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A B S T R A C T

Yeast is very well known eukaryotic organism for its remarkable biodiversity and extensive industrial applica-
tions. Saccharomyces cerevisiae is one of the most widely used microorganisms in biotechnology with successful
applications in the biochemical production. Biological conversion with the focus on the different utilization of
renewable feedstocks into fuels and chemicals has been intensively investigated due to increasing concerns on
sustainability issues worldwide. Compared with its counterparts, Saccharomyces cerevisiae, the baker’s yeast, is
more industrially relevant due to known genetic and physiological background, the availability of a large col-
lection of genetic tools, the compatibility of high-density and large-scale fermentation, and optimize the pathway
for variety of products. Therefore, S. cerevisiae is one of the most popular cell factories and has been successfully
used in the modern biotech industry to produce a wide variety of products such as ethanol, organic acids, amino
acids, enzymes, and therapeutic proteins. This study explores how different sustainable solutions used to
overcome various environmental effects on yeast. This work targets a broad matrix of current advances and
future prospect in yeast biotechnology and discusses their application and potential in general.

1. Introduction

Saccharomyces cerevisiae is one of the widely industrially used mi-
croorganisms in microbial production of proteins, chemicals and me-
tabolites. This is because genetic manipulation of S. cerevisiae is rela-
tively easy and established of large collection of genetic tools compared
to other microorganisms. S. cerevisiae, a unicellular eukaryote is most
intensively studied and also used as industrial microorganism for bio-
chemical production and heterologous protein expression (Mattanovich
et al., 2014). Synthetic biology makes the yeast cell factories as more
efficient and more controlled process such that the novel organism
derived from S. cerevisiae might work according the requirement/s or
demand. Synthetic biology is an advanced definition of framework for
design, conceptualization and manufacture of biological systems such
that genetic engineering, genomics and systems biology are used to
make control and program the biological device to create predictable
properties and control the cell behavior which was previously not found
in the system. This will give a clear picture where genetic engineering
makes a unique solution for a specific problem and therefore, with the
help of genome editing techniques, of next generation sequencing and
gene synthesis plus with the help of different modelling using large
datasets and bioinformatics tools, synthetic biology solves the design of
industrially relevant strains for producing biochemical products speci-
fically novel chemicals.

S. cerevisiae is most industrially intensively studied unicellular eu-
karyote for biochemical production. S. cerevisiae is being used to pro-
duce many industrially relevant chemicals and heterologous protein
production apart from traditional applications in alcohol fermentations,
baking or bio-ethanol processes. There are a lot of S. cerevisiae strains
exist as library and therefore, it will be easier to find a suitable host
from the library based on the product and other parameters like pro-
ductivity, yield and other parameters like pH, temperature, salt con-
centrations. But several times a specific host with targeted optimization
can’t be found due to the genetic engineering of specific species are not
available and therefore, random mutagenesis or evolutionary optimi-
zation used to produce the specific species. One can also start with a
known organism for example, S. cerevisiae and optimize it for a desired
product and conditions used in the process for cultivation. S. cerevisiae
is always got the priority because a vast range of genetic tools exist and
due to extensive range of knowledge about all aspects of yeast biology.
Using these tools by the help of metabolic engineering which is the
heart of systems biology may give a solution for better optimized pro-
cess for better productivity. In general, genome scale model (GSM) is
exist for almost all yeast species can be used to develop a metabolic
model that explain different routes to improve the process for better
optimization and can be used with existing tools for better insights and
give better solution per requirement. Fig. 1 illustrates a general ap-
proach where metabolic engineering under systems biology can play a
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vital role by using genetic manipulation for strain construction from the
help of metabolic model approach and optimized further by fermen-
tation to get all growth parameters where different omics analysis will
help further for better insights to improve further the metabolic model
and strain to get more optimized process for better productivity. This is
a cyclic process where better improvement will be the key for further
success.

In this review, we will underline the developments of S. cerevisiae
for production of chemicals, protein, enzymes on a same platform such
that one can easily find the information easier.

