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S1 SDS-Gel from applied enzymes
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Figure 1: Soluble and insoluble protein fractions of the crude cell extracts, that
overexpress KRED1-Pglu (A), LbADH (B), or RADH (C); The whole cell preparation
contained all proteins of the insoluble pellet fraction and soluble supernatant fraction; the crude
cell extract contained supernatant and not enzymes present in the pellet.

S2  Mass spectrometry analysis of Citrate-1,5-"C flux

S2.1 Mass spectrometric chromatogram of detected metabolites
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S2.1.1 Data of reactions with LbADH CCE
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Figure 2: Metabolite profile of citrate-1,5-**C conversion in Lactobacillus brevis alcohol dehydrogenase with Escherichia coli crude
cell extract: Crude cell extract of Lactobacillus brevis alcohol dehydrogenase (LbADH) was applied to convert acetophenone to
1-phenylethanol. Since the reaction requires NADPH as co-factor, citrate was applied to regenerate it. Also marked in the chromatogram is
cis-aconitate, which is an intermediate in the aconitase reaction of citrate to isocitrate. Glucopyranose is a cellular substance, which has no
impact on the presented hypothesis. Reaction conditions: 20 mg mL™ LbADH crude cell extract, 5 mM acetophenone, 10 mM citrate,
40 mM potassium-phosphate buffer (concentration was lowered due to MS analytics); 30 °C, 1000 rpm



S2.1.2 Data of reactions with KRED1-Pglu
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Figure 3: Metablite profile analysis of citrate-1,5-"*C conversion in Ogataea glucozyma CBS 5766 ketoreductase 1 with Escherichia
coli crude cell extract: Crude cell extract of Ogataea glucozyma CBS 5766 ketoreductase 1 (KRED1-Pglu) was applied to convert
acetophenone to 1-phenylethanol. Since the reaction requires NADPH as co-factor, citrate was applied to regenerate it. Also marked in the
chromatogram is cis-aconitate, which is an intermediate in the aconitase reaction of citrate to isocitrate. Glucopyranose is a cellular
substance, which has no impact on the presented hypothesis. Reaction conditions: 20 mg mL™* PgkRED1 crude cell extract, 5 mM
acetophenone, 10 mM citrate, 40 mM potassium-phosphate buffer (concentration was lowered due to MS analytics); 30 °C, 1000 rpm



S2.2 Negative control of time resolved total ion (TIC) chromatograms of enzymatic reaction with LobADH
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Figure 4. Negative control of total ion chromatograms (TIC) of selected TCA cycle intermediates. Relative concentration changes
during the isotopic labeling experiment with [1,5-"°*C]citrate in Lactobacillus brevis alcohol dehydrogenase (ADH) crude cell extract are
shown. Reaction conditions: 20 mg mL™ LbADH CCE, 5 mM acetophenone in 40 mM KP; buffer pH 6.5; 30 °C, 1000 rpm



S2.3 Time resolved total ion (TIC) chromatogram of enzymatic reaction with KRED1-Pglu
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Figure 5. Total ion chromatograms of selected [1,5-"*C]citrate metabolites in Ogataea glucozyma CBS 5766 ketoreductease 1
(KRED1-Pglu) crude cell extract: displayed is the total ion chromatogram (TIC) for extracted ion chromatogram (XIC), which is particular
for 1*C-labelled citrate, 1-phenylethanol, succinate, glutamate, malate and glycolate. Hence, an increase or dissipation of **C-labelled



compounds over time is observable. Reaction conditions: 20 mg mL™* KRED1-Pglu, 5 mM acetophenone, 10 mM citrate in 40 mM KP;
buffer pH 6.5; 30 °C, 1000 rpm; Note: citrate and isocitrate behaved identical in the analysis and are thus not distinguished in the plot.

