First Progress Report: Internship Project –
Enhanced glycerol utilization by overexpression of putative glycerol transporters in 
non-conventional yeast Yarrowia lipolytica
Submitted by: Reut Gal

1.Introduction
1.1 Literature Review
1.1.1 Yarrowia lipolytica
In the last few years, the non-conventional oleaginous yeast Yarrowia lipolytica has gained increased interest in the scientific community. This yeast was endowed with unique properties and characteristics that position it as a potential model for scientific research as well as for many industrial uses. The Yarrowia yeast belongs to the Ascomycota phylum of the Dipodascaceae family in the Fungi kingdom. [1]
Yarrowia lipolytica is found in various natural habitats such as in milk products (various cheeses, yogurts, etc.), sausages, lipid-rich media (sewers, sewage) as well as in a marine water environment. [2]
The shape of Y. lipolytica changes depending on its growth medium, as well as on environmental conditions. Their shape may have a spherical, ovoid or elongated structure. This yeast is unique in its ability to make a true yeast-hypha transition, which is mainly caused by stress conditions. In the hypha form, the yeast carries out sexual reproduction without cell division, thereby creating very long cells with numerous chromosomes. 
Due to the physical difference between the various cells, the morphology of the colonies is not always uniform and its shape changes depending on the temperature and on growth conditions, though generally, in comfortable conditions, the colonies are undulating, white in color and have a coarse surface (see Illustration 1). 

Illustration 1: The shape of Y. lipolytica on YNB growth media (upper photo) and in the hypha shape in growth without serum [2]

The ideal growth temperature for Y. lipolytica ranges between 25-30 degrees Celsius and most species are unable to grow in temperatures over 32 degrees Celsius. In addition, Y. lipolytica is strictly aerobic and is unable to grow in anaerobic conditions.  These facts prevent Y. lipolytica from being pathogenic and therefore, it is typed as Generally Recognized as Safe (GRAS). 
One of the important characteristics of Y. lipolytica is the ability to degrade fats and lipids and produce other lipids. It has many uses in the biotechnology industry. Among them, it is used for various applications in the food sector such as in the meat and dairy industry, production of aromas (for example, gamma decalactone, a chemical compound having a unique aroma of apricot), synthesis of various organic acids, production of polyalcohol as a sucrose substitute, production of emulsifiers and surfactants, production of single cell oils, and proteins for food.
In the treatment of sewage and pollutants, Y. lipolytica can be used in the removal of hydrocarbons, oils, halogens and organophosphate compounds, elimination of metals, and in the treatment of sewage.
In addition, Y. lipolytica can be used as a host to produce a wide variety of proteins. [3] 

The field of metabolic engineering in Y. lipolytica has developed significantly in the last few years. It underwent whole genome sequencing [4] as well as the development of new tools that facilitate the genetic and metabolic engineering of the yeast, which in the future may increase the accumulation of oils and lipids and result in increased production of lipids, proteins, and more. 

1.1.2 Production of fatty acids in Yarrowia lipolytica 
Yarrowia lipolytica is an oleaginous yeast, that is to say, it can consume and accumulated lipids from various substrates in large quantities, and produce other lipids and oils. [3,5]
Y. lipolytica can grow on media containing various fatty acids and accumulate them. In the last few years, studies have been conducted to develop various methods to increase the production of usual and unusual fatty acids in this yeast. 
Usual fatty acids are fatty acids which are produced naturally by the microorganism, and unusual fatty acids are an enzymatic modification of usual fatty acids to produce compounds which are not naturally produced by the host.  In essence, with the use of new biological molecular methods, species of Y. lipolytica were developed that are able to produce a variety of unusual fatty acids for various industries. [3]
A schematic diagram describing the main metabolic chain leading to the production of lipids is represented in Illustration no. 2
Illustration 2: Schematic diagram describing the main metabolic chain leading to the production of natural lipids in Yarrowia lipolytica [3]

The fatty acid produced in the cytosol of Yarrowia by acetyl-CoA, pyruvate dehydrogenase complex, and the ACL genes. These genes are unique to oleaginous yeasts. Y. lipolytica can use various carbon sources to produce biomass and lipids, where the most studied sources are glucose and glycerol.
The synthesis of fatty acids is performed by Acetyl-CoA carboxylase (encoded by the ACC1 gene) which turns acetylCoA into malonyl-CoA. Fatty acid synthase (FAS) enzymatic complex produces acyl-CoA by using Acetyl-Co-A as an initiation molecule and malonyl-CoA as an elongation unit by adding 2 carbons to the fatty acid series. At the end of the process, is a molecule of acyl-Co-A with a side chain, containing 16 or 18 carbons is obtained. 
In addition, Y. lipolytica can produce acyl-Co-A from fats found in the environment in which it grows. The process occurs using extracellular lipases which degrade the fat into fatty acids, these enter the cell cytosol as free fatty acids and there, they are activated by the enzyme fatty acyl-Co synthetase (FF1), which at the end of the activation process turns into acyl-CoA. 

