phospholipids that were seven times
higher than the control. This was the first demonstration of
phospholipase C (PLC) function in cells, though it was
unknown at the time. It was demonstrated that impure PLC
preparations may be used to cleave phosphatidylinositol more
than 20 years later. The first pure PLC preparation was isolated
in 1981 (172).

Almost all cells in the body contain phospholipases C, and
the activity of these enzymes can be controlled by agonists,

hormones, and neurotransmitters that act as receptors on the cell
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membrane such as the guanine nucleotide-binding protein-
coupled receptors (GPCRs) and receptor tyrosine kinases. In
addition, small guanosine triphosphate hydrolases (GTPases)
like Rac and elevations in cytosol Ca®* can activate some PLCs
(104). So, the PLCs are essential for controlling a range of
biological reactions. Other PLCs can act as guanosine
triphosphate hydrolases(GTPase)-activating proteins(GAPS) or
Guanine nucleotide exchange factors (GEFs) for secondary
signaling proteins, while other family members act as scaffolds
for additional signaling proteins. The Ca** oscillations in the cell
are amplified by other PLCs. Some members of the PLC family
can go into the nucleus and regulate signalling there. PLC
family members are essential for many cellular processes, hence
it is crucial to understand how each PLC is controlled and the
way of cellular environment impacts the length and strength of

the response (173).

Due to potential use of PLCs like multipurpose biocatalysts
in a variety of sectors of industry, such as food additives,
nutraceuticals, ceramide manufacturing, and oil degumming. At
past few decades, the PLCs have attracted growing attention
(167, 174).

In 2008, the study followed the biological role of
phosphatidylcholine specific phospholipase C in mammalian
cells and the reached phosphocholine and diacylglycerol
(DAG), which are produced as a result of the hydrolysis of PC
by PC-PLC. Various substances, such as cytokines, growth
hormones, mitogens, and calcium ions, involve in the

phosphatidylcholine -degradation pathway in presence of PC-
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PLC as catalyst. The PC degradation is connected to
intracellular signal transmission that controls cell growth,

differentiation, metabolism, and death (175).
1.2.4.5. Phospholipase D (PLD)

Phospholipase D (PLD, EC 3.1.4.4), a member of the PLD
super family, is capable of catalyzing the PLs hydrolysis to
phosphatidic acid (PA) and release free alcohol, moreover to
transphosphatidylation of PC to PLs in the presence of suitable
acceptor alcohols (176). When an extra alcohol is present in the
reaction system, PLD preferentially catalyzes the
transphosphatidylation reaction to produce a polar-head
modified phosphatidylalcohol from the substrate phospholipids
(177). Consequently, it would be a strong tool to inexpensively
synthesis the less common phospholipids, such as
phosphatidylethanolamine,phosphatidylserine,phosphatidylglyc
erol, and phosphatidylinositol. These phospholipids are found in
nature in lower concentrations than the lecithin or
phosphatidylcholine (PC), which are widely utilized in the food,

cosmetic, and pharmaceutical industries (44).

PLDs are widely distributed enzymes that are found in a wide
variety of microbes, plants, animals and human. The PLDs from
species of Streptomyces were used to finding the effective of
phospholipid synthesis (44, 178).

In 1947, the phospholipase D was identified from the
component of carrot extracts by monitoring the capable of PLD
to degrading the lipid and membranes. The PLD was described

as phospholipid-specific phosphodiesterase that can create
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phosphatidic acid (PA) by releasing free choline from
phosphatidylcholine (PC) and using water as a nucleophilic
acceptor (179-181). On the other hand, the rat brain served as
the source for the much later, the PLD activity in animal tissues
was discovered by Saito and Kanfer in 1975 (182) . In addition,
, the PLDs in mammalian were investigated as activated

quickly in response to extracellular stimuli (183).

Depending on their structure, the PLDs can be split into two
main classes; the HKD group and the non-HKD group make
form the basic structure (184, 185).

The PLDs from the spider Loxosceles and Streptomyces
chromofuscus  that are members of the superfamily of
phospholipases D -like phosphodiesterases make up the non-
HKD PLD group (184-187).

A standard consensus sequence for HXKX4 D, often known
as the HKD concept, where X signifies any type of residue, has
preserved Lysine (Lys), Histidine (His), and Asparagine (Asp),
identifying it as a part of the PLD superfamily. According to
reports, this pattern is mostly found in mammals, including
Homo sapiens, which possesses both PLD1 and PLD2 isoforms,
plants, which include the predominate PLD isoform yeast,
which contains the gene SPO14 (187), and some
microorganisms, which contain the crystalline PLD from
Streptomyces sp. Primary myelofibrosis(PMF) strain (188).
Plants' main structure replicates the HKD idea, humans, and
some bacteria, and it is thought that in the tertiary structure, both

motifs are located close to each other, producing a catalytic
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position at the interface for the enzyme of bi-lobed (187,
189).PLDs are currently a key focus in healthcare of human

(44), specifically for the treatment of cancer. (190)

In 2016 ’the direct observation of areas of PA synthesis was
applied for the hydrolysis of phosphatidylcholine in the
presence of PLDs as a catalyst within intact cells. It will be
possible to separate the spatial requirements for the production
of PA in cell signalling using chemo enzymatic synthetic
technique in vivo. Several extracellular signals cause PLD-
mediated PA synthesis on various internal membranes, which
results in various signalling outputs (191). Lastly, if the
technique is extended to include other functionalized alcohols, it
may be possible to remodel intracellular membranes and give

them unique physicochemical characteristics (191).
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Figure (1-12): Image PA synthesis using a two-step PLD-mediated
method (191). A) In cells, PLD catalyses the hydrolysis of
phosphatidylcholine to create PA (top). B) It is also capable of
mediating transphosphatidylation reactions with short-chain primary

alcohols (such as butanol) to create phosphatidyl alcohols (192).
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1.2.5. Aim and objectives of Study

This study aims to comparison between the hydrolysis of
phospholipids in acidic and alcoholic environments in absence
and present of the phospholipase D enzyme (PLD). Moreover
due to the various applications of phosphatidylcholine, the
understanding of the effect of the alcoholic environment can
help pharmaceutical, cosmetic, and food factories to design
appropriate experiments to reduce the impact of these

byproducts on the main product efficiency and yield.
In addition, the study included the following objectives:

1- The influence of a toxic concentration of ethanol that could
cause damage to the cell membrane was determined by
conducting hydrolysis processes of the two PLs derivatives
(phosphatidylcholine and phosphatidylserine) in water and

ethanol, which were catalysed by PLD enzyme.

2- This work includes the monitoring of the kinetics of the
enzymatic reaction for the hydrolysis of phosphatidyl
derivatives in presence of phospholipase D as catalyst. During
this study, all the conditions which may impact on the
hydrolysis enzymatic reaction such as the pH, temperature, and
the concentration to ensure that this enzymetic hydrolysis
simulates that occurs in a living system and to suggest the

appropriate mechanism for this enzymatic reaction .
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2.Materials and Methods

This study was conducted in the laboratory of postgraduate,

University of  Karbala, College of Science, Department of Chemistry.
2.1. Chemical and Materials

The materials and chemicals used in this study are shown in the
following Table (2-1):

Table (2-1): Chemicals and their origin.

No. Materials

Company

1- Absolute Ethanol (99.9%)

Chem-Lab\ Belgium

2- Acetonitrile Romil \ UK

3- Buffer solution (4,7,9) HI Media\ India

4- Chloroform Gain Chemical Company \ Canada
5- Di ethyl ether Romil \ UK

6- HCl acid HI Media \ India

7- Petroleum ether Chem- Supply \ Australia

8- Phosphatidyl choline (98.1 %) Chemfish Tokyo Co.,Ltd \ Jaban
9- Phosphatidy! serine (97.2%) Chemfish Tokyo Co.,Ltd \ Jaban

10- Phospholipase D

Sigma Aldrich \ USA

11- Sodium hydroxide

Analar Trad Mark \ India

12- TLC pleats

Cam Lab \ UK

2.1.1 Instrument and equipment:

All the instrument and equipment that used in this study

summarized in the following table:

are
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Table (2-2): The devices and their suppliers.

No. | The device Supplier
1- A 7890 GC mass system Agilent technologies \ California
). Avance Ill 400 MHz NMR Bruker\ USA
spectrometer.
3- Electronic Balance 220-4\ KERN \UK
4- Fourier transform infrared (FTIR) | Shimadzu (8400 S) \ Japan
5- Hot plate stirrer Lab Tech \ Korea
6- Micro pipet Drago LAB \ China
7- Oven Memmert \ Germany
8- Schlink line Newcastle University Workshop \
UK
9- Spectrophotometer FAIT HFUL \721\ China
10- UV —Visible spectrophotometer UV-1800\Shimadzu \ Japan
11- Vacuum pump TW -1.5 A\ China
12- Vortex mixer 945307 /THE.U.S. Vortex mixer 945307 \ THE.U.S.
13- Water Distillator Lab Tech \ Korea

2.2. Subjects and Methods

2.2.1. Hydrolysis and Nucleophilic Substitution Experiments without
Phospholipase D (PLD) enzyme:

2.2.1.1. Hydrolysis of Phosphatidylcholine in Acidic Environment

The hydrolysis experiment of phosphatidyl choline was carried out
without the use of the enzyme PLD and in an inert environment and
completely isolated from the atmosphere using the Schlink line technique.
The (0.4 g) of phosphatidyl choline was added into a strong acidic medium
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(25 ml, 2 N Hydrochloric acid HCI), at 120 °C for a period of 168 hours.
The hydrolysis reaction was followed up the reaction by ultra-violate —
visible (UV-Vis) and Fourier- Transform Infrared (FTIR) measurements by
withdraw a (0.5 ml) of the reaction mixture at different times after
emptying the pipette and tube from the air and filling it with nitrogen gas
before placing the sample drawn for the purpose of measurement. The
scheme of the hydrolysis reaction for the phosphatidyl choline as shown in
Fig. 2-1.

o
5 / H,0 / HCI (conc.) 0 )k

OH \

120°C/ 168 h

P
+
Ho/ﬁ/\o SOH

OH

PN

-
+ N?
HO/\/ N
cr

Ry, OH
DL-Lecithin Glycerol-3-phosphate  Free fatty acids ~ Choline chloride
R;=Cy5H 3 R;=CysH 3
Ry= Ci7H 3 Ry= C;7H 3

Figure (2-1): Scheme for the reaction of the hydrolysis of phosphatidyl choline
with HCI.(193)

During the reaction it was noted that the color of the reaction mixture
changed from light brown and gradually turned dark brown with the
separation of a black fatty layer on the surface of the mixture at the first
hour of the reaction and continued to increase until the first twenty-four
hours of the reaction. Around the time (45-55) hours of the reaction a white
oil substance appeared on the upper inner walls for the reactor and the inlet
supplied with nitrogen gas, and the necessary measurements were made for
it at the end of the reaction after the end of 168 hours. The reaction product
was isolated from the intermediate products by the filter shown in its image

below.
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Figure (2-2): The filtration technique which was used to separate the
reaction products from the side products, where the black substance on the filter
surface is the byproduct. While the oil solution contains the product of the reaction
with the solvent.

After isolating the product by the filter, it was placed in a nitrogen-
filled reactor. the solvent was expelled by a vacuum pump for about 15
hours for the purpose of isolating the oil product. The resulting material
was weighed and collected in special containers filled with nitrogen where
the necessary measurements were made, and the main yield of the reaction
was (67 %). All isolated products were isolated and characterized by
nuclear magnetic resonance (NMR), FTIR, GC-Mass, and UV/Vis.

spectrophotometer.

