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SI Notes

SI Note 1. Estimation of Diffusion Limits. We estimated the upper limits of rate constants for
intermolecular association (kon) by treating this process as a diffusion-limited reaction between
two uniformly reactive spheres. In brief, we used the Stokes-Einstein equation (Eq. S1) to

estimate diffusion coefficients (D) and the Smoluchowski expression (Eq. S2) to estimate rate

__ kpT
o 6nnr

(Eq. S1)

kOTl = 4‘7T(DA + DB)(TA + TB) (Eq 82)
constants based on those coefficients.! In Egs. S1-S2, kg is the Boltzmann constant, T is
temperature (300 K), 1 is the dynamic viscosity of water, r is the radius of a protein or ligand
(e.g., small-molecule substrate), and subscripts A and B denote distinct binding partners. We

estimated the radii of proteins and ligands from their volumes (i.e., we assumed a spherical

volume of 4/3*nr*), and we determined those volumes with the following steps: For proteins, we

MW

used Eq. S3, where MW is the molecular weight of the protein (Da), and V is its volume (nm?);
this empirical relationship assumes a partial molar volume of 0.73 cm?/g, a reasonable estimate
for a wide range of proteins.>* For ligands, we used the PhysChem module of the ACD/Labs

property prediction service (www.chemspider.com). Estimates of kon, thus determined, were

similar between different varieties of protein-protein or protein-ligand interactions (i.e., within
each class of interaction, the standard deviation of ko, was ~ 2%), so we used average values of
6.29 x 10? uM™! s°! for all protein-protein interactions and 1.65 x 103 pM-! s°! for all protein-

ligand interactions.
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SI Note 2. Titration Experiments with FabD and FabG. We validated our kinetic model by
comparing predicted trends in initial rates of fatty acid synthesis to previously reported
measurements of those rates. For this comparison, we used titration data for ACP, FabH, FabZ,
Fabl, FabF, and TesA (Figures 2-4) because these components have been observed to enhance or
inhibit fatty acid synthesis.* We did not examine similar data for FabD and FabG, in turn,
because the kinetic contributions of these enzymes are controversial and, thus, represent poor
observables for model validation. (For example, the results of an in vitro analysis suggest that
FAS activity is insensitive to changes in the concentrations of FabD and FabG,* but findings
from an in vivo study show that overexpression of FabD can increase fatty acid production in E.
coli).’> Nonetheless, to complete our titration studies, we examined the contribution of FabD and
FabG to FAS activity (Figure S5). Intriguingly, initial rates were insensitive to changes in the
concentrations of FabG (above very low concentrations) but showed a pronounced sensitivity to
FabD—a result consistent with both our sensitivity analysis (Figure 9) and the observed

influence of carbon flux, which is gated by FabD, on total production (Figure 5).

S3



SI Note 3. The Influence of Measurement Time and Substrate Concentration. For much of
our study, we examine total production and product distribution at 12.5 minutes. To determine
how this choice of measurement time affected observed trends in FAS outputs, we repeated the
analyses reported in Figures 6 and 7B at 2.5 and 25 minutes. Interestingly, total production
differed by ~fivefold between these time points, but general trends in production and chain
length remained similar between them (Figures S6, and S8). The consistent trends exhibited at
2.5, 12.5, and 25 minutes suggest that differences in outputs of various FAS compositions—at
least within the 2.5- to 25-minute span of times—result from differences in the steady-state
kinetics of fatty acid production, not from differences in production at early or late time points
(i.e., discrepancies that would grow or diminish with sample time).

Substrate concentrations represent another possible source of bias in our kinetic analysis.
For our study, we chose substrate concentrations (0.5 mM for malonyl-CoA and 0.5 mM for
acetyl-CoA) based on physiologically relevant FAS compositions examined by Khosla and
colleagues.* To determine how the choice of concentrations affected observed trends in FAS
outputs, we repeated the analysis of Figure 6 at different concentrations of malonyl-CoA and
acetyl-CoA (Figure S7). To our satisfaction, trends in production and chain length remained

similar across different substrate concentrations (within a reasonable range of concentrations).
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Michaelis-Menten Kinetics:

[E] + [S] <53 [ES] =5 [E] + [P]

_ k—1tkcar
Ky = B
1

Competitive Inhibition: Mixed Inhibition:

[E] + [11 S [ET] [E] + [1] & [ET]
[E¥] + [1] <2 [E*1]

Activation®:

[E] + [51 3 [ES] < [E] + [P]

[AES] X% [4E] + [P]

[E] + Hé[]

[E] + HH[]

[AE] + [S ] [AES]

[ES] + [4] <5 [4ES]

Figure S1. Kinetic models. We reference these models in the main text and supporting

information.
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Figure S2. Analysis of TesA kinetics. (A) We estimated values of kcar and Kv for TesA-

catalyzed hydrolysis of acyl-CoAs by fitting a Michaelis-Menten model (solid lines) to

previously reported kinetic data (filled circles; Table S2).” (B) Values of kcat determined from fits

described in A (filled circles) or an extrapolation of those fits (open circles). We estimated values

of keat for Cig and Cyo acyl-CoAs by extrapolating the linear trend exhibited by values of keat for
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C10-Ci6 acyl-CoAs (1> = 0.943); we estimated a keat for C4 acyl-CoA, in turn, by averaging the
keat’s of Cs-Cio acyl-CoAs. (C) Values of Ky determined from fits described in A (filled circles)
or an extrapolation of those fits (open circles). Values of Ky for Cs-Ci6 acyl-CoAs fit well to a
second-order polynomial (r> = 0.97), so we used this polynomial to estimate values of Ky for Cs,
Cis, and Cyo acyl-CoAs. (D) Values of In(Kq) determined from Ky’s described in C (filled
circles) or an optimization of our kinetic model (open circles). For C4-Ci2 acyl-CoAs,
experimentally derived and model-based estimates of In(Kq4) overlap with one another. (E) Initial
rates of TesA-catalyzed hydrolysis of p-nitrophenyl-butyrate (pNP4) in the presence of
increasing concentrations of ACP. Lines represent fits to an activation model (Table S3), which

