Biomass composition and energy requirements of Yarrowia lipolytica
This file contain the the tables of detailed macromolecular composition of a gram of Yarrowia lipolytica. Besides, the energy requirements was compulated according the obtained information.
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To determine a detailed list of the cellular components of Y. lipolytica, many articles and related reports were checked to find useful information of the composition of biomass.

Table 1. Overall Macromolecular composition of Y. lipolytica.
	Component
	Cellular content% (w/w)
	References and comments

	Protein
	35.00
	[1]

	Carbohydrates
	11.03
	[1]

	RNA
	6.30
	[2]

	DNA
	3.16
	
 ADDIN EN.CITE 
[3,4]


	Lipid
	40.00
	[1]

	Ash
	5.00
	[1]

	Sum
	100.49
	


In order to compute the fraction of DNA in dry cell, the information of the mass and volume of a cell in the articles
 ADDIN EN.CITE 
[3,4]
 were used. The computing process is as follows:
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 ADDIN EN.CITE <EndNote><Cite><Author>Groves</Author><Year>1984</Year><RecNum>1002</RecNum><record><rec-number>1002</rec-number><foreign-keys><key app="EN" db-id="awf5apvpgdfpdre0sf7xx55ut59xx9pvfsaa">1002</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Groves, David P.</author><author>Oliver, Stephen G.</author></authors></contributors><titles><title>Formation of intergeneric hybrids of yeast by protoplast fusion of &amp;lt;i&amp;gt;Yarrowia&amp;lt;/i&amp;gt; and &amp;lt;i&amp;gt;Kluyveromyces&amp;lt;/i&amp;gt; species</title><secondary-title>Current Genetics</secondary-title></titles><periodical><full-title>Current Genetics</full-title></periodical><pages>49-55</pages><volume>8</volume><number>1</number><keywords><keyword>Biomedical and Life Sciences</keyword></keywords><dates><year>1984</year></dates><publisher>Springer Berlin / Heidelberg</publisher><isbn>0172-8083</isbn><urls><related-urls><url>http://dx.doi.org/10.1007/BF00405432</url></related-urls></urls><electronic-resource-num>10.1007/bf00405432</electronic-resource-num></record></Cite></EndNote>[4]
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 ADDIN EN.CITE <EndNote><Cite><Author>Zvyagilskaya</Author><Year>2001</Year><RecNum>1001</RecNum><record><rec-number>1001</rec-number><foreign-keys><key app="EN" db-id="awf5apvpgdfpdre0sf7xx55ut59xx9pvfsaa">1001</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Zvyagilskaya, Renata</author><author>Andreishcheva, E</author><author>Soares, M I M</author><author>Khozin, I</author><author>Berhe, A</author><author>Persson, Bengt</author></authors></contributors><auth-address>University of Kalmar, School of Pure and Applied Natural Sciences</auth-address><titles><title>Isolation and Characterization of a Novel Leaf-Inhabiting Osmo-, Salt-, and Alkali-Tolerant Yarrowia lipolytica Yeast Strain</title><secondary-title>Journal of basic microbiology</secondary-title></titles><periodical><full-title>Journal of basic microbiology</full-title></periodical><pages>289-303</pages><volume>41</volume><dates><year>2001</year></dates><urls><related-urls><url>http://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-335</url></related-urls></urls><electronic-resource-num>urn:nbn:se:lnu:diva-335</electronic-resource-num><language>English</language></record></Cite></EndNote>[3]
So if we assume cell density is equal to the density of water which is 1 g/ml and a cell has 70% water[5], the fraction of DNA in a dry cell 
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  Table 2. Amino acid composition of Y. lipolytica (The first two columns were adopted from [6]).
	Amino acid
	composition %(molar fraction)
	MW (g/mol) *
	Correct MW (g/mol) **
	Weight g (if total 1 mol amino acid)
	Content