Figure (2-3): The main product (glycerol-3-phosphate) of the reaction after being
placed in the nitrogen-filled atmospheric vacuum containers.

41



Chapter Two Materials & Methods

Furthermore, the solubility of the yellow oily product was tested for

each of the solvents shown in the Table (2-3):

Table (2-3): The Glysrole-3-phosphate’s solubility.

The solubility of the yellow oily product (Glysrole-3-phosphate)

Acetonitrile Dissolved
Acetone Partially soluble
Di ethyl ether Not soluble

2.2.1.2. The nucleophilic substitution experiment of phosphatidyl

choline with ethanol:

The hydrolysis of phosphatidyl choline was performed by using the
same methodology mentioned above and under the same conditions
(completely isolated from atmospheric air and in absent of the PLD
enzyme) using ethanol as a solvent and a strong acidic environment (pK, =
1.2) at 85 °C for a period of 150 hours. The reaction was followed up by
ultraviolet-visible and FTIR measurements for the purpose of comparison
with the results in the case of using water in the hydrolysis process, where
it was found that the ethyl group (relatively stable) was replaced instead of

hydroxyl group in the nucleophilic substitution process.

R, — -
>'=0 HO o /
O/v—o Ethanol / pKa= 1.2 ~>~\ L yo N/
O R ~ /+ : HO o_/P\ R N*—
° 02 N\ 85°C /150 h HO O +| ™ + + / o
\y /
/P/—O X /S | wo
HO >“0
L Re _
DL-Lecithin Glycerol-3-ethylphosphate  Ethyl fatty acids ~Choline chloride
R;=CsH 3, Ry =CysH 5
Ry= C7H 3 Ry= Cy7 H 3

Figure (2-4): Scheme for the nucleophilic substitution reaction of
phosphatidylcholine with ethanol and hydrochloric acid.(194)
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The color of the mixture throughout the time of the reaction converted
from light brown and gradually turned to dark brown at the end of the
reaction. (Fig 2-5)

Figure (2-5): An image showing the change in the color of the reaction mixture

from light brown to dark brown.

It was observed at about (45) hours after the start of the reaction The
separation of a black oil side product in the form of flakes and continued to
increase until the 105 hour of the reaction, where it turned in the form of an
oil layer on the surface of the mixture as shown in the picture below. This
side product (Fig 2-7) was isolated from the reaction mixture at the end of

the reaction by a filter and appropriate measurements were made to detect
it.

e

Figure (2-6): The appearance of the side product in the form of black flakes and its

transformation into a black oily layer.
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At the end of the reaction, the main product was isolated from the side
product by an air-vacuum filter filled with nitrogen. The side product
separated on the filter surface while the solvent and product separated
down the filter to the reactor. Then the same previous methods that were
mentioned in the hydrolysis experiment of PC were used to isolate and dry
the products, where a black substance (Fig 2-7) was obtained that belongs
to the by product, which was isolated from the reaction mixture after (45)

hours.

Figure (2-7): The black by product (ethyl fatty ester) which was isolated and dried.

The product for the ethyl substitution reaction of PC was a brown fatty
substance and after weighing the results and calculating. The yield of the
reaction was (68.8%), all products were isolated and characterized by
NMR, FTIR, and UV/Vis. spectrophotometer.

2.2.2. Hydrolysis of Phospholipids Derivatives in Presence of
Phospholipase D

2.2.2.1. Preparation of Phospholipase D Solutions:

The enzyme phospholipase D PLD (3.4 mg, 146 U/ mg) was dissolved
in 1 ml of buffer solution (acidic function pH=8) as concentrated solution

and then the stock solution was prepared from the resulting solution (0.34
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mg /ml) by diluting 0.5 ml of 0.34 solution with 0.5 ml of buffer pH= 8
solution to prepare 1.7 mg/ml (73 U/mg stock solution). After that the
dilute solution (50 ml, 7.3 U/mg) was prepared from stock solution by

mixing 0.05 ml of 1.7 mg / ml with 4.95 ml of buffer pH= 7 solution.
2.2.2.2. Preparation of Phosphatidyl Choline Solutions

The solubility of PC was checked See Table (2-4) For more

information.
Table (2-4): PC's soluble nature.
The solubility of Phosphatidyl Choline
Buffer solution (pH=7) Partially soluble
Water In soluble
Acetone In soluble
Di ethyl ether In soluble
Petroleum ether In soluble
Acetonitrile In soluble

The 1mM stock PC solution was prepared by dissolving 0.037 g of
PC in 50 ml of pH= 7 solution. From 1 mM solution, the set of different
concentrations solutions were prepared (0.1,0.12, 0.14, 0.16, 0.18, 0.6, 0.8,
0.04 ,0.05,0.06 ,0.07 ,0.08) mM

2.2.2.3. Determination of Appropriate PC Concentration (Michaelis-
Menten Equation)

The experiments on the hydrolysis of PC were performed in the
presence of the PLD as a catalyst for each of the concentrations mentioned

above at a temperature of ( 37 = 2) °C and enzymatic activity (1.46) U/mg

45



Chapter Two Materials & Methods

of the PLD enzyme, where the color of the reaction mixture was colorless,
The reaction was followed up by withdrawing 1 ml of the mixture every
10 minutes and measuring its absorbance by spectrophotometer analyzer
after fixing the wavelength at 268 nm, and continue until almost constant

readings of absorbance are obtained.

Figure (2-8): The reactor of the enzymatic hydrolysis of PC in presence of PLD.

Then, after observing the results, the ideal substrate concentration
was reached at the concentration (0.1 mM) that provides the optimum data
during work in addition for drawing the Michaelis —Menten equation to
find the Michaelis constant (K,,), or the speed at which the Michaelis-

Menten equation's maximum speed equals half.
2.2.2.4. Determination of Appropriate PLD Enzymatic Activity

Furthermore , the enzymatic hydrolysis experiments of PC were
carried out under completely emptied conditions of atmospheric air as well
and in the presence of nitrogen as an inert gas with the presence of PLD by
applying different activities of phospholipase D (0.292, 0.73, 1.168, 1.46,
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and 1.752) U/mg after stabilizing the concentration of the substrate at
0.1mM, The temperature at (37+ 2)°C and the pH function at 7, apply the
same steps in the previous enzymatic experiments and following the
absorbance readings after fixing the wavelength at 268 nm. The optimal
enzymatic activity using the experiment findings and creating a velocity
diagram in opposition to the associated pH is (1.752) U/mg is the

appropriate enzymatic activity for this reaction.
2.2.2.5. Determination of Appropriate pH for Hydrolysis of PC

A 0.1 mM solution of PC was prepared using buffer solutions of
different pH values (5, 6, 7, 7.4, 8, and 9), adding (1.752) U/mg of PLD
(the appropriate enzymatic activity of the reaction) and following up the
reaction over time by measuring the absorbance every ten minutes until
several stable readings or nearly identical were obtained. It was found from
the results of the experiments and drawing a velocity diagram against the
corresponding acid functions that (pH= 7) is the ideal pH for this enzymatic

reaction.
2.2.2.6. Thermodynamic Study for Hydrolysis of PC

After determining the appropriate concentration of PC, the activity of
PLD, and the appropriate pH, the rate of the hydrolysis reaction was
monitored at different temperatures (10, 20, 30, 37, and 45) °C, by mix 0.1
mM of PC with (1.752) U/mg of PLD for each experience. When you
continue to follow the absorbance readings every 10 minutes until you get
stable or nearly close readings. It was found that 37°C is the best
temperature suitable for the enzymatic reaction. In addition, the change in
enthalpy (AH), the change in Gibbs free energy (AG), and the change in

entropy (AS) have been measured, as item 2.8 shall explain.
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2.2.3. Hydrolysis of PC in Ethanol in Presence of
Phospholipase D

2.2.3.1. Following up the Effect of Change the Concentrations of PC

and Enzyme Activities

After determining the maximum wavelength at 439 nm, which
changed as a result of changing solvent used (ethanol instead of water).
Phosphatidylcholine substitution experiments were started by preparing
dilute solutions with a concentration of (1, 1.25, 1.5, and 2) mM from
Stock 0.01M solution prepared by dissolving (0.19 g) of PC in (50ml) of
phosphate buffer dissolved in ethanol. The activity of PLD used 1.168
U/mg at 37 °C where the color of the reaction mixture was light yellow. It
was found that the concentration of (1mM) is the appropriate concentration
(it provides the optimum absorbance readings when following the reaction
with time) for the nucleophilic substitution reaction of PC with ethanol and
to determine K., at which the speed is equal to half maximum speed

according to the Michaelis-Menten equation.

However, experiments with ethyl substitution of PC at enzymatic
activities (0.292, 0.73, 1.168, 1.46, and 1.752) U/mg showed that (1.168)
U/mg of enzymatic activity is the best suitable enzymatic activity for this

enzymatic reaction.
2.2.3.2. Monitoring the Response of Appropriate pH and Temperature

Ethyl replacement experiments were carried out to determine the
appropriate acidity of the reaction using a PC concentration of (0.001) M,
enzymatic activity of (1.168) U/mg, temperature of 37 °C, and the pH
values that were used in the experiments are (4, 6, 7.4, 8, and 10). After the
end of the experiments, it was shown that the pH (6) is the ideal pH for this

reaction.
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When following up on the enzymatic ethyl substitution of PC with
ethanol at different temperatures (10, 20, 30, 37, and 45) °C with time after
determining the pH used at (6), it was noted that the optimum reaction
temperature is 37 °C which gave the most regular absorbance readings with

time and having drawn the relationship between temperature and velocity.

2.2.4. Hydrolysis of Phosphatidylserine (PS) in Presence of
PLD

2.2.4.1. Determination of Appropriate PS Concentration and PLD
Activity

In the beginning, the solubility of phosphatidylserine was tested for

the purpose of fixing the maximum wavelength, as follows in Table (2-5).

Table (2-5): The Phosphatidylserine Solubility.

The solubility of PS
Buffer solution (pH=7.4) Not dissolved
Buffer solution (pH= 9.5) Partially soluble
Methanol Partially soluble
Acetone Partially soluble
Di ethyl ether Not dissolved
Petroleum ether Completely soluble
Chloroform Completely soluble

In order to ensure that there are no interferences during the
measurement of the ultraviolet-visible rays, it was relied on buffer solution
pH (9.5) in the dissolution. Stock's solution (0.01) M was prepared from
phosphatidylserine (0.397 g in 50 ml of pH= 9.5 solution). Its A max was =

365 nm.
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Figure (2-9): (0.01) M stock solution of phosphatidylserine.

After that, diluted solutions with concentrations (2, 4, 5, and 6,8
mM) were prepared from a 0.01 M solution of PS, and ethyl substitution
experiments were conducted in the presence of the enzyme PLD 1.46 U/mg
as a catalyst at 37 °C. When following up the hydrolysis reaction with time,
it was observed that the concentration of (4 mM) is the appropriate
concentration of PS, which gave the most regular absorbance readings and
to calculate the K, at which the Michaelis-Menten equation's maximum

velocity equals half.