allowed us to estimate a Kq4 for the ACP-TesA complex (i.e., Kx in Figure S1).
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Figure S3. Analysis of FabH inhibition. We modeled inhibition of FabH by acyl-ACPs by using

previously reported kinetic measurements.® (A-B) To begin, we fit a kinetic model of FabH-

catalyzed condensation of acetyl-CoA and malonyl-CoA (lines 3 and 4 in Table 1, open circles)
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to initial rates of condensation (filled circles) determined at different concentrations of (A)
acetyl-CoA and (B) malonyl-CoA. (C-D) We fit a model for competitive inhibition to initial
rates determined in the presence of varying concentrations of Cis-ACP and (C) acetyl-CoA or
(D) malonyl-CoA; that is, we fit only K11 and Ki as defined in Table S1 and retained the kinetic
parameters determined in A-B. (E) We estimated length-specific values of K1 and Kj», in turn,
by fitting them to measurements of initial rates made in the presence of acyl-ACPs of different
lengths (“NA” indicates an initial rate determined in the absence of acyl-ACPs). Table S4 shows
estimates of kosr and kon based on our initial fit to this data, and Table S7 shows the final

inhibition parameters of our optimized model.
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Figure S4. Analysis of FabZ kinetics. (A-B) The ratio of B-hydroxyacyl-ACP to enoyl-acyl-ACP

generated by modeled FASs (1 uM of each Fab, 10 uM TesA, 10 uM holo-ACP, 1 mM NADPH,
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1 mM NADH, 0.5 mM malonyl-CoA, and 0.5 mM acetyl-CoA, 12.5 min) with varying

concentrations of FabZ. In both (A) the base model and (B) the model in which we reduced the
keat of FabZ by tenfold, this ratio is high, relative to the ratio expected at equilibrium (~4:1).° (C)

FabZ enhances rates of fatty acid synthesis until (D) concentrations of enoyl-acyl-ACP cease to

increase.
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Figure SS5. Titration of FabD and FabG. (A-B) Initial rates of fatty acid synthesis exhibited by
reconstituted FASs (1 uM of each Fab, 10 uM TesA, 10 uM holo-ACP, 1 mM NADPH, ImM
NADH, 0.5 mM malonyl-CoA, and 0.5 mM acetyl-CoA, 2.5 min) with varying concentrations of
(A) FabD and (B) FabG. Rates are highly sensitive to FabD, but not FabG, a result consistent

with our sensitivity analysis (Figure 9).
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Figure S6. The influence of measurement time on compositional effects. (A-B) Ternary
diagrams show total production (left) and average length (right) of fatty acids generated by
modeled FASs (1 uM of each Fab, 10 uM holo-ACP, 1 mM NADPH, 1 mM NADH, 0.5 mM
malonyl-CoA, 0.5 mM acetyl-CoA) in which ratios of FabH, FabF, and TesA vary (i.e., [FabH]+
[FabF]+[TesA] = 12 uM). (A) 2.5 minutes and (B) 25 minutes. Compositions with low
concentrations of FabF show disproportionately low fatty acid production at 2.5 minutes (i.e., in
the diagram on the upper left, the lower right is blue); general trends across the diagrams,
however, remain similar between measurement times and, thus, appear to reflect differences in

the steady-state kinetics of fatty acid production between compositions.
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Figure S7. The influence of substrate concentration on compositional effects. (A-B) Ternary
diagrams show the total production (left) and average length (right) of fatty acids generated by
modeled FASs (1 uM of each Fab, 10 uM holo-ACP, 1 mM NADPH, and ImM NADH at 12.5
min) in which ratios of FabH, FabF, and TesA vary (i.e., [FabH]+ [FabF]+[TesA] = 12 uM).
Patterns are similar for (A) 500uM of malonyl CoA and 500uM acetyl-CoA and (B) 2500uM
malonyl CoA and 2500uM acetyl-CoA; they, thus, appear to be independent of substrate

concentration (within a reasonable range of concentrations).
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Figure S8. The influence measurement time on the thioesterase-dependence of FabF
concentration. (A-C) Total fatty acid production generated by modeled FASs (1 uM of each Fab,
10 uM TesA, 10 uM holo-ACP, 1 mM NADPH, 1 mM NADH, 0.5 mM malonyl-CoA, 0.5 mM
acetyl-CoA) with varying concentrations of FabF at (A) 2.5, (B) 12.5, and (C) 25 minutes. The
consistency of trends across time points suggests that these trends result from differences in the
steady-state kinetics of fatty acid production, not from differences in production at early or late

time points (i.e., discrepancies that should change with sample time).
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Figure S9. Analysis of plant-derived thioesterases. (A) Relative titers (i.e., palmitic acid

equivalents) of fatty acids generated by strains of E. coli containing different thioesterases;'%!!

we normalized each titer by the titer of the TesA-containing strain. (B-D) Approximate product

distributions generated by strains containing (B) BfTES, (C) CpFatB1, and (D) UcFatB; we
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normalized each plot by total production.!" We note: The reported product profiles of all strains'!
showed low concentrations of off-target fatty acids (e.g., Cio, Ci2, Ci4, Ci6, and Cis for BfTES);
however, these low concentrations—and their consistency across different thioesterase-
containing strains—suggest that they arise from nonspecific background activities. Accordingly,
panels B-D show only products close in length to the thioesterase-specific products (i.e., those
most likely to be “true” off-target products of the thioesterases under study). For A-D, we
prepared the model profiles by optimizing thioesterase-specific compositions to A (see main

text); Table S8 shows the final optimized kinetic parameters for plant-derived thioesterases.