2. Bioprocessing for protein production from yeast specially S.
cerevisiae

Mainly eukaryotic species are used for protein production where S.
cerevisiae was applied, but now other microorganisms are also equally
used in industry for the same. Yeast is generally regarded as safe
(GRAS) status given by FDA and specifically not used as pathogens for
humans. S. cerevisiae is the most useful species in yeast that has been
used industrially for years in production of heterologous proteins and
therefore, large scale production is already established for commercial
production. “Biopharmaceutical” term was first used in 1980s which is
described a class of therapeutic proteins produced by synthetic biology
or modern biology techniques such as genetic engineering or using
monoclonal antibodies by hybridoma technology. There are several
traditional pharmaceutical products are produced from direct chemical
synthesis such as for analgesic, acetaminophen and ketamine are used.
But here yeast in general discussed for different biopharmaceuticals
production (see Table 1).

S. cerevisiae is the most dominated cell factories due to the large
volume of products known as Insulin and its analogs where the global
market is growing due to the widespread disease all over the world
from US$12B in 2011 to more than US$32B in 2018. Engineered yeast
with a secretory pathway with the help of metabolic engineering, ge-
netic engineering, systems biology and advanced modelling strategy
can help to make different biopharmaceutical products and now-a-days
more than 40% of the biopharmaceuticals have been produced by using
Chinese Hamster Ovarian cell lines (CHO cells).

More than 10000 pharmaceutical companies are there worldwide
where maximum of these companies grow rapidly, reaching an esti-
mated value of US$100B by the mid ‘80 s where around 100 of these

companies are considered as international figure. Currently this number
is folded several times as both population and also diseases increase.
There are several companies in USA and Europe producing approved
biopharmaceutical products for general medical uses are as follows,
Abbott, Amgen, Bayer, Biogen, Boehringer Manheim, Centocor, Chiron,
Cytogen, Eli Lilly, Galenus Manheim, Genentech, Genzyme,
GlaxoSmithKline, Hoechst AG, Hoffman-la-Roche, Immunomedics, Isis
Pharmaceuticals, Novartis, Novo Nordisk, Organon, Ortho Biotech,
Roche, Sanofi-Aventis, Schering Plough, Serono, Wyeth. S. cerevisiae is
chosen by a number of companies as the most suited organism as a host
depending on the known in house knowledge and therefore, a large
range of therapeutic proteins are produced as recombinant protein and
those are described as follows in the following Table 2. Other examples
of recombinant protein from other yeast species are also illustrated in
Table 3.

Secretory pathway (SP) in yeast is very complex where more than
550 proteins are involved in the process but around 160 proteins are
responsible for different post translational processes (Nielsen, 2013)
such as glycosylation and folding. Almost all proteins are targeted to the
endoplasmic reticulum (ER), Golgi, Vacuole and cytoplasmic mem-
branes are also processed through the SP. Basically, ER plays a big role
for secreting targeted proteins and it depends on if they fold correctly or
not. All proteins fold correctly can enter into the secretory pathway else
refolding require from stressed ER. Further, these corrected folding
proteins are exported to Golgi for further processing and after secreted
through the ER-Golgi complex, may be secreted through endosome or
enter through vacuole for further storage or degradation. This is a
complex process in overall. Therefore, to understand the protein se-
cretion, more rational approach required to build by digging the basics
of systems biology and find insights that is much improved and novel
applied science. Design such a model can be easily made by engineering
of metabolic pathways by using Genome Scale Metabolic Model which
is the heart of metabolic engineering in modern era. A mathematical
model can also predict the biological system by overexpression or de-
leting genes using genetic engineering of the cellular system to improve
protein secretion. To improve cell factories, strains are characterized by
growing them in fermenters for optimizing growth parameters such as
biomass growth, substrate consumption and product formation fol-
lowed by omics analysis to provide new insights into the cellular me-
tabolism and physiology which will also give feedback to improve
models further to optimize strain construction (see Fig. 1).

Fig. 1. This schematic diagram illustrates a general metabolic en-
gineering approach where tools of systems biology are used for ad-
vanced cell factories for different industrial productions.
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3. Industrial interest of chemical production from S. cerevisiae