While the hydrolysis experiments of PS in the presence of PLD
enzyme showed the best enzymatic activity at (1.752 U/mg) among the
different activities used (0.584, 0.73, 0.876, 1.022, 1.168, 1.46, and 1.752
U/mg) after being determined by drawing the relationship between

enzymatic velocity and activity.
2.2.4.2. Determination of Appropriate pH for Hydrolysis of PS

To conducting the experiments for the hydrolysis of PS in different
pHs (4, 5, 6, 7.4, 8, 9, and 10). It was found that pH=9 is the best pH for
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this enzymatic reaction, as a consequence of graphing the relation between

speed and the associated pH.
2.2.4.3. Thermodynamic Study for Hydrolysis of PS

To finding the thermodynamic parameters AH, AG, and AS as stated
in Section 2.8, for the hydrolysis reaction of PS in presence of PLD as
catalyst. The enzymatic reaction hydrolysis experiments for PS at different
temperatures (10, 15, 20, 25, 30, 37, 40, and 45) °C were observed. When
plotting velocity versus temperature, it was found that 35 °C is the ideal

temperature for the hydrolysis of PS reaction.

2.2.5. Hydrolysis of PS in Ethanol in Presence of PLD

After dissolving 0.379 g in 50 ml of pH= 7.4 (the phosphate buffer
solution was dissolved in ethanol) to prepare a 0.01M stock solution, and
after examining its ultraviolet spectrum and determining the maximum
wavelength at 365 nm, the reaction kinetics was followed up.
2.2.5.1. Follow up the reaction with time to determine the optimal

(enzymatic activity and concentration of PS) for this reaction.

When conducting ethyl substitution experiments with ethanol for PS
at different concentrations (1, 1.25, 1.5, 2, and 2.5 mM), enzyme activity
1.46 U/mg and temperature 37 °C and then monitoring the reaction with
time by measuring the absorbance of a sample withdrawn from the reaction
mixture every ten minutes until obtaining constant or close readings of the
absorbance observed. It found that the concentration of (2.5) mM is the
optimal concentration to give it the most regular readings with time and to
calculate the km at which the speed, as calculated by the Michaelis-Menten

equation, equals half the maximum speed (V max).
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After fixing the concentration at the optimal concentration of (2.5)
mM for PS and conducting ethyl substitution experiments at different
enzymatic activities (0.292, 0.73, 1.168, 1.46, and 1.752 U/mg) and
following up the reaction with time, then drawing the relationship between
the activity and the enzymatic reaction rate, it appeared that (1.46) U/mg is

optimum enzymatic activity of the reaction.

2.2.5.2. Determine the reaction's optimal pH and temperature by
studying the ethanol substitution reaction over time.

After fixing the concentration of PS at 2.5 mM and the enzymatic
activity at (1.46) U/mg. The experiments to monitor the reaction with time
at different pHs (4, 6, 7.4, 8, and 10). From the velocity vs. pH chart it is
found that pH (6) is the optimal pH for the ethyl substitution reaction of PS

with ethanol.

In addition, the temperature of (37 °C) was the optimum temperature
for the reaction, after following up the reaction with time at different
temperatures (10, 20, 30, 37, and 45 °C) and with the conditions (2.5 mM
of PS, enzymatic activity (1.46) U/mg and pH 6) for the purpose of

obtaining the most regular absorption results over time.
2.6. Experiments of preparation of phospholipid derivatives

After identifying the appropriate pH, temperature, substrate
concentration, and enzymatic activity for the enzymatic reaction,
experiments were performed to prepare the phosphatidyl derivative for both
phospholipids (PC and PS) at each solvent (water and ethanol).

The thin-layer chromatography method was used to monitor the
product's production in each of these experiments. Aluminum plates were
covered with thin layer plates made of alumina (Fixed phase), While three
different solvents made up the mobile phase: (6mL of water ,2 mL of
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ethanol, and 2 mL of n-hexane). Every ten minutes, a reaction mixture
sample was taken and the spot was coloured with iodine. One spot
appeared in the first ten minutes, with an (RF = 2cm) and remained
constant throughout the reaction time as a result of the product forming in

the first ten minutes of the reaction.

2.6.1 Preparation of phosphatidic acid (PA)

Phosphatidic acid was prepared by the hydrolysis of PC in present of
PLD enzyme after multiplying and reacting under ideal conditions, the
concentration of PC and the enzymatic activity of PLD increased to 15
times (1.5 mM of PC at the enzymatic activity of the enzyme PLD 26.28
U/mg, pH 7, and a temperature of 37 °C) where the reaction was followed
by thin layer chromatography (TLC), where one spot was appeared for the

product, the reaction continued until we got a fixed spot.

An hour after the reaction. Then, for the purpose of separating the
fatty derivative, the reaction mixture was transferred to the separation
funnel and an amount of petroleum ether was added to it. Then, for an hour,
the mixture was mixed by mixing every ten minutes, then the mixture was
left for half an hour, and after an hour had passed, the mixture was left in
the separating funnel for half an hour, after which the aqueous mixture was
separated from the etheric layer, and then the mixture was left to evaporate
the petroleum ether, we obtained a liquid crystalline substance, and when
n-hexane was added to it and left to dry, it was observed that a yellow

precipitate appeared.

2.6.2. Creating the Phosphatidyl derivative from PC by substituting
ethyl
After defining the previously mentioned ideal conditions for the

ethyl substitution reaction of phosphatidylcholine, substitution experiments

53



Chapter Two Materials & Methods

were conducted by doubling the concentration of the substrate and the
enzymatic activity tenfold (10 mM) of PC and 11.68 U/mg respectively, 6
pH and temperature 37 °C. The reaction mixing color was light yellow, and
the reaction was followed up by TLC until the appearance of a fixed-height
spot an hour after the start of the reaction, then the reaction mixture was
separated in the same way mentioned above by using a separation funnel,
where we obtained two layers after adding petroleum ether, one etheric and
the other ethanolic, then after mixing and separation and adding n-hexane
to the ether layer after its evaporation and letting it dry A beige precipitate
(0.1) g appeared, while the ethanolic part was obtained after letting it dry
light yellow flakes (0.01) g, the yield of the reaction was 62%.

Figure (2-10): The separation funnel during the separation of the two layers, as

well as the products of the etheric and ethanolic layers, respectively.

2.6.3. Hydrolysis of PS and preparation of the lipid derivative

The hydrolysis experiment for PS took an hour also when reacting (8
mM) of PS with (3.504 U/mg) of the enzymatic activity of PLD (two times
the ideal conditions) at the conditions (pH= 6, and 37 °C) and following the
same method mentioned above in a hydrolysis experiment for PC by
following up the reaction and separating the product, we got (0.001) g a
white substance from the fatty derivative in the petroleum portion of the

mix. While the aqueous part did not appear to precipitate.
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2.6.4. Ethyl substitution of PS results in the creation of a
phosphatidylserine derivative

With a pink reaction mixture, and with five times, the ideal
conditions for PS and PLD activity (12.5 mM, 7.3 U/mg, pH= 6, 37 °C), an
experiment was conducted to prepare the fatty derivative to replace
phosphatidylserine with ethanol and continued for 45 minutes after
following up the reaction with the TLC technique, then following the same
steps. The previously mentioned method separated the reaction products,
where a precipitate (light pink flakes) weighing (0.058) g was observed.
The ethanol part showed (0.052) g of white residue, while the yield of the

reaction was 65%.

Figure (2-11): A figure showing the separation of the two layers in the separation
funnel, where the ethanolic layer (at the top) and the etheric layer (at the bottom),

and the products of the primary and side reaction, respectively.

2.7. Monitoring of Kinetic Parameters

2.7.1. Michaelis-Menten Equation

Following the Michaelis - Menten equation, the substrate
concentration (for each derivative on its own) appropriate for the reaction
was determined by monitoring changes in derivative concentrations (PC,
PS) in water and ethanol as a solvent at a particular (enzymatic activity
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1.46, 1.168, 1.46, 1.46 U/mg ,7.4,7,6,9 acidity functions) respectively and a
constant temperature of 37 °C. The concentrations of each derivative
separately were then plotted against the velocity. Determine the derivative's
concentration at which the reaction velocity is half based on the

information provided which known as the Michaelis constant (K,).
2.7.2. Determine the product's concentration

Using Lambert-Beer's law (equation (Eq) (1)), the concentration of
the substrate was determined for each experiment at every time, where (C)
Is the concentration of the substrate, (b) is the thickness of the cells (1 cm),
(A) is the measured absorbance of the reaction mixture while following
enzymatic experiments, and (€) is the molar absorption coefficient from the
slope of calibration curve for each reaction see appendix 1,6,12 and 15 for

more information.

C=A\bE Eq......(])

The product concentration was then measured using the following

equation each time:

[ [P1= Sl - [SI: ] Eq........(2)

Where [S]+ represents the concentration of the substrate at a certain

time. Whereas [S]. represents the concentration of the substrate at time zero

for each experiment.

2.7.3. Find the values of the reaction rate constant and enzymatic

reaction rate

It was noted that there is a linear relationship when drawing between

the natural logarithm of the product concentration (In p) and time (t) in
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minute, so the first-order equation Eq.(3) for the reaction can be applied to

find the reaction rate constant and the enzymatic reaction rate.

[ Slope = k (min™) = Velocity (v) ] Eq..von(3)

2.7.4 Calculating the values of K, and V-Max for each reaction

By applying the Michaelis-Menten equation Eq.(4) and establishing
the relationship between the substrate concentration [S] and the rate of the
enzymatic reaction (V) as well as the line weaver Burk equation Eq.(5) is
the relationship between reciprocal of velocity (1/ V) and reciprocal of
substrate concentration (1/[S]). The values of the maximum velocity (V
max) of the enzymatic reaction and a velocity constant were established.

As shown in appendix 3,8,13, and 17.

— Ymax[S]
[ YT Kt ] EqQ......(d)
Michaelis-Menten equation
1 Km 1
{ v Vmax[5]+ Voo ] Eq........(5)

Line Weaver Burk equation

2.7.5. Achieving the optimal activity for enzyme reaction

The optimal enzyme activity of an enzymatic reaction after which the speed
becomes constant was calculated due to binding all substrates to the
enzyme by drawing the linear relationship between the enzymatic activity
and the related velocity, as in the appendixes 3,8,13, and 17.
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2.7.6 Determine the optimal temperature and pH for enzymatic action

The optimum acidity function was identified by plotting the
relationship between each velocity and the matching pH function
(appendixes 5,10,15, and 19), which displayed a bell-shaped curve. As for
the optimum temperature, it was determined through the bell curve

resulting from plotting the speed values against the temperatures.

2.8. Calculate the Thermodynamic Parameters A H, A S and
A G.

The slope of the straight line equation for Arrhenius Eq.(6) between
the natural logarithm of the reaction rate constant (In k) and reciprocal of
temperature (1/T) was used to calculate the activation energy(E,) necessary
for the reaction to occur. For more information, see appendixes 4,9,14, and
18.

[In Kk =In A—Ea/RT] Eq.......(6)

Arrhenius equation

The value of (AS) and (AH) of the reaction can be found through the
scheme of Van 't Hoff equation Eq.(7) between (In k) and (1/T), where the
slope is represented (-AH/R), but the intercept is represented cutting with
the y- axis (AS/R).

