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Supplementary Table 1. Data acquisition and processing parameters for 2D NMR spectra of SW48 KRAS G13D/+
	Parameter 
	JRES
	COSY
	HSQC
	HMBC

	F2 spectral width in Hz
	10,026.7
	7,211
	7,211
	9,615

	F1 spectral width in Hz
	78.0
	7,211
	28,678
	34,716

	data points in t2
	8,192
	4,096
	2,048
	2,048

	spectral size in F2
	1,638
	
	4,096
	2,048

	increments in t1
	40
	256
	400
	256

	spectral size in F1
	256
	2,048
	1,024
	1,024

	number of scans
	16
	32
	128
	50

	relaxation delay in seconds
	2.00 
	2.00
	3.00
	3.00

	      
       apodisation
	sine bell in t1 and t2 with first point correction in t1 
	sine bell squared in t2, sine square with first point correction in t1
	sine bell squared in t2, sine square with first point correction in t1
	sine bell in t1 and t2 with first point correction in t1

	Bruker pulse sequence 
	  jresgpprqf
	Cosygpprqf
	hsqcetgpprsisp 2.2.be
	hmbcgplpndprqf

	notes
	the spectrum was tilted by 450 and symmetrised 
	t1 noise reduction was applied to the spectrum
	
	

















Supplementary Table 2. Data acquisition and processing parameters for 2D NMR spectra of media of SW48 KRAS +/+
	[bookmark: _Hlk515524278]Parameter 
	JRES
	COSY
	HSQC

	F2 spectral width in Hz
	10,026.7
	9,578
	9,578

	F1 spectral width in Hz
	78.0
	9,578
	34,720

	data points in t2
	8,192
	8,192
	3,072

	spectral size in F2
	1,638
	8,192
	4,096

	increments in t1
	40
	512
	800

	spectral size in F1
	256
	2,048
	1,024

	number of scans
	8 
	12
	20

	relaxation delay in seconds
	2.00 
	2.00
	3.00

	      
       apodisation
	sine bell in t1 and t2 with first point correction in t1 
	sine bell squared in t2, sine square with first point correction in t1
	sine bell squared in t2, sine square with first point correction in t1

	Bruker pulse sequence code
	jresgpprqf
	 Cosygpprqf 
	hsqcetgpprsisp 2.2.be

	notes
	the spectrum was tilted by 450 and symmetrised 
	t1 noise reduction was applied to the spectrum
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Supplementary Figure 1. a) The aliphatic region of the 600 MHz 1H NMR spectra from SW48 KRAS G13D/+, KRAS +/+, KRAS G12D/+ extracts. Numbers indicate signals corresponding to individual metabolites.1.isoleucine; 2. leucine; 3.valine; 4. lactate; 5. alanine; 6. acetate; 7.glutamate; 8. UDP-N-acetylglucosamine;9. UDP-N-acetylgalactosamine; 10.glutamine; 11. glutathione; 12.succinate; 13. aspartate; 14.creatine; 15. creatine phosphate; 16. choline; 17. phosphorylcholine; 18. glycerophosphocholine; 19. betaine; 20.taurine; 21. myo-inositol; 22.glycine; 23.glucose
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Supplementary Figure 1. b) The aromatic region of the 600 MHz 1H NMR spectra from SW48 KRAS G13D/+, KRAS +/+, KRAS G12D/+ extracts. Numbers indicate signals corresponding to individual metabolites. 8. UDP-N-acetylglucosamine; 9. UDP-N-acetylgalactosamine; 23. glucose; 24. inosine; 25. NAD; 26. UDP-glucose; 27. AMP; 28. tyrosine; 29. phenylalanine; 30. uridine; 31. ATP
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Supplementary Figure 2. a) MMC score plot of the 600MHz 1NMR spectra of extracts of SW48 cells with KRAS mutations in codons 12 and 13 and their wild type counterpart, b) superimposed NMR spectra of SW48 cells, with the same colour coding as in the MMC plot; c) the corresponding ‘heat map display of the 600 MHz 1H NMR spectra of SW48 cell lines from 0.8 to 10.0 ppm. Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples.
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Supplementary Figure 3. Leave one out cross validation of the 600 MHz 1H NMR spectra from extracts of SW48 cells with KRAS mutation at codon 12 and 13 using the quadratic as a classifier; The upper left and upper right diagnostic plots indicate the changes in the percentage of correct classification and the variation related to discrimination as a function of the number of discriminating components respectively. The red color-bar highlights the optimum number of discriminating components. The diagonal of each confusion matrix shows the percentage of samples that are correctly predicted in each class by colouring each box in confusion matrices, black to white with descending predictivity. The off-diagonal boxes represent the percentage of samples in one class being incorrectly predicted into other classes. 


