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ABSTRACT

Sterols are strong steroid liquors that are found in the cell layers of animals, plants, and
microorganisms. They are classified as zoosterols, phytosterols, and mycosterols. Beta-
sitosterol is the only phytosterol that has the same structure and function as cholesterol.
Because of its structural similarity to cholesterol, Beta-sitosterol is highly utilized in a vegan
diet. With these unique properties, beta sitosterol is now widely employed in a variety of
pharmaceuticals for the treatment of cancer, cardiovascular disease, and other disorders. In this
thesis, I discuss the many positive aspects of the chemical betasitosterol, as well as its impact
on human health and pharmacological therapy. I've also discussed the approach for analyzing
and quantifying beta sitosterol levels using various methods such as HPLC and quick
purification procedures. Aside from that, I've stated the yeast Saccharomyces cerevisae
engineering ways by which we can conduct the manufacture of this chemical Beta Sitosterol

by alterations in enzymes and genes in the Mevalonic Acid Pathway.
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CHAPTER-1
INTRODUCTION

Phytosterols (alluded to as established sterol and stanol esters) are a gathering of normally
happening intensifies found in plant cell films. Since phytosterols are primarily like the body's
cholesterol, when they are consumed they rival cholesterol for retention in the stomach-related
framework. Thus, cholesterol ingestion is obstructed, and blood cholesterol levels decreased.
Beta sitosterol has a place with the gathering of phytosterols, which especially includes
campesterol and stigmasterol. These Phytosterols are plant sterols which balance out the
phospholipid bilayers of plant cell, holding functions and structure similar to cholesterol, also
they are bioactive compounds with very specific bioactivities that are useful for human health.
These Phytosterols (Beta-sitosterol, stigmasterol, campesterol etc) show variety of medical
advantage, specifically, security in contrast to different ongoing afflictions, like cardiovascular
infections, diabetes, Cancer etc. Specifically phytosterols have been drawing significance due
to their cholesterol bringing down properties as of late.

Sterols are strong steroid liquor and are a fundamental part of creatures, plants as well as
microorganism cell layers and are named zoosterols, phytosterols, and mycosterol separately.
These plants determined compounds have likewise been broadly involved and are widely used
in various food and drug items, and large perceived as protected without unwanted secondary
effects. Phytosterols are normally present in little amounts in vegetable oil, nuts, vegetables,
entire grains, and foods are grown from the ground. Be that as it may, the typical admission of
these substances is under 500 milligrams (mg) a day, which misses the mark regarding the sum
expected to bring down cholesterol. The Mevalonate pathway is a significant metabolic
pathway that assumes a critical part in various cell processes by incorporating sterol
isoprenoids, for example, cholesterol and so on. While cholesterol amalgamation and its
suggestions in cardiovascular sicknesses have been widely considered, the mevalonate
pathway has turned into a difficult and, simultaneously, interesting point later, after a large
number of trials and clinical investigations proposed that repressing non-sterol isoprenoids
could be helpful in human pathology. These particles, which are expected for cell advancement
and separation, seem, by all accounts, to be promising restorative focuses in an assortment of
study fields, including oncology, immune system issues, atherosclerosis, and Alzheimer's
illness. Besides, critical advancement has been achieved before. Beta-sitosterol is a potential
nutraceutical for diabetic administration. Among different phytosterols, Campesterol, Beta-

sitosterol, and stigmasterol are major phytosterols that represent around 65 %, 30 %, and 3 %.
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Purchaser mindfulness for solid ways of life, looking for ideal wellbeing and life span, has
pushed essential consideration toward sustenance that offers wellbeing possibilities past staple
food. Truth be told, bioactive-rich eating regimens at fitting sums are significant for well-being
support, where the effect of a fair eating regimen is urgent. Frequently considered as giving an
appropriate assortment of unmistakable sorts of food and associatively sufficient measures of
the expected supplements to guarantee great wellbeing and keep up with wellbeing
imperativeness, government assistance, and legitimate bodywork, a reasonable eating regimen
has been progressively taken on by customers around the world. There are a ample amount
bioactive compounds completely plant based that have been progressively captivated by
humans and giving them their prestigious medical advantages. These atoms, frequently termed
as phytochemicals, which include natural acids, alkanoids, phenolic compounds, sterols and
carotenoids. Comprehensively, these phytosterols are practical fixings exclusively acquired
from plant assets.

Phytosterols are plant-resolved steroids. More than 250 Phytosterols are extracted from various
plant species consist of a brand name known as Phytosterol association. An extensive number
of investigations have stated that these Phytosterols have a variety of fascinating
pharmacological properties, such as antidiabetic, chemopreventive, and antiatherosclerotic
properties. Following that, future evaluations are expected to ensure a more comprehensive
understanding of the numerous potential effects of Phytosterols and to devise innovative

approach to conquered the now observed bioavailability-related gaps.
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CHAPTER-2
REVIEW OF LITERATURE

In all Phytosterols Beta-sitosterol is the one phytosterol having same structure and function
like cholesterol. The Compound is synthesized in plants through the Mevalonic corrosive
pathway. The utilization of Beta sitosterol in a vegan diet is high and because of its closeness
in structure with cholesterol, it rivals cholesterol for assimilation accordingly is utilized as an
antihyperlipidemic specialist. Among all phytosterols more than 40 different kinds of
phytosterols have already been found in Plants however generally the major phytosterols are
three distinct phytosterols which are Beta-Sitosterol, Campesterol, and stigmasterol. It has a
cozy relationship with stigmasterol which is the most popular phytosterol. It's a micronutrient
present in higher plants, as well as in the serum & cells of healthy individuals, at concentrations
up to 800-1000 times lesser than cholesterol. Its glycoside, sitosterol, is also found in serum,
though in smaller amounts.

Beta-Sitosterol is a significant part of plant primary layers and performs different plant
guidelines and capacities like film smoothness and porousness. It has a distinct fragrance when
we talk about the smell and appears as in the form of white waxy powder. This Bet sitosterol
compound design like cholesterol, however, also it conveys ethyl bunch at C-24.