S16



—ay —byp —bgp —c d
—a; — by ¢y — dy 1 12 32 22 1

—apy —byzg — bz —Cxy3 —dy
A) 82 32 c2 d B —ag — Db Ci —Cy —e
—ag ~— by —C ~—€ ) — byq b3+ Coqy — C3
15 15
s 1 s 1
2 124 \/\ 2 124
[0} [0} /\————
- B | o
< <
w o ©7 w67
w | w |
c T~ ———————= c \f’\__’_
3 34 —_—— ~ 3 34
s i e s
e — _— —
Or——F—— 71— T T 0+ T T T
0 260 520 780 1040 1300 1560 0 400 800 1200 1600 2000 2400
C) Number of Model Evaluations D) Number of Model Evaluations
40
S— 60
C \//__ - ]
% 304 ]
Q —
o 20 a
w
w ] w
g % 204 —_ — S ——=—]
o 10+ = ] TS—— —
= = | N\
0 T T T T T 0
0 260 520 780 1040 1300 1560 0 400 800 1200 1600 2000 2400
Number of Model Evaluations Number of Model Evaluations
E F
) 5x10° ) 5x10°
o 4x10%4 o 4x10%4
2 2
© ©
& 3x10° & 3x10°
(@] (@]
w w
W 241054 W 2x1054
j = j =
g g
= 1x10° = 1x10°
0 T T T T T 0 T T T T T
0 260 520 780 1040 1300 1560 0 400 800 1200 1600 2000 2400
Number of Model Evaluations Number of Model Evaluations

Figure S10. Analysis of the convergence of elementary effects (EE). (A-F) We ensured
convergence of elementary effects by examining estimates determined from different numbers of
model evaluations. In brief, (1) we determined the total number of evaluations (N) necessary to
carry out sensitivity analyses of the kinetic model (A, C, and E) and the expanded version of that
model (B, D, and F) by multiplying the number of trajectories (r, the number of initial points

used to calculate the elementary effect) by the number of model variables (M) plus one (i.e., N =

S17



r¥*[M+1] = 100*[12+1] or 100*[19+1]). (i1)) We estimated the mean elementary effect for each
trajectory (i.e., collection of 100 points). (iii) We averaged the mean elementary effects
estimated from different subsets of trajectories chosen at random among all subsets (e.g., 20, 40,
60, 80, 100 trajectories for each model). The figures show the results of our sensitivity analysis
of three objectives: (A-B) average length, (C-D) total production, and (E-F) a fitting objective
sensitive to both length and total production (i.e., Obja, the product of the sums of squared errors

between predicted and measured trends in Figures 2A and 2B; see Materials and Methods).
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Table S1. Mechanisms of Inhibition.

FabH

o)
FabH + ACP\SW>

FabG

FabZ

Fabl

FabF

TesA

—..
—_
n koff-FabH-Inh-Z
Acyl-ACP
0 kon-FabH-Inh-3
FabH* + Acp. —
SW >n koff-FabH-Inh-3
Acyl-ACP
kon—FabG—Inh
+ ACP # FabG - ACP
koff—FabG—Inh
kon-FabZ-Inh
+ ACP ———— FabZ - ACP
koﬁ‘-FabZ-Inh
kon—FabI—Inh
+ ACP ————— Fabl - ACP
koff—FabI—Inh
kon—FabF—Inh
+ ACP ——— FabF - ACP
koﬁ‘—FabF—Inh
kon-TesA-Inh
+ ACP : TesA * ACP
off-TesA-Inh

kon-FabH-Inh-‘l

+ ACP = FabH

kof‘f—FabH-Inh-1

kon-FabH-Inh-2

0
FabH - ACP\SW)

*ACP refers to holo-ACP.
“FabD", FabH", and FabF" represent refer to acyl-enzyme intermediates.

**In our analysis of FabH inhibition (Fig. S3), we defined values of K11 and Ki2 (Fig. S1) as follows:

- ACP

Acyl-ACP

O

FabH*- ACP\SW)

Acyl-ACP

K11 = Koft-FabH-mnh2/Kon-FabH-inh2 and Ki2 = Koff-FabH-inh-3/Kon-FabH-Inh-3.
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Table S2. Kinetic Parameters for TesA-Catalyzed Hydrolysis of Acyl-CoAs.

Enzyme Substrate Kecat (1/8) Km (M) Ka (M)
TesA Cs-CoA 5.50 1090 294
TesA Cs-CoA 11.1 345 53.0
TesA Cio-CoA 1.71 27.3 14.8
TesA Ci2-CoA 27.3 111 7.15
TesA Ci14-CoA 49.5 265 4.0
TesA Ci6-CoA 108 642 2.25

*Ci-CoA refers to acyl-CoA with i carbons in its acyl chain.
*Parameters determined from the fit described in Fig. S2A.

Table S3. Kinetic Parameters for ACP-Mediated Inhibition of TesA.

Parameter Value Units
Ka 308.6 uM

Kx 8.96 uM

a 0.862 unitless
B 1.654 unitless
kcat 3.97 S'1

*Parameters determined from the fit described in Figure S2E.
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Table S4. Estimates of Kinetic Parameters.