[image: ]
Supplementary Figure 4. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12S/+ (top 5 strips) vs the corresponding spectra of parental cell line (KRAS+/+) extracts (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12S/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1
[image: ]
Supplementary Figure 5. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12A/+ (top 5 strips) vs the corresponding spectra of KRAS+/+ extracts (bottom 5 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12A/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
[image: ]
Supplementary Figure 6. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12C/+ (top 5 strips) vs the corresponding spectra of parental cell line (KRAS+/+) extracts (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12C/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
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Supplementary Figure 7. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12D/+ (top 5 strips) vs the corresponding spectra of parental cell line (KRAS+/+) extracts (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12D/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
[image: ]
Supplementary Figure 8. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12V/+ (top 5 strips) vs the corresponding spectra of parental cell line (KRAS+/+) extracts (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12V/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
[image: ] Supplementary Figure 9. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS G12R/+ (top 5 strips) vs the corresponding spectra of parental cell line (KRAS+/+) extracts (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those intracellular metabolite signals that are more intense in KRAS G12R/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
Supplementary Table 3.  Intracellular metabolites discriminating between KRASG12S/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log2 FC1

	glutamate
	2.341
	2.62E-03
	6.25E-02
	-0.708

	glutamine
	2.454
	4.13E-03
	8.21E-02
	-0.570

	aspartate
	2.705
	1.50E-03
	4.57E-02
	-0.365

	phosphocholine
	3.224
	5.43E-03
	9.75E-02
	-0.697

	myo-inositol
	4.067
	2.57E-03
	6.18E-02
	-0.629

	glucose
	5.235
	4.93E-02
	1.00E+00
	0.515

	UDP-N-acetylglucosamine
	5.513
	1.78E-05
	3.69E-03
	-0.479

	UDP-N-acetylgalactosamine
	5.546
	6.43E-05
	6.94E-03
	-0.197

	GTP
	8.14
	2.40E-04
	1.63E-02
	-0.231


                  1. FC: fold change

[bookmark: _Hlk534854145]   Supplementary Table 4. Intracellular metabolites discriminating between KRAS G12A/+ and KRAS+/+ 

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	leucine
	0.966
	3.70E-04
	1.62E-02
	-0.538

	isoleucine
	1.009
	2.24E-03
	4.62E-02
	-0.475

	valine
	1.040
	1.56E-03
	3.77E-02
	-0.495

	threonine
	1.328
	3.17E-03
	5.77E-02
	-0.351

	glutamine
	2.440
	3.73E-03
	6.41E-02
	-0.572

	aspartate
	2.704
	2.33E-03
	4.72E-02
	-0.370

	UDP-N-acetylglucosamine
	5.512
	3.88E-05
	5.99E-03
	-0.424

	UDP-N-acetylgalactosamine
	5.546
	4.49E-04
	1.79E-02
	-0.165

	uridine
	5.900
	7.48E-04
	2.42E-02
	0.464

	tyrosine
	6.899
	4.14E-03
	6.84E-02
	-0.172

	phenylalanine
	7.329
	3.74E-04
	1.63E-02
	-0.268

	inosine
	8.349
	3.15E-06
	2.65E-03
	1.783

	ATP
	8.537
	2.03E-03
	4.39E-02
	-0.297

	AMP
	8.605
	1.70E-04
	1.10E-02
	-1.399


1. FC: fold change















[bookmark: _Hlk530271541][bookmark: _Hlk534854502]Supplementary Table 5. Intracellular metabolites discriminating between KRAS G12C/+ and KRAS+/+
	Metabolite
	ppm
	p-values
	q-values
	Log2 FC1

	leucine
	0.966
	5.75E-04
	7.62E-03
	-0.518

	isoleucine
	1.009
	1.60E-03
	1.60E-02
	-0.462

	valine
	1.041
	1.82E-03
	1.76E-02
	-0.468

	threonine
	1.329
	6.31E-04
	8.12E-03
	-0.451

	alanine
	1.479
	5.07E-03
	3.71E-02
	-0.700

	glutamate
	2.341
	1.09E-02
	6.43E-02
	-0.360

	succinate
	2.406
	8.40E-04
	1.00E-02
	-0.902

	glutamine
	2.44
	2.86E-05
	1.11E-03
	-1.215

	glutathione
	2.545
	1.90E-02
	9.54E-02
	-0.332

	aspartate
	2.705
	4.55E-03
	3.43E-02
	0.408

	choline
	3.208
	2.78E-03
	2.39E-02
	0.406

	glycerophosphocholine
	3.234
	4.49E-04
	6.47E-03
	-0.719

	myo-inositol
	4.067
	2.44E-05
	1.01E-03
	1.047

	uridine
	5.9
	1.19E-06
	2.06E-04
	1.107

	fumarate
	6.521
	7.06E-03
	4.71E-02
	0.221

	tyrosine
	6.899
	1.03E-02
	6.15E-02
	-0.127

	phenylalanine
	7.329
	1.35E-03
	1.40E-02
	-0.210

	UMP
	8.105
	9.27E-06
	6.03E-04
	-0.977

	GTP
	8.14
	3.66E-05
	1.28E-03
	-0.328

	inosine
	8.349
	2.79E-07
	1.09E-04
	1.716

	ATP
	8.537
	2.60E-05
	1.05E-03
	-0.574

	AMP
	8.606
	1.80E-07
	9.45E-05
	-2.852


                   1. FC: fold change














Supplementary Table 6. Intracellular metabolites discriminating between KRAS G12D/+  and KRAS+/+
	Metabolite
	ppm
	p-values
	q-values
	Log2 FC1