S. cerevisiae is widely used in microbial production of chemicals,
metabolites via genetic manipulation which is relatively easy and ex-
periences from its wide application in the existing industrial fermen-
tations that might directly benefit the new S. cerevisiae processes.
Engineered strain of S. cerevisiae via metabolic engineering under dif-
ferent metabolism studied for production of various chemicals of in-
dustrial interest. While talking about chemical production, ethanol
comes in the picture which is producing naturally from S. cerevisiae.
This simple process is illustrated in Fig. 2 where one mole of glucose
(180 g) is converted to two moles of ethanol (92 g) plus two mole of
carbon-di-oxide (88 g) and it produces energy (26.4 Kcal) from this
reaction. Ethanol or related biofuel or bioenergy will discuss in the last
part of this paper. In this section we will concentrate on other bio-based
chemicals in general and few of their metabolic pathways such that how
the metabolic engineering plays an important role in industrial en-
gineering for production of chemicals can explain in general. Fig. 3 il-
lustrates few commercial products from yeast biosynthesis such as lactic
acid (LA), succinic acid (SA), isobutanol, ethylene where all these bio-

based chemicals industrially produced from largest producers for ex-
ample, Natureworks LLC produce around 180 kt LA per year whereas
Reverdia produce around 10 kiloton SA per year which is less compared
to BioAmber (17 kt/year).

Now the question is how to optimize production of LA from yeast by
using metabolic engineering for strain construction. First, the metabolic
pathway strategies for engineering LA production in yeast can be con-
structed as follows. In the glycolysis pathway, pyruvate can go either
for lactate formation step by introducing a heterologous lactate dehy-
drogenase (LDH) step or in acetaldehyde production. Therefore, the
activity of pyruvate decarboxylase (PDC) can be reduced such that
there is no flux towards acetaldehyde. So, lactate can form by using
these strategies but there is always another flux from lactate to pyruvate
where L- or D- lactate should be reduced (ferricytochrome C oxidor-
eductase) which is shown in Fig. 4 (Borodina and Nielsen, 2014).

Irrespective of the above products yeast is also used for producing
enzymes such as invertase (S. cerevisiae) and lactase (S. fragilis) where
saccharomyces species are used. Enzymes are described as protein and
protein production has been described in the previous part. Yeast has
been used as a model for analysis of heterologous genes and proteins

Table 1
Overview of biopharmaceuticals product/s

Product/s Industry/Sector Therapeutic application Potential market value (USD)

Human serum albumin
(Hou et al., 2012)

Oryzogen Surgery US$557M by 2020 (http://www.transparencymarketresearch.com/albumin-
market.html)

Hirudin (Hou et al., 2012) Minapharm, Keyken, Abbott,
Salubris, Pfizer

Blood coagulation disorders, Tumor
disease, Thrombosis disease

Traditional remedies in China ($ 115B) and modern age drugs.

Levemir (Walsh, 2006) Novo Nordisk Diabetes $6,98B yearly sales (http://www.pharmaceutical-technology.com/features/
featurethe-worlds-top-selling-diabetes-drugs-4852441/)

Glucagen (Hou et al.,
2012)

Diabetes $30M yearly sales (http://www.evaluategroup.com/View/12286-1002-
modData/product/glucagon_g_novo)

Valtropin (Walsh, 2006) Biopartners Growth disturbance $20,2B yearly sales (http://www.biopharma-reporter.com/Markets-
Regulations/Biogeneric-race-in-Europe-heats-up)

Gardasil (Walsh, 2006) Merck HPV Vaccination $1,2B yearly sales (https://www.forbes.com/forbes/2012/0423/feature-
neal-fowler-pharmaceuticals-gardasil-problem.html)

Antigen (Hou et al., 2012) Hepatitis Vaccination Over billions per year ($ 20,6 B in 2006, https://www.ncbi.nlm.nih.gov/
pubmed/17691940)

Table 2
Recombinant protein production from S. cerevisiae (Walsh, 2003; Gerngross, 2004).

Product/s Industry/Sector Therapeutic application

Regranex Ortho-McNeil pharmaceuticals, Janseen-
Cilag

Diabetic ulcers

Fasturtec Sanofi-Synthelabo Hyperuricaemia
Recombivax Merck Prevention of Hepatitis B
Refludan Hoechst Marion Roussel/Behringwerke

