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Supplementary figure 1

Carbon transition of enzyme reactions in vitro of (a) malic and (b) citric acid.
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Supplementary materials 1 MS spectra of EI-fragments of TMS derivatives

Natyral citric acid (4TMS)
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Natural a-ketoglutaric acid (1IMEOX and 2TMS)
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Nat%ural succinic acid (2TMS)

100; 147
(] ]
LC) 75 3
1] ]
2 w0
_g ]
< 25i55
b 247
0 MW‘“\‘6““\"1]6‘1\%9““‘\“‘]‘7\2““\H“\““‘\““\““\
50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0

[U-13C]succinic acid (2TMS)

100-] 73 147

() ]

o ]

c 75

© ]

2 s

> ]

2 % 5 299
oo M6 89 103 11813 | 116 gy 0% ]
50.0 75.0 100. 0 125.0 150. 0 175.0 200.0 225.0 250.0 275.0 300.0

m/z



Natural fumaric acid (2TMS)
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Natural malic acid (3TMS)
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Supplementary materials 2 MS spectra of EI-fragments of TBDMS derivatives

Natural citrate (4TBDMS)
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Natural a-ketoglutaric acid (1IMEOX and 2TBDMS)
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Natural succinic acid (2TBDMS)
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Natural fumaric acid (2TBDMS)
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Natural malic acid (3TBDMS)
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Supplementary materials 3 MS/MS spectra of CID-fragments of TMS derivatives

Nato/ural Citric acid (4TMS), precursor ion: m/z = 465
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Natnyral Citric acid (4TMS), precursor ion: m/z = 363
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Nat;JraI Citric acid (4TMS), precursor ion: m/z =273
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Natural a-ketoglutaric acid (1IMEOX and 2TMS),
precursor ion: m/z = 288
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Natural succinic acid (2TMS), precursor ion: m/z = 247
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Natural fumaric acid (2TMS), precursor ion: m/z = 245
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Natural malic acid (3TMS), precursor ion: m/z = 335
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Natural malic acid (3TMS), precursor ion: m/z = 233
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Supplementary materials 4 MS/MS spectra of CID-fragments of TBDMS derivatives

Natural citric acid (4TBDMS), precursor ion: m/z = 459
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Natural citric acid (4TBDMS), precursor ion: m/z = 357

10(%: 73 357
(] ]
8 75
© 1
-g 50
> ] 115 225
-<CE 25
o | 1 a3 3B
50 100 150 200 250 300 350 400 450 501

[1-13C]citric acid (4TBDMS), precursor ion: m/z = 358

0

T3
100+

o 358

e

S 226

c ]

5 115
25+

< 313
o6l | a7 qea 244 313 49| .

5 1 60 1 ‘50 260 Z%O 360 3%0 460 4%0 500

[5-13C]citric acid (4TBDMS), precursor ion: m/z = 358

o 10&; 3 358

8 75

(© ]

2 W 226

> ] 115

-<CE 25
o6l | 147 183 |44 88 |
50 160 1‘50 260 2‘50 360 3‘50 460 45‘0 500

[6-13C]citric acid (4TBDMS), precursor ion: m/z = 357
1 13

8 100 357

% 75+

©

g 50 295

0

<T 2] 1[5 [

3]3

0147183243341
50 1 60 1 5‘0 260 25‘0 360 35‘0 460 45‘0 500

[1,5-13C]citric acid (4TBDMS), precursor ion: m/z = 359

100—; 13 359
8 b
c
© ]
'g 50
] 2217
3 = 1{5 T
1 314
< 0:‘ T \“]‘84\“‘2‘4\5““\‘}“3‘4\?““\“‘ T T
50 100 150 200 250 300 350 400 450 500

[U-13C]citric acid (ATBDMS), precursor ion: m/z = 362

%
100 333

()]

O 75

c

©

© 504

c

S 277 362

Qo %7 73 1}5 I

< L w0 | sl
50 100 150 200 280 abo 3%0 abo 450 500

m/z

22



Natural a-ketoglutaric acid (1IMEOX and +2TBDMS),
precursor ion: m/z = 346
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Natural a-ketoglutaric acid (1IMEOX and 2TBDMS),
precursor ion: m/z = 156
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Nat%ural succinic acid (2TBDMS), precursor ion: m/z = 289
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Natural fumaric acid (2TBDMS), precursor ion: m/z = 287
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[U-13C]fumaric acid (2TBDMS), precursor ion: m/z = 291
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Natural malic acid (3TBDMS), precursor ion: m/z = 419
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[1-13C]malic acid (3TBDMS), precursor ion: m/z = 420
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[2-13C]malic acid (3TBDMS), precursor ion: m/z = 420

Abundance
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[3-13C]malic acid (3TBDMS), precursor ion: m/z = 420

Abundance
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[4-13C]malic acid (3TBDMS), precursor ion: m/z = 420

Abundance
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[U-13C]malic acid (3TBDMS), precursor ion: m/z = 423
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Natural malic acid (3TBDMS), precursor ion: m/z = 317

Abundance
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[1-13C]malic acid (3TBDMS), precursor ion: m/z = 317

Abundance
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[2-13C]malic acid (3TBDMS), precursor ion: m/z = 318
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[3-13C]malic acid (3TBDMS), precursor ion: m/z = 318

Abundance
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[4-13C]malic acid (3TBDMS), precursor ion: m/z = 318

Abundance
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[U-1%3C]malic acid (3TBDMS), precursor ion: m/z = 320
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