In keq= - AH/TR + AS/R Eq.........(7)

R = The gas constant (8.314 Joule/mole)

Van 't Hoff equation
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The Gibbs equation Eq.(8) can be used to compute the change in
Gibbs free energy (AG) by using the AH and AS values:

AG=AH-T AS Eq........(8)

Where AH = E, for liquid

Gibbs equation
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3. Results and Discussion:

3.1 Hydrolysis of Phosphatidylcholine

3.1.1. Phosphatidylcholine hydrolysis in an environment of strong

hydrochloric acid:

The experiments for the hydrolysis of PC in presence of HCI were
monitored by UV-Vis. and FTIR. A distinct peak at A o = 214nm,
attributable to the n-n* transition of C=O for the fatty acid ester, can be
seen in the UV-Vis. spectra of PC prior to the hydrolysis. The n-m*
transition of (C=0) for free fatty acid and the ester of PC, respectively, are
represented by two peaks at A max =200 nm and 212 nm after 1 hour of
hydrolysis. The signal at 214 nm vanished over the course of the reaction
period, and only the peak at 200 nm was recorded, showing that the two
groups of free fatty acids from the PC were separated, as shown in Fig. 3-1,
and Table 3-1.

268

—_Product

~—___ 168 Hour
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Absorbance
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Wave length (nm.)

Figure (3-1): UV-Vis Spectra for the Hydrolysis of PC with HCI. A spectrum of PC
before to the reaction is shown by the black curve. The red curve represents the
PC spectrum at 30 hours into the reaction. At 130 hours into the reaction, the PC
spectrum is shown as a green curve. At 168 hours into the reaction, the PC
spectrum is shown as a purple curve. The end product, glycerol 3-phosphate, has a

spectrum that is brownish yellow.
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Table (3-1): PC undergoes changes in wavelengths and energy while being

hydrolyzed in the presence of HCI.

Time (h) A max (nm) Transition Energy (Kcal/mole)

0 214 n-* (C=0, ester) 133.6
212 n-* (C=0, ester) 134.87

1
200 n-n* (C=0, fatty acid) 142.96
210 n-n* (C=0, ester) 136.15

5
198 n-m* (C=0, fatty acid) 144.4
210 n-n* (C=0, ester) 136.15

10
200 n-n* (C=0, fatty acid) 142.96
214 n-n* (C=0, ester) 133.6

30
202 n-n* (C=0, fatty acid) 141.54
210 n-n* (C=0, ester) 136.15

45
199 n-n* (C=0, fatty acid) 143.68
75 198 n-t* (C=0, fatty acid) 144.4
130 200 n-n* (C=0, fatty acid) 142.96
145 200 n-n* (C=0, fatty acid) 142.96
168 201 n-n* (C=0, fatty acid) 142.25

The investigation of FTIR spectra showed that at zero time of
reaction, the strong peak at 1735 cm™ was due to stretching of the C=0
ester group, along with additional medium peaks at 2854 cm™ and 2924
cm™ that peaks are related to the two associated fatty acids for PC, and
another medium peak at 3363 cm™ that refers to stretching of N-H for
aliphatic amine for choline.
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After one hour of the hydrolysis reaction, a new and strong peak for
the OH group at 3430 cm™ emerged, which indicating to the dissociation of
one fatty acid from the PC and the formation of an aliphatic alcohol as a
result of substituting hydroxyl groups instead of fatty acids on the
backbone of glycerol and this is supported by the separation of a black fatty
layer belonging to the fatty acids attached to the backbone of glycerol on
the surface of the reaction mixture since the first hour and continued
increasing within 24 of the reaction, which was separated at the end of the
reaction. The reaction continued, and it was observed that the peak at 1735
cm™ progressively vanished, see Table 3-2 and Fig. 3-2. At the conclusion
of the hydrolysis reaction, the FTIR spectra revealed an increase in the
intensity of OH for aliphatic alcohols due to the substitution of two
hydroxyl groups for two fatty acids on the backbone of glycerol to form the
glycerol-3-phosphate as a final product of the hydrolysis reaction for the
PC.

Table (3-2): The FTIR peaks for the PC functional groups during the hydrolysis of

PC in 2M of HCI.
Time (h) | Position of peak (cm™) | Intensity Group Notes
3363 m N-H (v) Choline (195)
3009-2924 m C-H (v) Alkene of FA (196)

2854 m C-H(v) | Alkane of FA (196, 197)

0 1735 s C=0 (v) Ester (196, 197)
1647 w C=C (v) Alkene of FA (196)
1230 m C-N () Choline (195)
597 w P-O (v) Phosphate (198)
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3430 S O-H (v) Alcohol (198)
1739 S C=0 () Ester (196, 197)
1 1651 w C=C (v) Alkene of FA at sn-2
196
1211 m C-N (v) (196)
Choline (195)
605 w P-O (v)
Phosphate (198)
3380 br, s O-H (v) Alcohol (198)
1643 w C=C (v) | Alkene of FA at sn-2 (196)
5
1226 m C-N (v) Choline (195)
602 w P-O (v) Phosphate (198)
3364 br, s O-H (v) Alcohol (198)
1709 m C=0 (v) Carboxylic of free FA
(196)
10 1640 w C=C (v)
Alkene of free FA (196)
1230 m C-N (v)
Choline (195)
598 w P-O (v)
Phosphate (198)
3364 br, s O-H (v) Alcohol (198)
30 1196 w C-N (v) Choline (195)
602 w P-O (v) Phosphate (198)
3379 br, s O-H (v) Alcohol (198)
1709 m C=0 (v) Carboxylic of free
FA(196)
45 1640 w C=C (v)
Alkene of free FA (196)
1227 w C-N (v)
Choline (195)
602 w P-O (v)
Phosphate (198)
75 3364 br, s O-H (v) Alcohol (198)
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1712 w C=0 (v) Carboxylic of free FA
196
1647 w C=C (v) (196)
Alkene of free FA (196)
1223 w C-N (v)
Choline (195)
598 w P-O (v)
Phosphate (198)
3364 br, s O-H (v) Alcohol (198)
1651 w C=C (v) Alkene of free FA (196)
1210 w O-H (v) Choline (195)
130
602 w C=C (v) Phosphate (198)
C-N (v)
P-O (v)
3368 br, s O-H (v) Alcohol (198)
145
602 w P-O (v) Phosphate (198)
3360 br, s O-H (v) Alcohol (198)
168
602 w P-O (v) Phosphate (198)
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Figure (3-2): The spectra of FTIR for PC hydrolysis with HCI present. The PC
spectrum before the reaction is shown by the black curve. At 30 hours into the
reaction, a PC spectrum is shown in red. The blue curve represents a PC spectrum
at 168 hours into the reaction. A spectrum of the finished product, glycerol 3-

phosphate, is shown by the green curve.

The major three final products of the PC hydrolysis reaction,
glycerol-3-phosphate, free fatty acid, and choline chloride were isolated

and characterized using NMR, GC-Mass and FTIR spectroscopy.

3.1.2. Characterization of Products for hydrolysis of PC in
HCI

3.1.2.1 Characterization of glycerol-3-phosphate

The 'HNMR spectrum for glycerol-3-phosphate in dimethyl
sulfoxide—d® (DMSO-d® ’ (Fig.3-3) displays a doublet-doublet peak at &
1.23 - 1.16 belonging to the two hydrogen atoms attached to carbon atom

of CH, group which attached to glycerol-3-phosphate at position sn-1,
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while the proton of the hydroxyl group attached to it in addition proton of
the hydroxyl group attached to the carbon atom of the methylene group at
position sn-3 showed a singlet peak at & 3.31, due to they have the same
environment. In addition to singlet peak at & 2.73 belonging to the
hydrogen atom of the middle group CH at position sn-2 of the glycerol
backbone, while the proton of the OH group associated with it showed a
singlet peak at § 5.32. On the other hand, the two

protons of the other terminal CH, group at position sn-3 show a doublet-
doublet peak at 6 4.02 - 4.04.

" A Jk_,JUU\JJUL
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Figure (3-3): Glycerol-3-phosphate’s *H NMR spectrum in DMSO-d®

The *C NMR spectrum showed that the carbon atom of the
methylene group at position sn-1 of the glycerol backbone showed a peak
at 8 63.2 in the spectrum of “*C NMR for glycerol-3-phosphate in DMSO-
d°.The carbon atom of the other terminal CH, group at position sn-3 of
glycerol-3-phosphate showed a peak at 6 73.9. In addition to peak at & 72.7
belonging to the carbon of the CH group at position sn-2, see Fig. 3-4.
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Figure (3-4): The 3C NMR spectrum of glycerol-3-phosphate's in DMSO-d°®.

The *P NMR spectrum of glycerol-3-phosphate in DMSO-d°:
spectrum shows a singlet peak 6 1.48 that belongs to the 1 P of phosphate

group (PO4%) arranged on the glycerol backbone at position sn-3.
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Figure (3-5): The *P NMR spectrum of glycerol-3-phosphate in DMSO-d°.

The FTIR spectrum of glycerol-3-phosphate showed that the strong
broad peak at 3371 cm™ associated with stretching of the sn-1 OH and sn-2

OH groups as a result of the breakdown of fatty acids associated with the
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backbone of glycerol and their replacement with a hydroxyl group, the
medium peak at 2897 cm™ related to stretching of the C-H alkane at the sn-
1, sn-2, and sn-3 positions, and the weak peak at 598 cm™ associated with
the P-O of the PO4* group were all visible in the FTIR spectrum of
glycerol-3-phosphate, as shown in Fig. 3-6.

Product

T

T T T T T T
4000 3500 3000 2500 2000 1500 1000

wave number (cm )

Figure (3-6): The FTIR spectra for the hydrolysis of PC in HCI. The FTIR
spectrum of PC is shown by the blue curve, while a spectrum glecerol-3-phosphate,

is shown by the red curve.

The mass spectrum of glycerol-3-phosphate appears in the signal at
(168.9 m/z) relative to the molecular ion, corresponding with the calculated

molecular weight (170 g/mole), as shown in Fig. 3-7.
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Figure (3-7): The GC- mass spectra of glycerol-3-phosphate.
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3.1.2.2. Characterization of Dissociative free fatty acids

Figure 3-8 illustrates the *H NMR spectrum of free fatty acids in
DMSO-d° contains a triple peak at & 1.07 back to the protons of the
terminal methyl group, in addition to the presence of a o6 2.32-2.45
multiplet peak return to 20 protons for the CH, groups present in the
structure of fatty acids. For the other CH, groups, their eight protons show
a multiplet peak at 6 3.11-3.72, the doublet-doublet peak at 6 5.22-5.63
which they belong to the four protons of the methylene group adjacent to
the double bond carbon atom in the compound. They added a final singlet
peak & 8.52 to the proton of the terminal hydroxyl group of the carboxylic

acid.
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Figure (3-8): The *H NMR spectrum of free fatty acid in DMSO-d®.

As seen in Fig. 3-9, the free fatty acid **C NMR spectrum in DMSO-
d® has 18 C peaks, including: 6 14.42, 6 14.59, & 28.18, 6 30.08, 6 37.98, o
53.58,053.62, 0 53.65, 0 55.55,0857.89,06 62.91, 6 63.49, 6 71.03, 6 72.34,
0 72.96, 6 73.06, 6 73.22, and 6 75.70
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Figure (3-9): The *C NMR spectrum of free fatty acid in DMSO-d°®.