While cholesterol is present in animals, these phytosterols are plant produced fatty molecules
(steroids) that account for the majority of unsaponifiable substance in plant lipids [17]. Their
structure is formed of steroid skeleton is described by the presence of saturated bond which is
present between C-5 and C-6 of the phytosterol. They also have a hydroxyl group connected to
the C-3 atom and an aliphatic side chain hooked to C-17 atom. Cholesterol & phytosterols
originally identified either unsaturated or esterified fatty acids or glycosides when they were
originally discovered. Pancreatic enzymes commonly hydrolyze the constrained form in the
small intestine. Depending on deviation in Phytosterol molecular weight & structure, the
consumption of free dietary cholesterol in the human digestive system is expected to reach 50%
[18]. All plant species have their trademark Phytosterols synthesis, with more than 250
Phytosterols being perceived up until this point. Although Phytosterols can be found in all plant
derived foods, raw plant oil for example peas, sesame oil, soybeans, safflower oil & almonds,
are particularly are some of the abundant sources of phytosterol, however the example of

excellent sources are nuts, seeds, whole grains, and vegetables etc. The most well-known full
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phytosterols in the diets of human are Beta sitosterol, Campesterol, and stigmasterol. All of
them contain a cholesterol skeleton present in the center however have alternate side chain. A
stack of ethyl is present at C-24 in Beta-sitosterol and stigmasterol while on the other hand
campesterol is attached with a Methyl attached at C24-methyl in its structure. Stigmasterol is
formed from Beta sitosterol with the activity of enzyme sterol C-22 desaturases leaving D-7
Avenasterol and Brassicasterol as minor constituents. These Stanols are also found in plants,

despite the fact that the structure of just 10% of all dietary phytosterol

OH

OH . Cholesterol
[-sitostenn]

Table 1. Physical and chemical characteristics of Beta-sitosterol

S:No Particulars Properties of SIT

1 Molecular formula  CeHs00

2 Molecular weight 414.7 g/mol

4 Melting point 139 C to 142 Celsius
17-(5-Ethyl-6-methylheptan-2-yl)-10, 13-dimethyl-

5 IUPAC name 234,789,111,214,151,617-dodecahydro-1H-cyclopenta[a]phenanthren-
3-o0l

6 UV absorption 208 nm

Nature: Solubility  Hydrophobic and soluble in alcohols, while being thermally unstable
& stability and oxidised

10| Page




METABOLISM OF BETA-SITOSTEROL IN MAN

A group of experts from The Rockefeller University in New York conducted a study in which
they compared beta-sitosterol metabolism to cholesterol metabolism in 12 patients. They
methodology used by them was Sterol balance for their experiment and used Radiosterols

which were supplemented to those patients for this study and came up with the following results

[].

Methods of the experiment performed

An aggregate of 12 patients was removed seeing their ailments from which 8 patients were of
high hypercholesterolemia with ordinary plasma fatty substance focuses, 3 had height is
cholesterol and plasms fixation and one had typical lipoprotein fixation. An eating regimen
plan was made for the patients where food admission was orally managed through the fluid
recipe in which the calorie admission was changed by the interest or as endorsed like protein
15%, glucose 45%, dietary fats 40% with beta-sitosterol consumption according to
recommended. Steroid investigation was done from the Fecal steroids, Plasma erythrocyte, and

bile steroid with the help of Gas fluid chromatography and Thin layer chromatography.

(a) In patients with average American diet intakes of beta-sitosterol, plasma values varies from
0.30 to 1.02 mg/100 ml plasma. Plasma levels rose just slightly when consumption were
considerably increased, and they remained steady from week to week when intakes were
stabilised. Plasma and faeces became beta-sitosterol-free after a diet lacking of plant sterols.
(b) The proportion of esterified Beta sitosterol in Blood plasma was compared to cholesterol
present in blood plasms. While on the other hand Esterification of Beta sitosterol takes longer
than that of cholesterol.

(¢) Two pool models fit specific activity time curves after co-current pulse labelling with Beta
sitosterol-3H and cholesterol-C. The two exponential half-lives of beta sitosterol were
considerably shorter than those of cholesterol, and the pool proportions have been much lower.
The sterol balance method yielded turnover values for beta-sitosterol that were quite similar to
those obtained using the two-pool model. Because the patients studied had no endogenous beta-
sitosterol production, the daily turnover of beta-sitosterol was equivalent to its daily absorption.
Beta sitosterol retention in body was 5% or less than that of daily consumption, whereas on the

other hand cholesterol absorption varied from 45 to 54 percent.
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(d) Cholic and chenodeoxycholic acids were formed from around 20% of the beta-sitosterol
ingested. The rest was eliminated in bile in the form of free sterol, which was more fast than
cholesterol excretion.

(e) The data given here further substantiate the use of beta-sitosterol as an internal standard to

account for cholesterol losses in sterol balance investigations.
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IN MCF-7 CELLS, BETA-SITOSTEROL INDUCES APOPTOSIS
(BREAST CANCER CELLS)

Phytosterol Beta-sitosterol also has Estrogen-mimetic activity i.e. phytosterols are the most
predominant phytoestrogen in human diets. The study inspected Beta sitosterol impact which
was isolated from C. cupulata and has exceptionally restorative worth and is known to contain
normally happening phytoestrogens in high focuses as they have been accounted for different
medical advantages on human-like restraint of disease, further developed mind work, lessen
the gamble of disease (bosom disease) this bioactivity directed refinement observed by seeing
the improved suppresive impact on MCF-7,which is an estrogen receptor positive bosom
malignant growth cell line which gives defense that Beta sitosterol decontaminated from Cluisa
Cupulata repressed development and expansion of MCF-7 disease cells.

39% inhibition of propagation was seen at 10 uM concentration. When tried to compare to the
blank (carrier) at 161.48 pmol PNA/min/mg protein, the activity of cellular caspases
significantly increased (P 0.01) when administered with the portion: 247.07 pmol PNA/min/mg
protein (53.00 percent). The cells were treated with 1 M colchicine as an internal positive
control and showed 468.01 pmol PNA/min/mg protein specific caspase activity (189.83
percent). The kit's purified caspase-3 (30 U) was examined alongside our sample and
discovered to have a rate of 25.69 2.10 pmol/min, showing that now the analysis was
performing properly. DEVDase activity was increased in MCF-7 cells exposed to
Beta sitosterol extracted from Clusia cupulata, indicating increased general caspase activity.
Several caspases respond to DEVD tetrapeptide [13]. However, caspase-3 activity has been
ruled out since MCF-7 cells lack the enzyme due to a 47-base pair loss inside exon-3 of the
caspase-3 gene, which causes caspase-3 mRNA synthesis to be prematurely terminated [14]. It
has been found that supplementing MCF-7 cells with -sitosterol leads to a rise in cellular
caspase-8 activity.