AG
Anticoagulant therapy for thrombocytopenia

Revasc Aventis Prevention of venous thrombosis
Actrapid/velosulin/monotard/insulatard/prophane/

mixtard/actraphane/ultratard
NovoNordisk Diabetes

Novolog/Novolog mix 70/30 Novo Nordisk Diabetes
Novomix 30 Novo Nordisk Diabetes
Novolin Novo Nordisk Diabetes
NovoRapid Novo Nordisk Diabetes
Glucagen Novo Nordisk Hypoglycemia
Ambrix GlaxoSmithKline Prevention of hepatitis A and B
Pediarix SmithKline Beecham Prevention of hepatitis B
Tritanrix-HB SmithKline Beecham Vaccination against hepatitis B, diphtheria, tetanus and pertussis
HBVAXPRO Aventis Pharma Prevention of hepatitis B
Twinrix GlaxoSmithKline/SmithKline Beecham Prevention of hepatitis A and B
Comvax Merck Vaccination against H. influenza type B and hepatitis B
Infanrix-hexa SmithKline Beecham Prevention of diphtheria, tetanus, pertussis, Haemophilus influenza type

B, hepatitis B and polio
Infanrix Hep B SmithKline Beecham Prevention of diphtheria, tetanus, pertussis and hepatitis B
Infanrix-Penta SmithKline Beecham Prevention of diphtheria, tetanus, pertussis, hepatitis B and polio
Hexavax Aventis Pasteur Prevention of diphtheria, tetanus, pertussis, hepatitis B, Haemophilus

influenza type B and polio
Primavax Aventis Pasteur Prevention of diphtheria, tetanus, hepatitis B
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involved in lipid and fatty acid biosynthesis. Because of this reason lipid
metabolism in S. cerevisiae is well known and characterized and it is
included the GRAS status about several industrial processes. Therefore,
S. cerevisiae might be a good host for polyunsaturated fatty acid pro-
duction due to the following reasons: genetic toolkit availability,
genome sequence exists and optimized fermentation process. Basically,
all fatty acid consists hydrocarbon chain with a terminal carboxylic
group. There are two different common biological fatty acids exist,
saturated and unsaturated fatty acids. Most common fatty acids have
between 14 and 20 carbon atoms. Saturated fatty acids have no double
bond exist whereas different degree of unsaturation can be possible
such that all unsaturated fatty acids almost always have a cis config-
uration. For example, Palmitoleic acid is represented by Δ9-C16:1,
meaning that the hydrocarbon chain has 16 carbon atoms and one
double bond between carbons 9 and 10, counted from the carboxyl end.
Common biological fatty acids are listed in Table 4.

Recently, S. cerevisiae was engineered such that short chain/bran-
ched −chain fatty acids can be overproduced (Leber and Da Silva,
2013; Yu et al., 2016). On the other hand, engineered yeast help for
production of fatty acid-derived oleochemicals and biofuels (Zhou
et al., 2016) which is very interesting for future biofuel production.
There are several organic acids are interested due to health benefits
such as arachidonic acid, docosahexaenoic acid, eicosapentaenoic acid.
All these chemicals can be produced by biosynthesis of polyunsaturated
fatty acids of S. cerevisiae. S. cerevisiae cell factories used mostly in in-
dustry due to their advanced optimized platform exist which allow the
flexible use of production facilities, which are very cost intensive. From
years S. cerevisiae used to produce bread and beer where the yeast cell
factory is timely improved and advanced in such a height which is now
converted into the production of bioethanol, wine, chemicals, neu-
traceuticals and pharmaceuticals by the use of metabolic engineering
which is the key part of overall systems biology (see Fig. 1).

3.1. Industrial dairy products from yeast

Now days, our society prefer or choose at least one dairy products
due to their excellent nutrient properties with specifics taste and flavor.
There are a lot of milks products available in our markets which are
unique and different flavors, attracting to different customers. There are
a lots of yeast strains which have been involved in formation of dif-
ferent milk products. Few of dairy products are reported in Table 5
which shows their specific properties of products with respective yeast
strains.

Cheese is found in most complex nature, fascinating, and diverse
foods. Camembert cheese is found as a soft, creamy, surface-ripened
cow's milk cheese. During ripening process, surface is recognized as a
bloomy-rind cheese by presence of fungal microbiota which gets ri-
pening (maturation) and aroma formation. There are some yeast culture
strains which are Kluyveromyces lactis and Debaryomyces hansenii strain
and they have actively grown on soft-cheese model curds (SCMC) sur-
face by taking 31 days periods for the ripening. A real-time quantitative
PCR (qPCR) method has been applied by using TaqMan probes to
quantify this yeast strain (Lessard et al., 2012). Another milk product,
kefir is reported as fermented milk beverage, produced by fermenting of
kefir grains via symbiotic association of bacteria and yeasts exist in
kefir grains. There are many yeast strains which have been reported
such as K. marxianus/Candida kefyr, K lactis var. Lactis and D. hansenii.
They actively involved in development of desirable and typical kefir
sensory properties. Reported above yeast strains have found to ferment
lactose carbon in kefir and kefir grains. Kefir has shown the therapeutic
properties as a natural probiotic beverage (de Oliveira Leite et al.,
2013).

