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Fig. S1 Data analysis workflow for metabolic footprinting experiment (described in detail in the Materials and Methods 
section of the main text).
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68L HHMethyl or Homo Lphenylalanine L
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162L Glucose

40 60 80 100 120 140 160 180
0

500

1000

1500

2000

2500
59.0150

89.0247
71.0146

101.0228 119.0392113.025785.0303

H-L

MassBankID: PR050985 MetlinID: 133

166L HHLeu or Ile L-Arg L

50 100 150 200 250 300
0

10000

20000

30000

40000

50000

60000

70000 288.2028

175.1178 271.176570.065960.0564 229.1528 288.3485

H+L

50 100 150 200 250 300
0

200

400

600

800

1000

1200 286.1875

130.0836 269.1577200.1707 286.2773286.3145286.3348

H-L

MassBankID: PR100496 KOX00390 PR050169 PR050276 KOX00391 PR050046 MetlinID: 23 24 13

Note: Arginine peaks 60,70,158,175; Leu�Ile fragment 86 in H+L Leu�Ile peak 130 in H-L

169L HHistidine betaine sulfonic acid L

50 100 150 200 250 300
0

2000

4000

6000

8000

10000

12000

14000 278.0796

154.1333 198.124095.0613 278.117460.0815
278.1577

H+L

Note: 60 –C3H9N; 95 –C5H6N2; 154 –C8H15N3; 198 –C9H15N3O2;

171L AMP

50 100 150 200 250 300 350
0

1000

2000

3000

4000
136.0616 348.0701

164.9922 347.1889348.1920129.1012136.1283

H+L

MassBankID: PR100515 PR100064 MetlinID: 34478

172L Aspartate

40 60 80 100 120 140
0

500

1000

1500
74.0239

88.0399

46.0286

74.0374
43.0180 116.036688.0614

H+L

MassBankID: PR051379 PR050025 MetlinID: 15

173L HPhe-Lys L

50 100 150 200 250 300
0

2000

4000

6000

8000 294.1812

84.0808

129.1018

277.1558
147.1152101.105884.1072

H+L

Note: Lysine peaks 84,129HLys-H2OL,147 H+L

Fig. S2 continued on the next page..

S8

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2011

http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050985&site=1
http://metlin.scripps.edu/metabo_info.php?molid=133
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100496&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00390&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050169&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050276&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00391&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050046&site=1
http://metlin.scripps.edu/metabo_info.php?molid=23
http://metlin.scripps.edu/metabo_info.php?molid=24
http://metlin.scripps.edu/metabo_info.php?molid=13
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100515&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100064&site=1
http://metlin.scripps.edu/metabo_info.php?molid=34478
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR051379&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050025&site=1
http://metlin.scripps.edu/metabo_info.php?molid=15


Fig. S2 continued from the previous page..
176L Histidine

40 60 80 100 120 140 160
0

200

400

600

800
110.0707

156.0766

95.0630 156.1080110.112483.068670.0746

H+L

40 60 80 100 120 140 160
0

200

400

600

800
154.0605

93.0455
137.0331

110.0733 136.054281.0441 154.1169

H-L

MassBankID: PR050393 PR050440 MetlinID: 21

177L H4-aminobutyric acid L

40 50 60 70 80 90 100 110
0

500

1000

1500

2000

2500
87.0442

69.0365 104.108286.059743.0196
45.0348

87.0678

H+L

40 50 60 70 80 90 100 110
0

200

400

600

800

1000

1200

1400 102.0573

102.1217102.1384102.1524102.176984.043844.9983

H-L

MassBankID: KOX00001 KOX00002 PR100387 PR100331 KOX00039 KOX00113 MetlinID: 279

Note: isomers have different spectra in MassBank

178L Glycerophosphocholine

50 100 150 200 250
0

2000

4000

6000

8000

10000

12000

14000
104.1067

258.1092

258.1495124.9996 184.072286.0955 258.1867

H+L

50 100 150 200 250 300
0

500

1000

1500

242.0791

315.869159.0148 316.1149316.8545242.1631217.8985

H-L

MassBankID: KOX00741 MetlinID: 370

Note: 316 –acetate adduct in H-L

181L HHLeu or Ile L-Lys L

50 100 150 200 250
0

500

1000

1500

2000

2500

3000
260.1970

147.1129

129.102886.0975

242.1829130.087584.0808

H+L

50 100 150 200 250
0

500

1000

1500 258.1819

214.1942 258.2658130.0866 258.2964258.3312258.5803

H-L

MassBankID: PR100496 KOX00390 PR050420 PR050276 KOX00391 PR050279 MetlinID: 23 24 25