This gives us a conclusion about the antiproliferative action of beta sitosterol on MCF-7 cells

including its proliferation and giving caspase mediated apoptosis.
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BIOLOGICAL ACTIVITY OF BETA SITOSTEROL IN HUMAN
HEALTH, DRUG THERAPY AND MEDICINE.

Phytosterols/plant secondary metabolites are of great use for human health and can be used in
various medicinal or drug therapy for disease treatment. Compound Beta sitosterol is widely
known for its anti-cancer properties and for its competition with cholesterol absorption in the

human body which can further create heart disease risk.

As an Anti-Cancer agent: Beta-sitosterol is well-known for its anti-cancer characteristics,
particularly in colon, prostate, and breast cancer, but it has also been reported to be useful in
lung cancer, stomach cancer, ovarian cancer, and leukaemia, among other cancers. The
chemical beta-sitosterol, according to the study, interferes with a variety of cell signalling
pathways, including cell cycle regulation, proliferation, apoptosis, invasion, and inflammation.
But most of the studies are still going or incomplete because it is less potent. However,
practically all research communities overlook the fact that it is widely regarded benign, which
is the polar opposite of all presently offered cancer chemotherapeutics.

As Antioxidant Activity: Several studies have suggested that BS has anti-cancer properties. It
has also been shown to control cancer-prevention compounds & human oestrogen receptors.
Beta-Sitosterol decreased Oxygen free extremist and Hydrogen Peroxide concentrations in
Phorbol myristate acetic acid derivation energised RAW 264.7 cells, but it doesn't work as an
extreme forager, according to a review.

As Anti-Diabetic Effect: Oral beta-sitosterol therapy increases rising plasma insulin levels.
When Beta-Sitosterol is taken orally, there is a comparable drop in fasting glycemia. Similarly,
it improves the oral glucose resilience test by increasing glucose-stimulated insulin release.
These effects are nearly identical to those of the commonly prescribed antihyperglycemic
medication Glibenclamide.

As Antimicrobial Activity: In a test of brackish water shrimp lethality, beta-sitosterol
obtained from several plants showed antibacterial and antifungal effects without being toxic.
The tailoring or plant removal of Beta-Sitosterol-containing plants demonstrates mosquito
larvicidal and antitrypanosomal activities. Beta-Sitosterol has been found to exhibit
antibacterial properties that are similar to those of other common antimicrobial agents.

As Anti-Inflammatory Activity: In both human and rodent aorta cells, beta-sitosterol had a

calming effect. Beta-Sitosterol has been shown in animal studies to reduce the production of
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pro-inflammatory cytokines and ed ema while increasing the production of anti-inflammatory
cytokines.

As Immune Modulation effects (Anti-HIV): Betasitosterol has been shown to be an effective
resistance modifier. In HIV-positive patients, beta-sitosterol exhibits resistive adjusting
exercises. Beta-Sitosterol is also known to target certain T-helper (Th) cells, increasing Thl
movement and further enhancing T-lymphocyte and standard executioner (NK) cell action.
Another study found that Beta-Sitosterol maintains constant CD 4 cell counts in AIDS patients,
reduces CD 4 lymphocyte death, and thereby reduces HIV transmission. In a related study, a
significant decrease in IL-6 levels leads to the hypothesis that viral reproduction rates in
contaminated cells are slowed, resulting in lower viral load.

As Anti-Pulmonary (Tuberculosis) Effect: Beta-sitosterol has been proven to significantly
ameliorate weight loss caused by aspiratory TB Patients. Beta-sitosterol demonstrated notable
differences in various haematological borders, including enhanced monocyte, eosinophil, and
lumphocyte numbers, according to another study. This impact's itemised component has yet to
be investigated. If multi-drug-safe tuberculosis occurs, Bets-productivity sitosterol's as an
invulnerable controlling expert will need to be investigated further.

As Anti-Arthritic Activity: According to a review, the plant extract containing Beta-sitosterol
is a significant opponent of ligament movement. In PMA-activated macrophage cells, Wagers
sitosterol reduces the beginning of NF-B record factor. Nonetheless, more research on Beta-
ability sitosterol's to alleviate joint inflammation is needed.

As Antipyretic activity: Beta-antipyretic sitosterol's effect is remarkably similar with that of
anti-inflammatory drugs. Antipyretic activity has also been demonstrated in plant arrangements
and concentrations containing Beta-sitosterol. This effect is comparable to that of ibuprofen, a

common antipyretic medicine.
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Table 1. Biological activity of SIT.

Biological activity Type
S:No ©of
of SIT
study
1 Anxiolytic effects  In-
and sedative effects  vhve
3 Analgesic and anti-  In-
inflammatory vivo
In-
vitro
3 [mmunomedulatory £ in-
vive

& Antibacterial sctivity "

vilro

. L. In-

5 Anti-cancer activity
vive

. In-

6 Anti-inflammatory .
vive

7 Protect against In-
NAFLD vive

" . In-

8 Lipid lowering effect
vive

9 Hepatoprotectiv In-
epaloprotective vivD

Protective effecton  In-

10 . )
Pulmonary fibrosis ~ vifro

. In-

11 Wound healing effect
vifro

1 Antioxidant and In-
Antidiabetic vive

Model

Swiss Webster male mice
Male albino mice (Swiss
strain) & Wistar albino rats

Peripheral blood
mononuelear cells

(PBMCs) & Male Pig

Antibacterial activity
against Staphylococcus
aureus & Escherichia coli

Wistar Albino rats

Male Wistar rats

Mice

Mice (male)

Male Sprague-dawley rais

Human lung
adenocarcinoma epithelial
cells, A549

Human Fibroblast cells

Male albino rats (Wistar
strain)

Dose [ source

LP injection of hexane extracts of Annona
cherimolia leaves (6.25, 12.5, 25.0 and
50.0 mg/kg) which contains Palmitone and
SIT as major constituents

SIT (5, 10 and 20 mg/kg, i.p.) isolated

from Qxalis corniculata Linn leaves

12 M-123 uM of SIT

25 10 2.5 mg/ml concentration of petroleum
ether, chloroform and ethanol extract of
powdered root bark of M parviflora