Next product, yogurt is a food produced by fermentation of milk.
Actually, it is produced using a bacterial culture of Lactobacillus del-
brueckii and Streptococcus thermophilus. But, some of yeast strains have

Table 3
Recombinant proteins production from other yeast species also.

Proteins Application/Sector Yeast species

Human serum albumin and interferon alpha2b fusion
protein (HSA-IFN-alpha2b) (Zhao et al., 2008)

Used as mmunostimulants with potential application for the treatment
of HBV infection in medical field

PMR1-disrupted Pichia pastoris

Fibroblast growth factor 20 (FGF20) (Yang et al.,
2013)

Involved in embryonic development, cell growth, morphogenesis,
tissue repair, tumor growth and invasion and help in effective drug
development

P. pastoris strain with P1′-stem cell factor

Gurmarin, a 35-residue polypeptide, (Sigoillot et al.,
2012)

Used as sweet-taste-suppressing protein and to study of sweet-taste
transduction in rat for drug development

P. pastoris

Human P53 tumor suppressor (Mokdad-Gargouri et al.,
2012)

Used as therapeutic proteins in medical field P. pastoris with strong and inducer promoter
AOX1

Protein β-aminopeptidase BapA (Heyland et al., 2011) Used in protein hydrolysate industry. It helps in measuring the activity
of the TCA cycle of yeast

Pichia pastoris

Viral HBsAg protein (Mokdad-Gargouri et al., 2012) Used as therapeutic proteins in medical Field Saccharomyces cerevisiae with strong and
inducer promoter Gal10/Cyc1

Recombinant hepatitis B small (S) and medium (M)
proteins. (Hadiji-Abbes et al., 2009)

Used as powerful adjuvant to develop an immune therapy for chronic
hepatitis B virus infection in pharmaceutical industry

S. cerevisiae containing S and preS2-S genes
under inducible condition

Insulin protein (Liu et al., 2012) Used for diabetic treatment in pharmaceutical industry S. cerevisiae strains with SIC
Human hemoglobin (Liu et al., 2014) Used a s an oxygen carrier substitute in medical field S. cerevisiae
Recombinant aquaporin Fps1 protein (FPS1),

(Cartwright et al., 2017)
Used glycerol uptake/efflux facilitator protein as drought and salinity
response in Xenopus oocytes plant in agriculture.

S. cerevisiae with spt3Δ, srb5Δ, gcn5Δ and
yTHCBMS1

Hepatitis B surface antigen (Srivastava et al., 2015) Used to produce hepatitis vaccines Schizosaccharomyces pombe
Green fluorescent protein or a fluorescent single-chain

antibody fragment (Klein et al., 2015)
Used to monitoring dynamic processes in cells or organisms which is
infected by virus

S. pombe strain NCYC2036 with plasmid
pTZsp-GFP

Fig. 2. This schematic diagram illustrates the production of ethanol from
yeast fermentation where glucose is used as substrate.
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capability to grow at refrigeration temperatures to ferment lactose and
sucrose, and they also hydrolyze milk casein from domestic animals
such as water buffalo, goats, ewes, mares, camels, and yaks. Torulopsis
candida Kluyveromyces fragilis Saccharomyces cerevisiae, Rhodotorula
rubra, Kluyveromyces lactis, and Torulopsis versatilis are good examples of
it (Suriyarachchi and Fleet, 1981). Further example, koumiss is slightly
alcoholic fermented mare's milk beverage. It is originally obtained by
applying a natural mixed starter of lactic acid bacteria and yeasts.
Koumiss processing for aroma, texture, as well as the nutrients bene-
ficial to human health is done by using many yeast strains such as
Candida pararugosa, Dekkera anomala, Geotrichum sp., Issatchenkia or-
ientalis, Kazachstania unispora, Kluyveromyces marxianus, Pichia deserti-
cola, P. fermentans, P. manshurica, P. membranaefaciens, and Sacchar-
omyces cerevisiae (Mua et al., 2012).