S2.4  Time resolved extracted ion chromatogram (XIC) of enzymatic reaction with KRED1-Pglu
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Figure 6. Extracted ion chromatograms (XIC) of selected [1,5-**C]citrate metabolites in Ogataea glucozyma CBS 5766
ketoreductease 1 (KRED1-Pglu) crude cell extract: The accumulation and dissipation of 2C and **C labeled succinate, glutamate, and
malate is displayed in detail. KRED1-Pglu has longer reaction times than LbADH. Reaction conditions: 20 mg mL™* KRED1-Pglu, 5 mM
acetophenone, 10 mM citrate in 40 mM KP; buffer pH 6.5; 30 °C, 1000 rpm;
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S3 Estimations of different metabolites

S3.1 Estimation of total NADP* amounts

The intracellular NADP/NADPH concentration is according to Bennett et al. 0.12 mM and according
to Chemler 0.33 mM (Bennett et al., 2009; Chemler et al., 2010). According to N6h et al. the
intracellular volume of E. coli accounts for 2.78 mL per 1 g dry cell weight (N6h et al., 2007). In the
herein applied conditions 20 mg crude cell extract from 20 mg lyophilized whole cells are applied.
Hence the total intracellular volume is 0.0556 mL. The total molecule amount can be calculated by
first calculating the amount of substance (n) and then calculating the number of constituent molecules

(N).

Bennett et al. Cemler et al.
n 0.056 mL * 0.12 mM = 6.67 * 10" 3mol 0.056 mL * 0.33 mM = 1.83 * 10"%mol
=cxV
N 6.67 * 10 3mol * 6.022 * 1023 mol~! 1.83 * 10 %2mol * 6.022 * 10?3 mol~?
=n=x* Ny = 4.01 = 1021 = 1,10 * 1022

N is the Avogadro number = 6.022*10%° particles

Hence the reaction setup contains approximately a total number of NADP/NADPH molecules in
the magnitude of 10% to 10%.

This number can be compared against an estimated number of total heterologous protein. One single
E. coli cell contains a total of 3600 proteins. Assuming a worst case scenario and saying that all of
this would represent NADPH-dependent proteins (which is not the case), would mean 3600 protein
per one cell. One cell weighs on average in dry state 300 fg (Milo, 2018; Neidhardt et al., 1990).
Hence, 20 mg of lyophilized whole cells consists of 10 cells. This means in a worst case scenario
2.4*10" NADPH-dependent molecules.

Calculating method:
1fg=10"g - if 1 cell = 300 fg then 20 mg = 6.7*10" cells

= If 1 cell = 3600 proteins then 6.7*10 cells contain 2.4*10"*

A comparison between the estimated magnitude of total NADP/H molecules and total possible
NADPH-dependent enzymes, shows that NADP is by far in excess > 10* >> 10",




S3.2  Estimation of acetyl-CoA concentrations

For acetyl-CoA an intracellular concentration of 6.1*10 mol L™ (Bennett et al., 2009). According to
Noh et al. the intracellular volume of E. coli accounts for 2.78 mL per 1 g dry cell weight (N6h et al.,
2007). In the herein applied conditions 20 mg crude cell extract from 20 mg lyophilized whole cells
are applied in a volume of 1 mL. Hence, first the total cell volume in the setup is calculated, then the
concentration of acetyl-CoA in this volume is calculated. From this the concentration in the total
reaction volume is calculated.

The total cell volume is 2.78%[ *0.02 g = 0.0556 mL =V1

C1=6.1*10" mol L*
V2= 1*10°L

C1+V1=c2xV2 > c2= 210, 5564 1075L:0.001L
C2 = c(acetyl-CoA) =34 pmol L™ = 0.034 mM

In the applied cell amount acetyl-CoA has a concentration of 6.1*10™ mol L™, Hence, its
concentration in the whole setup refers to 34 umol L™,



S4 3C transition of [1,5-**C] citrate in comparison to [2,4-*C]citrate
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Figure 7. *3C transition in metabolites when [1,5-"*C]citrate is supplemented (A) and
[2,4-1*C]citrate (B). A **C labelling of citrate in position 2 and 4 would enable a ratio calculation
between the different pathways citrate takes in the performed CCE setup.
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