Enzyme Parameter Model Label Value Units Source

FabD KM-mCoa N/A 6.0 E1 puM 12

FabD Kon-mCoa k2 1f 1.33 E-3 uM's?  Estimate from K*

FabD Koff-mCoa k2 1r 8.0 E-2 s! 134

FabD K¢ FabD* k2 2f 1.58 E3 s! Estimate from FabD
kcat***

FabD Kr-Fabp* k2 2r 1.0 E-2 pM gt ek

FabD Kwm-acp N/A 3.51 E-1 mM 14

FabD Kon-acp k2 3f 5.02 E-2 uMt st 1

FabD Kofr-acp k2 3r 2.17 E-2 s 19

FabD Kerabp*ace k2 4f 1.58 E3 s! Estimate from FabD
kcat***

FabD KiFabD*ACP k2_41‘ 1.0 E-2 MM_I S1 *okkx

FabD Keat keat2 1.58 E3 s 1

FabH KM-aCon N/A 4.0 EIl uM 16

FabH Kon-aCo k3 1If 2.0 E-3 uM' st Estimate from Ky*

FabH Koff-aCoa k3 Ir 8.0 E-2 s! Pk

FabH K¢ FabH+ k3 2f 1.58 E3 s! Used k¢rabp+ from FabD

FabH Kr_Fabh* k3 2r 1.0 E-2 pM gt ek

FabH KnM-macp N/A 5.0 EO puM 16

FabH Kon-mAcp k3 3f 5.02 E-2 uM's?  Used konace from FabD

FabH Koff-mAcp k3 3r 2.17 E-2 s! Used kofracp from FabD

FabH Kon-acp Kon-1-1 2.41E-05 uM ! gt B hisstudy

FabH Kotr.Acp Kot1-1 2.17E-02 s R

FabH Kon-c(a-20)acp Kon-1-2, c(a-20) 3.09E-1 uM! st 8, this study

FabH Kofr.ca-12acp Koft12,ca-12)  1.34E3 5! 8, this study

FabH Kotr-craacp Kotr1-2, c1a 2.55E2 s! 8. this study

FabH Kott.c16acp Kott12, c16 2.99E2 s R

FabH Kotr-cisacp Kofr1-2, c18 7.77E1 s! 8. this study

FabH Kotr.c20acp Koff1-2, c20 3.98E1 s R

FabH Kon-c(4-20)AcP-Fabh*  Kon-1-3, C(4-20) 1.55E0 pM ! g 8 thisstudy

FabH Koff-c4-12aCP-Fabh*  Koff1-3, C(4-12) 3.67E1 s! 8, this study

FabH Koff-C14ACP-FabH* Koft-13, 14 4.67E1 57! 8, this study

FabH Koff.c16ACP-FabH* Kotr13, c16 1.17E1 s R

FabH Koff-c18ACP-FabH* Kofr1-3, c18 1.32E1 s! 8. this study

FabH Kotr.coocacprabi  Kofr13, c20 3.89E0 s R

FabH Keat kcat3 3.13 E0 57! 17

FabG KM-NADPH N/ A 1.0 E-2 mM L

FabG Kon-NADPH k4 1f 1.54 E-3 uM™' s Used Konnapu from Fabl

FabG Koft-NADPH k4_11‘ 7.93 E-2 S'1 Used kofenapu from Fabl

FabG KM.ﬁkaAcp N/A 1.70 E-2 mM 19

FabG Kon-pkaacp k4 2f 1.28 E-3 uM' st Estimate from Ky*

FabG Kof-graace k4 2r 2.17 E-2 s! Used kofracp from FabD

FabG Keat kcatd 5.90 E-1 s 8

*Here, we used Eqgs. 1 and 2 from the main text.
**For these estimates, we used a measured value of ko for the complex between Cs acyl-CoA and Fabl.
***To clarify, we used keat as an order-of-magnitude estimate of the forward acyl-transfer constant.
****For this estimate, we assumed a rate constant approximately tenfold higher than kon-mcoa.
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Table S4 (cont.). Estimates of Kinetic Parameters.

Enzyme Parameter Model Label Value Units Source

FabZ KM-phaace N/A 5.60 E1 uM 20

FabZ Kon-ghaacp kS 1f 3.88 E-4 uM! st Estimate from Kn*

FabZ Koff-phaacp k5 1r 2.17 E-2 s! Used Kor.acp from FabD

FabZ Keat kcat5 2.72 E-1 s ’

Fabl K1 NADH N/A 2.0 E-2 mM 21

Fabl Kon1 NADH k6 1f 1.54 E-3 uM! st 13

Fabl koff_I_NADH k6_11‘ 7.93 E-2 S'1 1

Fabl KM—eacACP N/A 2.0 E-2 mM 2

Fabl Kon-eacACP k6 2f 1.09 E-3 uM! s Estimate from Kp*

Fabl Koff-cacACP k6_21‘ 2.17 E-2 S'1 Used kofeacp from FabD

Fabl Keat kcat6 4.0 EO s! =

TesA Kon-CaacACP k7 1f-C4 4.59 E-3 uM! s 7. this study

TesA Kon-cacacp k7_1 -C6 7.38 E-3 |.J.1\/I_1 S_1 o DTt

TesA Kon-C8acACP k7 1£-C8 4.10 E-2 uM! st 7. this study

TesA Kon-Cl0acAcP k7_1 -C10 1.47 E-1 |.J.1\/I_1 S_1 7 (DTS

TesA Kon-C12acACP k7 1f-C12 3.03 E-1 uM! s 7 this study

TesA Kon-Cl4acAcP k7_1 -C14 5.42 E-1 |.J.1\/I_1 S_1 7 (DTS

TesA Kon-C16acacp k7 1f-C16 0.96669 uM!' s 7. this study

TesA Kon-C18acACP k7_1 -C18 1.73 EO |.J.1\/I_1 S_1 7 (DTS

TesA Kon-c20acACP k7_1f-C20 3.08 EO MM_I S_1 7, this study

TesA Koff- acACP k7 1r 2.17E0 s! %

TesA Keat-c4 kcat7-C4 6.13 E0O s! 7. this study

TesA Keat-cs kcat7-C6 5.50 EO s! TSy

TesA Keat.cs kcat7-C8 1.12 E1 5! 7. this study

TesA Keat-c10 kcat7-C10 1.71 EO s! Tty

TesA Kearc12 keat7-C12 2.73 El s 7, this study

TesA Keat-c14 kcat7-C14 495 El s! Tty

TesA Keat-C16 kcat7-C16 1.08 E2 gl 7, this study

TesA Kear-c1s kcat7-C18 1.32 E2 s! Tty

TesA Keat-c20 kcat7-C20 1.66 E2 gl 7, this study

FabF KM-F acAcP N/A 1.40 E-2 mM 24

FabF Kon-F acAcp k8 1f 1.55 E-3 uM! st Estimate from Kn*

FabF Koff-F acAcp k8 1Ir 2.17 E-2 s! Used Kor.acp from FabD

FabF KfwdFabF* k8 2f 1.58 E3 s! Used Kpabp from
FabD***

FabF KrvsrabF* k8_21' 1.0 E-2 uM'l gl ok ok ok

FabF KMF macp 8.20 E-3 mM 25

FabF Kon-F macP k8 3f 2.65 E-3 uM! s Estimate from Kp*

FabF Koft-F macp k8 3r 2.17 E-2 57! Used Ke.pabp from
FabD***

FabF Keat kcat8 2.90 E-2 s! 3

*Here, we used Egs. 1 and 2 from the main text.

