Supporting Information

Flux calculations in oxidative pentose phosphate pathway. 
The flux directed into the oxidative pentose phosphate (PP) pathway can be measured using the labeling profile of alanine. We assume that the flux through glycolysis is v1 and that the flux through oxidative pentose phosphate pathway is v2. The replenished route from the oxidative pentose phosphate pathway to glycolysis is v3. Hence, the percentage of fluxes directed into the pentose phosphate pathway would satisfy:
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In pure [1-13C]-glucose experiments, the flux to unlabeled alanine through glycolysis is 0.5 v1, while the flux to unlabeled alanine through pentose phosphate pathway is v3. Hence, the percentage of unlabeled alanine satisfies:
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When G6P enters the pentose phosphate pathway, the first carbon is lost as CO2. Hence, only five carbons from the six-carbon glucose flow into C5P. C5P is then re-formed to synthesize G3P. Based on the mass balance, the equilibrium should satisfy:
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From the [M-57]+ data in GC-MS, the percentage of unlabeled alanine is 51%. Hence,
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With all the equations above, the percentage of flux directed into the pentose phosphate pathway is 2.4%.
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a) Illustration of flux through the pentose phosphate pathway when [1-13C]-glucose was used as the carbon source.
b) Note: when the 6th carbon of glucose was labeled, the labeled carbon incorporated into E4P (the precursor of phenylalanine) via the reductive PP pathway.  However, when the 1st carbon of glucose was labeled, the resulting E4P was not labeled via PP pathway, so the labeling percentage of phenylalanine was lower when the 1st carbon of glucose was used as carbon source (Table S-1).
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Fig.S1 Separation and detection of malate, citrate and citramalate in Thermoanaerobacter sp. X514 sample by LC-MS/MS in MRM mode. The multiple MRM transitions used for confident detection of the three target compounds in the sample are: 1) malate: 133/89, 133/71, 133/73, 133/43; 2) citrate: 191/129, 191/111, 191/87, 191/85; 3) citramalate: 147/87, 147/85, 147/57, 147/43, 147/41; 4) UN: unidentified compounds. The colors represent different transitions used in this method.  Malate eluted at 5.6 min, citrate at 7.6 min and citramalate at 8.5 min. The peak at 9.0 min was an uncharacterized compound that shared the same MRM transitions as malate, but with different ratios.
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Fig.S2 Comparison of CID mass spectra of authentic standards with target compounds in sample X514. Left panel:  CID mass spectra of authentic standards. Right panel: corresponding CID mass spectra in sample X514 after background subtraction to remove background noise. 
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Fig. S3 The BLASTP  ADDIN EN.CITE <EndNote><Cite><Author>Altschul</Author><Year>1997</Year><RecNum>21</RecNum><record><rec-number>21</rec-number><foreign-keys><key app="EN" db-id="et2zwtfsoxxeslexwd7petpwvrztv0eva0wp">21</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Altschul, S. F., </author><author>Madden, T. L. </author><author>Schaffer, A. A. </author><author>Zhang, J,</author><author>Zhang, Z,</author><author>Miller, W. </author><author>Lipman, D. J.  </author></authors></contributors><titles><title>Gapped BLAST and PSI-BLAST: a new generation of protein database search programs</title><secondary-title>Nucleic Acids Research</secondary-title><alt-title>Nucleic Acids Res</alt-title></titles><periodical><full-title>Nucleic Acids Research</full-title><abbr-1>Nucleic Acids Res</abbr-1></periodical><alt-periodical><full-title>Nucleic Acids Research</full-title><abbr-1>Nucleic Acids Res</abbr-1></alt-periodical><pages>3389-3402</pages><volume>25</volume><dates><year>1997</year></dates><urls></urls></record></Cite></EndNote>result of transhydrogenase PntA and UdhA in the genome of Thermoanaerobacter sp. X514. Neither gene was annotated.
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Fig.S4 Protein sequences of (Re)-type citrate synthase (CKL0973) were compared against the strain X514 genome (http://www.jgi.doe.gov) using BLAST search. The resulting polypeptide amino acid sequence identity was low: 27% for homocitrate synthase and 23% for 2-isopropylmalate synthase.  
Table S-1 Isotopic Analysis of Amino Acids in Thermoanaerobacter sp. X514 
(Data on left: [1-13C] glucose experiment; data on right: [6-13C] glucose experiment)

	Amino Acids
	Precursors
	Ions
	[M-57]+
[1-13C]/[6-13C]
	[M-159]+
[1-13C]/[6-13C]
	[f302]+
[1-13C]/[6-13C]