Acidophilus-yeast fermented milk is beverage and produced by
bacterial strain Lactobacillus acidophilus via fermenting milk under
conditions that favors the growth and development of large number or
type of organism. Acidophilus milk has found to differ from Indian Dahl
mainly in types of micro-organisms involved, body texture, consistency,
flavour, chemical composition and antibacterial activity. In this bev-
erage the yeast strains such as Saccharomyces boulardii and
Saccharomyces cerevisiae has been added to put the antioxidant prop-
erties of fermented milk and enhance the viability of bacterial strain.
This beverage has contained a lactic acid content (1·5 to 2.0%) which
help in cure of patient stomach disorder (Parrella et al., 2012; Gandhi
and Nambudripadt, 1979). Cremont is found a mixed-milk cheese
which is made up by combining cows and goats’ milk with Vermont
cream. It is blended together and pasteurized, and then a special
cocktail of yeast and mold has been added to create its unique flavor
and naturally coagulate the milk overnight. We get it next day and fresh
curd is shaped by hand into cylinders. Aesthetics and aromas come from
the growth of the fungus Geotrichum candidum. G candidum grows on
the surface of cheeses or on Petri dishes in the laboratory condition and
look tiny single cells that look like a yeast, all true yeasts are reported a

Fig. 3. Chemicals produced from yeast-based fermentation on industrial or commercial scale. The largest producers are listed here with different applications or uses from these products.

Fig. 4. Engineered strain for optimizing LA production in yeast.
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descendant of molds (Morel et al., 2015; A Report by Philadelphia,
2013).

3.2. Biofuels from yeast species

Biofuels with eco-friendly nature provide the replacement of con-
ventional transportation fuels which need first to our current society
with their production at industrial level. These can fulfill complete fuel
spectrum from gasoline to kerosene. Advanced biofuels have been
played very essential role in replacing fossil fuels. These biofuels
showed improved properties such as higher density compared to
ethanol and can be used easily in heavy duty vehicles, ships, and
aviation. It has used as drop-in fuels in existing internal combustion
engines. Some yeast strains have shown cell factory nature and its good
example is Saccharomyces cerevisiae (Buijs et al., 2013). Many geneti-
cally modified or metabolic engineering S. cerevisiae strains have been
turned into a producer of higher alcohols such as 1-butanol and iso-
butanol, farnesene and bisabolene (sesquiterpenes), and biodiesel (fatty
acid ethyl esters nature), and in this paper we discuss progress in of S.
cerevisiae for production of the normal or advanced biofuels.

Bioethanol is two carbon organic compounds and alcoholic bev-
erage, produced by genetic engineered strain S cerevisiae ATCC 20602
in 7.5-l vessel, containing glucose media, operated in fed-batch mode.
This yeast strain has developed the tolerance of ethanol stress in pro-
duction media and metabolized the glucose (obtained from lig-
nocellulosic materials via hydrolysis) (Chen et al., 2008). Ethanol tol-
erance capability of this engineered strain has developed due to
maintenance of vacuole function and roles of this organelle in protein
turnover and maintaining ion homoeostasis. In an aerated fermentation
condition, ethanol concentration (20 g l−1) was reported while in an

anaerobic process, ethanol concentration was found 85 g l−1 in 70 h
with higher cell viability (88%) (Stanley et al., 2010).

1-Propanol is a primary alcohol and three carbon compounds. It has
high octane numbers and suitable for engine fuel usage. But production
of propanol has been found too expensive to be a common fuel. So,
suitable microbial strain has used for biosynthesis of 1-propanol.
Influence of the yeast strain has found very strong for n-propanol and
less evident for the other alcohols. Increased production of n-Propanol
in yeast strains has reported due to having an impaired ability for hy-
drogen sulfide formation (Giudici et al., 1993). Strain S. cerevisiae has
been utilized not only glucose but also xylose as sugar (from wide range
of lignocellulosic biomass). Researchers are putting effort to develop
the new and modified engineered strain of S. cerevisiae which can have
2-Keto acid decarboxylase (KDC) and alcohol/aldehyde dehydrogenase
(ADH) in metabolic engineering and can develop 2-ketobutyrate (2KB)
compound to produce more quantity of 1-Propanol (Nishimura, 2016).