The Fourier transform infrared (FTIR) spectrum of free fatty acids
revealed a strong peak at 1709 cm™ that refers to stretching of C=0 fatty
acid, as well as other peaks at 3359 cm™ return to free O—H of carboxylic
acid. In addition to weak peak at 1095 cm™ for the (C—O) bond. 2924 cm™
and 2854 cm™ that are attributed to stretching of C-H alkane. The
stretching of C—H alkene showed a weak peak at 3009 cm™ due to the
present of double bond in the structure of fatty acid. two another peaks at
1373 cm™ belong to the bending of methyl groups and 1462 cm™ belong to
the bending of methylene groups and a weak peak at 721 cm™ belongs to
the rocking of methylene groups (> 4C), which indicates that we have a

series hydrocarbons are more than four carbon atoms. See Fig.3-10.
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Figure (3-10): The FTIR spectrum of fatty acid.
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The mass spectrum of palmitic acid appears in the signal at (256.1
m/z) relative to the molecular ion, the value close to the calculated

molecular weight (255 g/mole), as shown in Fig. 3-11.
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Figure (3-11): The GC-mass spectra of palmitic acid.

The mass spectrum of octadeca-9,12-dienoic acid appears in the
signal at (281.0 m/z) relative to the molecular ion, the value close to the

calculated molecular weight (279 g/mole), as shown in Fig. 3-12.
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Figure (3-12): The GC-mass spectra of octadeca-9,12-dienoic acid.
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3.1.2.3. Characterization of Choline Chloride:

The *H NMR spectrum of choline chloride in DMSO-d° shows a
triplet peak at 6 3.34 that belongs to the protons of the nine methyl groups,
in addition to a doublet-doublet peak that belongs to the proton of CH,
group adjacent to the nitrogen atom at d 3.65, another doublet-doublet peak
at 6 3.86 return to two proton of methylene group attached to the oxygen
atom of the hydroxyl group, and a single peak at 6 5.17 that belongs to the
proton of the hydroxyl group. See Fig. 3-13.
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Figure (3-13): The *H NMR spectrum of choline chloride in DMSO-d®.

T 1
1 ppm

As for the **C NMR spectrum of choline chloride in DMSO-d°, it
contains a peak at 8 22.44 that belongs to the carbon atom of the methylene
group attached to the hydroxyl group. The carbon atom of the methyl group
appears as a peak at 6 29.19 in addition to a peak at 6 29.5 belonging to two
carbon atoms of the other methyl group. The peak at 6 31.37 belongs to the
carbon atom of the group attached to the nitrogen atom, as shown in Fig. 3-
14,
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Figure (3-14): The **C NMR spectrum of choline chloride in DMSO-d®.

As illustrated in Fig.3-15, the Fourier transform infrared spectrum of
choline chloride showed three peaks: a weak peak at 1259 cm™ ascribed to
stretching C-N aliphatic amine, a medium broad peak at 3472 cm™
attributed to stretching O-H bond, and a strong peak at 2940 cm™ referring

to stretching C-H alkane.

T2

4000 3500 3000 2500 2000 1500 1000
Wave number (cm™)
Figure (3-15): The FTIR spectrum of the choline chloride produced as a byproduct
of PC hydrolysis.
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The mass spectrum of choline chloride appears in the signal at (137.0
m/z) relative to the molecular ion, the value close to the calculated

molecular weight (139.5 g/mole), as shown in Fig. 3-16.
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Figure (3-16): The GC-mass spectra of choline chloride.

Based on the findings, it appears that there are three primary steps
involved in the hydrolysis of PC. First step, the carbonyl groups at
positions sn-1 and sn-2 and phosphate at position sn-3 are protonated. Next
step, the water molecule attacked as a nucleophilic agent. The second phase
of the procedure involves the proton moving into the ester bond's oxygen,
which is followed by the liberation of free fatty acid groups from the sn-1
and sn-2 positions. As indicated in Fig. 3-17, the subsequent step entails
creating an intra-hydrogen bond between the oxygen of phosphate and the
hydrogen of sn-2 OH, which is followed by protonation of the oxygen for
choline, which results in dissociation as choline chloride.
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Figure (3-17): The suggested mechanism for the PC hydrolysis reaction in presence
of the HCI.

3.2.2. Hydrolysis of Phosphatidylcholine in Ethanol

The UV/Vis. and FTIR spectroscopy were also used to observe the
response of PC hydrolysis in the presence of ethanol in an acidic

environment.
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3.2.2.1. Spectral observations in the UV-visible range:

As demonstrated in Table 3-3, utilizing ethanol as a solvent has a
minor impact on the UV/Vis. spectra of PC during the hydrolysis
procedure. Additionally, it should be highlighted that ethanol is crucial to
the hydrolysis reaction of PC. The UV/Vis. spectra of PC displayed a peak
at Amax = 279 nm at the beginning of the process, which is attributed to the
carbonyl’s n-m* transition for the PC ester group. The spectrum showed
two peaks at Ama =281 nm refer to n-n* transition of C=0 for the PC ester
group and another peak at Ama =212 nm refer to produce new ethyl ester
with the fatty acid residue at PC after the PC hydrolysis reaction had been

going on for an hour.

Table (3-3): The variations in PC's wavelengths and energy caused by the presence
of ethanol during hydrolysis.

Time (h) Amax (NM) Transition Energy
(Kcal/mole)
0 279 n-t* (C=0, PC ester) 102.48
281 n-t* (C=0, PC ester) 101.75
1
212 n-n* (C=0, ethyl fatty ester) 134.87
283 n-n* (C=0, PC ester) 101.03
5
215 n-n* (C=0, ethyl fatty ester) 132.98
275 n-t* (C=0, PC ester) 103.97
24
212 n-n* (C=0, ethyl fatty ester) 134.87
279 n-n* (C=0, PC ester) 102.48
45
213 n-t* (C=0, ethyl fatty ester) 134.23
268 n-n* (C=0, PC ester) 106.68
85
211 n-n* (C=0, ethyl fatty ester) 135.5
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258 n-n* (C=0, PC ester) 110.82
100

210 n-n* (C=0, ethyl fatty ester) 136.15

268 n-t* (C=0, PC ester) 106.68
150

212 n-n* (C=0, ethyl fatty ester) 134.87

Monitoring the shift in UV/Vis. spectra while PC was being
hydrolyzed in the presence of ethanol gave solid proof that the fatty acid
was being dissociated as an ethyl fatty ester rather than remaining in the PC
as a free fatty acid. The formation of high concentrations of ethyl fatty ester
during the hydrolysis of PC in the presence of ethanol may explain why the
absorbance at the Ama = 212 nm increased and the absorbance at the A =

280 nm reduced at the conclusion of the reaction, as shown in Fig. 3-18.

Absorbance

85 Hour

24 Hour
PC

200 ' 400 ' 600
Wavelength (nm.)

Figure (3-18): UV-Vis. spectra for the ethanol-induced hydrolysis of PC. The PC
spectrum before the reaction is shown by the black curve. Spectrum of PC at 24
hours into the reaction is shown by the red curve. Spectrum of PC at 85 hours into
the reaction is shown by the blue curve. A PC spectrum at 150 hours into the
reaction is shown by the green curve. A spectrum of PC for the finished product

(Ethyl fatty ester) is shown by the purple curve.
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3.2.2.2. Monitoring FTIR Spectra for Phosphatidylcholine Hydrolysis

in Presence of Ethanol:

The observation of the infrared spectra of the nucleophilic
substitution reaction with the ethyl group of ethyl alcohol decrease in the
intensity of the peak belonging to the ester carbonyl group(C=0) and a
shift of it towards a lower wave number 1681 cm™ since the first hour of
the reaction, this indicates the separation of fatty acids at the sn-1 and sn-2
sites attached to the glycerol backbone. However, it is worth noting that
upon the gradual separation of fatty acids, it disappears in the form of a
fatty layer on the surface of the reaction mixture as in the hydrolysis
reaction of phosphatidylcholine, but it was mixed with the reaction mixture
causing the gradually change in the color of the reaction mixture from light
yellow to brown color. After that, monitoring the interaction at 40 h from
the start of the reaction black oily flakes appeared on the surface of the
mixture and continued to increase until the time 105 h of the reaction and
gradually became in the form of a black oily layer on the surface of the
reaction mixture. A sharp peak appeared in the infrared spectrum during
this time (at 40 h) at 1739 cm™, its intensity continued to increase until it
became medium in intensity and remained visible in the spectrum until the
end of the reaction at 150 h because the same active C=0 ester group as the
PC is produced in ethyl fatty ester. From the foregoing, it is clear that this
is the black compound that appeared and was separated at the end of the
reaction is the by-product (ester compound). However, after one hour of the
reaction, a new strong broad peak at 3330 cm™ emerged. This peak is
attributable to stretching of the O-H bond for the primary product of the
hydrolysis reaction of the PC, glycerol-3-phosphate, as indicated in Table
3-4 and Fig.3-109.
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After PC was hydrolyzed in ethanol, the various end products were
isolated and analysed using NMR and FTIR spectroscopy.

Table (3-4): Features of PC functional group FTIR peak during ethanol-induced

hydrolysis.
Time (h) | Position of peak (cm™) | Intensity | Group Notes
3290 br, w N-H (v) Choline (195)
2978 m C-H (v) Alkene of FA (196)
2890 m C-H (v) | Alkane of FA (196, 197)
0 1735 s C=0 (v) Ester (196, 197)
1647 w C=C (v) Alkene of FA (196)
1260 m C-N(v) Choline (195)
601 w P-O (v) Phosphate (198)
3330 s O-H (v) Alcohol (198)
1740 m C=0 (v) Ester (196, 197)
L 1662 w C=C (v) Alkene of FA at sn-2
(196)
1273 w C-N (v)
Choline (195)
602 w P-O (v)
Phosphate (198)
3306 br, s O-H (v) Alcohol (198)
2974 m C-H (v) Alkene of FA (196)
2893 w C-H (v) | Alkane of FA (196, 197)
> 1651 w C=C (v) Alkene of FA at sn-2
(196)
1273 w C-N (v)
Choline (195)
602 w P-O (v)
Phosphate (198)
24 3329 br, s O-H (v) Alcohol (198)
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2974 S C-H (v) Alkene of FA (196)
1674 w C=C (v) Alkene of FA at sn-2
(196)
1381 m O-H (d)
Alcohol (198
1273 w C-N (v) (198)
Choline (195)
601 w P-O (v)
Phosphate (198)
3340 br, s O-H (v) Alcohol (198)
2978-2928 m C-H (v) Alkene of FA (196)
1739 m C=0 (v) Ester of Ethyl FA ester
(196)
45 1651 w C=C (v)
Alkene of free FA (196)
1381 m O-H (d)
Alcohol (198)
1250 w C-N (v)
Choline (195)
606 w P-O (v)
Phosphate (198)
3352 br, s O-H (v) Alcohol (198)
2987 m C-H (v) Alkene of FA (196)
2897 m C-H (v) | Alkane of FA (196, 197)
1739 m C=0 (v) Ester of Ethyl FA ester
85 (196)
1678 w C=C (v)
Alkene of FA (196)
1381 m O-H (d)
Alcohol (198)
1223 w C-N (v)
Choline (195) Phosphate
601 w P-O (v)

(198)
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3321 br, s O-H (v) Alcohol (198)
2979 m C-H (v) Alkene of FA (196)
2901 m C-H (v) | Alkane of FA (196, 197)
1739 w C=0 (v) Ester of Ethyl FA ester
196
100 1675 w C=C (v) (196)
Alkene of free FA (196)
1377 m O-H (d)
Alcohol (198
1226 w C-N (v) (198)
Choline (195)
601 w P-O (v)
Phosphate (198)
3365 br, s O-H (v) Alcohol (198)
3009 m C-H (v) Alkene of FA (196)
2875 m C-H (v) | Alkane of FA (196, 197)
1739 w C=0 (v) Ester of Ethyl FA ester
196
150 1645 w C=C (v) (196)
Alkene of free FA (196)
1376 m O-H (9)
Alcohol (198)
1223 w C-N (v)
Choline (195)
602 w P-O (v)

Phosphate (198)
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Figure (3-19): The FTIR spectra for the hydrolysis of PC in ethanol. PC's pre-
reaction spectrum is shown by the black curve. The red curve represents the PC
spectrum after 24 hours of the response. A PC spectrum at 150 hours into the
reaction is shown by the blue curve. The end product’s (Ethyl fatty ester) spectrum

Is represented by the green curve.