**For these estimates, we used a measured value of ko for the complex between Cs acyl-CoA and Fabl.
*#*To clarify, we used keat as an order-of-magnitude estimate of the forward acyl-transfer constant.
****For this estimate, we assumed a rate constant approximately tenfold higher than kon-mcoa.
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Table S5. Ranges of Kinetic Parameters.

Enzyme Parameter Value Units Source Source (high)
(low)

FabD Kmmcoa ~ 6.0E1 —2.50E2 uM 12 5

FabD Kon-mCoA 1.28E-3 — 1.85E1 uM! 7! 13 26, this study*

FabD Koftmcoa  8.0E-2 —1.11E3 s = Calculated from
maximum Ky, and Kon

FabD kf-FabD* 934E-4 . 520E3 S-l 14,26,27 12,26, this study*

FabD Kr-Fabp* 1.28E-3 — 1.85E1 LY = 18, it il

FabD Km-acp 4.0E1 - 3.51E2 uM 12 14

FabD Kon-Acp 5.02E-2 — 3.70E0 uM-! s 1 o Gl

FabD Koft-ACP 2.17E-2 — 1.30E3 st 15 Calculated from
maximum K, and kon

FabD kfFabD*ACP 9.34E-4 — 5.20E3 S-l 14,26,27 12,26, this study*

FabD Kirabp*acpr  1.28E-3—3.70E0 uM! 7! 13 1, this study*

FabD Keat 4.67E-4 — 2.60E3 s! el 12

FabH KM-acoa 4.0E1 - 6.0E1 uM 16 12

FabH Kon-acoA 1.28E-3 — 1.87E1 LY = 18, it il

FabH Koff-acon  8.0E-2 — 1.12E3 st 13 Calculated from
maximum K, and kon

FabH kf—FabH* 9.34E-4 — 5.20E3 S-l 14,26,27 12,26, this study*

FabH Kr-FabH* 1.28E-3 — 3.70E0 uM-! 7! 13 1, this study*

FabH KM-macr  5.0E0 —2.0E1 uM 16 12

FabH Kon-mAcp 5.02E-2 - 3.70E0 uM-! 7! 15 1, this study*

FabH Koftmacp  2.17E-2 — 7.40E1 s 1 Calculated from
maximum Ky, and Kon

FabH Keat 2.7E-1 —4.71E1 st 16 12,17

FabG Km-nappn  1.0E1 uM 18 N/A

FabG Kon-nappa ~ 1.54E-3 —2.16E1 uM! 7! 13 26, this study*

FabG Koftnappn ~ 7.90E-2 — 2.16E2 s = Calculated from
maximum Ky, and Kon

FabG Kwm-praace  3.60E0 — 7.50E1 uM 19 18

FabG Kon-pkaace  5.02E-2 —3.70E0 uM-! s 1 o Gl

FabG Koft- paacp  2.17E-2 — 2.78E2 st 15 Calculated from
maximum K, and kon

FabG Keat 1.40E-2 — 2.65E2 s! 1 &

FabZ Kon-phaace  5.02E-2 —3.70E0  puM' 5! 15 1, this study*

FabZ Koft- praacp  2.17E-2 — 2.07E2 s7! 15 Calculated from
maximum Ky, and Kon

FabZ Keat 7.80E-2 — 7.20E1 sl 20 9,29

*We used the diffusion calculations described in SI Note 1.
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Table S5 (cont.). Ranges of Kinetic Parameters.

Enzyme Parameter Value Units Source Source (high)
(low)

Fabl Kwmi nappn 2.0E1 —5.16F1 M 21 13

Fabl Kon-1 NapPH ~ 1.54E-3 — 2.16E1 uM! 7! 13 26, this study*

Fabl Kottt NappH 7.93E-2 — 2.16E-1 st 13 Calculated from
maximum K, and kon

Fabl KM-ecacace  3.0E1 — 6.25E1 uM 21 13

Fabl Kon-cacace  5.02E-2 — 3.70E0 uM! st = L, 180 By

Fabl Koff- cacacr  2.17E-2 —2.31E2 57! 15 Calculated from
maximum K, and kon

Fabl Keat 2.50E-1 — 1.30E2 s! 21,30 3

TesA  Kwm-ci6acace 4.0E0 — 1.09E3 uM 32 7

TesA Kon-acace  5.02E-2 —3.70E0 uM! st 15 inIOeI

TesA Koff-acacp  2.17E-2 — 4.04E3 57! 15 Calculated from
maximum K, and kon

TesA Keat-c16 8.0E-3 — 1.08E2 s! 33 7

FabF KM—FiacACP 8.20E0 —4.0E1 },LM 2 24

FabF Kon-F acace  5.02E-2 —3.70E0 uM-! ! 15 I, this study*

FabF Koft-F acace  2.17E-2 — 1.48E2 st 15 Calculated from
maximum K, and kon

FabF kfwdFabF* 9.34E-4 — 5.20E3 S-l 14,26,27 12,26, this study*

FabF  kewwr  1.28E-3-370E0  pMls!l 13 L this study*

FabF Kmr macr  8.2E0 —4.0E1 M = A

FabF Kon-F mace  5.02E-2 —3.70E0 uM! 7! 15 1, this study*

FabF KoftF mace  2.17E-2 — 1.48E2 st 15 Calculated from
maximum K, and kon

FabF Keat 2.9E-2 — 5.51E2 57! 25 34

*We used the diffusion calculations described in SI Note 1.
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Table S6. Optimized Scaling Parameters for the Kinetic Model.

