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Experimental method of PMF analysis 

The gel spots were excised and in-gel digestion with trypsin (Sequencing Grade Modified Trypsin, 

V6111, Promega Co., WI, USA) was performed by DigestPro 96 (CEM Japan K.K., Tokyo). The 

supernatant was collected and desalted using the C18-ZipTip (Millipore). MALDI mass spectrometry 

was performed using a Bruker Autoflex Speed TOF/TOF mass spectrometer (Bruker) in positive ion 

mode with α-cyano-4-hydroxycinnamic acid (CHCA) as the matrix in the m/z range from 800 to 4000. 

After deconvolution, the MS peaks were applied to peptide fingerprinting analyses against the 

concerned four sequences (Accession numbers of GenBank are ADE85085.1, ADE85084.1, 

ADE85086.1, and ADE85562.1, for α-, β-, and γ-subunits of AC and HBDH, respectively) using Biotools 

ver 3.2 software (Bruker) with a matching threshold of less than 50 ppm. 

 

 

 

 

 

 

 

Table. S1. The elements of RCVB medium 
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Detection for acetoacetate using ion chromatograph 

The amount of acetoacetate was detected using ion chromatography system (Metrohm, 
Eco IC; electrical conductivity detector) with an ion exclusion column (Metrosep Organic 
Acids 250/7.8 Metrohm; column size: 7.8 x 250 mm; composed of 9 µm polystyrene-
divinylbenzene copolymer with sulfonic acid groups). The 1.0 mM perchloric acid and 50 
mM lithium chloride in aqueous solution were used as an eluent and a regenerant, 
respectively.  Flow rate of eluent solution was adjusted to be 0.5 mL min-1.  The 
retention time for acetoacetate was detected at 13.5 - 14.5 min.  The electrical 
conductivity changes in the various acetoacetate concentrations (100 - 1000 µM) were 
shown in Fig. S1.  

Fig. S1. Chromatogram of lithium acetoacetate (100 – 1000 µM) in 50 mM HEPES buffer (pH 7.0). 
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Fig. S2. Relationship between the acetoacetate concentration and the detection peak area. 

 

As shown in Fig. S2, the acetoacetate concentration and the detected peak area showed a good linear 

relationship (correlation coefficient: r2=0.999) as following equation (S1).  

 

Peak area =0.0020×[Acetoacetate](µM) (S1) 

 

Detection for β-hydroxybutyrate using ion chromatograph 

The amount of β-hydroxybutyrate was detected using ion chromatography system (Metrohm, Eco IC; 

electrical conductivity detector) under the same conditions as acetoacetate detection. The retention 

time for β-hydroxybutyrate was detected at 14.2 - 15.2 min.  The electrical conductivity changes in 

the various β-hydroxybutyrate concentrations (100 - 1000 µM) were shown in Fig. S3. 

Fig. S3. Chromatogram of sodium β-hydroxybutyrate (100 - 1000 µM) in 50 mM HEPES buffer (pH 

7.0). 
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Fig. S4. Relationship between the β-hydroxybutyrate concentration and the detection peak area. 

 

As shown in Fig. S4, the β-hydroxybutyrate concentration and the detected peak area showed a good 

linear relationship (correlation coefficient: r2=0.999) as following equation (S2).  

 

Peak area =0.0021×[β-hydroxybutyrate] (µM) (S2) 
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Fig. S5. The amino acid sequences of (a) α subunit of AC, (b) β subunit of AC, (c) γ subunit of AC, and 

(d) HBDH from Rb. capsulatus SB1003. 
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Fig. S6. The MALDI-TOF mass spectrum of the apparent molecular mass of 87.1 kDa of the 

electrophoretic gel as shown in Fig. 4, and the mass spectrometry peaks matched with the previously 

reported amino acid sequence of α subunit of AC from PMF analysis. 
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Fig. S7. The MALDI-TOF mass spectrum of the apparent molecular mass of 79.0 kDa of the 

electrophoretic gel as shown in Fig. 4, and the mass spectrometry peaks matched with the previously 

reported amino acid sequence of β subunit of AC from PMF analysis 

 

 

 

 



10 
 

Fig. S8. The MALDI-TOF mass spectrum of the apparent molecular masses of 21.3 kDa of the 

electrophoretic gel as shown in Fig. 4, and the mass spectrometry peaks matched with the previously 

reported amino acid sequence of γ subunit of AC from PMF analysis. 
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Fig. S9. The MALDI-TOF mass spectrum of the apparent molecular mass of 26.8 kDa of the 

electrophoretic gel as shown in Fig. 5, and the mass spectrometry peaks matched with the previously 

reported amino acid sequence of HBDH from PMF analysis. 

