Supplementary 2

Biomass Composition

Data were obtained from Swings and De Ley (1977) and De Graaf  et al. (1999) and were complemented with data from Escherichia coli taken from Neidhardt et al. (1990). 

	Table 1. Cellular composition
	

	Components
	Content

	
	In % dry weight

	
	(g·g-1 DW)

	Protoplast
	91.200
	0.912

	     Protein
	60.500
	0.605

	     DNA
	2.700
	0.027

	     RNA
	19.500
	0.195

	     Lipids
	8.500
	0.085

	          Phospholipids
	5.309
	0.053

	          Hopanoids
	2.786
	0.028

	          Non-polar (TAGs)
	0.405
	0.004

	     Small molecules
	3.800
	0.038

	Cell wall
	5.000
	0.050

	     Peptidoglycan
	2.500
	0.025

	     Carbohydrates
	2.500
	0.025

	TOTAL
	100.000
	1.000


Biomass reaction becomes (in mmol for synthesis of 1 g of biomass)

0.605 PROTEIN + 0.195 RNA + 0.027 DNA + 0.053 PHOSPHOLIPID + 0.028 HOPANOIDS + 0.004 TAGS + 0.038 SMALL MOLECULES + 0.025 PEPTIDOGLYCAN + 0.025 CARBOHYDRATES → BIOMASS.
Protein Composition

Data on protein composition of Z. mobilis were obtained from Suttter (1991) and DeGraaf et al. (1999). The molecular weight of the amino acids given in the following table excludes the weight of the water molecule to account for water excretion during peptide bond formation.

Table 2. Protein composition

	Amino acids
	% protein (g/g)
	MW 

(g/mol)
	protein (mmol/g) 

	Alanine
	15.243
	71.09
	2.144

	Arginine
	4.958
	156.20
	0.317

	Asparagine
	4.965
	114.12
	0.435

	Aspartate
	5.002
	115.10
	0.435

	Cysteine
	0.381
	103.16
	0.037

	Glutamate
	3.941
	128.15
	0.308

	Glutamine
	3.968
	129.13
	0.307

	Glycine
	10.86
	57.07
	1.903

	Histidine
	2.001
	137.16
	0.146

	Isoleucine
	7.611
	113.18
	0.672

	Leucine
	7.611
	113.18
	0.672

	Lysine
	5.724
	128.19
	0.447

	Methionine
	1.901
	131.21
	0.145

	Phenylalanine
	0.286
	147.19
	0.019

	Proline
	3.802
	97.13
	0.391

	Serine
	3.338
	87.09
	0.383

	Threonine
	4.196
	101.12
	0.415

	Tryptophan
	1.734
	186.23
	0.093

	Tyrosine
	1.994
	163.19
	0.122

	Valine
	10.482
	99.15
	1.057


The energy requirement for polymerization of protein is 44.92 mmol ATP/g protein

Protein biosynthesis equation becomes (in mmol for synthesis of 1 g of protein)

2.144 Ala + 0.371 Arg + 0.435 Asn + 0.435 Asp + 0.037 Cys + 0.308 Gln + 0.307 Glu + 1.903 Gly + 0.146 His+ 0.672 Ile + 0.672 Leu + 0.447 Lyd + 0.145 Met + 0.019 Phe + 0.391 Pro + 0.383 Ser + 0.415 Thr + 0.093 Trp + 0.122 Tyr + 1.057 Val + 44.92 ATP → 44.92 ADP + 44.92 pi + PROTEIN.
DNA Composition

According to the genome sequence (Seo et al., 2005), G/C conten of Z. mobilis is 46.33%. This value is then used to derive the ratio of the nucleic acids in the DNA. The molecular weight given in the following table is the weight if the nucleotide monophosphate minus the weight of water molecule, which is lost during esterification.

Table 3. DNA composition

	Nucleotides
	DNA 

(mol/mol) 
	MW 

(g/mol)
	DNA 

(mmol/g) 

	
	
	
	

	dAMP
	0.268
	313.2
	0.869

	dCMP
	0.232
	289.2
	0.750

	dTMP
	0.268
	304.2
	0.869

	dGMP
	0.232
	329.2
	0.750


The energy required for DNA polymerization is 4.40 mmol ATP/g DNA

DNA biosynthesis equation becomes (in mmol for synthesis of 1 g of DNA) 

0.869 dATP + 0.750 dCTP + 0.869 dTTP + 0.750 dGTP + 4.4 ATP → 4.4 ADP + 4.4 pi + 3.237 ppi + DNA.
RNA Composition
We assumed that RNA consisted of 5% mRNA, 81% rRNA, 14% tRNA taken from total composition of E. coli. The nucleotide comositon of mRNA was considered similar with genomic DNA. The nucleotide composition of rRNA and tRNA was calculated from the sequences of rRNA and tRNA in the TIGR database. As the case for DNA, the molecular weight given in the following table is the weight if the nucleotide monophosphate minus the weight of water molecule, which is lost during esterification.