	leucine
	0.966
	5.86E-03
	5.39E-02
	-0.405

	isoleucine
	1.010
	1.08E-02
	8.05E-02
	-0.197

	valine
	1.041
	8.57E-03
	6.93E-02
	-0.412

	lactate
	1.325
	6.46E-03
	5.74E-02
	-0.711

	threonine
	1.329
	1.04E-02
	7.88E-02
	-0.380

	succinate
	2.406
	7.69E-05
	3.04E-03
	-0.978

	glutamine
	2.44
	1.23E-02
	8.81E-02
	-0.275

	aspartate
	2.705
	1.64E-03
	2.24E-02
	0.553

	creatine phosphate
	3.045
	9.02E-04
	1.51E-02
	0.973

	glycerophosphocholine
	3.234
	1.00E-03
	1.62E-02
	-0.717

	taurine
	3.428
	4.51E-03
	4.51E-02
	0.445

	UDP-N-acetylglucosamine
	5.513
	3.68E-05
	1.95E-03
	-0.463

	UDP-N-acetylgalactosamine
	5.546
	2.68E-04
	6.62E-03
	-0.180

	Uridine
	5.9
	8.28E-05
	3.20E-03
	0.779

	NAD
	6.05
	4.35E-03
	4.40E-02
	-0.168

	tyrosine
	6.899
	1.16E-02
	8.44E-02
	-0.140

	phenylalanine
	7.329
	6.29E-03
	5.64E-02
	-0.191

	UMP
	8.105
	6.37E-05
	2.68E-03
	-0.816

	GTP
	8.14
	1.55E-04
	4.73E-03
	-0.260

	inosine
	8.349
	8.90E-07
	2.59E-04
	1.853

	ATP
	8.537
	1.38E-04
	4.37E-03
	-0.479

	AMP
	8.606
	3.27E-07
	1.82E-04
	-2.610


                  1. FC: fold change














Supplementary Table 7. Intracellular metabolites discriminating between KRAS G12V/+  and KRAS+/+
	Metabolite
	ppm
	p-values
	q-values
	Log2 FC1

	leucine
	0.966
	7.70E-05
	3.09E-03
	-0.687

	isoleucine
	1.009
	6.02E-04
	8.89E-03
	-0.565

	valine
	1.041
	3.32E-04
	6.47E-03
	-0.631

	lactate
	1.325
	1.03E-03
	1.22E-02
	-0.997

	threonine
	1.329
	1.96E-05
	1.58E-03
	-0.886

	alanine
	1.479
	2.48E-03
	2.14E-02
	-0.816

	glutamate
	2.341
	1.20E-03
	1.35E-02
	-0.677

	succinate
	2.406
	1.99E-05
	1.59E-03
	-1.297

	glutamine
	2.44
	2.86E-03
	2.34E-02
	-0.567

	glutathione
	2.545
	5.64E-04
	8.60E-03
	-0.572

	creatine 
	3.040
	3.13E-04
	6.25E-03
	-1.240

	choline
	3.208
	2.57E-03
	2.19E-02
	-0.410

	glycerophosphocholine
	3.234
	7.12E-03
	4.25E-02
	-0.411

	taurine
	3.428
	1.73E-02
	7.77E-02
	-0.412

	UDP-N-acetylglucosamine
	5.513
	4.93E-04
	7.92E-03
	-0.318

	UDP-N-acetylgalactosamine
	5.546
	8.84E-03
	4.92E-02
	-0.094

	uridine
	5.9
	3.26E-05
	2.06E-03
	0.542

	NAD
	6.05
	2.32E-02
	9.46E-02
	-0.128

	tyrosine
	6.899
	6.80E-04
	9.53E-03
	-0.270

	phenylalanine
	7.329
	1.08E-04
	3.77E-03
	-0.303

	UMP
	8.105
	3.61E-04
	6.72E-03
	-0.623

	GTP
	8.14
	5.17E-03
	3.44E-02
	-0.161

	inosine
	8.349
	2.87E-05
	1.92E-03
	1.566

	ATP
	8.537
	1.91E-04
	4.98E-03
	-0.423

	AMP
	8.606
	2.42E-06
	5.77E-04
	-2.253


                  1. FC: fold change
[bookmark: _Hlk530368735]Supplementary Table 8. Intracellular metabolites discriminating between KRAS G12R/+  and KRAS+/+
	Metabolite
	ppm
	p-values
	q-values
	Log2 FC1