	Ala


	Pyruvate


	M0
	0.51/0.49
	0.51/0.49
	ND

	
	
	M1
	0.47/0.50
	0.45/0.47
	

	
	
	M2
	0.01/0.01
	0.04/0.03
	

	Gly


	Serine


	
	
	
	

	
	
	M0
	0.95/0.96
	0.97/0.97
	

	
	
	M1
	0.05/0.03
	0.03/0.03
	ND

	
	
	M2
	0/0
	
	

	
	
	
	
	
	

	Val


	Pyruvate


	M0
	0.26/0.24
	0.26/0.24
	0.90/0.91

	
	
	M1
	0.49/0.49
	0.49/0.48
	0.08/0.06

	
	
	M2
	0.24/0.26
	0.24/0.26
	0.02/0.03

	
	
	
	
	
	

	Leu


	Pyruvate

Acetyl-CoA


	M0
	Overlap

Peak with  f302
	0.14/0.12
	

	
	
	M1
	
	0.38/0.37
	ND

	
	
	M2
	
	0.36/0.37
	

	
	
	M3
	
	0.12/0.13
	

	
	
	
	
	
	

	Ile


	Pyruvate

Acetyl-CoA


	M0
	Overlap

Peak with f302
	0.18/0.17
	

	
	
	M1
	
	0.41/0.41
	ND

	
	
	M2
	
	0.32/0.33
	

	
	
	M3
	
	0.08/0.09
	

	
	
	
	
	
	

	Met


	Aspartate

Methy-THF


	M0
	0.35/0.32
	0.35/0.36
	

	
	
	M1
	0.48/0.51
	0.49/0.48
	ND

	
	
	M2
	0.16/0.16
	0.15/0.14
	

	
	
	M3
	0/0.01
	0.01/0.02
	

	
	
	
	
	
	

	Ser


	G3P


	M0
	0.54/0.52
	0.55/0.53
	0.96/0.99

	
	
	M1
	0.44/0.48
	0.45/0.47
	0.04/0

	
	
	M2
	0.02/0
	0.01/0
	0/0.01

	
	
	
	
	
	

	Thr


	Aspartate


	M0
	0.51/0.47
	0.52/0.46 
	

	
	
	M1
	0.47/0.52
	0.48/0.51
	

	
	
	M2
	0.02/0
	0/0.02
	

	
	
	
	
	
	

	Phe


	PEP

E4P


	M0
	0.19/0.05
	0.20/0.06
	0.97/0.98

	
	
	M1
	0.42/0.29
	0.42/0.29
	0.03/0.02

	
	
	M2
	0.30/0.44
	0.30/0.43
	0/0

	
	
	M3
	0.08/0.21
	0.08/0.21
	

	
	
	M4
	0.01/0.01
	0/0.01
	

	
	
	
	
	
	

	Asp/Asn

	OAA


	M0
	0.50/0.47
	0.50/0.48
	0.97/0.98

	
	
	M1
	0.48/0.52
	0.48/0.49
	0.03/0.02

	
	
	M2
	0.02/0.01
	0.01/0.02
	0/0

	
	
	
	
	
	

	Glu/Gln

	OXO


	M0
	0.26/0.24
	0.27/0.24
	ND

	
	
	M1
	0.49/0.49
	0.49/0.49
	

	
	
	M2
	0.25/0.26
	0.23/0.26
	

	
	
	M3
	0.01/0.01
	0/0
	

	
	
	
	
	
	

	Tyr


	PEP

E4P


	M0
	0.19/0.05
	0.20/0.08
	0.97/0.97

	
	
	M1
	0.42/0.32
	0.41/0.31
	    0.03/0.03

	
	
	M2
	0.30/0.41
	0.310.38
	0/0

	
	
	M3
	0.08/0.21
	0.08/0.21
	

	
	
	M4
	0.01/0.01
	0.01/0.02
	


Notes for Table 1 ~ 2: 

1. Ion mass values represent amino acid molecules with specific fragmentation patterns: ([M-57]+: No loss); ([M-159]+: Loss of α carboxyl group); ([f302]+: 1st and 2nd carbons in amino acids). ([M-159]+: Loss of α carboxyl group) of threonine was replaced by ([M-85]+: Loss of α carboxyl group) because the later ion had clearer signals. 

2. [f302]+ peaks of some amino acids overlapped with other peaks, so [f302]+ only qualitatively reflects the labeling status in amino acids.