Table 4. RNA composition

	Nucleotides
	MW 

(g/mol)
	RNA 

(mol/mol) 
	RNA 

(mmol/g) 

	
	
	
	

	
	
	
	

	AMP
	329.2
	0.215
	0.667

	GMP
	345.2
	0.300
	0.929

	CMP
	305.2
	0.231
	0.718

	UMP
	306.2
	0.254
	0.786


The energy required for RNA polymerization is 1.24 mmol ATP/g DNA

RNA biosynthesis equation becomes (in mmol for synthesis of 1 g of RNA) 

0.666 ATP + 0.926 GTP + 0.734 CTP + 0.774 UTP + 1.24 ATP → 1.24 ADP + 1.24 pi + RNA + 3.1 ppi.
Phospholipids composition

The composition of phospholipids was adopted from Moreau et al. (1997) by using ATCC29191 strain. 

Table 5. Phospholipid composition

	Components
	Phospholipids 

(g/g) 
	Phospholipids 

(mmol/g) 

	Cardiolipin
	0.169 
	0.118

	Phosphatidylethanolamine
	0.478 
	0.655

	Phosphatidylglycerol
	0.041 
	0.054

	Phosphatidylinositol
	0.120 
	0.141

	Phosphatidylcholine
	0.193 
	0.250


Phosholipid biosynthesis equation becomes (in mmol for synthesis of 1 g of RNA) 

0.118 Cardiolipin + 0.665 Phosphatidylethanolamine + 0.054 Phosphatidylglycerol + 0.141 Phosphatidylinositol + 0.250 Phosphatidylcholine → PHOSPHOLIPID.
Table 6. Molecular weights of phospholipid components

	Constituent
	# of fatty acids residues

	
	Backbone
	MW

(g/mol)
	Total

	Cardiolipin
	332.183
	4
	1427.73

	Phosphatidylethanolamine
	181.128
	2
	728.90

	Phosphatidylglycerol
	212.139
	2
	759.91

	Phosphatidylinositol
	300.200 
	2
	847.97

	phosphatidylcholine
	224.216
	2
	771.99


Table 7. Fatty acids composition in phospholipids

	Fatty acids
	MW (g/mol)
	Total fatty acids 

(mmol/g) 
	Total fatty acids (mol/mol) 

	C12
	200.318
	0.00
	0.000

	C14
	228.371
	0.37
	0.100

	C14:1
	226.355
	0.00
	0.000

	C16
	256.424
	0.37
	0.100

	C16:1
	254.408
	0.07
	0.020

	C18
	284.477
	0.00
	0.000

	C18:1
	282.461
	2.85
	0.780

	C-19
	296.490
	0.00
	0.000


Molecular weight of fatty acids presented above is molecular weight without proton.  The average molecular weight is 274 g/mol. 

Hopanoids composition

The composition of hopanoids was taken from Hermans et al. (1991) for strain ATCC 29191.

Table 8. Hopanoids composition

	Component
	Hopanoids 

(g/g)
	MW

(g/mol)
	Hopanoids 

(mmol/g) 

	Tetrahydroxybacteriohopanetetrol (THBH)
	0.060
	546.875
	0.110

	Tetrahydroxybacteriohopane-glucosamine (THBH-GA)
	0.490
	708.546
	0.692

	Tetrahydroxybacteriohopane-ether (THBH-ET)
	0.410
	708.546
	0.579

	Diplopterol
	0.030
	428.733
	0.070

	Hopene
	0.010
	410.718
	0.024


Hopanoids biosynthesis equation becomes (in mmol for synthesis of 1 g of hopanoids)

0.11 THBH + 0.692 THBHGA + 0.579 THBHET + 0.07 Diplopterol + 0.01 Hopene → HOPANOIDS

Triacylglycerols (TAGs) composition

Triacylglycerols (TAGs) are composed of glycerol core and three fatty acids residues with the average molecular weight is 809.6 g/mol.