mmol/g DCW

	ala-L
	8.1
	89
	71
	5.751
	0.247

	arg-L
	4.8
	175
	157
	7.536
	0.146

	asn-L
	5.4
	132
	114
	6.156
	0.165

	asp-L
	5.4
	132
	114
	6.156
	0.165

	cys-L
	1
	121
	103
	1.03
	0.031

	gln-L
	6.6
	146
	128
	8.448
	0.201

	glu-L
	6.6
	146
	128
	8.448
	0.201

	gly
	5.9
	75
	57
	3.363
	0.180

	his-L
	3.1
	155
	137
	4.247
	0.095

	ile-L
	4.4
	131
	113
	4.972
	0.134

	leu-L
	8.8
	131
	113
	9.944
	0.268

	lys-L
	7
	147
	129
	9.03
	0.214

	met-L
	3.1
	149
	131
	4.061
	0.095

	phe-L
	4.8
	165
	147
	7.056
	0.146

	pro-L
	4.7
	115
	97
	4.559
	0.143

	ser-L
	5.6
	105
	87
	4.872
	0.171

	thr-L
	6.1
	119
	101
	6.161
	0.186

	trp-L
	1
	204
	186
	1.86
	0.031

	tyr-L
	3.1
	181
	163
	5.053
	0.095

	val-L
	6.1
	117
	99
	6.039
	0.186

	sum
	101.6
	
	
	114.742
	3.099


* Molecular weight was calculated from the elementary composition, data of about cystine and tryptophan was not included in article [6], assume their molecular fraction in the protein are both 1%.
** During protein synthesis, every amino acid will take a water molecule off, so the correct molecular weight can be obtained by Molecular weight minus the molecular weight of water which is 18g/mol.
The content(mmol/g DCW) of each amino acid can be computed, take Alanine as an example, 
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Table 3. RNA Composition of 1 Gram of Y. lipolytica Cell (The first two columns were adopted from [7]).
	 metabolite
	composition (molar fraction)
	MW (g/mol) *
	Weight g (if total 1 mol RNA)
	Content

mmol/g DCW**

	cmp
	0.20000 
	323
	64.6
	0.0368

	gmp
	0.32222 
	363
	116.9667
	0.0593

	ump
	0.21587 
	324
	69.94286
	0.0397

	amp
	0.26190 
	347
	90.88095
	0.0482

	Sum
	100
	
	342.3905
	


* Molecular weight was calculated from the elementary composition.

** The method of computing the composition (molar fraction) of each part of RNA is the same as that of amino acid.

Table 4. DNA Composition of 1 Gram of Y. lipolytica Cell (GC content of Y. lipolytica is 49.6%[8]).
	 metabolite
	composition (molar fraction)
	MW (g/mol) *
	Weight g (if total 1 mol RNA)
	Content

mmol/g DCW**

	damp
	0.252
	331
	83.412
	0.0244

	dcmp
	0.248
	307
	76.136
	0.0240

	dgmp
	0.248
	347
	86.056
	0.0240

	dtmp
	0.252
	322
	81.144
	0.0244

	Sum
	1
	
	326.748
	


* Molecular weight was calculated from the elementary composition.

** The method of computing the composition (molar fraction) of each part of DNA is the same as that of amino acid.

Table 5. Carbohydrate composition of Y. lipolytica (The first two columns were adopted from [1]).
	Carbohydrate
	content in dry cell(mg/g)
	MW (g/mol) *
	mmol/gDCW

	chitin(monomer)
	52.6
	203
	0.259113

	Trehalose
	0.7
	342
	0.002047

	Mannan
	11.4
	162
	0.07037

	glucan
	45.6
	162
	0.281481


 * Molecular weight was calculated from the elementary composition.

Table 6. Fat acid composition of Y. lipolytica (The first two columns were adopted from [9]).
	Fatty Acid
	Content %(w/w)
	MW (g/mol) *
	Content (mol/g fat acid)
	Content (mol/mol fat acid)
	Average MW (g/mol fat acid)

	C12:0
	0.3
	199
	0.001507538
	0.004352773
	0.866202

	C14:0
	0.2
	227
	0.000881057
	0.002543912
	0.577468

	C16:0
	19
	255
	0.074509804
	0.215135114
	54.85945

	C18:0
	4.2
	283
	0.014840989
	0.042850978
	12.12683

	C18:1
	51.5
	281
	0.183274021
	0.529174356
	148.698

	C18:2
	19.9
	279
	0.071326165
	0.205942867
	57.45806

	Sum
	95.1
	
	0.346339575
	Average
	274.586


* Molecular weight was calculated from the elementary composition.
Table 7. Lipid composition of Y. lipolytica (The first two columns were adopted from [10]).
	Lipid
	Composition %(w/w in dry cell)

	N(Neutral lipids)
	90

	G+S(glycolipids plus sphingolipids) *
	2.2

	P(phospholipids)
	7.8

	sum
	100


* glycolipids plus sphingolipids were not included in the model.
Table 8. Neutral lipids composition of Y. lipolytica (adopted from[11]).
	Neutral lipid
	Composition %(w/w in Neutral lipids)

	TAG(Triacylglycerol)
	84.5

	E(ergosterol)
	0.6

	EE（ergosteryl ester）*
	5.1

	SE(steryl esters:zymosterol)
	2.7

	P(phospholipids)
	2

	Totle
	94.9


* ergosteryl ester was not included in the model.
According to Table 7 and Table 8, the lipid composition of Y. lipolytica can be obtained as Table 9.
Table 9. Detailed lipid composition of Y. lipolytica.

	Lipid
	Content %(w/w Lipid)
	MW (g/mol)
	Content (mmol/gDCW)

	TAG(Triacylglycerol)
	76.05
	912.7580
	0.333275628

	E(ergosterol)
	0.54
	396.6484
	0.005445629

	SE(steryl esters : zymosterol)
	2.43
	384.6377
	0.025270534

	P(phospholipids)
	9.6
	　
	　


As to the molecular weight of triacylglycerol, the core structure has a molecular weight of 89 g/mol, besides, it also has three fatty acid chains attach to the core structure, so average molecular weight of triacylglycerol is 912.758 g/mol (i.e. 89+3*274.586). The content of phospholipids was (7.8+90*0.02)%, which is 9.6%.
For instance for triacylglycerol,
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For phospholipids, because there is no corresponding information published, so the information of the other yeast Saccharomyces cerevisiae was used(the first two columns) [12].