3.3. The Characterization of Products for the Hydrolysis of

PC in Presence of Ethanol

3.3.1. Characterization of Glycerol-3-ethylphosphate.

The observations of glycerol-3-phosphate, the primary product of PC
hydrolysis, yielded identical results for 'H NMR, *C NMR, *P NMR,
FTIR, and Mass spectra as shown in Figs. 3-3, 3-4, 3-5,3-6 and 3-7.

3.3.2. Characterization of Choline Chloride

Referring to the characterization that mentioned above the *H NMR,
C NMR, FTIR, and Mass spectra results for the choline chloride were
identical as shown in Figs 3-13, 3-14, and 3-15.

3.3.3. Characterization of Ethyl Fatty Esters

The second product which is ethyl fatty ester was characterized and
the *H NMR spectra in DMSO-d® showed the triplet peak belonging to the
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protons of the three methyl groups at & 0.89 and another triplet
peak at & 1.08 belonging to the protons of the terminal methyl group

close to the ester group. In addition to a singlet peak, the methyl group
returns to 6 2.1. A multiplet peak at & 3.32 — 3.8 belongs to ten protons of
the methylene group, and another doublet — doublet peak belongs to the

protons of the twenty CH, groups at 6 4.8 - 5.1, as shown in Fig. 3-20.
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Figure (3-20): The *H NMR spectrum of Ethyl fatty ester in DMSO-d®.

Figure 3-21 illustrates the 20 C peaks seen in the 13C NMR spectra
of ethyl fatty ester in DMSO-d® 14.33, 14.7, 28.3, 31.1, 41.44, 41.66,
53.56, 53.60, 53.64, 55.73, 58.88, 63.01, 63.51, 71.11, 72.64, 72.77, 73.09,
73.32, and 75.8.
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Figure (3-21): The *C NMR spectrum of ethyl fatty ester in DMSO-d®.
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The FTIR spectrum showed that the strong sharp peak at 1737 cm™
indicates to stretching the active carbonyl ester groups for the presence

fatty acid in different composition.

Two sharp and medium peaks at (2926,2854) cm™ belong to the
(CH,) symmetric and asymmetric groups, respectively, which indicates the
presence of hydrocarbon groups (CH,) within the composition of the
compound. The C-H alkane is responsible for the medium peak at 1620 cm’
! There are two peaks at 1178 cm™ and 1095 cm™ return to (C—O) bonds in
the compound in addition to the presence of two weak peaks at 721 cm™,
667 cm™ belonging to rocking of methylene groups (> 4C) which indicate
the presence of long hydrocarbon chains of more than four carbons in the
compound. Three peaks at (1462,1456 and 1371) cm™ are due to the
bending C-H of CH; groups. From the foregoing, it is clear that this
compound is an ester that contains long hydrocarbon chains of more than

four carbon atoms in its structure, see Fig. 3-22.
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B

Figure (3-22): The FTIR spectrum for ethyl fatty ester as product for the

hydrolysis of PC in presence of ethanol as solvent.
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m/z)

The mass spectrum of ethyl palmitate appears in the signal at (299.1

relative to the molecular ion, the value close to the calculated

molecular weight (300 g/mole), as shown in Fig. 3-23.

=0

Ha H2 H> H2 H2 H> Ha2 Hz
C C C C C C C C C
ch/ ~c— e e e T e e S S s
Hz Hz Hz Hz Hz Hz Hz

Ethyl palmitate

Abundance
85000

20¢.9
80000
75000
70000
65000
60000
55000
50000

45000

266.9

2489 ||
e, My . 200

Y T Y T L ¥ T Y
30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

229.0

Figure (3-23): The GC-mass spectra of ethyl palmitate.

The mass spectrum of ethyl octadeca-9,12-dienoate appears in the
signal at (326.9 m/z) relative to the molecular ion, the value close to the

calculated molecular weight (324 g/mole), as shown in Fig. 3-24.
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Figure (3-24): The GC-mass spectra of ethyl octadeca-9,12-dienoate.
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The mechanism of PC's hydrolysis reaction in the presence of
ethanol at pKa = 1.2 can be hypothesized as shown in Fig. 3-25.
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Figure (3-25): The suggested mechanism for PC hydrolysis reaction with ethanol
present at pKa=1.2.

3.4. Kinetic Study of Hydrolysis of PC in Presence of PLD as
Catalyst

3.4.1 Determine the values of the reaction rate constant (Michaelis-

Menten constant) and the maximum velocity of the enzymatic reaction:

From the absorbance readings against the PC concentrations, the

corresponding reaction rate was found. After that, the Michaelis-Menten
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equation was applied (Fig. 3-26) by drawing the relationship between the
velocity of hydrolysis enzymatic reaction and the concentration of the PC
as substrate, as well as the line Weaver-Burk equation was applied by plot
the relationship between the reciprocal of the velocity (1/V) versus the
reciprocal of the concentration (1/[S]) to reach the value of the enzymatic
reaction rate constant (K.) and the maximum velocity of the enzymatic

reaction (Vima)-

Michaelis-Menten plot Lineweaver - Burk plot
0.20- 0
— °
40.154 o
= 2 40
£ £
£ :
>0104 ¢ =
© 201
Y &
g 0.054 o 1N max Slope=K,/ Vmax
0 I T Z T T T 1
20 10 10 20 30 40
0.00 T T T T 1 1/[S] mM
0.0 0.2 0.4 0.6 038 1.0 204
[S]mM

Figure (3-26): Michaelis-Menten diagram and line weaver - Burk diagram of the

hydrolysis reaction of PC.

Table (3-5): The Values of Ky, and Vs for hydrolysis of PC in presence of PLD

kinetic Parameters

Michaels Menten plot

line weaver Burk plot

Vimax (Min™)

0.2124

0.2124

Km

0.2502

0.2502

3.4.2. Finding of Enzymatic Activity of PLD for Hydrolysis Reaction of

PC

The ideal enzymatic activity was determined by drawing the

relationship between the enzymatic reaction speed and the activity, where a
bell-like shape was obtained (Fig. 3-27).
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Figure (3-27): Finding of the enzymatic activity for the hydrolysis reaction of PC.

From the foregoing, the ideal enzymatic activity for this reaction is

1.752 U/mg.

3.4.3. Determination of pH Value for the Enzymatic Hydrolysis of PC

in Presence of PLD

The appropriate pH value for the enzymatic hydrolysis of PC in
presence of PLD was measured by applying the velocity chart to the
appropriate acidity functions employed in the enzymatic reactions
produced a bell-like shape, and it was discovered that (pH = 7) is the

suitable acidity function for this enzymatic reaction (Fig. 3-28).

0.35

0.30 o
0.25 - \
0.20 - -
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| |
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Figure (3-28): Figure showing the ideal pH for this reaction.
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3.4.4. Finding Optimum Temperature for hydrolysis of PC in Presence
of PLD:

The optimum temperature for the enzymatic hydrolysis of PC in
presence of PLD was determined by plot the velocity of the reaction
against the different temperatures (10-45 °C). The 35 C is the ideal
temperature (Fig.3-29) for the hydrolysis reaction of phosphatidylcholine
determined by drawing the relationship between the speed values and their

corresponding temperatures.

Velocity (min 1)
N

0.08 ]

10 15 20 25 30 35 40 45 50
T(C)

Figure (3-29): Image showing the ideal temperature for the reaction.

3.4.4.1. Finding the Thermodynamic Parameters for Enzymatic
Hydrolysis of PC:

By applying the Van’t Hoff equation, drawing the relationship
between InK against the reciprocal of temperature. The value of (AH) was
calculated from the slope and the value of the activation energy (AE,) is
equal to the (AH) value of the liquids, while a (AS) value was calculated
from the intersection with the y-axis. As for the Gibbs free energy, it was
found by applying the free Gibbs equation.
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Figure (3-30): Van’t Hoff equation for the Hydrolysis of PC in present of PLD

Table (3-6): The values of (AH), (AS) and (AG).

AH (kJ/mole) AS (JIK) AG (J)

136.747 0.231 65.102

The positive value of the Gibbs free energy indicates that the enzyme
reaction is nonspontaneous. It also has a positive entropy value, making it

random.

3.5. Characteristics of phosphatidic acid (PA) as Product for
Enzymatic Hydrolysis of PC in Presence of PLD

3.5.1. Infrared spectrum of the aqueous layer product

The infrared chart (Fig. 3-31) showed a strong and broad peak at
3213 cm™ refer to the hydroxyl group. There are also two sharp peaks of
medium and strong intensity at 2854 cm™ and 2924 cm™, which indicate to
(CH,) group symmetric and asymmetric, respectively. In addition to the
absence of two ester bonds at 1725 cm™. The presence of a (C-O) bond at
1195 cm™, as well as a (C-N) bond at 1195 cm™, indicates that this
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compound is the product lateral and that the expected structure is the

following :

Figure (3-31): The expected chemical structure of the side product.

Product

T%

PC

T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wave number cm™

Figure (3-32): PC and side product infrared spectra.
3.5.2. The infrared spectrum of the etheric layer

It was observed (Fig. 3-34) that there was a broad and strong peak at
3336 cm™ belonging to the alcoholic (OH) group, in addition to the
presence of a peak at 1739 cm™. Belonging to the ester bonds associated
with the backbone of the glycerol, in addition to the presence of two peaks
at (1060 and 1176) cm™ belonging to the different (C-O) bonds present in
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the compound, which provided this supports the occurrence of hydrolysis

of the PC at the D site with the effect of PLD enzyme.

(8)-2-(((9E,12E)-octadeca-9,12-dienoyl)oxy)-3-(palmitoyloxy)propyl hydrogen phosphate

Figure (3-33): The chemical formula for PA as final product for the enzymatic

hydrolysis of PC in presence of PLD.

Product
=
|_
PC
T T T T T
4000 3500 3000 2500 2000 1500

T
1000
Wave number (cm™)

Figure (3-34): FTIR spectra for both PC (black curve) and PA (red curve).
3.6. Enzymatic Hydrolysis of PC in Ethanol

3.6.1. Finding the Michaelis-Menten Parameters for the Enzymatic
Hydrolysis of PC in Ethanol

The Michaels-Menten and Line Weaver-Burk equations were applied
to monitor the enzymatic hydrolysis of PC in ethanol. In addition, the

impact of the concentration of PC on the ethyl substitution reaction were

observed to find, the values of the maximum velocity of the enzymatic
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reaction and the reaction rate constant were as shown in the Fig. 3-35, and
in Table (3-6).

Mickaelis- Menten plot Lineweaver - Burk plot

0.10- 307
~ 0.084 R 20+
o c
i E
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E’ I I 1
> 0,024 2 1 2

0.00 I I I I 1
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Figure (3-35): The line weaver - Burk diagram and a Michaelis-Menten diagram

for the enzymatic hydrolysis of PC in ethanol in presence of PLD as catalyst.