SIT in CMC (20 mgkg bw in 0.1 %, p.o)

Intra-gastrically (1G) admmistration of SIT
(50, 100 and 200 mg/kg)

HFWD containing 0.4 % SIT for 33 weeks

SELA-TS (8 mL/kg, SELA: 700 mg/kg),
TSO (8 mL/kg), SSSM

(8 mL/kg,SS:700 mg/kg), NLSM (8 mL/kg),
SSHT-TSO (8 mL/kg, 88: 700 mg/kg) and
S8-TS0 (8 mL/kg, 85:700 mg/ke) were
administered orally for 35 days respectively

BSS (400 mg/kg); BSS-LPHNPs
(200 mg/kg); BSS-LPHNPs (400 mg/kg) for
7 days respectively via gastric intubation

SIT{1-10 pg/mL) for 24 h

SIT (50 uM and 100 pM) alone and
combination with naningenin (50 pM) and
resveratrol {30 pM)

Oral administration of SIT (20 mg/kg
b.wt/day) for 30 days
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DIETARY INTAKE

The average daily dietary consumption of phytosterol varies amongst societies, but in the early
phases of human development (5-7 Ma ago), phytosterol consumption in myocene meals
would have been much higher, up to 1 g/d. In humans, phytosterols have a far lower absorption
efficiency than cholesterol. Beta sitosterol absorbs roughly 2—-5% of cholesterol compared to
60% of cholesterol. Phytosterol levels in human blood are only 0.1 percent to 0.14 percent of
cholesterol levels. Beta-sitosterol is a powerful phytosterol found in plant cells with a
molecular structure similar to that of cholesterol in human cells. Olive oil,
Legumes, Nuts seeds, are abundant in lipid-rich plant foods like these. Sitosterol, campesterol,
and stigmasterol are three primary phytosterols that make up around 65 percent, 30 percent,
and 3 percent of human natural diet, respectively [1]. Beta sitosterol is an important nutrient
present in plant species and consumed by animals.

The European Food Safety Authority has determined that eating 1.5-2.4 g of sterols or stanols
a day decreases cholesterol levels and reduces the risk of heart disease [2], and the FDA has

certified it [3].

o Plant sterols, which constitute the basis for the health claim, are thoroughly defined.

e The only risk factor for cardiovascular disease is high LDL cholesterol in the
bloodstream. Cardiovascular disease is a significant contributor to death and morbidity.
Dietary interference to lower LDL cholesterol has been shown to reduce the risk of
cardiovascular disease.

e There is a dose dependent consequences link between phytosterol consumption and
lower Levels of cholesterol.

e A daily consumption of 2-2.4 g of sterols within proper meal can have a clinically
significant LDL cholesterol lowering effect of roughly 9%. the magnitude of the
cholesterol lowering impact may differ in different food matrices.

e There is no human intervention that has shown that plant phytosterols reduce the risk
of heart infection.

e The suggested amounts and patterns of consumption for reducing blood LDL
cholesterol levels could be adequately carried out and included into a balanced diet.

e According to the Panel, phytosterol-enriched foods should only be consumed by people

who want to lower their cholesterol.
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e The Panel believes that the following phrasing accurately reflects the clinical evidence:

"Plant sterols have been demonstrated to lower blood cholesterol." Lowering blood

cholesterol levels may help prevent heart disease disease." [11]

Source Percentage of f-sitosterol
Plant oils
Tall o1l 18
Corn oil 0.9
Corn fiber o1l 12.5
Pumpkin seed oil 0.25
Palmetto oil 0.2
Avacado o1l 0.5
Olive o1l 0.2
Rice bran oil 0.75
Canola o1l 041
Nuts
Pistachio 0.19
Soybean 0.17
Almonds 0.13
Walnuts 0.10
Fruits
Pomegranate 0.004
Grape 0.002
Banana 0.002
Butter 0.004
Coriander 0.002
Pepper 0.002
Mushrooms 0.001

Source: www.nutrient.javalime.com™
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> Metabolism

2> Excretion

In Animal experimental studies, p-sitosterol was observed
Infants fed a vegetable oil-based diet accrued plant sterols in

A distribution half-life of P-sitosterol is 3 hrs and a terminal
distribution half life is 129 hours, revealed in the
pharmacokinetic study of beta-sitosterol in beagle dogs. Upon
oral administration, 9% of absolute bioavailability was

. observed [48].

Absorbed phytosterols are excreted wia bile in the faeces.
Phytosterol decreases the intestinal absorption of cholesterol
and increased its excretion in bile and faeces as well [49].
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YEAST AS A POTENTIAL HOST FOR STEROID PRODUCTION

With the quick advancement of manufactured science and metabolic designing innovations,
yeast has been for the most part thought to be a promising host for production of optional
metabolites compounds. Sterols are the beneficial components of human and plant cell and are
also the precursors to the manufacture of various steroid compounds, fading particles, and
protective atoms in eukaryotes, all of which are important in medication development and
farming. They summarise the new design endeavours of utilising a single celled organism yeast
to incorporate different steroids & examine main variety that the continuing steroid conveying
yeast can attain, the test, and in this shorter-than-usual audit, we looked at the possibility of
using yeast to develop the production of several steroids from eukaryotic organisms.
Ergosterol, cholesterol, & these principal phytosterols, campesterol, & Beta sitosterol are
distinguished by C7—-C8 bond overload in the B-ring, C22—C23 bond absorption, and the alkane
team at C24 in the part chain.

Cholesterol, unlike ergosterol, lacks C24-methyl and instead they have a saturated C7-C8 bond
as well as a C22—C23 bond. C24 methylation and C22—C23 desaturation are controlled by
ERG6 and ERGS, respectively. ERG6 & ERGS was destroyed, & 7-reductase DHCR7 &
24(25)-reductase DHCR24, from both Danio rerio, were delivered to Saccharomyces
cerevisiae to create stress RH6829. Saccharomyces cerevisiae RH6829 can synthesise
cholesterol in a stable manner from a source of carbon which is simple, giving a yeast based
platform for the production of customised cholesterol and derivatives [16].