	glutamine
	2.44
	8.43E-05
	2.77E-03
	-1.132

	aspartate
	2.705
	1.16E-03
	1.84E-02
	0.428

	creatine phosphate
	3.045
	2.62E-06
	5.76E-04
	-1.619

	choline
	3.208
	9.33E-03
	8.30E-02
	0.344

	phosphocholine
	3.225
	4.00E-03
	4.50E-02
	-0.459

	glycerophosphocholine
	3.234
	1.59E-05
	1.08E-03
	-1.115

	taurine
	3.428
	9.47E-03
	8.36E-02
	0.295

	UDP-N-acetylglucosamine
	5.513
	1.77E-05
	1.14E-03
	-0.483

	UDP-N-acetylgalactosamine
	5.546
	5.35E-05
	2.10E-03
	-0.181

	uridine
	5.9
	2.05E-07
	2.02E-04
	0.554

	GTP
	8.14
	8.07E-05
	2.71E-03
	-0.281

	inosine
	8.349
	1.41E-07
	1.80E-04
	1.178

	AMP
	8.606
	2.01E-05
	1.22E-03
	-1.850


                  1. FC: fold change
             a                                                                                                               b                          
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Supplementary Figure 10. Metabolic pathway analyses for metabolites discriminating between: a) KRAS G12C/+and KRAS+/+ b) KRAS G12V/+and KRAS+/+. The horizontal bars summarize the main metabolite sets identified in this analysis; the bars are coloured based on their p-values and the length is based on the fold enrichment


           a                                                                                                                       b                                            
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[bookmark: _Hlk530263993]Supplementary Figure 11. Metabolic pathway analyses for metabolites discriminating between: a) KRAS G12A/+and KRAS+/+ b) KRAS G12S/+and KRAS+/+ . The horizontal bars summarize the main metabolite sets identified in this analysis; the bars are coloured based on their p-values and the length is based on the fold enrichment


[image: ]


Supplementary Figure 12. Metabolic pathway analyses for metabolites discriminating between KRAS G12R/+and KRAS+/+. The horizontal bars summarize the main metabolite sets identified in this analysis; the bars are coloured based on their p-values and the length is based on the fold enrichment


Supplementary Table 9. Changes in intracellular amino acids involved in protein synthesis
	[bookmark: _Hlk528570973]Metabolite
	Chemical shift (ppm)
		G13D/+
vs +/+
	
	



	G12S/+
vs +/+
	G12A/+
vs +/+
	G12C/+
vs +/+
	G12D/+
vs +/+
	G12V/+
vs +/+
	G12R/+
vs +/+

	isoleucine 
	0.943
	
	
-
	


	
	


	


	-

	leucine 

	0.961

	

	
-
	


	
	


	


	-

	valine
	0.996
	

	
-
	


	
	


	


	-

	threonine 

	1.335
	-
	-
	
-
	


	


	


	-

		alanine 



	1.484
	-
	-

	-
	


	-
	


	-

	glutamate
	2.059
	


	


	
-

	


	-
	


	-

	glutamine
	2.145
	-
	


	


	


	


	


	



	aspartate
	2.684
	

	

	

	

	

	-
	


	tyrosine
	6.910
	

	-
	

	

	

	

	-

	phenyl-alanine
	7.340
	

	-
	

	

	

	

	-
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Supplementary Figure 13. a) The aliphatic region of the 600 MHz 1H NMR spectra from SW48 KRAS G13D/+, KRAS +/+, KRAS G12D/+ media. Numbers indicate signals corresponding to individual metabolites. 1. isoleucine; 2. leucine; 3. valine;4. lactate; 5. alanine; 6. L-alanyl-L-glutamine; 7. acetate; 8. glutamine; 9. pyruvate; 10. glucose; 11. threonine

[image: ]
Supplementary Figure 13. b) The aromatic region of the 600 MHz 1H NMR spectra from SW48 KRAS G13D/+, KRAS +/+, KRAS G12D/+ media. Numbers indicate signals corresponding to individual metabolites. 12. tyrosine; 13. histidine; 14. tryptophan; 15. phenylalanine; 16. formate


[image: ]
[bookmark: _Hlk530188957]Supplementary Figure 14. a) PCA score plot of the 600MHz 1H NMR spectra from media of SW48 cell lines with KRAS mutations in codons 12 and 13 and their wild type counterpart, b) superimposed NMR spectra of cell’s media, with the same colour coding as in the PCA plot part a); c) ‘the corresponding heat map display of the 600 MHz 1H NMR spectra from 0.8 to 10.0 ppm of media of SW48 cell lines. Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples.


 
Supplementary Figure 15.  a) MMC score plot of the 600 MHz 1H NMR spectra from media of SW48 cell lines with KRAS mutations in codons 12 and 13 and their wild type counterpart, b) superimposed NMR spectra of SW48 cell media, with the same colour coding as in the MMC plot; c) the corresponding ‘heat map display of the 600 MHz 1H NMR spectra of Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples.