Fig. S10. The MALDI-TOF mass spectrum of the apparent molecular masses of 24.6 kDa of the 

electrophoretic gel as shown in Fig. 5, and the mass spectrometry peaks matched with the previously 

reported amino acid sequence of HBDH from PMF analysis. 



12 
 

Fig. S11. Time course of the ion chromatogram for acetoacetate production with AC in the solution 

of NaHCO3 (50 mM), acetone (2.0 mM), ATP⸱2Na (5.0 mM), MgCl2 (5.0 mM) and cell extracts (0.2 mL). 

 

As shown in Fig. S11, the peak area of acetoacetate on the ion chromatogram was increasing with 

the incubation time. It emphasized that AC in the cell extract catalyzed the CO2 fixation to acetone. 
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Fig. S12. Time course of the ion chromatogram for acetoacetate production with AC under various 

Mg2+ concentration in the solution of NaHCO3 (50 mM), acetone (0.5 mM), ATP⸱2Na (2.0 mM) and 

cell extracts (0.2 mL). (a) [Mg2+] = 1.0 mM, (b) 3.0 mM, (c) 5.0 mM, (d) 10.0 mM 

 

 

 

 

 

 

 

 

 

 

 



14 
 

 

Fig. S13. Time course of the ion chromatogram for acetoacetate production with AC under various 

pH conditions in the solution of NaHCO3 (50 mM), acetone (0.5 mM), ATP⸱2Na (2.0 mM), MgCl2 (5.0 

mM) and cell extracts (0.2 mL). (a) pH 6.5, (b) 7.0, (c) 7.5, (d) 8.0, (e) 8.2, (f) 8.5, (g) 9.0 
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Fig. S14. Time course of the apparent β-hydroxybutyrate concentration in the solution of 

acetoacetate (2.0 mM), NADH (5.0 mM), and the cell extract (0.2 mL) with incubation time (pH7.0). 

The concentration of Mg2+: 5 mM (●); none (●). 
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Fig. S15. Time course of the ion chromatogram for one-pot β-hydroxybutyrate production with AC 

and HBDH in the solution of NaHCO3 (50 mM), acetone (2.0 mM), ATP⸱2Na (5.0 mM), MgCl2 (5.0 mM), 

NADH (5.0 mM) and the cell extract (0.2 mL). 

 

As shown in Fig. S15, the peak area of β-hydroxybutyrate on the ion chromatogram was increasing 

with the incubation time. Since the reaction rate of HBDH for acetoacetate reduction in the cell 

extract was much faster than that of AC for CO2 fixation, the peak of acetoacetate, the reaction 

intermediate, was not detected. 

 

 

Fig. S16. Time course of the ion chromatogram for one-pot β-hydroxybutyrate production with AC 

and HBDH in the solution of NaHCO3 (50 mM), acetone (2.0 mM), ATP⸱2Na (5.0 mM), MgCl2 (5.0 mM), 

NADH (5.0 mM) and the cell extract (0.2 mL) under pH 8.2. 
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Determination of stereospecifically of HBDH in the cell extract 

The stereospecifically of HBDH in the cell extract was investigated by the reaction of β-

hydroxybutyrate to acetoacetate with HBDH in the cell extract using commercial D-β-hydroxybutyrate. 

The sample solution was containing of 0.2 mL cell extract (AC 0.045 U, HBDH 0.31 U), sodium D-β-

hydroxybutyrate (0.2 µM) and NAD+(1.0 mM) in 5.0 mL of 500mM HEPES buffer (pH 7.0) at 30 oC. D-

β-hydroxybutyrate and acetoacetate were detected by the ion chromatograph system (Metrohm, Eco 

IC; electrical conductivity detector). 

Fig. S17. Time course of the ion chromatograph for acetoacetate production with HBDH for D-β-

hydroxybutyrate oxidation in the solution of sodium D-β-hydroxybutyrate (0.2 mM), NAD+ (1 mM) 

and the cell extract (0.2mL; AC 0.045 U, HBDH 0.31 U). 