24(25)-reductase is also involved in plant cholesterol production [15]. Phytosterol-producing
yeast strains can be used to examine the activity of the enzymes involved in phytosterol production.
Campesterol & its precursor, 24-methylenecholesterol, have been demonstrated to be highly esterified,
making them only accessible to downstream customising enzymes like CYP90B1 and SMT2. [14].
SMT2 was activated in the presence of a free stress producing campesterol, leading to the
production of Beta The quantity of sitosterol was raised by suppressing ERG4, a dwfl paralog
and competitor gene. Inactivating ERG4 does, therefore, result in much less campesterol.
production & a considerable growth deficit, which compensatory evolution has largely
addressed. Phytosterols are steroids containing C7—C8 and C22—C23 connections are saturated
and unsaturated, respectively. Until date, there have been no attempts to use genetic
engineering to investigate yeast-based sterol production & sterols have been limited, with the
exception of campesterol generation. Yeast is increasingly being used as a functional enzyme

characterization technique. This yeast-based enzyme characterisation technique has increased
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the structural variety of phytosterols generated in yeast, albeit with poor efficiency, and so
offers insight on the synthetic possibilities of yeast based steroid bioactive metabolites.
Multiple yeast strains have been used in the investigations covered in this review, including
Saccharomyces cerevisiae, Yarrowia lipolytica, and Pichia pastoris, which are among the many
frequent choices with various features. As explained in our recent study, the natural
fragmentation of sterol synthesis & esterification in yeast prevented downstream enzymes (e.g.,
CYB90BI1, SMT2) from accessing sterol substrates, resulting in target product synthesis
failure. While inhibiting the acyltransferases ARE1 and ARE2 allowed for the formation of
free sterol and downstream target molecules, it also produced development issues and
decreased overall sterol production, probably because too many free sterols are harmful to cells.
[14].

Different strains of sterol-producing bacteria have been used to characterise enzyme activity

and decipher the manufacture of particular steroids among various taxa.
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Table 3.

De novo synthesis of steroids in yeast discussed in this review

Genotype Function Products Strain
Genes Genes introduced
deleted
Aergh, derg6  DrDHCRY, DrDHCR24 A-reductase, A%%)-reductase Cholesterol §. cerevisiae, P
pastoris

Aergh, Aergé  CYP90B27 22R-hydroxylase 22(R)-hydroxycholesterol . cerevisiae
Aergb, derge  CYPIOG4 or CYPI0BS0, 165,225-dihydroxylase, 27-hydroxylase Diosgenin S, cerevisiae

CYP94D108 or CYPSZ]17
Aergb StDWFS, StSSR2 A-reductase, A% )-reductase Cholesterol §. cerevisiae
Aerg, derg5  StDWES, StSSR2 A-reductase, A*%)-reductase Cholesterol S, cerevisiae
Aerg5 HsDHCR24 A reductase 7-Dehydrocholesterol . cerevisiae
Aerg5 XIDHCR7 A-reductase Campesterol ¥ lipolytica
Aerg5 DrDHCR7, CYP11AL A-reductase, monooxygenase Pregnenolone ¥ lipalytica
Aerg4, dergh 24150 A% isomerase 24-Methyldesmosterol . cerevisiae
Aerg4 Aarel, AtDWE7, AtDWFS, AtDWFL,  C5-desaturase, 7-dehydrocholesterol reductase,  22(S)-hydroxycampest-4- . cerevisiae
Aare2 CYP90BI, CYPIOAL AtATRI  A%*-sterol reductase, 22-hydroxylase, C3 oxidase  en-3-one

AtDWF7, AtDWFS, AtDWF1,  C5-desaturase, 7-dehydrocholesterol reductase, ~ f-Sitosterol

ASMT? A¥-sterol reductase, methyltransferase
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From: Yeast as a promising heterologons host for steroid bioproduction

Acetyl-CoA
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Ergosteral synthesis and sterols from mammals and plants. The endogenous ergosterol biosynthests in yeast is highlighted in vellow. The three different

sheds of yellow repres

ented three modules of ergosterol synthesis. Major phytosterols that have been synthesized or possibly synthesized in veast are

highlighted in green, and cholesteral is highlighted in blue. The characteristic structural features of sterals from different sukaryotic organisms are
highlighted in pink. The enzymes marked in red represent the ones that require NADPHM /NADP', and the ones that require AT are marked in blue
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STRATEGIES FOR DE NOVO BIOSYNTHESIS OF STEROLS AND
STEROIDS IN YEAST METABOLIC ENGINEERING

Pharmaceutical business is fascinated by steroidal compounds, as well as steroidal
pharmaceuticals, because the latter is the most common class of medication on the planet.
Synthesis of phytosterols and steroid in yeast, which is a sustainable and safe route for the
creation of these substantial steroidal mixes, has been revived by advances in produced science
and design that are metabolically empowered. In this study, we summarise the metabolically
created and used design for further expanding the all-over synthesis of steroids and sterols in
yeast in consideration of the guideline components, and they have provide fresh advances in
once again a mixing of a few ordinary steroids and sterols in yeast. The remaining issues and
future perspectives are also discussed. The production of mevalonate, farnesyl pyrophosphate,
and ergosterol in yeast has been divided into three main areas: mevalonate synthesis, farnesyl
pyrophosphate synthesis, & ergosterol biosynthesis (6). Due to the discovery of unnecessary
squalene aggregation in a mixture of steroids and stanols, this amalgamation route can be
divided into two stages: post squalene combination and post squalene amalgamation.

To improve the heterologous manufacturing of steroids and sterols in yeast, different
engineering that are metabolic and have already been developed according to the endogenous
legislation system. Improving the ergosterol production pathway flux by restricting competing
strands, strengthening precursor source, overexpression of rate-limiting enzymes, and/or
regeneration of cofactor balance; and regulating sterol homeostasis through transcriptional
factor deletion or increased expression, legislation for free sterol accumulation, and/or

regulation of lipid metabolic pathways. rate are examples of common approaches.