3. Asparagine and glutamate were converted into aspartate and glutamine during the protein hydrolysis. 

4. Abbreviations: E4P, erythrose-4-phosphate; OAA, oxaloacetate; OXO, 2-ketoglutarate; PEP, phosphoenolpyruvate; G3P, 3-phosphoglycerate.

5. The standard deviations for measurement (n=2) of mass fractions are below 2%.
Table S-2 Isotopic Analysis of Amino Acids in Thermoanaerobacter sp. X514 and Their Labeling Positions ([1-13C] pyruvate)

	Amino Acids
	Precursors
	Ions
	[M-57]+
	[M-159]+
	[f302]+
	Proposed 13C enriched positions

	Ala


	Pyruvate


	M0
	0.02
	0.93
	0.03
	C-C-*COOH



	
	
	M1
	0.96
	0.02
	0.95
	

	
	
	M2
	0.02
	0.04
	0.02
	

	
	
	
	
	
	
	

	Gly


	Serine


	M0
	0.03
	0.99
	
	C-*COOH



	
	
	M1
	0.96
	0.01
	ND
	

	
	
	M2
	0.01
	
	
	

	
	
	
	
	
	
	

	Val


	Pyruvate


	M0
	0.01
	0.95
	0.12
	C-C-C-C-*COOH



	
	
	M1
	0.94
	0.04
	0.87
	

	
	
	M2
	0.04
	0
	0.01
	

	
	
	
	
	
	
	

	Leu


	Pyruvate

Acetyl-CoA


	M0
	
	0.93
	
	C-C-C-C-C-COOH

C2~C6 were not labeled.

	
	
	M1
	Overlap
	0.06
	ND
	

	
	
	M2
	Peak with f302
	0.01
	
	

	
	
	M3
	
	0.00
	
	

	
	
	
	
	
	
	

	Ile


	Pyruvate

Acetyl-CoA


	M0
	
	0.91
	ND
	C-C-C-C-C-COOH

C2 ~C6 were not labeled

	
	
	M1
	Overlap

Peak with f302
	0.08
	
	

	
	
	M2
	
	0.01
	
	

	
	
	M3
	
	0
	
	

	
	
	
	
	
	
	

	Met


	Aspartate

Methy-THF


	M0
	0
	0.03
	
	C-S-*C-C-C-*COOH



	
	
	M1
	0.03
	0.93
	ND
	

	
	
	M2
	0.92
	0.03
	
	

	
	
	M3
	0.04
	0
	
	

	
	
	
	
	
	
	

	Ser


	G3P


	M0
	0.02
	0.97
	0.03
	C-C-*COOH



	
	
	M1
	0.96
	0.02
	0.95
	

	
	
	M2
	0.01
	0
	0.02
	

	
	
	
	
	
	
	

	Thr


	Aspartate


	M0
	0.01
	0.03
	
	*C-C-C-*COOH



	
	
	M1
	0.02
	0.95
	ND
	

	
	
	M2
	0.93
	0
	
	

	
	
	
	
	
	
	

	Phe


	PEP

E4P


	M0
	0.01
	0.01
	0.02
	C-C-C-C-C-C-C-C-*COOH

1st carbon was labeled. The other two carbons’ labeling positions could not be determined.

	
	
	M1
	0.01
	0.37
	0.97
	

	
	
	M2
	0.38
	0.56
	0.01
	

	
	
	M3
	0.56
	0.05
	
	

	
	
	M4
	0.04
	0.01
	
	

	
	
	
	
	
	
	

	Asp/Asn

	OAA


	M0
	0
	0.02
	0.02
	*C-C-C-*COOH

	
	
	M1
	0.03
	0.95
	0.98
	

	
	
	M2
	0.96
	0.02
	0
	

	
	
	
	
	
	
	

	Glu/Gln

	OXO


	M0
	0.02
	0.02
	0.82
	*C-C-C-C-COOH

	
	
	M1
	0.93
	0.94
	0.18
	

	
	
	M2
	0.05
	0.03
	0
	

	
	
	M3
	0
	0
	
	

	
	
	
	
	
	
	

	Tyr


	PEP

E4P


	M0
	0
	0.02
	0.02
	C-C-C-C-C-C-C-C-*COOH

1st carbon was labeled. The other two carbons’ labeling positions could not be determined

	
	
	M1
	0.02
	0.37
	0.98
	

	
	
	M2
	0.37
	0.54
	0
	

	
	
	M3
	0.56
	0.05
	
	

	
	
	M4
	0.04
	0.01
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