Note: Lysine peaks 84,130,147; Leu�Ile fragment 86 in H+L Leu�Ile peak 130 in H-L

183L HC4H9NO3+Arg-H2OL

50 100 150 200 250 300
0

200

400

600

800

1000

1200 276.1614

276.1847

70.0653 175.1151144.077160.0533 276.1020

H+L

MassBankID: PR050169 PR050046 MetlinID: 13

Note: Arginine peaks 60,70,175 in H+L

184L HVal-Lys L

50 100 150 200 250
0

100

200

300

400

500
246.1856

147.1114

72.0796
129.1018

84.0801
164.0232

H+L

MassBankID: PR051227 PR050279 MetlinID: 35 25

Note: Lysine peaks 84,130,147; Val peak 72 in H+L

Fig. S2 continued on the next page..

S9

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2011

http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050393&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050440&site=1
http://metlin.scripps.edu/metabo_info.php?molid=21
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00001&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00002&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100387&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100331&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00039&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00113&site=1
http://metlin.scripps.edu/metabo_info.php?molid=279
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00741&site=1
http://metlin.scripps.edu/metabo_info.php?molid=370
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR100496&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00390&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050276&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00391&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=23
http://metlin.scripps.edu/metabo_info.php?molid=24
http://metlin.scripps.edu/metabo_info.php?molid=25
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050169&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050046&site=1
http://metlin.scripps.edu/metabo_info.php?molid=13
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR051227&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=35
http://metlin.scripps.edu/metabo_info.php?molid=25


Fig. S2 continued from the previous page..
185L HTyr-Lys L

50 100 150 200 250 300
0

200

400

600

800
310.1760

84.0780 129.1026

84.0907
293.149358.8014 130.0872

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84,130,147 H+L

186L HC5H11NO2+Lys-H2OL

50 100 150 200 250
0

200

400

600

800
84.0811

246.1842

229.1542129.1021
147.1114

104.9947
84.1079

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84,130,147 H+L

187L HC4H9NO3+Lys-H2OL

50 100 150 200 250
0

500

1000

1500

2000 104.9921

248.1625

130.0875101.1101105.9976 129.1020105.0224

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84,130,147 H+L

189L HC4H9NO3+Arg-H2OL

50 100 150 200 250 300
0

200

400

600

800

1000

1200 276.1614

276.1847

70.0653 175.1151144.077160.0533 276.1020

H+L

MassBankID: PR050169 PR050046 MetlinID: 13

Note: Arginine peaks 60,70,175 in H+L

190L HSer-Lys L

50 100 150 200 250
0

50

100

150

200

250

300 234.1443

129.1018

147.109884.0847
130.086256.0474 148.7290

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84&130 in H+L

Fig. S2 continued on the next page..

S10

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2011

http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=25
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=25
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=25
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050169&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050046&site=1
http://metlin.scripps.edu/metabo_info.php?molid=13
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=25


Fig. S2 continued from the previous page..
191L HHAla or beta -Ala or Sarcosine L-Arg L

50 100 150 200 250
0

200

400

600

800

1000

1200

1400 246.1561

70.0631 229.1294246.1916104.9929
60.0593 175.1128

H+L

MassBankID: PR050169 PR050046 MetlinID: 13

Note: Arginine peaks 60,70,175 in H+L

192L HC4H9NO3+Lys-H2OL

50 100 150 200 250
0

200

400

600

800 104.9931

84.0807 248.1585

129.1035
105.9974

231.1339147.1108

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84,129HLys-H2OL,147 H+L

193L HHAla or beta -Ala or Sarcosine L-Arg L

50 100 150 200 250
0

200

400

600

800 246.1544

104.9917 175.1194
229.133560.0558 246.2099158.0893

H+L

MassBankID: PR050169 PR050046 MetlinID: 13

Note: Arginine peaks 60,70,158,175

194L HC3H7NO2+Lys-H2OL

50 100 150 200
0

200

400

600

800
84.0810

201.1235
218.1511129.0971

84.0991 130.088284.1252

H+L

50 100 150 200
0

200

400

600

800
216.1341

88.0413 216.1974172.1380 216.3293216.2364

H-L

Note: Lysine peaks 84&130 in H+L & 145 in H-L; no 44 peak of Ala or Sarcosine and no 72 of beta-Ala in H+L

