
Text S1: Model description

Model construction
We constructed a steady-state model to derive the fluxes of in vivo short-chain fatty acid (SCFA) production, interconversion and their uptake by the host from the measured isotope distribution patterns. Based on the reaction scheme in Figure 3B, a set of steady-state equations was constructed for all three SCFA tracer infusions, i.e. [1-13C]acetate, [2-13C]propionate and [2,4-13C2]butyrate. The steady-state model was solved in Excel, which uses the Generalized Reduced Gradient (GRG) Nonlinear Solver algorithm [1]. The model is based on the following assumptions. i) All total-mass fluxes (v’s below) are independent of the infusion. This is warranted by the use of tracer amounts of labeled SCFAs and moreover, the label distribution was measured at steady state. This then allowed combining the data from the three infusion experiments into one model to calculate the fluxes. ii) Two acetate molecules are used for the production of one butyrate molecule and two acetate molecules are produced from one butyrate molecule as shown previously by others [2,3]. The former is consistent with the detection of double-labeled butyrate in our dataset. Analogously, two propionate molecules are used for the production of one butyrate molecule and two propionate molecules are produced from one butyrate molecule. This assumption is supported by mass isotopologue distribution analysis (MIDA) algorithms as shown in our previous work [4] and again by the detection of double-labeled butyrate upon infusion of single-labeled propionate in this study. One acetate molecule is produced from one propionate molecule and vice versa one propionate molecule is produced from one acetate molecule, as indicated previously by others [5,6]. iii) All fluxes are considered to be equal or higher than zero and iv) each of the isotopologue concentrations of acetate, propionate and butyrate is at steady state.

The fluxes vA,0, vP,0 and vB,0 as depicted in Figure 3B in the main text are defined as the bacterial production fluxes from complex carbohydrates for acetate, propionate and butyrate, respectively. Similarly, the fluxes v0,A, v0,P and v0,B are defined as the host uptake fluxes for acetate, propionate and butyrate, respectively. The interconversion fluxes are defined as:
vB,A:
1 Acetate → ½ Butyrate












[1]
vA,B:
1 Butyrate → 2 Acetate













[2]
vB,P: 
1 Propionate → ½ Butyrate












[3]
vP,B:
1 Butyrate → 2 Propionate












[4]
vP,A:
1 Acetate → 1 Propionate












[5]
vA,P:
1 Propionate → 1 Acetate












[6]
Detailed reaction mechanisms are not considered and, therefore, chemical balances are not complete. There is steady state with respect to mass and isotope enrichment in Acetate (A), Propionate (P) and Butyrate (B). Therefore the sum of fluxes into and out of each pool is zero. The measured normalized mass isotopologue distribution (MID) for acetate is based on m0/z, m1/z and are represented as a0 and a1 such that a0 + a1 = 1. Analogously for propionate the measured MID is based on m0/z, m1/z and are represented by p0 and p1 with p0 + p1 = 1 and for butyrate the measured MID is based on m0/z, m1/z and m2/z and are represented by b0, b1, and b2 with b0 + b1 + b2 = 1. The normalized measured MID was corrected for natural abundance of 13C by multiple linear repression according to Lee et al. [7] to obtain the excess normalized MID, with A0 and A1 for acetate and A0 + A1 = 1, P0 and P1 for propionate and P0 + P1 =1 and B0, B1 and B2 for butyrate and B0 + B1 + B2 =1. According to the model the following mass balances can be written for acetate, propionate and butyrate during steady state in which vx are the fluxes corresponding to Figure 3B in the main text in mmol/kg/h. 
Acetate: 
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Propionate:  
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Butyrate: 
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[9]
in which vinf_A, vinf_P and vinf_B are the mass inflow rates due to infusion of acetate, propionate and butyrate, respectively. 
The mass balances and the normalized excess MID are used to formulate the mass balances for each of the mass isotopomers A0, A1, P0, P1, B0, B1 and B2 during the infusions of [1-13C]acetate (A0_A, A1_A, P0_A, P1_A, B0_A, B1_A, B2_A), [2-13C]propionate (A0_P, A1_P, P0_P, P1_P, B0_P, B1_P, B2_P) and [2,4-13C2]butyrate (A0_B, A1_B, P0_B, P1_B, B0_B, B1_B, B2_B).
All ordinary differential equations (ODEs) for mass isotopomers below are based on
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[10]
where X stands for either acetate, propionate or butyrate, i stands for the isotopologue (i.e. 0,1,2), j stands for the reaction and p for the probability of Xi involved in reaction j. 
Based on formula 10 we constructed in total 21 ODEs for the acetate, propionate and butyrate infusions.
[1-13C]Acetate infusion
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[2-13C]Propionate infusion
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[2,4-13C2]Butyrate infusion
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Objective function

The objective function was defined as 
[image: image26.wmf]2

]

[

å

÷

ø

ö

ç

è

æ

i

i

dt

X

d

 in which 
[image: image27.wmf]dt

X

d

i

]

[

 are all the time derivatives of all isotopic fractions of the three SCFAs and they were summed over the three infusion experiments. This objective function was minimized.

	
	Guar gum content (%)

	
	0
	5
	7.5
	10

	Objective function (mmol/h/kg)2
	3.95E-01
	3.59E-01
	3.50E-01
	3.68E-01


Alternative model
To check the stoichiometric assumptions we made for the propionate-butyrate conversion, we also constructed an alternative model with different stoichiometry and compared the objective function and the fluxes to the standard model for the different guar gum diets to validate if the correlation with the metabolic markers is still valid.
Alternative model

Instead of reactions [3] and [4]
1 Propionate → 1 Butyrate













[32]
1 Butyrate → 1 Propionate













[33]
	Guar Gum content
	0%
	5%
	7.5%
	10%

	Model
	Standard
	Alternative
	Standard
	Alternative
	Standard
	Alternative
	Standard
	Alternative

	Objective function
	3.95E-01
	3.95E-01
	3.59E-01
	3.86E-01
	3.50E-01
	3.59E-01
	3.68E-01
	3.68E-01

	vA,0
	1.54
	1.54
	4.20
	4.20
	7.09
	7.10
	9.46
	9.45

	vA,B
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	vA,P
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	v0,A
	1.47
	1.59
	4.23
	4.23
	7.40
	7.41
	9.08
	9.07

	vP,0
	0.54
	0.60
	1.21
	1.26
	2.97
	2.97
	4.73
	4.73

	vP,A
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	vP,B
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	v0,P
	0.57
	0.66
	1.31
	1.38
	3.12
	3.12
	4.91
	4.91

	vB,0
	0.11
	0.11
	0.16
	0.16
	0.31
	0.31
	0.41
	0.42

	vB,A
	0.11
	0.03
	0.14
	0.14
	0.32
	0.06
	0.47
	0.47

	vB,P
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	v0,B
	0.18
	0.18
	0.46
	0.46
	0.73
	0.73
	1.01
	1.01


Statistics

The principle of Maximum Likelihood Estimation (MLE) is used for the estimation of errors in the parameters. The computed likelihood function L is given by
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[34]
This likelihood function is optimized with respect to the different parameters in order to determine their errors [8].
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