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Supplementary methods 

Ep-PCR and Construction of Mutant Library. Ep-PCR procedure was modified from 

established protocols1. The reaction consisted of 0.35 mM dATP, 0.4 mM dCTP, 0.2 mM dGTP, 

1.35 mM dTTP, 1.5 mM MgCl2, 1.5 mM MnCl2, and 1 U Taq polymerase. The reaction mixture 

was submitted to 25 cycles of PCR: 95°C for 1 min, 50°C for 1 min, and 68°C for 1 min. The 

resulting PCR products were digested with DpnI, then Gibson assembled into pXZ44 that was 

pre-digested with NdeI/XhoI. The Gibson mixture was desalted, co-transformed with pXZ27 to 

electro-competent BAP1 strain, and plated on LB agar containing 100 μg mL-1 carbenicillin and 

100 μg mL-1 spectinomycin. 

 

Mutagenesis of JamB. Site-directed mutagenesis were performed using the standard 

QuikChange strategy using relevant templates. To make JamB with CamB N-terminus 

substitution, the first 4 amino acids of JamB were deleted. To make JamB with TtuB N-terminus 

substitution, the first 4 amino acids of JamB were replaced with the first 15 amino acids of TtuB. 

All mutations were verified by DNA sequencing. 

 

Culture Conditions. For quantification platform set up or identified JamB mutant verification, 

engineered BAP1 strains were grown in LB medium with 100 μg mL-1 carbenicillin and 100 μg 

mL-1 spectinomycin at 37 C to an OD600 of ~0.4-0.6. The cells were harvested and concentrated 

5-fold into fresh F1 medium supplemented with 100 μg mL-1 carbenicillin, 100 μg mL-1 

spectinomycin, 0.5 mM IPTG, and 1 mM fatty acid (hexanoic acid or 5-hexenoic acid). After 40 

hr of growth at 20 °C, cell-free supernatants were used for subsequent plate-reader fluorescence 

measurements or extracted with ethyl acetate for LC-HRMS analysis. To monitor the alkyne 

titers in the cultures, we collected cell-free supernatants every a few hours during fermentation 

for subsequent fluorogenic assays. For directed evolution, BAP1 library were grown in 96-well 

plates. Each well contained 1 ml of LB medium supplemented with 100 μg mL-1 carbenicillin 

and 100 μg mL-1 spectinomycin. When cultures were grown at 37 C to an OD600 of ~0.4, the 

cell pellets were separated from LB medium and suspended in 200 μL F1 medium supplemented 

with 100 μg mL-1 carbenicillin, 100 μg mL-1 spectinomycin, 0.5 mM IPTG, and 1 mM 5-

hexenoic acid. After ~2 days of growth at 20 °C, cell-free supernatants were separated from cell 

pellets, and were transferred to 96-well black plates for subsequent plate-reader fluorescence 

measurements. 

 

Preparation of membrane fractions of the engineered E.coli. Membrane fractions were 

prepared using a standard protocol2.   

 

Plate-Reader Fluorescence Measurements. Reactions were run in a 96-well black plate, and 

measurements were performed using a Tecan Safire Microplate Reader. Each well had 200 μL of 

sample containing 0.75 μM of probe, 5 mM ascorbic acid, 500 μM CuSO4, 100 μM BTTAA, and 

190 μL of cultures. The reactions were performed in dark for 10 min at room temperature. For 

linear detection range determination, different concentrations of 4 (0.75, 3, 10 μM) and alkynes, 

and similar conditions were used.  

 

LC-HRMS Analysis. LC-HRMS was performed on an Agilent Technologies 6520 Accurate 

Mass QTOF LC-MS with an Agilent Eclipse Plus C18 column (4.6 × 100 mm). A linear gradient 
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of 2-95% CH3CN (v/v) over 20 min and 95% CH3CN for a further 5 min in H2O supplemented 

with 0.1% (v/v) formic acid at a flow rate of 0.5 mL min-1 was used.  

