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Figure S1.  SDS-PAGE of ORF33-35 purified from E. coli.  Ready Gel Tris-HCl Gel 

(12% precast, Biorad) was used. 
 

 
Figure S2.  UV profile of purified ORF34 from E. coli.  UV absorption spectra identified 
a characteristic λmax at 420 nm, indicating the presence of an enzyme-bound PLP Schiff 

base. 
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Figure S3.  Titration of E. coli purified ORF34 with PLP.  The experiments were 

performed as previously described.1  Reactions were carried out with 50 M ORF34 in 
100 L of buffer containing 50 mM HEPES, pH 8.0.  PLP was added in 1 L aliquots 
(500 M, 0.1 equivalents), and monitored by UV absorbance at 420 nm to generate the 
raw data.  A PLP standard curve (not shown) was generated by adding 1 L aliquots of 

500 M PLP to a 100 L 50 mM HEPES solution while monitoring at 420 nm.  The 
adjusted data curve was generated by subtracting the PLP standard curve from the 

titration raw data.  The adjusted data revealed a break-point in the linear phase around 20 
M (0.4 enzyme equivalents), indicating the fraction of protein isolated in the holo form 

was roughly 60%. 
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Figure S4.  Detection of ALA formation by OPTA derivatization.2  The derivatization 

reagent was obtained by mixing 1 mL of 80 mM o-phthalaldehyde (OPTA) solution and 
1 mL of 98 mM 2-mercaptoethanol (2ME) solution (both prepared in 0.2 M NaOH).  The 
enzyme was removed by centrifugation through a 5 kDa MMCO filter tube at 13000 rpm 
for 20 min after which, 80 L of filtered reaction mixture was combined with 80 L of 
derivatization reagent.  After vortexing for 10 sec, the mixture was incubated for 2 min 

and subjected to LC-MS analysis.  LC‐MS analysis was performed with a linear 
gradient of 5 to 95% CH3CN (v/v) over 30 min, and 95% CH3CN (v/v) further for 10 
min in H2O supplemented with 0.1% (v/v) formic acid at a flow rate of 0.5 mL/min. 

(A) UV traces (340 nm) from LC-MS analysis of the ORF34 reaction (trace iii) and 
controls with no glycine (trace i), no succinyl-CoA (trace ii, no enzyme control is the 
same as trace ii), glycine standard(trace iv), and ALA standard (trace v).  (B) Mass 

spectrum of OPTA derivatized ALA measured during LC-MS.  (C) Mass spectrum of 
OPTA derivatized glycine measured during LC-MS.  GLY-D and ALA-D are the 

indicated isoindole derivatives. 
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Figure S5.  HRMS of ALA-CoA (m/z = 881.1723 [M + H]+, =mmu) measured 

during LC-MS. 
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Figure S6.  Determination of ORF35 kinetic parameters for various acid substrates by 

ATP-PPi release assay.  LA: levulinic acid; AV: 5-aminovaleric acid; C6: hexanoic acid; 
C8: octanoic acid.  The inorganic pyrophosphate released by enzymatic reaction was 

measured continuously using EnzChek Pyrophosphate Assay Kit (Invitrogen).  A typical 
assay contained, in a total volume of 100 L, 0-10 mM acid substrate, 5 mM ATP, 2 mM 
MgCl2, and 5 M ORF35 in 50 mM HEPES, pH 8.0.  MESG substrate, purine nucleoside 

phosphorylase and inorganic pyrophosphatase were added according to the protocol.  
Reactions were initiated by the addition of acid substrate and monitored at 360 nm on a 
SPECTRAmax plus 384 96-well plate reader.  Initial velocities were calculated using a 

standard curve for inorganic pyrophosphate.  The data were fitted to the Michaelis-
Menten equation in GraphPad Prism to obtain estimates for kcat and Km.  Error bars 

represent standard deviations from at least three independently performed experiments. 
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Figure S7.  HPLC traces (260 nm) of ORF35 reactions with selected acid substrates.  

ALA: 5-aminolevulinic acid; LA: levulinic acid; AV: 5-aminovaleric acid; C6: 
hexanoic acid.  The reaction was carried out by incubating 50 M ORF35 with 2-
5 mM acid substrates, 2 mM ATP, 2 mM CoA and 2 mM MgCl2 for 30 min.  A 
concentration of 2 mM was used for C6 to minimize the DMSO concentration in 
the assay, while a concentration of 5 mM was used for all other acids dissolved in 
water.  The reactions were stopped by addition of tricholoacetic acid (TCA) (final 

concentration of 5% v/v) and subjected to both LC-MS and HPLC analysis. 
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Figure S8.  Spectroscopic characterization of C5N.  (A) C5N UV profile (max = 250 nm).  
(B) LRMS of C5N using [12C]ALA (top panel) and [4-13C]ALA (bottom panel) starting 
material.  (C) HRMS of C5N using [12C]ALA starting material (m/z = 114.0557 [M + 

H]+, = 0.7mmu).  
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Figure S9.  UV profile of 2,4,6-octatrienoic acid (OTEA) showing a max of 300 nm 

measured during HPLC. 
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Figure S10.  Spectroscopic characterization of OTEA-C5N.   (A) OTEA-C5N UV profile 
(max = 321 nm).  (B) HRMS of OTEA-C5N (m/z = 234.1108 [M + H]+, = 1.7mmu).  

(C) MS fragmentation of OTEA-C5N.  
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Figure S11.  1H and 13C NMR characterization of synthesized OTEA-C5N standard. 
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Figure S12.   Modeled three-dimensional structure of ORF34.  The structure was 

modeled on R. capsulatus ALAS using online program HHpred3 and the substrates were 
docked using software GOLD.  (A) Overlay of modeled ORF34 dimer (red) onto R. 

capsulatus ALAS structure (green, PDB: 2BWN).  (B) Modeled ORF34 dimer bound 
with PLP, glycine and succinyl-CoA.  (C) Electrostatic surface model of ORF34 bound 

with succinyl-CoA.  (D) Details of the active site model of ORF34.  The figure shows the 
relationship between external aldimine Gly=PLP, succinyl-CoA and Lys248.  (E) Details 
of the active site model of ORF34 showing the relationship between internal aldimine 
Lys=PLP and ALA-CoA.  (F) Details of the active site model of ORF34 showing the 

proposed relationship between external aldimine C5-ALA=PLP and Lys248. 
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