Table (3-7): Values of K, and V max for hydrolysis of PC in ethanol as a solvent.

kinetic Parameters Michaels Menten plot line weaver Burk plot
Vimax (Min™)

0.253 0.253
Km 3.664 3.664

From the aforementioned and depending on the value of the
Michaelis-Menten constant (K,,), the affinity between the substrate (PC)
and the enzyme (PLD) in this reaction is the least value among the four

interactions mentioned.

3.6.2 Determination of Enzymatic Activity for the Hydrolysis of PC in

Ethanol in Presence of PLD

The activity of PLD enzyme was determined by plotting of velocity
of the enzymatic hydrolysis of PC in ethanol against the activity of PLD
enzyme as shown in figure 3-36. It is clear that 1.168 U/mg is the enzyme

activity suitable for the ethyl substitution reaction of PC.
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Figure (3-36): Plot of velocity against PLD enzyme activity for the enzymatic
hydrolysis of PC in ethanol.

3.6.3. Finding the Appropriate pH Value for Enzymatic Hydrolysis
Reaction of PC in Ethanol

By plotting the chart for the velocity against the corresponding
acidity functions (pHs) that were used in the enzymatic reactions, it was
found that (pH = 6) is the appropriate acidity function for this enzymatic
reaction, see (Fig.3-37).

0.115 l
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__.0.105 -
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T T T T T T
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Figure (3-37): Figure showing the ideal pH for this reaction.
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3.6.4. Determination of the Ideal Temperature for the Enzymatic

Hydrolysis of PC in Ethanol in Presence of PLD.

By drawing the relationship between the change of velocity against
the corresponding temperature, the appropriate temperature was limited at

37 °C for the enzymatic hydrolysis action of PLD.
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Figure (3-38): Diagram showing the ideal temperature for an enzymatic hydrolysis
of PC in ethanol in presence of PLD as catalyst.

3.6.5. Determination of Thermodynamic Parameters for Enzymatic of

Hydrolysis of PC in Ethanol values

The values of thermodynamic parameters, which include the (AH),
(AS), (AEa), and (AG) were determined by drawing a Van't Hoff diagram,
which plots the values of (InK) against the inverse of the temperature, and

by adhering to the previously specified procedures.
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Equation y=a+ b*x

Plot Ink

Weight No Weighting
Intercept -1.15671 = 0.05031
Slope -371.40091 + 15.13271
Residual Sum of Squares 6.45858E-5
Pearson's r -0.99752
R-Square (COD) 0.99504

Adj. R-Square 0.99339

-2.32 1 -

-2.34 4

-2.36

-2.38 1
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-2.40
-2.42
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Figure (3-39): Van’t Hoff plot for the enzymatic hydrolysis of PC in ethanol in

presence of PLD as catalyst.

Table (3-8): The values of (AH), (AS) and (AG) for the enzymatic ethyl substitution
reaction of PC.

AH(kJ/mole) AS (JIK) AG (J)

44,671 -0.139 87.781

It can be noted the enzymatic reaction occurs non-spontaneously due
to the positive value for the free Gibbs energy. It is the only non-random
reaction because it has a negative entropy value. In addition, it has the

lowest activation energy among the mentioned reactions.

3.7. Characteristics of the Derivative of PC as Product for

Enzymatic Substitution Reaction between PC and Ethanol

3.7.1. FTIR Spectrum for Choline as Product for Enzymatic
Hydrolysis of PC in Ethanol in Presence of PLD:

The FTIR spectrum for the first dissociative part for the reaction
between the PC and the ethanol in presence of PLD showed the following

peaks for the main grope; the peak at 1057 cm™ refer to C-O group of
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alcohol, a high and sharp peak at 1195 cm™ indicate to the C—N for the
quarterly amine, and a strong peak at 3213 cm™ refer to the of the hydroxyl
group OH. In addition to C-H bending of CH; and CH, groups is
responsible for two weak peaks at (1462 and 1371) cm™ and C-H stretching
of alkane at (2956 and 2860) cm™ .This demonstrates that this compound
(Fig. 3-41) is the product created by the dissociative of the bond between
the phosphate group and the choline in PC due to presence of PLD as
catalyst. As a result, the separation of the choline group from the

compound by the action of the enzyme.

\\N +\/\ OH
/

Choline

Figure (3-40): The ethanol fractions anticipated chemical structure.

Product

T%

PC

T T T T T T
4000 3500 3000 2500 2000 , 1500 1000
Wave number cm

Figure (3-41): FTIR spectra of the choline (red curve) and PC (black curve).

3.7.2. FTIR Spectrum for Phosphatidyl Derivative:

The infrared spectrum (Fig.3-43) shows a sharp peak of moderate
intensity at 1739 cm™, which belongs to the ester bonds present in the
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compound. There is a broad, medium-intensity peak at 3290 cm™ belonging
to the hydroxyl group attached to the phosphate atom attached to the
glycerol backbone. Additionally, there are two distinct peaks of medium
and strong intensity at 2854 cm™ and 2924 cm™ belonging to the symmetric
and asymmetric (CH;) group at, respectively. In addition to the presence of
two medium-intensity peaks at 1080 cm™ and 1053 cm™ that belong to the
different (C-O) bonds associated with the ester groups of the glycerol
backbone. Also, the presence of a weak peak at 1157 cm™ belongs to for
the (C-0) etheric bond formed. As a result, it can be predicted that the ethyl
group bind with PC instead of the choline by the action of the PLD
enzyme. From the foregoing, it is clear that this product is the main product

and the expected chemical composition for it:

ethyl ((S)-2-(((9E,12E)-octadeca-9,12-dienoyl)oxy)-3-(palmitoyloxy)propyl) phosphate

Figure (3-42): The predicted chemical structure of the etheric part.

Product

T%

PC

T T T T T T
3500 3000 2500 2000 1500 1000
Wave numbe cm™

Figure (3-43): FTIR spectra of the Phosphatidyl derivative (red curve) and PC

(black curve).
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3.8. Hydrolysis of Phosphatidylserine (PS) in Presence of
PLD

3.8.1. Determination of Michaelis-Menten Parameters for Hydrolysis

of PS in Presence of PLD

The results of the enzymatic hydrolysis reaction of PS when using
various concentrations of it can be determined by applying the Michaels-
Menten plot by drawing the relationship between the enzymatic reaction
velocity and the concentration of the substrate, and Line Weaver-Burk
scheme by drawing the relationship between the reciprocal of the velocity
versus the reciprocal of the concentration, as shown in Fig.3.44. The values
of the reaction constant (K,,) and the maximal speed of the enzymatic

reaction (Vna) are displayed in Tables (3-8).

Michaelis-Menten plot Lineweaver - Burk plot
0.15+ 30
i
* £ 20-
- () —
> 010 R £
= g
3 S 10-
> 0.054 1/ Vmax Slope =K,/ Vmax
I I I I I I
-400 - 200 400 600 800
0.00 T T T 1 -10- l/[S] mM

I
0.000 0.002 0.004 0.006 0.008 0.010
[SJmM

Figure (3-44): PS is hydrolyzed in water as seen in the line Weaver-Burk and
Michaelis-Menten diagrams.

Table (3-9): Values of Km and V' max for hydrolysis of PS.

kinetic Parameters Michaels Menten plot line weaver Burk plot
V max (Min™) 0.274 0.274
Km 0.010 0.010
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From the values of the table above, It was noted that K, value of this
reaction is the lowest among the four reactions, and this means that this

reaction has the highest affinity between the substrate (PS) and the PLD

enzyme.

3.8.2. Finding the Appropriate PLD Enzymatic Activity for Hydrolysis
of PS

A bell-like shape was generated by plotting the association between
the enzyme reaction velocity Y-axis via PLD enzymatic activity. It is
obvious that the enzyme activity necessary for the hydrolysis reaction of PS
is 1.752 U/mg (Fig. 3-45).

0.08 /

0.04 —+ =
0.02 + /
0.00 T T T T T T T T T

00 02 04 06 08 10 12 14 16 1.8
Activity (U/mg)

o

o

o
|

Velocity (min™)

Figure (3-45): The appropriate enzyme activity for PS hydrolysis.
3.8.3. Determination of pH for Enzymatic Hydrolysis of PS

The best acceptable acidity function for this enzymatic reaction (pH=
9) that was determined by using the graph for the velocity of enzymatic
hydrolysis against the relevant acidity functions utilised in the enzymatic

reactions (Fig. 3-46).
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Figure (3-46): Figure illustrating the reaction's optimal pH.
3.8.4. Finding the Optimum Temperature for Hydrolysis of PS

A bell-like curve (Fig. 3-47) showing 35 'C is the ideal temperature

when plotting velocity values vs. temperatures.
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Figure (3-47): The optimum temperature for the hydrolysis of PS in presence of
PLD.

3.8.4.1. Identify the Thermodynamic Parameters for Enzymatic

Hydrolysis of PS

By creating a Van't Hoff diagram (Fig. 3-48), which graphs the
values of (In K) against the inverse of the temperature, and by following the
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previously mentioned processes, the values of the change in AH, AS, , and

AG are presented in Table (3-9).
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Figure (3-48): Van’t Hoff diagram for the enzymatic hydrolysis of PS.

Table (3-10): The thermodynamic parameters for enzymatic hydrolysis of PS in

presence of PLD
AH(kJ/mole) AS(J/IK) AG (J)
487.059 1.330 74.559

The values mentioned above indicate that a high activation energy

(487.059J/mole) is needed for this reaction to take place. It is highly

random value (1.330 J/K). Given that it has a positive Gibbs free energy

value; it does not occur spontaneously.

3.9. The phosphatidylserine ethanol substitution reaction

3.9.1.

Determination of the Michaelis-Menten Parameters for

Substitution of PS with Ethanol in Presence of PLD

The K, and V. Vvalues for the enzymatic substitution reaction

between PS and ethanol in presence of PLD were determined by applying
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the Michaels-Menten and Line Weaver-Burk equations (Fig. 3-49) and the

Vmax and K, values were presented in Tables (3-10).

Michaelis-Menten plot Lineweaver-Burk plote
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Figure (3-49): Michaelis-Menten and line Weaver-Burk diagrams are used to
depict PC substitution in ethanol.

Table (3-11): The K, and V. Values for the enzymatic reaction of PS with ethyl
substitution.

kinetic Parameters Michaels Menten plot line weaver Burk plot
V' max (min'l)

0.234 0.234
Km 0.730 0.730

3.9.2. Finding the Enzymatic Activity of the Substitution Reaction of
PS with Ethanol

The experiments for finding the appropriate enzyme activity for the
substitution reaction of PS with the ethanol in presence of PLD exhibited

that the best activity for enzyme is 1.46 U/mg, as shown in (Fig. 3-50)
which display the relationship between enzymatic activity and velocity of

the substitution reaction.
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Figure (3-50): For the PS substitution reaction, a speed versus enzyme activity plot
was created.

3.9.3. Determination of pH Value for the Enzymatic Substitution

Reaction of PS with Ethanol in Presence of PLD.

By plotting the velocity of the substitution reaction against the
corresponding acidity functions that were used in the enzymatic reactions,
it was found that (pH = 6) is the best suitable acidity function for this

enzymatic reaction (Fig. 3-51).
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Figure (3-51): lllustrating the reaction’s optimal pH for the PS ethyl substitution

reaction.
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3.9.4. Determination of Appropriate Temperature for the Enzymatic
Substitution Reaction of PS with Ethanol.