[image: ]
Supplementary Figure 16. Leave one out cross validation of the MMC model made from 600 MHz 1H NMR spectra of the media of SW48 cell lines with KRAS mutation at codon 12 and 13 using the quadratic as a classifier; The upper left and upper right diagnostic plots indicate the changes in the percentage of correct and the variation related to discrimination as a function of the number of discriminating components respectively. The red color-bar highlights the optimum number of discriminating components. The diagonal of each confusion matrix shows the percentage of samples that are correctly predicted in each class by colouring each box in confusion matrices, black to white with a descending predictivity. The off-diagonal boxes represent the percentage of samples in one class being incorrectly predicted into other classes. 
[image: ] Supplementary Figure 17. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G13D/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in media of KRAS G13D/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ]
Supplementary Figure 18. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12S/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in media of KRAS G12S/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ] Supplementary Figure 19. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12A/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in media of KRAS G12A/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ]
Supplementary Figure 20. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12C/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in media of KRAS G12C/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ]
Supplementary Figure 21. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12D/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS G12D/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ] Supplementary Figure 22. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12V/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+(bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS G12V/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
[image: ]
Supplementary Figure 23. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra from media of KRAS G12R/+ (top 5 strips) vs the corresponding spectra from media of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS G12R/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for FDR of 0.1.
Extracellular Metabolite Profile Differences between KRAS Mutants.
The media metabolic profile (exometabolome) of KRAS G13D/+ showed decreased levels of 3-methyl-2-oxovaleric acid, 2-oxoisovaleric acid, lactate, threonine, L-alanyl-L-glutamine, methionine, ketoleucine, phenylalanine, tryptophan and increased levels of glutamate and acetate (Supplementary Table 10).
Compared to KRAS WT, exometabolome of KRAS G12S was characterised by decreased levels of lactate, alanine, glutamine, methionine and increased levels of L-alanyl-L-glutamine and acetate (Supplementary Table 11). 
In KRAS G12A decreased levels of L-alanyl-L-glutamine, methionine, ketoleucine, glucose, tryptophan and increased concentrations of lactate and acetate was observed in comparison to parental cell line (Supplementary Table 12).
KRAS G12C displayed decreased levels of isoleucine, leucine, valine, acetate, methionine, glucose, phenylalanine, tryptophan and higher levels of 3-methyl-2-oxovaleric acid and lactate relative to KRAS WT (Supplementary Table 13).
Compared to WT, KRAS G12D showed decreased levels of L-alanyl-L-glutamine and increased concentrations of alanine, glutamine, pyruvate (Supplementary Table 14).
KRAS G12V exhibited decreased levels of 3-methyl-2-oxovaleric acid, 2-oxoisovaleric acid, L-alanyl-L-glutamine, methionine, ketoleucine, glucose, phenylalanine and formate and increased levels of lactate, alanine, glutamate, pyruvate compared to KRAS WT (Supplementary Table 15).
In KRAS G12R, decreased levels of isoleucine, leucine, valine, L-alanyl-L-glutamine, acetate, methionine, aspartate, histidine, glucose, tyrosine, phenylalanine, tryptophan, formate and increased levels of 3-methyl-2-oxovaleric acid, 2-oxoisovaleric acid, lactate and glutamate were observed in comparison to KRAS WT (Supplementary Table 16).


[bookmark: _Hlk534854526]Supplementary Table 10. Extracellular metabolites discriminating between KRASG13D/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	3-methyl-2-oxovaleric acid
	1.108
	1.02E-04
	2.83E-03
	-0.565

	2-oxoisovaleric acid
	1.121
	6.28E-05
	2.13E-03
	-0.516

	threonine
	1.330
	6.33E-03
	5.06E-02
	-0.324

	lactate
	1.338
	7.30E-04
	1.06E-02
	-0.220

	L-alanyl-L-glutamine
	1.550
	1.18E-05
	1.05E-03
	-1.018

	acetate
	1.923
	4.27E-03
	3.74E-02
	0.188

	glutamate
	2.065
	4.27E-05
	1.71E-03
	0.497

	ketoleucine
	2.611
	4.49E-05
	1.76E-03
	-0.477

	methionine
	2.648
	9.08E-05
	2.67E-03
	-0.241

	Phenylalanine
	7.342
	1.03E-02
	7.20E-02
	-0.106

	tryptophan
	7.749
	6.47E-04
	9.69E-03
	-0.208


             1. FC: fold change
Supplementary Table 11. Extracellular metabolites discriminating between KRASG12S/+ and KRAS+/+
	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	lactate
	1.338
	9.59E-04
	1.76E-02
	-0.732

	alanine
	1.491
	2.29E-03
	2.96E-02
	-0.659

	L-alanyl-L-glutamine
	1.550
	8.51E-06
	2.96E-03
	1.837

	acetate
	1.923
	2.92E-05
	2.37E-03
	0.557

	glutamine
	2.453
	2.90E-03
	3.43E-02
	-0.661

	methionine
	2.648
	2.16E-03
	2.86E-02
	-0.134


            1. FC: fold change
Supplementary Table 12. Extracellular metabolites discriminating between KRASG12A/+  and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	lactate
	1.338
	1.49E-04
	3.46E-03
	0.740