Y. lipolytica accumulates lipids in intracellular particles called lipid bodies. Most of the lipids accumulated within the bodies are triglycerides (TAGs). These lipids are produced in Kennedy chains where diglyceride (DAG) or phospholipid is converted into TAG using LRO1 (phospholipid: diacylglycerol acyltransferase). In addition, some of the TAGs are produced from Acyl-CoA by one of the enzymes DGA1 or DGA2 (Diacylglycerol O-acyltransferase1 or Diacylglycerol O-acyltransferase 2). 
The lipid bodies constitute an additional source for the yeast when the media nutrients are depleted when the lipase enzymes release the TAGS as free fatty acids (FFA).
The degradation process of fatty acids and their beta-oxidation in the cell is performed within the peroxisome. In this process, fatty acids are degraded, and the side carbon chain is shortened each time by 2 carbons as well as releasing molecules of acetyl-Co-A. [3]

1.1.3 Importance of the use of glycerol
Glycerol (C3H8O3) is a chemical compound having various uses in pharma, food, cosmetic and biotechnology industries. In addition, glycerol is a by-product in the production of biodiesel and is a renewable nutritional source. In the last few years, the demand has risen for biological transportation fuels as a substitute for fossil fuels. The substitute fuel must be compatible and be as similar as possible to today's existing fuels. [6] Biodiesel (acid methyl esters) was found to be the most suitable substitute since its properties – such as combustion time and energy content – are similar to present fuels.  
Crude glycerol is produced during the production process of biodiesel, and it is estimated that every ton of biodiesel yields 100 kg of crude glycerol. In 2016, the estimate was that the biodiesel market reached 37 billion gallons of biodiesel, that is, close to 4 billion gallons of crude glycerol were produced. [7]
The various biotechnology industries are searching for a way to use this available and inexpensive source and to turn the biodiesel industry into one that is more profitable and sustainable. [6]

Besides the biodiesel industry, crude glycerol is a by-product produced by various industries such as the soap industry where the production of glycerol is 10% of the weight of soap.  In addition, glycerol is a by-product in the manufacturing process of stearin as well as in the alcoholic beverage industry. 
The yeast, Y. lipolytica, can grow and consume crude glycerol without the need for prior purification steps. This quality lowers the price and facilitates the use of glycerol as a renewable nutritional source even more.
A 2016 study that examined the ability of SCO production in Y. lipolytica on crude glycerol media from various industries showed good production ability of SCO mainly from crude glycerol taken from the saponification industry. [7]
For decades, biological molecular techniques have been developed in Y. lipolytica. It was engineered for the need to increase the efficiency of homologous recombination in order to improve the frequency of transformation, which enables gene overexpression and deletion. An example of a biological molecular tool developed in this yeast are replicative plasmids, constructions for genomic insertions, constitutive and inducible promoters, florescence tags and protein expression and secretion vectors. 
One-step integration of multiple genes was a method developed in Yarrowia lipolytica. In addition, synthetic terminators [25] and plasmids have been developed for increased expression levels and copy numbers [26] and hybrid synthetic promoters. In the last few years, the CRISPR-Cas9 system, a genetic engineering tool, was developed and was found to be efficient for manipulations in a wide variety of organisms, including yeasts. [3]

1.1.4.1 The EasycloneYALI system based on CRISPR-Cas9 for the genetic engineering of Yarrowia lipolytica
The EasycloneYALI system is a new and efficient method used in CRISPR-Cas9 for efficient genome editing of Y. lipolytica. A number of expression vectors were developed using this method, which enable the expression of one or two genes for each vector. In addition, the method enables good integration in expressed intergenic genome sites. [8]

2. Purpose of this work
The main purpose of this work is an attempt to created a new species of Y. lipolytica that overexpresses transformers of glycerol for increased consumption and accumulation of glycerol in the cell.
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