196L HHAla or Sarcosine L-Lys L

50 100 150 200
0

100

200

300

400

500
147.1109

84.0815
129.1016

218.1479
130.086844.0494

200.9258

H+L

MassBankID: KOX00009 PR050714 PR050420 KOX00010 PR050054 PR050279 MetlinID: 11 51 25

Note: Lysine peaks 84&130 in H+L & 145 in H-L; Ala or Sarcosine 44 peak in H+L

Fig. S2 continued on the next page..

S11

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2011

http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050169&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050046&site=1
http://metlin.scripps.edu/metabo_info.php?molid=13
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=25
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050169&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050046&site=1
http://metlin.scripps.edu/metabo_info.php?molid=13
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00009&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050714&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050420&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=KOX00010&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050054&site=1
http://www.massbank.jp/jsp/Dispatcher.jsp?type=disp&id=PR050279&site=1
http://metlin.scripps.edu/metabo_info.php?molid=11
http://metlin.scripps.edu/metabo_info.php?molid=51
http://metlin.scripps.edu/metabo_info.php?molid=25


Fig. S2 continued from the previous page..
198L HHexose-Lys L

50 100 150 200 250 300
0

200

400

600

800

1000

1200

1400 309.1664

225.1217128.0703 273.1462

291.1538

130.091584.0809

H+L

50 100 150 200 250 300
0

100

200

300

400

500

600
145.1002

307.1507

217.1168

307.2130101.0223 307.2299217.1784

H-L

MassBankID: PR050420 PR050279 MetlinID: 25

Note: Lysine peaks 84&130 in H+L & 145 in H-L

201L Arginine

40 60 80 100 120 140 160 180
0

500

1000

1500
70.0658 175.1199

116.0714
60.0569

130.0991
158.0948

70.0763

H+L

40 60 80 100 120 140 160 180
0

1000

2000

3000

4000
154.9478

131.0837

173.1063172.9570136.9361 156.0781131.1491

H-L

MassBankID: PR050169 PR050046 MetlinID: 13

202L Lysine

40 60 80 100 120 140 160
0

5000

10000

15000

20000
84.0444

130.0493

84.0708 147.0750102.053956.0501 101.0693

H+L

MassBankID: PR050420 PR050279 MetlinID: 25

Fig. S2 Positive mode (+) and negative mode (-)  MS/MS spectra (collision energy 10 V) of metabolites identified in this study along with identi-
fiers of corresponding MS/MS spectra of standards or related compounds in mass spectral databases Metlin and MassBank. MS/MS spectra are
numbered according to Table S1.
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Fig. S3 Relative intensities of mass spectral peaks of selected metabolites containing different numbers of a 13C stable isotope (shown below the

abscissa). Intensities were normalized to the sum of intensities of all isotopomers. Intermediate numbers of incorporated 13C isotopes for com-

pounds containing larger number of carbons are not shown for clarity. Cells were grown in media containing [ 13C]NaHCO3 as the carbon source

(black) supplemented with unlabeled [ 12C]adenine (blue), [ 12C]glutamate (red), or [ 12C]SE (green). Shifts towards higher peaks with a smaller

number of 13C isotopes show incorporation of carbons from unlabeled metabolites. Figure 4 shows this comparison for additional metabolites.
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Fig. S4 Peak areas of selected unlabeled  ( 12C) metabolites in cell and media extracts after stable isotope probing experiments. 1.8 ml of media was
extracted as opposed to a significantly smaller volume of residual media present in the cell pellet for comparison to show uptake (and turnover) of
these metabolites as described in the main text.
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