	L-alanyl-L-glutamine
	1.550
	1.13E-03
	1.34E-02
	-2.490

	acetate
	1.923
	3.27E-03
	2.92E-02
	0.308

	ketoleucine
	2.611
	9.09E-03
	6.23E-02
	-0.253

	methionine
	2.648
	2.24E-03
	2.20E-02
	-0.259

	glucose
	5.242
	1.75E-03
	1.84E-02
	-0.225

	tryptophan
	7.749
	6.26E-05
	2.15E-03
	-0.513


            1. FC: fold change











Supplementary Table 13. Extracellular metabolites discriminating between KRASG12C/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	leucine
	0.965
	1.19E-02
	9.82E-02
	-0.110

	isoleucine
	1.007
	3.08E-03
	3.71E-02
	-0.175

	valine
	1.039
	1.53E-03
	2.26E-02
	-0.182

	3-methyl-2-oxovaleric acid
	1.108
	9.23E-04
	1.56E-02
	0.301

	acetate
	1.923
	7.75E-05
	3.70E-03
	-0.616

	lactate
	1.338
	6.14E-03
	6.11E-02
	0.474

	methionine
	2.648
	2.03E-03
	2.76E-02
	-0.157

	glucose
	5.242
	1.24E-03
	1.94E-02
	-0.148

	phenylalanine
	7.342
	2.87E-03
	3.54E-02
	-0.116

	tryptophan
	7.749
	7.01E-03
	6.73E-02
	-0.152


             1. FC: fold change

Supplementary Table 14. Extracellular metabolites discriminating between KRASG12D/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	alanine
	1.491
	3.39E-03
	7.13E-02
	0.194

	L-alanyl-L-glutamine
	1.550
	1.28E-03
	3.87E-02
	-2.680

	pyruvate
	2.378
	2.96E-03
	6.61E-02
	0.246

	glutamine
	2.453
	4.90E-03
	8.98E-02
	0.176


            1. FC: fold change
Supplementary Table 15. Extracellular metabolites discriminating between KRASG12V/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	3-methyl-2-oxovaleric acid
	1.108
	1.36E-03
	1.19E-02
	-0.245

	2-oxoisovaleric acid
	1.121
	1.41E-02
	7.58E-02
	-0.250

	lactate
	1.338
	1.57E-02
	8.25E-02
	0.214

	alanine
	1.491
	1.12E-03
	1.02E-02
	0.152

	L-alanyl-L-glutamine
	1.550
	8.99E-04
	8.57E-03
	-1.204

	glutamate
	2.065
	1.49E-03
	1.28E-02
	0.182

	pyruvate
	2.378
	2.39E-03
	1.85E-02
	0.358

	ketoleucine
	2.611
	3.40E-03
	2.45E-02
	-0.232

	methionine
	2.648
	3.85E-05
	7.54E-04
	-0.194

	glucose
	5.242
	7.23E-04
	7.34E-03
	-0.094

	phenylalanine
	7.342
	1.34E-03
	1.17E-02
	-0.098

	formate
	8.461
	7.86E-03
	4.77E-02
	-0.272


            1. FC: fold change



Supplementary Table 16. Extracellular metabolites discriminating between KRASG12R/+ and KRAS+/+

	Metabolite
	ppm
	p-values
	q-values
	Log 2 FC1

	leucine
	0.965
	5.59E-04
	1.17E-02
	-0.191

	isoleucine
	1.007
	1.44E-03
	1.71E-02
	-0.256

	valine
	1.039
	1.51E-03
	1.74E-02
	-0.263

	3-methyl-2-oxovaleric acid
	1.108
	1.36E-03
	1.68E-02
	0.381

	2-oxoisovaleric acid
	1.121
	2.95E-03
	2.56E-02
	0.429

	lactate
	1.338
	5.55E-04
	1.17E-02
	0.502

	L-alanyl-L-glutamine
	1.550
	9.31E-03
	5.36E-02
	-1.323

	acetate
	1.923
	1.51E-05
	3.49E-03
	-0.645

	glutamate
	2.065
	9.73E-03
	5.51E-02
	0.167

	methionine
	2.648
	7.29E-04
	1.32E-02
	-0.253

	aspartate
	2.795
	1.03E-03
	1.54E-02
	-0.515

	glucose
	5.242
	2.55E-04
	8.03E-03
	-0.207

	tyrosine
	6.903
	3.09E-03
	2.63E-02
	-0.150

	histidine
	7.117
	5.19E-04
	1.13E-02
	-0.086

	Phenylalanine
	7.342
	1.14E-03
	1.59E-02
	-0.150

	tryptophan
	7.749
	2.14E-02
	9.81E-02
	-0.213

	formate
	8.461
	7.27E-04
	1.32E-02
	-0.449


            1. FC: fold change
	
[image: ]