Isopropanol or dimethyl carbinol is a compound which is colorless,
flammable chemical with a strong odor. It has a wide application in
industrial and household uses, and found an ingredient in chemicals
such as antiseptics, disinfectants and detergents. For biosynthesis of
isopropanol, a genetically-engineered strain of the yeast Candida utilis
has been developed which harbored the genes encoding (i) an acet-
oacetyl-CoA transferase from Clostridium acetobutylicum ATCC 824, (ii)
an acetoacetate decarboxylase, and (iii) a primary-secondary alcohol
dehydrogenase derived from Clostridium beijerinckii NRRL B593. And
this modified strain has over-expressed two genes encoding acetyl-CoA
synthetase and acetyl-CoA acetyltransferase and shown increase iso-
propanol titer 9.5 g l−1 via glucose utilization at a yield of 41.5 % (mol/
mol) (Tamakawa et al., 2013). The development of cost-effective fer-
mentation processes would be these alcohols as a biofuel component, or
as a precursor for the chemical synthesis of propylene. Efficiently utilize
low-cost feedstocks are the major challenges on the way to industrially
relevant microbial propanol production processes can be achieved by
developing suitable microbial strain via utilizing metabolic or genetic
engineering tool (Walther and François, 2016).

n-Butanol or 1-butanol is four carbon alcoholic compounds and this
alcohol and with other short chain alcohols (isobutanol and iso-
propanol) have shown a range of physical properties, which make them
superior fuels compared to ethanol. n-butanol has various physical
properties such as less hygroscopic, less corrosive and higher energy
density and octane value. So, n-butanol can be blended with gasoline in
almost any proportion (Cascone, 2008). Butanol production in S. cere-
visiae is developed by using specific metabolic engineering technique
and synthetic acetone-butanol-ethanol (ABE) pathway has enhanced
butanol production and developed butanol resistance capacity. It has
developed the capability to control any redox imbalance with drive of
acetyl-CoA production (Swidah et al., 2015). Butanol production in-
volves the intracellular conversion of acetyl-CoA, which is derived from
glucose catabolism through a series of five enzymatic reactions to n-
butanol. Enzyme thiolase catalyses a Claisen condensation reaction
between two acetyl-CoA molecules and it produces acetoacetyl-CoA,

Table 4
Saturated and unsaturated fatty acid compositions (Borodina and Nielsen, 2014).

Fatty Acids No. of Carbon atoms

Lauric acid C12:0
Tridecanoic acid C13:0
Myristic acid C14:0
Pentadecanoic acid C15:0
Palmitic acid C16:0
Heptadecanoic acid C17:0
Stearic acid C18:0
Nondecanoic acid C19:0
Arachidic acid C20:0
Heneicosanoic acid C21:0
Behenic acid C22:0
Palmitoleic acid cis-Δ9-C16:1
Oleic acid cis-Δ9-C18:1
Linoleic acid cis-Δ9, 12-C18:2
α-Linolenic acid all-cis-Δ9, 12, 15-C18:3
γ-Linolenic acid all-cis-Δ6, 9, 12, 15-C18:3
Arachidonic acid all-cis-Δ5, 8, 11, 14-C20:4
Eicosapentaenoic acid all-cis-Δ5, 8, 11, 14, 17-C20:5

Table 5
Dairy products modified with respective yeast strains.

Milks products Role Yeast species

Camembert (Lessard et al., 2012) Maturation and aroma formation K. lactis LMA-437 D. hansenii LMA-1019
Kefir (de Oliveira Leite et al., 2013) Lactose fermentation in kefir and kefir grains Kluyveromyces marxianus/Candida kefyr, K. lactis, D. hansenii
Yogurts (Suriyarachchi and Fleet, 1981) Ability to grow at low temperatures and fermenting

lactose with hydrolysis of milk casein
Torulopsis candida K. fragilis S. cerevisiae

Koumiss (Mua et al., 2012) Improving aroma and texture of product with
addition of nutrients to human health

C. pararugosa, K marxianus, Pichia deserticola, P. fermentans, S.
cerevisiae

Acidophilus-yeast fermented milk (Parrella et al.,
2012; Gandhi and Nambudripadt, 1979)

Antioxidant properties of beverage with improve-
ment of viability of bacterial strain L. acidophilus