Restriction of competing branches

ERG2-6, a non-essential gene that generates enzymes with broad specificity and can collect a
variety of sterols, is a substrate. ERG6 encodes C-24 sterol methyltransferase, which transform
zymosterol to fecosterol. When ERG6 was disrupted, more cholesta-5,7,24-trienol was
generated from zymosterol via processes mediated by Erg2p and Erg3p, which is the main
precursor of 7-DHC and can be transferred into cholesta-5,7,22,24-tetraenol via Erg5p. From
the current creator SyBE Sc01130007, a 7-DHC producing yeast SyBE Sc01250009 with a
better pre-squalene pathway was created. by deleting ERGS and introducing the heterologous
Gg DHCR24 gene from Gallus gallus encoding 24dehydrocholesterol reductase. Further
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knocking out ERG6 as a competitive branch resulted in higher zymosterol accumulation and
hence boosted 7-DHC synthesis by 77.6%. Campesterol is another important intermediary for
all useful steroids. The Ergosta-5,7-dienol collected as a result of ERGS disruption., which was
paired with heterologous expression of the Xenopus laevis 7-dehydrocholesterol reductase
(DHCR?7) to produce a campesterol-producing Y. lipolytica variety. By eliminating the ERG5
and ERG4 encoding enzymes catalyzes the conversion ergosta-5,7,24(28)-trienol to ergosta-
5,7,22,24(28)-tetraenol & ergosta-5,7-dienol, accordingly, the accumulation of ergosta-
5,7,24(28)-trienol ~ was  improved, contributing  to improved  synthesis  of 24-
methylenecholesterol. In addition to the constraint caused by Erg2-6p cross-talk, the addition
of exogenous enzymes may result in new competitors in the rebuilt metabolic route. For
example, In the -sitosterol biosynthetic pathway created by inserting DWF1 (24(reductase that
is 28)-sterol, DWF5 (C7(8)-reductase), DWF7 (7-sterol-C5(6)-desaturase), and SMT2 (24-
methylenesterol C-methyltransferase), the substrate of SMT2p was competitively consumed
by Erg4p. The synthesis of Beta-sitosterol enhanced fourfold when ERG4 was suppressed [Xu
et al. 2020 (9)].

Overexpression of a rate-limiting enzyme's role

A popular and effective metabolic engineering method for increasing target metabolite
production is to identify and eliminate rate-limiting reactions in the synthetic route. Hmgrp is
the key rate-limiting enzyme in the pre-squalene pathway. Substantial quantities of squalene
were collected as well as recognised amounts of ergosterol as well as other sterol molecules
were somewhat enhanced by increasing the expression of tHmglp in S. cerevisiae (7).

To increase the generation of sterols, the accomplish MVA mechanism (Ergl0p, acetoacetyl-
CoA thiolase; Ergl3p, hydroxy methylglutaryl-coenzyme A synthase; tHmglp; Ergl2p,
mevalonate kinase; Erg8p, phosphome valonate kinase; Ergl9p, diphosphomevalonate
decarbox [Guo et al. 2018 (8); Xu et al. 2020 (9)]. Overproduction of enzymes in pre-squalene
pathway enhanced the level of phytosterols while also causing squalene buildup, implying that
enhancing the conversion of squalene to downstream sterols is critical for future phytosterols
manufacturing

Overexpression of ERG1 resulted in a decrement in squalene aggregation, while on the other
hand a major hike was seen in lanosterol & a small rise in some future phytosterols from
zymosterol to ergosterol, in the post-squalene pathway, whereas overexpression of ERG11

reversed buildup of lanosterol and enhanced the quantity of downstream polysterols [Veen et
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al. 2003(10)]. Synthetic overexpression of ERG4p, another rate-limiting enzyme in the
phytosterols route mechanism, resulted in inflation in ergosterol synthesis in Saccharomyces

cerevisiae. [He et al. 2003 (10)]

Table 1 De novo synthesis of typical sterols in yeast

From: Metabolic engineering strategies for de novo biosynthesis of sterols and steroids in yeast

Products Strain Approach Cultivation Yield/titer/content
mode
Genes Genes introduced Genes overexpressed
deleted
Ergosterol S cerevisige - - upcz Flask 11.91 mg/g
fermentation
Ergosterol 5 cerevisige - - ECM22 5-L bioreactor | 32.7 mg/g
Ergosterol S. cerevisiae | — - ARE2 ERG4 5-L bioreactor | 1707 mg/L
Campesterol S. cerevisige | ERGS MoATSR - - -
Campesteral S. cerevisiage ERGS ArDWF1 - - -
Campesterol 5. cerevisige - DWF1 /5/7 all the MvA pathway genes, | Flask 40 mg/L
upcz fermentation
Campesterol ¥ lipolytica | ERGS DHCR7 - 5-L bioreactor | 453 + 24.7 mg/L
Campesterol ¥ lipolytica | ERG5, MFET, DHCR7 DHCR? 5-L bioreactor | 837 mg/L
PEX10
Campesterol ¥ lipolytica | ERGS DHCR7 POX2 5-L bioreactor | 942 mg,/L
Cholesterol 5 cerevisige  ERGS, ERG6  DHCR7, DHCR24 - Flask 1 mg/g dry cell weight
fermentation
Cholesterol S. cerevisige  ERGH, ATF2 DHCR7, DHCR24 ERG20, ERGY, ERG1 Flask 16 mgj/L
fermentation
Cholesterol Pichia ERGS, ERG6 | DHCR7, DHCR24 - - -
pastoris
7-DHC S. cerevisiae  ERGS, ERG6 DHCR24, ERG2, ERG3 | ERGT, ERG11 tHMG1T - -
7-DHC S cerevisige  ERGS DHCR24, ACS, ACL tHMG1, ADH2, ALDE 5-L bioreactor | 44.49 + 9.63 mg/L
7-DHC S cerevisige ERGS, ERGS, | Gg_DHCR24 All the MVA pathway genes, | 5-L bioreactor | 1.07 g/L
NEMT Gg_DHCR24
Ergosta-5,7-dien-3f-ol S cerevisige | ERGS HMG1, ERGT, ERG11 Flask 4.12 mg/g dry cell
fermentation weight
22-Hydroxycampest-4-en- | 5, cerevisiae ARE1 AER2, | DWF1/5/7, CYPO0AT, | ERG12 ERG13, ERGE ERGT9  Flask 3.63 mg/L
3-one ERG4 CYP20B1 fermentation
B-Sitosterol S, cerevisize | ARE1, ARE2, | DWF1/5/7, SMT2 ERG12, ERG13, ERGS, ERG19 | Flask 2 mg/L
ERG4 fermentation
24-Methylenecholesterol | 5. cerevisiae  ERG4, ERGS | StDWFS - - -
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From: Metabolic engineering stratesies for de novo biosynthesis of sterols and steroids in yeast