Table 9. Composition of fatty acids in TAG
	TAG components
	TAG (mol/mol) 
	TAG 

(mmol/g)

	Glycerol-3-phosphate
	1
	1.235

	C12
	0.330
	0.408

	C14
	0.360
	0.445

	C14:1
	0.180
	0.222

	C16
	0.450
	0.556

	C16:1
	0.480
	0.593

	C18
	0.090
	0.111

	C18:1
	0.900
	1.112

	C-19
	0.210
	0.259


TAG biosynthesis equation becomes (in mmol for synthesis of 1 g of TAG)

1.123 GL3P + 0.408 C120ACP + 0.445 C140ACP + 0.223 C141ACP + 0.558 C160ACP + 0.595 C161ACP + 0.112 C180ACP + 1.116 C181ACP + 0.259 C190ACP → TAGS + 3.705 ACP + 1.235 pi.
The composition of fatty acid tails in TAGs was taken from Carey et al. (1983), ATCC 10988 strain. The average molecular weight is 256 g/mol.

Table 10. Composition of fatty acids in TAG
	Fatty acids
	MW (g/mol)
	Total fatty acids (mmol/g) 
	Total fatty acids (mol/mol) 

	C12
	200.318
	0.43
	0.110

	C14
	228.371
	0.47
	0.120

	C14:1
	226.355
	0.23
	0.060

	C16
	256.424
	0.59
	0.150

	C16:1
	254.408
	0.62
	0.160

	C18
	284.477
	0.12
	0.030

	C18:1
	282.461
	1.17
	0.300

	C-19
	296.490
	0.27
	0.070


Peptidoglycan composition

N-acetylmuramate and N-acetyl-D-glucosamine are arranged alternately to form the backbone of the peptidoglycan molecule. N-acetylmuramate molecules are cross-linked with a tail of four amino acids (L-Ala, D-Glu, DAP, and D-Ala). Molecular weight presented in the following table excludes the weight of water to account for the bond formation. Two moles of water are subtracted from the DAP to account for cross-linking. 

Table 11. Peptidoglycan composition
	Components
	Peptidoglycan

(mol/mol)
	MW (g/mol)
	Peptidoglycan (mmol/g)

	N-acetylmuramic acid
	1.0
	275.258 
	0.956

	N-acetylglucosamine
	1.0
	203.194 
	0.956

	L-alanine
	1.0
	142.158 
	0.956

	Diaminopimelinic acid
	1.0
	154.168 
	0.956

	D-alanine
	1.0
	142.158 
	0.956

	D-glutamate
	1.0
	129.115 
	0.956


The energy required for polymerization is 3.824 mmol ATP/g peptidoglycan. The peptidoglycan biosynthesis equation becomes (in mmol for synthesis of 1 g of peptidoglycan)

0.956 N-acetylmuramic acid + 0.956 N-acetylglucosamine + 0.956 L-Ala + 0.956 DAP + 0.956 D-Glu + 0.956 D-Ala + 3.824 ATP → PEPTIDOGLYCAN + 3.824 ADP + 3.824 pi.
Carbohydrates composition

Molecular weight presented in the following table has been subtracted from the weight of water to account for the bond formation.

Table 12. Carbohydrates composition
	Component
	Molar ratio
	MW

(g/mol)
	Carbohydrate 

(mmol/g)

	N-acetylglucosamine
	1
	203
	1.897

	Galactose
	2
	162
	3.794


Carbohydrate biosynthesis equation becomes (in mmol for synthesis of 1 g of carbohydrate)

1.897 N-acetylglucosamine + 3.794 Galactose → CARBOHYDRATE.
Small molecules pool composition

For simplification, it was assumed that the selected small molecules are equally presented (w/w) in the pool.
Table 13. Small molecules pool composition
	Molecules
	MW

(g/mol)
	Pool of small molecules (g/g) 
	Pool of small molecules mmol/g

	NAD
	664.43335
	0.111111111
	0.167

	NADP
	744.4132
	0.111111111
	0.149

	COA
	767.5354
	0.111111111
	0.145

	ACP
	10689
	0.111111111
	0.010

	PTRC
	88.15156
	0.111111111
	1.260

	SPMD
	145.24599
	0.111111111
	0.765

	THF
	445.4295
	0.111111111
	0.249

	FMN
	456.34396
	0.111111111
	0.243

	FAD
	785.5501
	0.111111111
	0.141


Small molecules pool biosynthesis equation becomes (in mmol for synthesis of 1 g of small molecules)

0.167 nad + 0.149 nadp + 0.145 coa + 0.010 ACP + 1.260 ptrc + 0.765 spmd + 0.249 thf + 0.273 fmn + 0.141 fad → SMALL MOLECULES.
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