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An alternative sustainable solution is to establish P450-based biological approach;, however, commercial application of P450-based platform has also its own advantages and limitations. For example, scalability of modified cytochrome P450 for multi-kilogram scale synthesis is still challenging (Martinez and Rupashinghe 2013). Additionally, To our knowledge, the molarity majority of P450-based biocatalysts, so far studied, have not met a minimum space-time yield of 0.1 g/L. h in previous studies. A solution to this limitation would be the production of high value pharmaceuticals. In this scenario, a minimum process productivity of 0.001 g/L. h can justify a large scale bioprocessing from an economic standpoint (Girhard et al. 2015).  Our study is the first report on efficient microbial production of pharmaceuticals LCDAs from sugar. The selling price of these monomers can vary from ..$ to $ depending on the purity. Our biological-based approach has several advantages over chemical-based ones, including broad range of renewable feedstock higher sustainability, milder conditions and , more environmentally friendly process, and higher selectivityy— particularly towards long chain unsaturated fatty acids (Holtmann and Hollmann 2016; Huf, Kruegener, et al. 2011), and larger feedstock flexibility. This study presents a unique biosynthetic route for sustainable the production of LCDCA. 

These monomers have a promising future and huge global market that is expected to reach USD 300.3 million by 2025 (Grand View Research 2016). These are highly demanding monomers that are used in manufacturing various high performance polymeric compounds such as nylon and other polyamides with a wide scope of application in the industrial manufacturing of automobiles, medicines, fragrances, adhesives, and macrolide antibiotics (Huf, Kruegener, et al. 2011). Compared to the shorter diacids, these building blocks and their LCDCA-based polymers have superior properties such as improved biodegradability, hydrolytic stability, crystallinity, melting temperature, optical transparency, dispersion, miscibility, material toughness, and flexibility; lower moisture uptake, dielectric constant, and surface tension (Beuhler 2013). These long chain monomers are also building blocks of naturally occurring polyesters (Stempfle, Ortmann, and Mecking 2016). The multi-purpose dicarboxylic acid monomers have relatively high selling price depending on their purity and therefore they are an outstanding target for a white biotechnology (Weiss 2007). Additionally, the double bonds of unsaturated monomers, which are maintained during terminal oxidation, can provide a possibility for additional functional groups and linkages. It can also allow for the production of novel unsaturated LCDCAs (Goldbach, Roesle, and Mecking 2015) in the synthesis of cross-linked polymer networks with adjustable properties. Our Yarrowia platform synthesizes fatty acids mainly in the form of oleic and linoleic acids when grown on sugar because of the strong expression of endogenous desaturases (Beopoulos et al. 2008). Overexpression of these native genes can serve to enhance the unsaturated fatty acid biosynthesis for higher unsaturated LCDCA production. The synthesis of these unsaturated long chain monomers is difficult via chemical routes due to the reactivity and participation of the double bonds in unwanted reactions (De Montellano 2005).

Not surprisingly, the profile of LCDCAs indicated the predominnacepredominance of LCDCA16 and LCDCA18:1. In fact, C16:0 and C18:1, which  that are fatty acids precursors of these major monomers building blocks, are more susceptible to remoblizationremobilization (Papanikolaou and Aggelis 2003).

Adjustment of fermentation conditions was required for biosynthesis of LCDCAs. For instance, the pH was raised to 8 during the prodcuction phase. Given Since that the diassociation constant of DCA13  was is less than 5.8, the LCDCAs should arebe completely diasscoiated at pH level of 8. This pH level  pH increases solubility of LCDCAs, improves their transportation efficiency, and consequently mitigates product inhibition (Lin et al. 2000). The de novo synthesis of LCDCAs is a highly oxygen demanding process. Bioreactor fermentation enables adequate aeration for our target P450 biotransformation process. Bioreactor is more efficient than shake flask for DCA production (Sathesh-Prabu and Lee 2015). This is mainly due to the oxygen limitations, which is typical for shake flask cultures. 
 It was reported that higher dissolved oxygen (DO) level can remarkably improve P450 activity (Vanhanen et al. 2000; Liu et al. 2004). This level was kept at 80% saturation for LCDCA production from C. tropiclais (Picataggio et al. 1992). Adjustment of pH as well as metabolite production increasesd the demand for frequent antifoam addition. We supplemented the production media with leucine to take the advantage of its synergistic intrationinteraction with SNF1 deletion for higher fatty acid precurosor production. It was reported that expression of LEU2 (a gene encoding β-isopropylmalate dehydrogenase) or supplemtnationsupplementation of media with leucine increases growth and lipid accumulaitonaccumulation in the S. cerevisiae when is devoid of active SNF2. Literature from your yeast!
SupplemntationSupplementation of media with leucine was carried out to enhance biosynthesis of lipid precursors that can be used for LCDCAs. 
REVIEW LANGUAGE – grammar.  Activate Spellchecker.

Under shake flask conditions, … mg/L of monomers were obtained from the best strain during 6 days. About …% of the free fatty acid precursors were converted to LCDCAs. We additionally enhanced the titer about … fold through overexpressing the selected homologous ω-oxidation genes using simultaneous integrative and replicative-based expressions. Our engineered strain showed high secretion efficiency, since the majority of the synthetized monomers were found in the media (Bankar, Kumar, and Zinjarde 2009). Transport of LCDCAs out of the cell can improve P450 activity (Liu et al. 2004) and simplify the recovery in an enhanced downstream process at a lower cost. Although Wwe achieved a LCDCA yield of .., (Papanikolaou and Aggelis 2011), thus we meetingt the minimum acceptable productivity of 0.001 g/L. h for the our pharmaceuticals LCDCAsmonomers. However, this isremarkably less than a maximum lipid yield of 0.22 g/g yield, which can be hardly obtained from glucose (Papanikolaou and Aggelis 2011).	Comment by Writing Program: Think about this!

Bioreactor is more efficient than shake flask for DCA production (Sathesh-Prabu and Lee 2015). This is mainly due to the oxygen limitations, which is typical for shake flask cultures. 
 
Application of fed-batch fermentation with resting cells led to de novo production of LCDCA at a titer of …, which is the highest titer reported for in yeast up to date. 
The technical feasibility of using this optimized strain was demonstrated at a fed-batch fermentation scale of 1 L m3 with productivity of … g L h and LCDCA titer of g/L. representing the highest reported titer of de novo LCDCA by microorganisms. Fed-batch fermentation is preferred operating mode for several reasons, including lower carbon and energy demands, higher cofactor dedication to the targeted fatty acid oxidation reaction, and better conditions for separate fermentation and biocatalysis optimization (Scheps et al. 2013; Lundemo and Woodley 2015). 	Comment by Writing Program: Check on that in the lit.
Our engineered cell factory also produced … g/L of citric acid as a byproduct. 	Comment by Writing Program: Check on this phrase.

. The inner pH of the cell and aeration play significant role in induction of yeast CYP monooxygenase and CYP reductase (Huf, Krügener, et al. 2011). Additionally, application of two-stage fed-batch has the advantage of minimizing carbohydrate allocation to synthesis of cell mass synthesis (Huang and Zhang 2011), and  independently of growth phenomena  (Braun, Geier, Bühler, et al. 2012). Nonetheless, resting cells consume almost half of what they consume usually utilize when they have access to a nitrogen source (Lundemo and Woodley 2015). Additionally, the majority of supplied oxygen is used for metabolism and the target reaction in resting cells (Lundemo and Woodley 2015). 	Comment by Writing Program: Target or targeted? Check in the lit.