Examples of sterols and steroids. The endogenous sterol pathway in yeast is highlighted in yellow, heterogenons synthesis of animal-derived sterols in yeast
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YEAST PLATFORMS THAT PRODUCE PHYTOSTEROL FOR
FUNCTIONAL RECONSTITUTION OF DOWNSTREAM
BIOSYNTHETIC PATHWAYS

Sterols are crucial intervening compounds in the production of several downstream
concentrating metabolites of pharmacological or rural value, such as brassinosteroids and
withanolides, since they are fundamental main atoms for plant plasma films. Saccharomyces
cerevisiae has already been widely used as an alternative metabolite producer in plants. Despite
this, the establishment of alternative sterol routes in yeast has already been tried due to either
low efficacy or fundamental variety, which is most likely a result of interaction among
heterologous sterols and native ergosterol production. For example, in this study, we used plant
chemicals to create campesterol in yeast; despite the fact that we now have the option of
increasing campesterol titer to 40 mg/L by overexpressing the mevalonate pathway, very little
transformation in downstream items was observed after the briefing of downstream protein
sources. Further investigation yielded two fascinating ideas concerning yeast sterol design. To
begin with, many heterologous phytosterols would be efficiently and significantly esterified in
yeast, limiting the capability of downstream metabolites significantly. Second, The growth
limitation resulting by changed sterol metabolism can be remedied by restarting the culture.
They were also able to design a number of sterol creating yeast strains with normal growth and
titers of campesterol (7mg/L), -sitosterol (2mg/L), 22-hydroxycampesterol (1mg/L), and 22-
hydroxycampest-4-en-3-one (4mg/L) using biochemical developing process, strain
development, fermentation designing, and path reorganisation. This research eliminates the
particular barriers in phytosterol implied pathway rebuilding in supporter's yeast, paving the
road for efficient bioconversion and route explanation of this phytochemical collection.

In Saccharomyces cerevisiae and Yarrowia lipolytica Species, bioproduction of campesterol
was produced by substituting the endogenous C-22 sterol desaturase (ERG5) gene with such a
heterologous 7-dehydrocholesterol reductase (DHCR7) expressing gene.
7-sterol-C5-desaturase (DWF7), 7-dehydrocholesterol reductase (DWFS5), and 24-sterol
reductase (DWF1)24 generate campesterol from episterol in plants. Bioproduction of sitosterol
in heterologous microbial hosts, on the other hand, has yet to be developed, most likely due to
a shortage of substrate for the sterol-C24-methyltransferase SMT2. Plant enzymes were used
to establish campesterol production from episterol in yeast. The campesterol titer in yeast was
increased from 3mg/L to 40mg/L by upregulating the mevalonate pathway. Campesterol and

pathway intermediates, on the other hand, were heavily esterified, rendering them inaccessible
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to subsequent plant enzymes. The activity and substrate promiscuity of SMT2 facilitated the
production of Beta-sitosterol in yeast, despite the fact that removing sterol acyltransferase

genes and erg4 resulted in a large growth burden.
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Figure 1 Proposed biosynthetic pathway of phytosterol and (225)-22-Hydroxycampest-4-en-3-
one, 14 in plant and yeast. The yellow arrow represents the native ergosterol, 3, biosynthetic
pathway in yeast; the green arrow represents the indigenous pathway of p-sitosterol, 2; the green
arrow represents the reconstituted biosynthetic pathway from episterol, 4 to 14.
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CHAPTER 3

METHODOLOGY TO ISOLATE AND QUANTIFY BETA
SITOSTEROL AMOUNTS

ISOLATION AND CHARACTERIZATION OF BETA-SITOSTEROL
FROM ELAEAGNUS ANGUSTIFOLIA CULTIVATED IN IRAQ

Elaeagnus angustifolia leaves was gathered from Al-Musayyib region in Iraq, during the season
of March and dried in conceal at room temperature and crushed to form powder & gauged,
pounded material (100 g) from the leaves was extricated by the use of Soxhlet device with
hexane (700 ml), the concentrate were sifted, and dissolvable was dissipated in the presence of
diminished pressure utilizing revolving evaporator. Hexane extricate were dissected for the
presence of terpene utilizing slender layer chromatography (TLC) with shower testing agent.
Isolation of sitosterol by preparative TLC —

Firstly stationary phase was prepared - Readymade silica gel GF 254 plates were taken with
mentioned thickness and dimensions (0.25 mm, 20 cmx20 cm) respectively. Now the plates
were sterilized by autoclaving them at 100°C for 15 min after that the autoclaved plates were
left to cool so that they can be used for the further procedure for allocation of the baseline and
the solvent front.

Preparation of the solvent system - In a conical flask, the mobile phase (chloroform:acetone)
was gently mixed before being put into the jar. Filter paper was placed in the jar, which was
then tightly closed and left for saturation.

Application of sample - The sample was dissolved in absolute methanol and added to the
baseline of TLC plates in amounts of around 2 g.

Detection of separated spot - The vanillin-sulfuric acid reagent was sprayed on the plate's
side for detection. Analytical TLC was used to assess the purity of each band as far as a single

spot on the TLC plate was produced for identification using a reference standard.
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HPLC ANALYSIS OF BETA-SITOSTEROL IN HERBAL MEDICINE
AND VEGETABLE OIL

Beta-sitosterol is waxy in nature having a white tone and is known to be found in cottonseed
oil, corn oil, raw grain oil, and soyabean oil as well. This beta-sitosterol helps in diminish the
cholesterol level in the body by repressing its ingestion in the body. This research demonstrates
that High-performance liquid chromatography is an effective analytical and analysing method
for evaluating beta sitosterol levels in Solal Capsules of beta sitosterol and other vegetable oils.
Following that, HPLC chromatograms of beta sitosterol standard & Solal beta-sitosterol
containers were performed in a compact stage with 100% Acetonitrile at pH 6.5 and revealed
retention seasons of 67.25 and 67.89 respectively. Sitosterol retention duration was 55.75 in 95
percent acetonitrile and 5% ethanol, and 36.23 and 36.81 in 85 percent acetonitrile and 15
percent ethanol, respectively. HPLC measurements of beta-sitosterol in vegetable oils revealed
that the maintenance time for soya bean oil is 36.47 minutes, peanut oil is 36.12 minutes, raw
grain oil is 36.91 minutes, and cottonseed oil is 36.21 minutes. Hence this paper gives
appropriate circumstances for utilizing superior execution fluid chromatography (HPLC) to

decide the beta sitosterol levels in homegrown medication as well as vegetable oils.
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Fig. 1: HPLC chromatogram of f-sitosterol standard and solal betasitosterol capsules was performed in the
mobile phase as 100% Acetonitrile at pH 6.5 and showed retension time of 67.25 and 67.89 repectively
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Fig. 2: HPLC chromatogram of p-sitosterol standard was performed in 95% Acetonitrile and 5% ethanol
and showed retension time was 55.75
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Fig. 3: HPLC chromatogram of f-sitosterol standard and solal betasitosterol capsules was performed in the
mobile phase 85% Acetonitrile and 15% ethanol showed retension time of 36.23 and 36.81 repectively .