The diagram between the velocity of the enzymatic substitution reaction
between the PS and ethanol showed that the degree of 37 °C is the

optimal temperature to activate the enzymatic reaction as presented
in (Fig. 3-52).
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Figure (3-52): The diagram for determine of the optimum temperature for the
substitution reaction of PS with ethanol in presence of PLD.

3.9.4.1. Determination of the Thermodynamic Parameters for the
Substitution Reaction of PS with Ethanol in Presence of PLD

The Van’t Hoff equation was applied to measure the thermodynamic
parameters which include AH, AS, and AG as presented at in Table (3-11)
and in Fig. 3-53.
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Figure (3-53): Plot of Van’t Hoff equation for the substitution reaction of PS with
ethanol in presence of PLD.

Table (3-12): The thermodynamic parameters for the substitution reaction of PS

with ethanol in presence of PLD.

AH(kJ/mole) AS (J/IK) AG (J)

302.195 0.675 92.843

It can be noted the enzymatic reaction occurs non- spontaneously
due to the positive value for the free Gibbs energy. In addition, it is non-

random because it has a positive entropy value.

3.10. Characteristics of the Products for Enzymatic

Substitution Reaction between PS and Ethanol

3.10.1. FTIR of L-Serine:

The L-serene is the first product when its dissociative from PS in
presence of PLD. The FTIR spectrum for this product appeared the peaks at
1014 cm™, 1060 cm™, and 1084 cm™ that refer to (C-O) alcoholic bond. In
addition, the peak at 3012 cm™ indicate to the (O—H) group associated with
the carboxyl group, and it got shifted towards lower frequencies because of
the presence of the electron-donating amine group, a sharp peak of medium
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intensity at 1739 cm™ that belonged to the carbonyl group. The presence of
two peaks at (3456 and 3090) cm™ that are N—H bonds from the primary
amine, as well as the compound's anticipated chemical structure of the

serine group linked to the hydroxyl group.

Figure (3-54): The expected structural formula for the first product of the
enzymatic substitution reaction for PS with ethanol.

Product
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Figure (3-55): Infrared radiation from a PS (black curve) and L-serine (red curve).
3.10.2. FTIR for Phosphatidyl Derivative:

The Phosphatidyl derivative which is shown in Fig. 3-57 is the
second product for the enzymatic substitution reaction between the PS and
ethanol in presence of PLD. The FTIR spectrum for this derivative
exhibited a strong and broad peak at 3209 cm™ due attributed to the

108


javascript:audio1_output();
javascript:audio1_output();

Chapter Three Results& Discussion

hydroxyl group (OH) that bind with the phosphate group. In addition, the
peak at 1735 cm™ refer to the carbonyl group in the compound. The further
two peaks at (1076 and 1114) cm™ refer to alcoholic (C—O) bond. The
presence of a strong and sharp peak at 1195 cm™ attributed to the etheric
(C-0O) bond as a result of the binding of ethyl with the phosphate group at
the backbone of glycerol (Fig.4.31), and therefore this compound is the

expected main product of this reaction.

(2R)-3-((ethoxy(hydroxy)phosphoryl)oxy)propane-1,2-diyl distearate

Figure (3-56): The predicted structure for the PS derivative as product for the

enzymatic substitution reaction with ethanol in presence of PLD.
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Figure (3-57): FTIR spectra for the PS (black spectrum) and its derivative (red
spectrum) as main product for the substitution reaction of PS with ethanol in

presence of PLD.
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Conclusions

1- The degradation of PC in both solvents (water and ethanol) without use

of PLD follows the same mechanism of reaction.

2- The variations in the substituted groups caused a small difference in the
final products of these reactions. Thus, glycerol-3-phosphate was the
primary product of PC hydrolysis in water, with free fatty acids and choline
chloride emerging as byproducts. The hydrolysis of PC in ethanol produced
the ethyl fatty ester.

3- The variations in the byproducts may give us a clear picture of how the
solvent will affect this process, even though the mechanics of the

hydrolysis in both solvents are similar.

4- The variations in the nitrogen bases that bind to the phosphate groups in

PC or PS are responsible for the variations in the conditions for PC and PS.

5- The affinity between the substrate PC and the enzyme PLD in PC
substitution reaction is the least value 3.664 among other reactions that

mentioned.

6- In comparison to the other three reactions, the PC substitution process

with ethanol requires a lower activation energy (AEa).
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Recommendations

1. Using other phospholipids from components of the cell membrane and

studying the effect of the alcoholic environment on them.

2. Applying this study to blood samples of alcoholics or ketoacidosis and
following up the effect of alcohol on cell membrane components and a

study of the harmful concentration of ethanol that leads to liver damage.

3. Owing to the wide range of wuses for phosphatidylcholine,
pharmaceutical, cosmetic, and food manufacturers can plan experiments
that minimize the effects of alcoholic environments on the yield and
efficiency of their primary products by taking into account the effects of

these byproducts.

4. Studying other Kkinetics of the reaction, such as enzyme activity, or
studying the use of other enzymes for the reaction, such as phospholipase

A, phospholipase B and phospholipase C.
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Appendix (1): Diagram of the PC hydrolysis reaction’s calibration curve.

Appendix (2): represents the values used to draw the Michaelis-Menten and Line
Weaver-Burk equations for the enzymatic hydrolysis reaction of PC.

[S] MM K=V (min?) | 1/[S] mM™ | 1/V (min)

0.040 0.035 25.000 28.571
0.05 0.09 20.000 11.111
0.06 0.09 16.667 11.111
0.07 0.107 14.286 9.3458
0.08 0.052 12.500 19.231
0.09 0.079 11.111 12.658
0.1 0.063 10.000 15.873
0.12 0.02 8.333 50

0.14 0.543 7.143 1.8416
0.18 0.083 5.556 12.048
0.2 0.008 5.000 125

0.6 0.083 1.667 12.048
0.8 0.143 1.250 6.993

Appendix (3): Values for PC hydrolysis reaction's velocity plot against enzymatic

activity.
Velocity (min™) Activity (U/mg)
0.013 0.146
0.026 0.292
0.056 0.584
0.072 0.73
0.087 0.876
0.117 1.168
0.145 1.46
0.175 1.752
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Appendix (4): Values of the velocity versus temperature plot and the Arrhenius

equation, respectively for hydrolysis reaction of PC.

T(C) Velocity (min™) UT(K™ In k
10 0.126 0.00353 -2.07
20 0.13 0.00341 -2.04
30 0.149 0.0033 -1.90
37 0.195 0.00322 -1.63
45 0.165 0.00314 -1.80

Appendix (5): Show the data of velocity as an acidic function plot for the hydrolysis of
PC.

pH Velocity (min™)
0.137
0.181
0.307
7.4 0.195
0.092
0.061
10 0.059

1.400
1.200 -
1.000 ~
0.800 -
0.600
0.400
0.200
0.000

.Abs

y=117.87x + 0.0949
R?=0.9508

0 0.002 0.004 0.006 0.008 0.01 0.012

Conc. mM

Appendix (6): Calibration curve diagram for the PS hydrolysis reaction.
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Appendix (7): the parameters that were used to create the Line Weaver-Burk and Michaelis-
Menten equations for PS's enzymatic hydrolysis process.

[S]M V (min™) U[S] mMm 1/V min
0.002 0.038 500.000 26.31578947
0.004 0.07 250.000 14.28571429
0.005 0.093 200.000 10.75268817
0.006 0.104 166.667 9.615384615
0.008 0.111 125.000 9.009009009

Appendix (8): Plotting the velocity values of the PS enzymatic hydrolysis reaction against
enzymatic activity.

K=V (min") Activity (U/mg)
0.026 0.584
0.0148 0.73
0.031 0.876
0.078 1.022
0.111 1.168
0.085 1.46
0.052 1.752

Appendix (9): The data for the enzymatic hydrolysis reactions of PS for the velocity

versus temperature plot and the Arrhenius equation, respectively.

T(C) Velocity (min™) UT(K™Y In k
10 0.039 0.0035 -3.24
15 0.05 0.0035 -3.00
20 0.065 0.0034 -2.73
25 0.078 0.0034 -2.55
30 0.1 0.0033 -2.30
37 0.145 0.0032 -1.93
40 0.118 0.0032 -2.14
45 0.089 0.0031 -2.42
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Appendix (10): Display the velocity data in opposition to the pH for PS enzymatic

hydrolysis reaction.

pH Velocity (min™)
4 0.019
5 0.026
6 0.034
7.4 0.049
8 0.06
9 0.083
10 0.073
0.6
05 -
0.4 -
203 -
02 -
y = 50.244x + 0.0014
0.1 - R =0.9484
0 : : : : :
0 0002 0004 0006  0.008 0.01 0.012
Conc. mM

Appendix (11): PC ethyl substitution reaction calibration curve diagram.

Appendix (12): reflects the values that were utilised to create the Line weaver-Burk
and Michaelis-Menten equations for the PC enzymatic ethyl substitution reaction.

[S] mM K=V (min™) | 1/[S] mM™ | 1/V (min)
1 0.0536 1.00 18.6567
1.25 0.09 0.80 11.1111
15 0.075 0.67 13.3333
2 0.089 0.50 11.236

140



Appendixes

Appendix (13): Values for the velocity plot of the PC enzymatic hydrolysis reaction by

ethanol vs. its enzymatic activity.

Velocity (min™) Activity (U/mg)
0.103 0.292
0.109 0.730
0.134 1.168
0.079 1.46
0.09 1.752

Appendix (14): The values of the velocity versus temperature plot and the Arrhenius
equation, respectively for PC ethyl substitution reaction.

T(C) Velocity (min™) UT(K™ In k
10 0.085 0.0035 -2.4651
20 0.09 0.0034 -2.40795
30 0.092 0.0033 -2.38597
37 0.095 0.0032 -2.35388
45 0.075 0.0031 -2.59027

Appendix (15): Present the velocity data against the pH plot for PC ethyl substitution

reaction.
pH Velocity(min™)
4 0.092
6 0.112
7.4 0.01
8 0.095
10 0.091
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0.7

0.6

0.5

0.4

.Abs

0.3

0.2 y =58.216x + 0.0394

R?=0.97
01 0.9766

0 0.002 0.004 0.006 0.008 0.01 0.012
Conc. mM

Appendix (16): PS ethyl substitution reaction calibration curve diagram.

Appendix (17): The values for the enzymatic hydrolysis reaction of PS with ethanol
that were used to draw the Michaelis-Menten and Line Weaver-Burk equations.

[S] mM V (min?) | 1/[S]mM* 1/V min

1 0.131 1 7.63359

1.25 0.151 0.80 6.62252
15 0.16 0.67 6.25

2 0.174 0.50 5.74713

2.5 0.178 0.40 5.61798

Appendix (18): The values of velocity plot against enzymatic activity for the ethyl
substitution reaction of PS.

Velocity (min™) Activity (U/mg)
0.083 0.292
0.07 0.73
0.041 1.168
0.059 1.46
0.015 1.752
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Appendix (19): The Values of the velocity versus temperature plot and the Arrhenius

equation, respectively for enzymatic hydrolysis reaction of PS by ethanol.

T(C) Velocity (min™) UT(KY In k
10 0.038 0.004 -3.270
20 0.059 0.003 -2.830
30 0.096 0.003 -2.343
37 0.098 0.003 -2.323
45 0.08 0.003 -2.526

Appendix (20): Show the PS ethyl substitution reaction velocity data versus the pH

plot.
pH Velocity(min™)
4 0.064
0.099
7.4 0.069
8 0.066
10 0.057
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