 

As shown in Fig. S17, the retention time of the peak area at 13.8 min before adding the cell extract 

became shorter with the incubation time. Fig. S18 shows the comparison of the ion chromatogram 

of acetoacetate (100 µM) and β-hydroxybutyrate (100 µM). Since the retention times of acetoacetate 

and β-hydroxybutyrate are close, the production of acetoacetate from β-hydroxybutyrate results in a 

shortening retention time of β-hydroxybutyrate and broadening of the peak. Therefore, it was found 

that HBDH in the cell extract catalyzed the reaction of D-β-hydroxybutyrate oxidation to acetoacetate 

as shown in Fig. S17. 
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Fig. S18. Comparison of ion chromatogram of acetoacetate (100 µM) and β-hydroxybutyrate (100 

µM) in 500 mM HEPES buffer (pH 7.0). 
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Fig. S19. Time course of the ion chromatograph for acetoacetate production with HBDH for L-β-

hydroxybutyrate oxidation in the solution of L-β-hydroxybutyric acid (0.2 mM), NAD+ (1 mM) and the 

cell extract (0.2mL; AC 0.045 U, HBDH 0.31 U). 

 

As a control experiment, HBDH in the cell extract was investigated to catalyze the β-hydroxybutyrate 

to acetoacetate using commercial L-β-hydroxybutyrate. The sample solution was containing of 0.2 

mL cell extract (AC 0.045 U, HBDH 0.31 U), L-β-hydroxybutyric acid (0.2 µM) and NAD+(1.0 mM) in 5.0 

mL of 500 mM HEPES buffer (pH 7.0) at 30 oC. As shown in Fig. S19, the retention time of the peak 

area at 13.8 min before adding the cell extract didn’t change with the incubation time. It was found 

that L-β-hydroxybutyrate didn’t function as a substrate for HBDH in the cell extract. This result 

emphasized that the substrate of HBDH in the cell extract was not L-β-hydroxybutyrate but D-β-

hydroxybutyrate and implied that HBDH in the cell extract produced D-β-hydroxybutyrate by the 

reaction of acetoacetate reduction. 
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Determination of optical isomer of β-hydroxybutyrate synthesized in a one-pot 

The optical isomer of β-hydroxybutyrate synthesized in the one-pot was investigated by reacting β-

hydroxybutyrate with NAD+ and commercial D-HBDH that catalyzes the oxidation of D-β-

hydroxybutyrate to acetoacetate, not that of L-β-hydroxybutyrate to acetoacetate. The experimental 

procedure is as follows. First, β-hydroxybutyrate was synthesized in the one-pot from CO2 and 

acetone with the solution of acetone (2.0 mM), NaHCO3 (50 mM), ATP⸱2Na (5.0 mM), MgCl2 (5.0 mM), 

NADH (5.0 mM) and 0.2 mL cell extract (AC 0.045 U, HBDH 0.031 U) in 5.0 mL of 500 mM HEPES 

buffer (pH 7.0) at 30 oC. β-hydroxybutyrate synthesized in the 24 h one-pot reaction was heated at 

95 oC for 10 minutes to inactivate the HBDH in the cell extract. Next, the heated-treated solution 

containing β-hydroxybutyrate was reacted with NAD+ and commercial D-HBDH to investigate the 

isomer of β-hydroxybutyrate synthesized in the one-pot. The sample solution was containing the 4-

fold diluted solution after the one-pot reaction for 24 h, NAD+ (5.0 mM), D-HBDH (10 U) in 5.0 mL of 

500 mM HEPES buffer (pH 7.0) at 30 oC. β-hydroxybutyrate and acetoacetate were detected by the 

ion chromatograph system (Metrohm, Eco IC; electrical conductivity detector). 

 

Fig. S20. Time course of ion chromatogram about acetoacetate production from β-hydroxybutyrate 

synthesized in the one-pot catalyzed by commercial D-HBDH with the solution of the solution after 

one-pot reaction for 24 h, NAD+ (5.0 mM) and D-HBDH (10.0 U). 

 

As shown in Fig. S20, the retention time of the peak area at 13.8 min before adding D-HBDH became 

shorter with the incubation time. It indicated that β-hydroxybutyrate produced in the one-pot was 

oxidized to acetoacetate by the reaction of D-HBDH. In other words, β-hydroxybutyrate produced in 

the one-pot was concluded as D-β-hydroxybutyrate. 