Parameter Description” Estimated Optimized
Range™” Value™
a; Scales kofr for 1-4 1EO to 1.4E4 4.498 E3
az Scales kofr for acyl-ACPs for 5-11 1EO to 1.28E4 1.586 E1
as Scales kofr for 12 1EO to 1.86E5 4319 E3
b1 Scales k; for 1-3 and 10 0.128 to 3.7E2 2.474 E1
b2 Scales K¢q for acyl transfer in 1 2.46E-7 to 5.277 E-2
1.98E3
bs Scales Keq for acyl transfer in 2, 3, 10 2.46E-7 to 8.541 E-2
3.96E2
c1 Scales kcat for 4 1E-3 to 1.5E1 1.651 EO
C2 Scales keat for 6,7, 9, 11 1E-2 to 2.4E2 8.794 E1
3 Scales keat for 12 7.45E-5 to 1EO 1.902 E-2
di Substrate specificity of TesA; see Eq. 3 -5E-1 to SE-1 -2.897 E-1
in main text.
d Substrate specificity of TesA; see Eq. 3 0to 1E1 5.443 EO
of main text.
e Scales inhibition of (i) FabH/ F by holo- 1EO to 9E2 2.872 E1l

ACPS and (i1) FabH by acyl-ACPs.

*The numbers in these descriptions correspond to reactions in Table 1.

**We determined these ranges from the ranges of associated scaled parameters described in Table SS5.

***We determined these parameters by optimizing our kinetic model.
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Table S7. Optimized Binding Parameters for ACPs and Acyl-ACPs.

Enzyme Substrate Kp (uM) Kon (UM s1)  Kogr (s)
FabH ACP 3.14E1 6.92E-4 2.17E-2
FabH Cs/ Co/ Cs/C10-ACP  1.51E2 3.09E-1 4.66F1
FabH Ci2-ACP 1.51E2 3.09E-1 4.66E1
FabH Ci14-ACP 2.87E1 3.09E-1 8.87E0
FabH Cis-ACP 3.37E1 3.09E-1 1.04E1
FabH Ci3-ACP 8.76E0 3.09E-1 2.70E0
FabH Ca0-ACP 4.48E0 3.09E-1 1.38E0
FabH* Cs/ Co/ Cs/C10-ACP  8.24E-1 1.55E0 1.28E0
FabH* Ci2-ACP 8.24E-1 1.55E0 1.28E0
FabH* Ci14-ACP 1.05E0 1.55E0 1.63E0
FabH* Cis-ACP 2.63E-1 1.55E0 4.08E-1
FabH* Ci3-ACP 2.95E-1 1.55E0 4.58E-1
FabH* Ca0-ACP 8.74E-2 1.55E0 1.36E-1
TesA holo-ACP 9.00E0 2.41E-3 2.17E-2
FabG holo-ACP 9.00E0 2.41E-3 2.17E-2
FabZ holo-ACP 9.00E0 2.41E-3 2.17E-2
Fabl holo-ACP 9.00E0 2.41E-3 2.17E-2
FabF holo-ACP 3.14E-1 6.92E-2 2.17E-2

*ACP refers to holo-ACP; Ci-ACP refers to an acyl-ACP with i carbons in its acyl chain.
*We determined these parameters by optimizing our kinetic model.
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Table S8. Optimized Kinetic Parameters for Various Thioesterases

Enzyme Substrate Kecat (1/8) Kp (uM)
BfTES C4-ACP 2.35 1.45
BfTES Ces-ACP 1.70 2.62
BfTES Cs-ACP 1.05 4.73
BfTES Cio-ACP 0.40 8.53
CpFatB1 Cs-ACP 0.105 274
CpFatB1 Cs-ACP 2.77 0.989
CpFatB1 Ci0-ACP 0.033 13.8
UcFatB Cio-ACP 0.105 274
UcFatB Ci2-ACP 1.37 3.52
UcFatB Ci4-ACP 0.033 13.8

*Ci-ACP refers to an acyl-ACP with i carbons in its acyl chain.
“We determined these parameters by optimizing our kinetic model.
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Table S9. Sensitivity Analysis of Scaling Parameters.

Objective Parameter Min Max EEMean EESD Mean/SD
Avg. Length d> 0 10 11.34 3.40 0.30
Avg. Length di -0.5 0 7.08 2.64 0.37
Avg. Length C2 1 240 4.16 10.42 2.50
Avg. Length C3 1.00E-03 0.1 3.71 4.18 1.13
Avg. Length e 0.1 200 2.61 2.86 1.10
Avg. Length b 1 100 1.89 2.57 1.36
Avg. Length bs 1.00E-03 0.1 1.18 1.13 0.96
Avg. Length C1 0.1 15 0.97 1.82 1.87
Avg. Length b2 1.00E-03 0.1 0.89 091 1.02
Avg. Length aj 100 10000 0.65 0.60 0.92
Avg. Length a 1 100 0.30 0.36 1.21
Avg. Length as 100 10000 0.11 0.32 2.91

Production C2 1 240 32.56 72.69 2.23
Production b 1 100 32.23 49.22 1.53
Production bs 1.00E-03 0.1 22.28 25.47 1.14
Production d> 0 10 20.00 22.60 1.13
Production b2 1.00E-03 0.1 17.94 19.36 1.08
Production di -0.5 0 17.03 28.11 1.65
Production a 100 10000 16.08 17.82 1.11
Production Ci 0.1 15 12.81 46.01 3.59
Production c3 1.00E-03 0.1 9.19 15.85 1.72
Production e 0.1 200 4.98 6.70 1.35
Production as 100 10000 1.10 7.89 7.16
Production az 1 100 0.39 0.49 1.26
Obja d> 0 10 4.29E05 5.39E05 1.26
Obja di -0.5 0 3.28E05 4.40E05 1.34
Obja bs 1.00E-03 0.1 1.97E05 3.59E05 1.82
Obja b 1 100 1.69E05 3.32E05 1.96
Obja c3 1.00E-03 0.1 1.69E05 2.28E05 1.35
Obja C2 1 240 1.64E05 3.29E05 2.01
Obja b2 1.00E-03 0.1 1.59E05 2.70E05 1.70
Obja e 0.1 200 1.39E05 2.15E05 1.55
Obja aj 100 10000  1.15E05 1.57E05 1.37
Obja C1 0.1 15 8.90E04 2.07E05 2.33
Obja as 100 10000  1.62E04 1.03E05 6.34
Obja az 1 100 5.55E03 6.92E03 1.25

“This table shows the mean elementary effects used to generate Figure 9A.
**Obja is described in Materials and Methods.
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Appendix 1. Model Equations”