Table 1: The Retension time of f-sitosterols of the vegetable oils detected by HPLC.

§/No. Vegetable oil Retension time
1. Wheat germ oil 36.91
s Cotton seed o1l 36.21
- Sova been oil 36.47
4. Peanut oil 36.12
5. solal betasitosterol capsules 36.81
[ [i-sitosterol standard 36.23
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AN IMPROVED METHOD FOR THE RAPID PURIFICATION OF
BETA SITOSTEROL FROM A COMMERCIAL PHYTOSTEROL
EXTRACT IS PRESENTED

Soybean oil fractional crystallisation produced soluble and insoluble fractions.
Chromatography with silica gel and Na-Y zeolite were used to purify Beta sitosterol. Many
types of margarine, butter Plant-derived sterols and their esters, that has been used accurately
and safely to decreased plasma cholesterol levels, are now being added to breakfast cereals and
spreads. for decades. While there has been significant improvement in acquiring certain sterols
in natural form, when greater amounts of natural sterols are needed for structure-function
investigations in the nutritional, pharmacological, and plant biology domains, the costs are still
quite high. Chromatography over silica gel or Na-Y zeolite can purify samples to >90 percent
purity, however both techniques need multiple, time-consuming column purification cycles.
We present a simple and fast method for obtaining 2 from a phytosterol that merges silica gel
and Na-Y zeolite chromatography. combination produced from vegetable oils with a high yield

(22.5%) and purity (94.2 percent).
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METHODS TO ISOLATE BETA SITOSTEROL AND ANALYTICAL
TECHNIQUE TO QUANTIFY THE AMOUNT OF BETA SITOSTEROL

There are various methods to quantify and analyze the amount of beta-sitosterol present in the

sample like Gas chromatography, Thin Layer chromatography but HPLC sounds like a

promising method to quantify the results.

HPLC TECHNIQUE -In the literature, High-performance liquid chromatography (HPLC)

technologies have been widely employed, but they have not been used to analyse Beta-

sitosterol.

METHODOLOGY:-

To dry the plant body, the plant extract was located in the oven for 2-3 days. This
powdered dried herb was crushed.

To extract Beta-sitosterol, the powder was placed in a Soxhlet extraction set up for 48
hours.

After preserving the harvesting oil for 7 days, a dark green oil was obtained.

This green oil was separated and 5 ml of aqueous KOH solution (concel0 Molar) was
added.

As the HPLC sample, an upper layer of liquid was obtained. By adding KOH to solid
extracts, HPLC samples were prepared as described before.

Before injecting into HPLC, all sieved as needed.

For identifying Beta-sitosterol recovered from the ideal mobile phase composition of
15% Ethanol and 85% Acetonitrile, a UV-VIS detector operating at 198 nm was used.
The mobile phase flow rate was 1 ml/min, and the column temperature was set at 25°C.

Before each run, the sample and reagent solutions were degassed.
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CHAPTER-4
DISCUSSION & CONCLUSION

Phytosterols, which are abundant in plants, nuts, fruits, and vegetables, are consumed in human
diets (200400 mg daily). Beta Sitosterol, for example, is a well-known phytosterol that has
been shown in in vivo and in vitro investigations by several researchers as a promising and safe
medication. The molecule has been shown to reduce cholesterol absorption in the intestine
while also increasing antioxidants, both non enzymatic and enymatic, thus making it a potent
hypolipidemic, neuroprotective, antidiabetic, and anti-carcinogenic agent. Saccharomyces
cerevisiae has now been extensively utilised as a secondary metabolite producer in plants.
However, establishing heterologous sterol routes in yeast has proven difficult due to reduced
efficacy or structural diversity, which is most likely due to crosstalk between heterologous
phytosterol and native ergosterol biosynthesis. Further research revealed two intriguing
findings regarding sterol manipulation in yeast. First, numerous heterologous sterols are
quickly and effectively esterified in yeast, impairing downstream enzyme performance
significantly. Second, by Yeast can compensate for the growth deficit caused by altered sterol
metabolism through repeated culture. We were able to develop a set of phytosterol generating
yeast strains with solid growth and campesterol titers. (7 mg/L), -sitosterol (2 mg/L), 22-
hydroxycampesterol (1 mg/L), and 22-hydroxycampest-4-en-3-one (4 mg/L) using genetic
engineering techniques, strain transformation, fermentation technology, and pathway
reconstitution. This research breaks down the technological barriers to sterol derived route
reconstitution in backer's yeast, allowing for more dynamic bioproduction and route
clarification of this class of phytochemicals. The yields of the steroids and sterols that have
been effectively synthesised in yeast must be enhanced further by resolving remaining
obstacles, As an example, consider the rate-limiting incidents in the post-squalene pathway,

which result in a significant accumulation of squalene.

Typical solutions for alleviating the metabolic bottleneck induced by rate-limiting enzymes
addition of gene upregulation and enzyme screening from various resources, however these
approaches did not fully address the problem. Protein engineering could be a viable option.
Another limiting element to consider is the rivalry among heterologous & endogenous sterol
metabolism, as demonstrated by the de novo production of Beta-sitosterol through
Saccharomyces cerevisae. By accelerating the cycle of design construct test learn, systems

biology combined together synthetic biology & evolutionary engineering could be a promising
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Optimization strategy for designed sterols/steroids producing yeast. After overcoming the
remaining obstacles, the manufacturing of phytosterols and steroids via yeast factories could

be a method of management option for these highly sought-after medicinal intermediates.
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