Table 10. Phospholipid content of Y. lipolytica.
	Phospholipids
	phospholipids (%)
	Avg MW (g/mol)
	Content (mmol/gDCW)

	PA (Phosphatidate)
	2.5
	719.172 
	0.001334868

	PINS (phosphatidyl-1D-myo-inositol)
	28.7
	881.172 
	0.012506979

	PS
	8
	806.172 
	0.003810601

	PE
	20.5
	762.172 
	0.010328377

	PC
	29.2
	794.172 
	0.014118856


The average molecular weight of fat acids was also used to determine the average molecular weight of phospholipids.

For instance for phosphatidate,
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The overall cell composition is therefore as follows:

Table 11. Cellular components of Y. lipolytica.
	Metabolite
	Content (mmol/gDCW)
	Metabolite
	Content (mmol/gDCW)

	13BDglcn
	0.2815
	ile-L
	0.1342

	ala-L
	0.2471
	leu-L
	0.2684

	amp
	0.0482
	lys-L
	0.2135

	arg-L
	0.1464
	mannan
	0.0704

	asn-L
	0.1647
	met-L
	0.0946

	asp-L
	0.1647
	pa_YL
	0.0013

	cmp
	0.0368
	pc_YL
	0.0141

	cys-L
	0.0305
	pe_YL
	0.0103

	damp
	0.0244
	phe-L
	0.1464

	dcmp
	0.0240
	pro-L
	0.1434

	dgmp
	0.0240
	ps_YL
	0.0038

	dtmp
	0.0244
	ptd1ino_YL
	0.0125

	ergst
	0.0054
	ser-L
	0.1708

	gln-L
	0.2013
	so4
	0.020

	glu-L
	0.2013
	thr-L
	0.1861

	gly
	0.180
	tre
	0.002

	Chitin
	0.2591
	triglyc_YL
	0.3333

	gmp
	0.0593
	trp-L
	0.0305

	zymst
	0.0253
	tyr-L
	0.0946

	his-L
	0.0946
	ump
	0.0397

	val-L
	0.061
	
	

	Table 12. ATP requirements for biosynthesis of cell polymers during growth on glucose.
　
	Cellular content %(w/w)
	Per Molecule (mmol ATP/g polymer)
	Total(mmol ATP/ g cell)

	Protein
	35
	41.5
	14.525

	Carbohydrates
	11.03
	12.8
	1.28

	RNA
	6.3
	26
	1.638

	DNA
	3.16483
	26
	0.8228558

	Lipid
	40
	25.6
	10.24

	Sum
	　
	　
	28.6376958


The estimate of ATP requirements for biosynthesis of cell polymers during growth on glucose is low than the true value[13]. The GAM and NGAM of Y. lipolytica growing on glycerol in a continuous culture[14] were computed and added into the model.

Assume a molar glycerol can be completely oxidized and 1 molar glycerol can generate 18.5 molar ATP. According to the article[14], the representation of specific rates of glycerol consumption(qGlol g/(g•h)) versus the dilution rate (D h-1) in a single-stage continuous fermentation by Y. lipolytica is as follows:
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And the GAM at dilution rate of 0.1 h-1 was computed as follows:
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In summary, the biomass equation of Y. lipolytica in this model is as follows:

(0.2815)13BDglcn[c] + (0.2471)ala-L[c] + (0.0482)amp[c] + (0.1464)arg-L[c] + (0.1647)asn-L[c] + (0.1647)asp-L[c] + (86.7881)atp[c] + (0.0368)cmp[c] + (0.0305)cys-L[c] + (0.0244)damp[c] + (0.024)dcmp[c] + (0.024)dgmp[c] + (0.0244)dtmp[c] + (0.0054)ergst[c] + (0.2013)gln-L[c] + (0.2013)glu-L[c] + (0.18)gly[c] + (0.2591)Chitin[c] + (0.0593)gmp[c] + (83.6890)h2o[c] + (0.0946)his-L[c] + (0.1342)ile-L[c] + (0.2684)leu-L[c] + (0.2135)lys-L[c] + (0.0704)mannan[c] + (0.0946)met-L[c] + (0.0013)pa_YL[c] + (0.0141)pc_YL[c] + (0.0103)pe_YL[c] + (0.1464)phe-L[c] + (0.1434)pro-L[c] + (0.0038)ps_YL[c] + (0.0125)ptd1ino_YL[c] + (0.1708)ser-L[c] + (0.02)so4[c] + (0.1861)thr-L[c] + (0.002)tre[c] + (0.3333)triglyc_YL[c] + (0.0305)trp-L[c] + (0.0946)tyr-L[c] + (0.0397)ump[c] + (0.061)val-L[c] + (0.0253)zymst[c] -> (86.7881)adp[c] + (86.7881)h[c] + (86.7881)pi[c] 
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