Saccharomyces boulardii S. cerevisiae

Cremont cheese (Morel et al., 2015; A Report by
Philadelphia, 2013)

During maturation a special mixture of yeast and
mold is added that gives a unique flavour to
cremont

G. candidum (yeast like mold) https://www.specialtyfood.com/
news/article/geotricum- yeast-adds-wrinkles-vermont-butter-
cheeses-cremont
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and then sequentially goes to reduce through 3-hydroxybutyrylCoA,
crotonyl-CoA and butyryl-CoA to n-butanol (Jang et al., 2012). Deletion
of alcohol dehydrogenase genes ADH1-5 led to n-butanol titers of 71 mg
per liter and further expression of a mutant form of an ATP independent
acetylating acetaldehyde dehydrogenase, adhE (A267T/E568K), con-
verting acetaldehyde into acetyl-CoA, and enhanced n-butanol titre of
1.3fold. Elevated redox power in the form of NADH and addition of
pantothenate, this mutant strain has enhanced the further 1.4–1.5fold
in n-butanol titre (Schadeweg and Boles, 2016).

Isobutanol is an important next-generation biofuel which has been
mentioned in here its biological production from yeast and used as
building block for commodity chemical production. Isobutanol-produ-
cing baker’s yeast (S. cerevisiae) strains have been developed by meta-
bolically engineer technique and shown advantageous characteristics
for cost-effective isobutanol production. Isobutanol yields and titers
have improved via engineered metabolism pathways. Isobutanol pro-
duction levels has been increased in strains due to lacking pyruvate
dehydrogenase complex such as LPD1 which limited the pyruvate
supply for acetyl-CoA biosynthesis in mitochondria rather than iso-
butanol biosynthesis (Matsuda et al., 2013). Over-expression of en-
zymes responsible for transhydrogenase-like shunts such as pyruvate
carboxylase, malate dehydrogenase, and malic enzyme further caused
the enhance isobutanol production 1.62 ± 0.11 g l−1. This engineered
strain S. cerevisiae YPH 499 has been constructed by Ehrlich pathway in
the cytosol through expression of the kivd gene from Lactococcus lactis
and ADH6 gene from S. cerevisiae (Kondo et al., 2012).

Recently, the production of higher chain alcohols such as 3-Methyl-
1-Butanol from 2-keto acid pathways has shown initially Escherichia coli
strain via mutagenesis approach which has leveraged selective pressure
toward L-leucine biosynthesis and screening for increased alcohol
production. In yeast S cerevisiae has been used to biosynthesis of 3-
methyl-1-butanol. Wild strain K. lactis and Pichia pastoris KM71H is also
used for biosynthesis of 3-methyl-1-butanol. All strains of these yeast
strains have tendency to utilize glucose and yeast extract medium get
methyl-1-butanol biosynthesis in fermentation broth (Avalos et al.,
2013; Azah et al., 2014). A summarized view in Table 6 is discussed
where the metabolic pathway exhibit in short with involved respective
yeast strain for different biofuel production.

4. Conclusions

Optimization of pathway design and construction can be achieved

by using metabolic engineering with revolutionized next generation
sequencing and parallel improve the DNA synthesis capabilities. In this
review, we describe the combination of both systems biology and its
center of attraction metabolic engineering which is also known as
synthetic biology as a powerful framework to elaborate different in-
dustrial applications consisting mainly pharmaceuticals, chemical,
dairy and biofuel. In this work, we tried to capture current framework
and fill those gaps in our knowledge to use our bioengineering funda-
mentals to fulfill other engineering areas. This work may apply as how
yeast troubleshoot for various production process by using metabolic
engineering such that to achieve valuable product on an industrial scale
in a cost-effective manner. This work also relates the fundamentals as
described by systems biology to unique practical applications which has
been achieved by metabolic engineering tools. Due to the help of
available tools from yeast engineering, product optimization will be
simpler day by day while one day a fully automated computer program
may solve any question apart from metabolic pathway point of view
based on different microorganisms which directly or indirectly solves
the process optimization and productivity. Now-a-days using these tools
for achieving higher productivity may be quite time-consuming process
but on the other hand when a strain is developed for a specific purpose
rest of the process becomes easier while the product is more costly or
not based on their values but in future a developed automated system
can solve the economic barrier very easily.
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