Supplementary Figure 24. a) The aliphatic region of 1HNMR spectra from SW48 KRAS +/+, KRAS Q61H/+, KRAS A146T/+ intracellular extract. Numbers indicate signals corresponding to individual metabolites. 1. 1.isoleucine; 2. leucine; 3.valine; 4. lactate; 5. alanine; 6. acetate; 7.glutamate; 8.glutamine; 9. glutathione; 10. N-acetylglutamate; 11.succinate; 12. aspartate; 13.creatine; 14. choline; 15. phosphorylcholine; 16. glycerophosphocholine; 17. betaine; 18.taurine; 19. myo-inositol; 20.glycine; 22.glucose
[image: ]
Supplementary Figure 24. b) The aromatic region of 1H NMR spectra from SW48 KRAS +/+, KRAS Q61H/+, KRAS A146T/+ extract. Numbers indicate signals corresponding to individual metabolites. 22. glucose; 23. UDP-N-acetylglucosamine; 24. UDP-N-acetylgalactosamine; 25. NAD; 26. AMP; 27. tyrosine; 28. phenylalanine; 29. ATP
[image: ]
Supplementary Figure 25. a) PCA score plot of the 600MHz 1H NMR spectra from extracts of SW48 cell lines with KRAS mutations in codons 16 and 146 and their wild type counterpart, b) superimposed NMR spectra of cell lines with the same colour coding as in the PCA plot part a); c) ‘the corresponding heat map display of the 600 MHz 1H NMR spectra from 0.8 to 10.0 ppm of SW48 cell lines. Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples.[image: ] Supplementary Figure 26. a). MMC score plot of the 600MHz 1NMR spectra from extracts of SW48 cells with KRAS mutations in codons 61 and 146 and their wild type counterpart, b) superimposed NMR spectra of SW48 cells, with the same colour coding as in the MMC plot; c) the corresponding ‘heat map display of the 600 MHz 1H NMR spectra of Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples.
[image: ]
Supplementary Figure 27. Leave one out cross validation of the 600 MHz 1H NMR spectra from extracts of SW48 cell lines with KRAS mutations in codons 61 and 146 using the quadratic as a classifier; The upper left and upper right diagnostic plots indicate the changes in the percentage of correct and the variation related to discrimination as a function of the number of discriminating components respectively. The red color-bar highlights the optimum number of discriminating components. The diagonal of each confusion matrix shows the percentage of samples that are correctly predicted in each class by colouring each box in confusion matrices, black to white with a descending predictivity. The off-diagonal boxes represent the percentage of samples in one class being incorrectly predicted into other classes. 
[image: ] Supplementary Figure 28. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS A146T/+ (top 5 strips) vs the corresponding spectra of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS A146T/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
[image: ] Supplementary Figure 29. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS Q61H/+ (top 5 strips) vs the corresponding spectra of KRAS+/+ (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS Q61H/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
[image: ]
Supplementary Figure 30. At bottom a ‘heat map display of the 600 MHz 1H NMR spectra of KRAS A146T/+ (top 5 strips) vs the corresponding spectra of KRASQ61H/+ (bottom 5 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the whole samples. At top, the corresponding ANOVA plot, showing positive peaks for those metabolite signals that are more intense in KRAS A146T/+, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value adjusted for an FDR of 0.1.
Supplementary Table 17. Summary of the most significant metabolites differentiating between SW48 cells with KRAS mutations in codons 61 and 146 and their wild type counterpart
	[bookmark: _Hlk503829807]Metabolite
	Chemical shift
	KRAS A146T/+ vs KRAS+/+
	KRAS Q61H/+ vs KRAS+/+
	KRAS A146T/+ vs KRAS Q61H/+

	isoleucine 
	0.943 (t), 1.01 (d), 3.675 (d)
	

	

	-

	leucine 

	0.961 (d), 0.972 (d), 1.691 (m), 1.720 (m), 1.748 (m) , 3.737 (dd) 
	

	

	-

	valine
	0.996 (d), 1.046 (d), 3.615 (d)
	

	

	-

	lactate
	1.331 (d), 4.113 (q) 
	-
	

	

	threonine 

	1.335 (d), 3.591 (d) 
	-
	

	

	alanine
	1.48 (d), 3.787 (q) 
	

	

	-

	[bookmark: _Hlk529754118]acetate 
	1.919 (s) 
	

	-
	-

	glutamate
	2.059 (m), 2.140 (m), 2.355 (m), 3.761 (dd)
	-

	-
	-

	[bookmark: _Hlk529738506]UDP-N-acetylglucosamine
	2.084 (s), 4.295 (m), 4.36 (m), 5.523 (dd), 5.97 (d), 5.991 (d), 7.96 (d)
	

	
	-

	glutamine
	2.145 (m), 2.46 (m), 3.783 (t)
	

	

	-

	[bookmark: _Hlk529738568]glutathione 

	2.171 (m), 2.560 (m), 
2.935 (dd), 2.980 (dd), 
3.782 (m), 4.572 (dd)
	

	

	-

	succinate
	2.406 (s)
	-
	
	-

	aspartate

	2.684 (dd), 2.816 (dd), 3.902 (dd)
	
	-
	

	[bookmark: _Hlk529781088][bookmark: _Hlk529747696]creatine phosphate
	3.045 (s), 3.95 (s) 
	
	
	


	[bookmark: _Hlk529741883]choline
	3.205 (s)
	
	
	

	[bookmark: _Hlk529805590]phosphocholine
	3.224 (s), 3.597 (s), 4.17 (m)
	-
	
	


	glycerophosphocholine

	3.234 (s), 4.33 (m)
	
	
	-

	[bookmark: _Hlk529747739]taurine
	3.27 (t), 3.425 (t)
	
	



	

	-
	


	[bookmark: _Hlk529747761]myo-inositol
	3.284 (t), 3.54 (dd), 3.62 (dd), 4.067 (t)
	

	-
	


	glucose 
	4.65(d),5.2(d)
	
	

	-

	GTP
	5.945 (d), 8.14 (s)
	

	-
	

	UMP
	5.97 (d), 8.11 (d)
	