Eq. S4
[FabD] = [FabD],; — [FabD - Malonyl-CoA] — [FabD*] — [FabD* - ACP]
Eq. S5
[FabH] = [FabH],, — [FabH - Acetyl-CoA] — [FabH*] — [FabH* - Malonyl-ACP]
10 10
— ) [FabH " C,, Acyl-ACP] — ) [FabH* - C,, Acyl-ACP] — [FabH - ACP]
n=2 n=2
10 Eq. S6
[FabG] = [FabG]ye; — [FabG - NADPH] — Z[FabG- NADPH - C,,,p-ketoacyl-ACP]
n=2
— [FabG - ACP]
10 Eq. S7
[FabZ] = [FabZ],y, — Z [FabZ - C,, B-hydroxyacyl-ACP] — [FabZ - ACP]
n=2
L0 Eq. S8
[Fabl] = [Fabl],,; — [Fabl - NADH] — Z [Fabl - NADH - C,,,Enoylacyl-ACP] — [Fabl - ACP]
n=2
10 Eq. S9
[TesA] = [TesAlior — Z[TesA- C,nacyl-ACP] — [TesA - ACP]
n=2
0 0 Eq. S10
[FabF] = [FabF],,, — Z [FabF - C,,acyl-ACP] — Z[CZnFabF*]
n=2 n=2
10
— Z [C,, FabF* - Malonyl-ACP] — [FabF - ACP]
n=2
d[Acetyl-CoA] Eq. S11
T = koff—aCoA [FabH " Acetyl-COA] - kon-aCoA [FabH] [Acetyl'COA]
d[ACP] Eq. S12
T Kogr.acp[FabD* - ACP] — ko acp[FabD*][ACP]
10 10
+ kcatTesA,CZn [TeSA ’ CZnACyl'ACP] + l(f-FabF* [FabF] [CZnACyl'ACP]
n=2 n=2
10
- Z Kr_pabr+[C2n FabF*][ACP] + Kot papi-imn-1 [FabH - ACP]
n=2
— Kon-Fabt-inh-1 [FAbH][ACP] + Kot papGmn [FabG - ACP]
= Kon-FabG-1nh [FADG][ACP] + Ko pabz-1an [FabZ - ACP] — Kon_papz-1nn [FabZ][ACP]
+ Koff-Fabl-mn [Fabl - ACP] — Ko pap1-inn [FabI][ACP] + Ko resa-imn [T€SA - ACP]
— Kon-Tesa-inn [T€SA][ACP] + Ko pappinn [FabF * ACP] — ko _pabp.inn [FabF][ACP]
d[NADPH] Eq.S13
—a Kost.nappu[FabG - NADPH] — ko, nappu[FabG][NADPH]

*Legend: In these equations, ACP refers to holo-ACP. For Eq. S20, n = 3-10; for Eq. S21-S23,
S31-S32, S34, and S38-S39, n = 2-10; and for Eq. S35-37, n = 2-9.
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d[NADH]

dt = Kor.napn[Fabl - NADH] — Ko xapu[Fabl][NADH]

d[Malonyl-CoA]

it = Kote.mcoa LFabD - Malonyl-CoA] — Kyy-mcoa [FabD][Malonyl-CoA]

d[CoA]
dt

= kf—FabD* [FabD . Malonyl-COA] - kr-FabD* [FabD*] [COA]
— Ke.papy+[FabH][Acetyl-CoA] — K, _papn+ [FabD][Acetyl-CoA]

d[Malonyl-ACP]

It = Kepabp*acp[FabD* - ACP] — kp_papp+acp[FabD][ACP]

— Kon-macp [FabH*][Malonyl-ACP] — K¢ macp [FabH* - Malonyl-ACP]
9

+ Z Kof.p o pcp [C2nFabF* - Malonyl-ACP]

n=2

9
- Z kon-F_mACP [CZTL FabF*] [Malonyl'ACP]
n=2
10

d[CO,]
dt

= K arabu [FabH* - Malonyl-ACP] + Z K catrabrlC2n FabF* - Malonyl-ACP]

n=2

d[C,B-ketoacyl-ACP]
dt

= Kecatrabu[FabH* - Malonyl-ACP]
+ Koftpraacp [FabG - NADPH - C,B-ketoacyl-ACP]
— Konpraace [FabG - NADPH][C,B-ketoacyl-ACP]

d[C,,,B-ketoacyl-ACP]
dt

= Kotpraace [FabG - NADPH - C,,, B-ketoacyl-ACP]
— Konpraace [FabG - NADPH][C,,,B-ketoacyl-ACP]
+ Kcatrabr[Cay FabF* - Malonyl-ACP]

d[C,,,p-hydroxyacyl-ACP]
dt

= koffﬁhaACP [FabZ " CZTL B-hydroxyacyl-ACP]
— Konghaace [FabZ][C,, B-hydroxyacyl-ACP]
+ Keatrabg [FabG - NADPH - C,,, B-ketoacyl-ACP]

d[C,,,Enoylacyl-ACP]
dt

= Koff.cacacp[Fabl - NADH - C,,,Enoylacyl-ACP]
— Kon-eacacp [Fabl - NADH][C,, Enoylacyl-ACP]
+ Keatpapz [FabZ - C,,, B-hydroxyacyl-ACP]
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w = Keatpaps [Fabl - NADH - C,,, Enoylacyl-ACP] Eq. S23
+ Keatrapi [Fabl - NADH - C,,, Enoylacyl-ACP]
~ Kon.F,scp [FaDF][ConAcyl-ACP]
+ Kofr-rabr-mn-2[FabH - Cop, Acyl-ACP]
— Kon-FabH-inh-2,c2n [FabH] [C;, Acyl-ACP]
+ Kofr-rabr-imn-3[FabH* - C5, Acyl-ACP]
- kon-FabH-Inh-3,C2n [FabH*] [CZnACyl-ACP]

d[FabD - Malonyl-CoA] Eq. S24
dt

= Kon-mcoa [FabD][Malonyl-CoA] — K¢t mcos [FabD - Malonyl-CoA]
+ kr-FabD* [FabD*] [COA] — kf—FabD* [FabD ' Malonyl-CoA]

d[FabD*] _ Eq. S25
T - kf—FabD* [FabD " Malonyl'COA] - kr—FabD* [FabD*] [COA] + koff_ACp[FabD* " ACP]