	
	-

	NAD 
	6.044 (d), 6.09 (d), 8.429 (s), 9.15,  9.34
	-

	
	

	fumarate
	6.521 (s)
	

	-
	-

	tyrosine
	6.91 (m), 7.20 (m)
	

	
	-

	phenylalanine
	7.34 (d), 7.381 (m), 7.43 (m)
	

	
	

	AMP
	8.273 (s), 8.614 (s)
	-
	
	-

	ATP 
	8.275 (s), 8.538 (s)
	
	
	



a	b[image: C:\Users\dorsa\AppData\Local\Microsoft\Windows\INetCache\Content.Word\ora_0_dpi72.png] [image: C:\Users\dorsa\AppData\Local\Microsoft\Windows\INetCache\Content.Word\ora_0_dpi72.png]
Supplementary Figure 31. Metabolic pathway analyses related to the metabolites that were discriminating between a) KRAS A146T/+and KRAS+/+ ; b) KRAS Q61H/+and KRAS+/+. The horizontal bars summarize the main metabolite sets identified in this analysis; the bars are coloured based on their p-values and the length is based on the fold enrichment

	Metabolite
	ppm
	p-values
	q-values
	log2 FC1

	leucine
	0.966
	1.45E-03
	1.06E-02
	-0.341

	isoleucine
	1.009
	1.23E-02
	5.05E-02
	-0.250

	valine
	1.041
	6.87E-03
	3.18E-02
	-0.253

	alanine
	1.478
	6.17E-05
	1.60E-03
	-0.883

	acetate
	1.920
	1.79E-03
	1.23E-02
	-0.425

	glutamine
	2.440
	6.76E-06
	3.73E-04
	-1.260

	glutathione
	2.544
	1.31E-02
	5.28E-02
	-0.189

	aspartate
	2.704
	2.51E-04
	3.90E-03
	-0.382

	creatine phosphate
	3.045
	1.40E-02
	5.59E-02
	0.539

	choline
	3.207
	2.23E-06
	2.30E-04
	-0.531

	glycerophosphocholine
	3.233
	2.18E-07
	7.64E-05
	-1.368

	taurine
	3.428
	4.66E-04
	5.62E-03
	0.675

	myo-inositol
	4.067
	6.72E-04
	6.87E-03
	0.439

	glucose
	5.235
	9.50E-05
	2.11E-03
	-0.324

	UDP-N-acetylglucosamine
	5.513
	3.24E-06
	2.65E-04
	-0.214

	fumarate
	6.521
	1.43E-02
	5.68E-02
	0.152

	tyrosine
	6.914
	3.47E-03
	1.89E-02
	-0.087

	phenylalanine
	7.329
	1.21E-03
	9.58E-03
	-0.155

	UMP
	8.105
	3.74E-03
	2.00E-02
	-0.193

	GTP
	8.139
	2.29E-03
	1.44E-02
	0.107

	ATP
	8.537
	2.06E-03
	1.34E-02
	0.242


Supplementary Table 18. Intracellular metabolites discriminating between KRASA146T /+ and KRAS+/+
















                   
1. FC: fold change













Supplementary Table 19. Intracellular metabolites discriminating between KRAS Q61H/+ and KRAS+/+
	[bookmark: _GoBack]Metabolite
	ppm
	p-values
	q-values
	log 2 FC1

	leucine
	0.966
	1.00E-06
	1.95E-04
	-0.582

	isoleucine
	1.009
	3.66E-05
	1.37E-03
	-0.441

	valine
	1.041
	6.05E-06
	4.74E-04
	-0.464

	lactate
	1.325
	6.01E-05
	1.83E-03
	-1.148

	threonine
	1.329
	5.74E-06
	4.62E-04
	-0.542

	alanine
	1.479
	4.53E-05
	1.56E-03
	-0.939

	succinate
	2.406
	7.29E-06
	5.25E-04
	-0.875

	glutamine
	2.44
	1.03E-07
	9.11E-05
	-1.175

	glutathione
	2.544
	1.67E-04
	3.72E-03
	-0.186

	creatine phosphate
	3.045
	3.46E-05
	1.34E-03
	-0.713

	choline
	3.208
	1.97E-02
	8.16E-02
	-0.185

	phosphocholine
	3.225
	3.00E-03
	2.41E-02
	-0.229

	glycerophosphocholine
	3.234
	1.81E-07
	9.76E-05
	-1.360

	glucose
	5.235
	2.35E-04
	4.72E-03
	-0.291

	UDP-N-acetylglucosamine
	5.513
	2.87E-05
	1.19E-03
	-0.223

	NAD
	6.050
	5.69E-03
	3.53E-02
	-0.103

	tyrosine
	6.914
	1.26E-05
	7.01E-04
	-0.196

	phenylalanine
	7.329
	2.94E-04
	5.46E-03
	-0.248

	UMP
	8.105
	4.04E-04
	6.81E-03
	-0.219

	ATP
	8.537
	1.28E-02
	5.97E-02
	-0.141

	AMP
	8.605
	4.52E-03
	3.08E-02
	-0.301


                 1. FC: fold change
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