~ Ky acp[FabD*][ACP]

d[FabD* - ACP
% = Kon-acp[FabD*][ACP] — Ko acp[FabD* - ACP] Eq. S26

+ kr-FabD*ACP [FabD] [Malonyl'ACP] - kf—FabD*ACP [FabD* - ACP]

d[FabH - Acetyl-CoA] Eq. 827
dt

= l(on—aCoA [FabH] [ACQtyl-COA] - l(off—aCoA [FabH ) Acetyl-CoA]
+ kr—FabH* [FabH*] [COA] - kf—FabH* [FabH * Acetyl'COA]

d[FabH*] Eq. S28
T K¢ papn+ [FabH - Acetyl-CoA] — K,._ppn+[FabH*][CoA]

+ Koeemace[FabH #- Malonyl-ACP] — k, macp[FabH *][Malonyl-ACP]
10

+ Z Koft-FabH-inh-3,c2n [FabH *- C5, Acyl-ACP]

n=2

10
- Z kon-FabH-Inh-3,C2n [FabH *] [CZnAcyl-ACP]
n=2
d[FabH* - Malonyl-ACP] Eq. S29
dt

= Konmacp[FabH*][Malonyl-ACP]
— Ko macp[FabH* - Malonyl-ACP]—K.,.pi[FabH* - Malonyl-ACP]

d[FabG - NADPH]
dt

Eq. S30
= klgn-NADPH[FabG][NADPH] — Koeenappu[FabG - NADPH]

+ Z Kofrgraace [FabG - NADPH - C,,, B-ketoacyl-ACP]

n=2

10
- Z Kongkaace [FabG - NADPH][C,,,B-ketoacyl-ACP]

n=2
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d[FabG - NADPH - C,,, B-ketoacyl-ACP]

dt
= Kongraace [FabG - NADPH][C,,,B-ketoacyl-ACP]

— Koftpraacp [FabG - NADPH - C,,,B-ketoacyl-ACP]
— Keatrabg [FabG - NADPH - C,,, B-ketoacyl-ACP]

d[FabZ - C,,B-hydroxyacyl-ACP]
dt
= Kongnaacp [FabZ][Cy,, B-hydroxyacyl-ACP]
— Kottgnaace [FabZ - C2,B-hydroxyacyl-ACP]
— Kecatrabz[FabZ - C,p, B-hydroxyacyl-ACP]

d[Fabl - NADH]

dt = Kon-napu [FabI][NADH] — koge.nappi [Fabl - NADH]

10

+ Z Kofteacacp [Fabl - NADH - C,,, Enoylacyl-ACP]

n=2

10
- Z Kon-cacace [Fabl - NADH][C,,, Enoylacyl-ACP]
n=2
d[TesA - C,,acyl-ACP]
dt

= Kon-acacp[TesA][C, Acyl-ACP] — Kot acace[TesA - Cyp Acyl-ACP]
— KearresalTesA - C,, Acyl-ACP]

d[FabF - C,,acyl-ACP]
dt

= Kon-r_acace[FabF][C2, Acyl-ACP] — Kogr p acacp[FabF - C,, Acyl-ACP]
+ kr—FabF* [CZTL FabF*] [ACP] - kf—FabF* [FabF " CZnaCyl-ACP]

d[C,, FabF*]

dt = kf—FabF* [FabF - CZTL acyl-ACP] - kr-FabF* [CZTL FabF*] [ACP]

+ KoftFpypcp [ C2nFabF* - Malonyl-ACP]
— Kon-Fyacp[C2nFabF*][Malonyl-ACP]

d[C,,FabF* - Malonyl-ACP]
dt

= Kon-Facp [ C2nFabF*][Malonyl-ACP]
— Kott.Fpacp[C2nFabF* - Malonyl-ACP] — K atpapr[Coy FabF* - Malonyl-ACP]

d[FabH - C,,Acyl-ACP]
dt

= Kon-rab-nh-2[FabH][C;,, Acyl-ACP]
— Kotf.Fabt-imh-2,c2n [FabH - Cn Acyl-ACP]

d[FabH* - C,, Acyl-ACP]
dt

= Kon-rabr-imn-3[FabH*][C2, Acyl-ACP]
— Kot FabH-1nh-3.c2n [FabH* - C3,, Acyl-ACP]

d[TesA - ACP]

dt = kon—TesA—Inh [TeSA] [ACP] - koff—TesA—Inh [TeSA ) ACP]
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d[FabH - ACP]

o = Kon-rabH-1nh-1 [FADH][ACP] — K¢ pappi-1nh-1 [FabH - ACP]

d[FabG - ACP]

It = Kon-FabG-1nh [FAbG][ACP] — K¢ pabG-1nn [FabG - ACP]

d[FabZ - ACP]

o = Kon-Fabz-1nn[FADZ][ACP] — K¢t papyz 1 [FabZ - ACP]

d[Fabl - ACP]

o = Kon-Fabl-inh [FADI][ACP] — K¢t papi-1nn [Fabl - ACP]

d[FabF - ACP]

o = Kon-FabF-1nh [FADF][ACP] — K¢ papr-1nn [FabF - ACP]

S33

Eq. S41

Eq. S42

Eq. S43

Eq. S44

Eq. S45



Appendix 2. MATLAB Code and Associated Files

1.

Combined Pathway Solver. This program initiates and solves the kinetic model with the
specified input parameters and options described in files 2-8.

Combined Pathway Model. This program contains material balances and differential
equations used to model FAS activity.

LeastSquaresCalc. This program calculates sums of squared errors between predicted and
experimental trends (Experimental Dataset.csv).

param_func. This file parameterizes the model with specified input parameters.

kcat.csv. This file contains the estimates of kcar used by param_func.

km_est.csv. This file contains the estimates of K, used by param_func.

est param.csv. This file contains estimates of all ratios of kon to kofr used by param_func.

Experimental Dataset.csv: contains the digitized values of previously reported experimental
data.*
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