 

Sequence Alignment Analysis. Amino acid sequence alignment of JamB, CamB, and TtuB was 

performed using on-line program Clustal Omega. 

 

Protein Structure Modeling and docking. Protein structures of JamB, JamC were modeled 

using on-line program HHpred3 using SCD14, 5 and CurA6 (Protein Data Bank entry 

4ZYO/4YMK and 2LIU, respectively). JamC was then docked to the electro-positive surface of 

JamB near the substrate entrance using ClusPro7, 8. 
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Supplementary Tables 

 

Table S1. Primers used in this study. 

Primer Sequence (5’3’) Note 

pXZ43-B-F agtatattagttaagtataagaaggagatatacat Used for JamB mutant library 

generation. pXZ43-B-R aatttcgcagcagcggtttctttaccagactcgag 

pXZ167_F atgtcaatgccaatAgatgtgagcaaaaaa 
Used for creation of JamB (M5I) 

pXZ167_R ttttttgctcacatcTattggcattgacat 

pXZ168_F ttaatcgcaattatgCagtgtggatagttt Used for creation of JamB 

(V189A) pXZ168_R aaactatccacactGcataattgcgattaa 

pXZ169_F ccctttcgatagtaaTgaccagagtcggaa Used for creation of JamB 

(K250N) pXZ169_R ttccgactctggtcAttactatcgaaaggg 

pXZ205_F atgtcaatgccaGAGgatgtgagcaaaa 
Used for creation of JamB (M5E) 

pXZ205_R ttttgctcacatcCTCtggcattgacat 

pXZ206_F atgtcaatgccaACCgatgtgagcaaaa 
Used for creation of JamB (M5T) 

pXZ206_R ttttgctcacatcGGTtggcattgacat 

pXZ207_F atgtcaatgccaTGCgatgtgagcaaaa 
Used for creation of JamB (M5C) 

pXZ207_R ttttgctcacatcGCAtggcattgacat 

pXZ208_F atgtcaatgccaTTTgatgtgagcaaaa 
Used for creation of JamB (M5F) 

pXZ208_R ttttgctcacatcAAAtggcattgacat 

pXZ209_F atgtcaatgccaGCGgatgtgagcaaaa 
Used for creation of JamB (M5A) 

pXZ209_R ttttgctcacatcCGCtggcattgacat 

pXZ210_F gtcaaaaaccaAAtcaaatgattac 
Used for creation of JamB (I23K) 

pXZ210_R gtaatcatttgaTTtggtttttgac 

pXZ211_F aagtcaaaaaccGAGtcaaatgattac 
Used for creation of JamB (I23E) 

pXZ211_R gtaatcatttgaCTCggtttttgactt 

pXZ212_F aagtcaaaaaccACCtcaaatgattaca 
Used for creation of JamB (I23T) 

pXZ212_R tgtaatcatttgaGGTggtttttgactt 

pXZ213_F aagtcaaaaaccTGCtcaaatgattaca 
Used for creation of JamB (I23C) 

pXZ213_R tgtaatcatttgaGCAggtttttgactt 

pXZ214_F aagtcaaaaaccTACtcaaatgattaca 
Used for creation of JamB (I23Y) 

pXZ214_R tgtaatcatttgaGTAggtttttgactt 

pXZ215_F aagtcaaaaaccGTGtcaaatgattaca 
Used for creation of JamB (I23V) 

pXZ215_R tgtaatcatttgaCACggtttttgactt 

pXZ216_F 
CGCAGCCGCAAACCGGGatggatgtgagca

aaaaatc 
Used for creation of JamB-TtuB 

pXZ216_F1 
AAAcatATGAGTAATACATTTGACAAC

GCCCTCGCGCAGCCGCAAACCGGGatg 

pXZ217_F AAAcatatggatgtgagcaaaaaatc Used for creation of JamB-CamB 
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Table S2. Plasmids used in this study.  

Plasmid Derived from Function 

pXZ27 pCDFDuet-1 Coexpression of JamA and HsPKS1 

pXZ43 pETDuet-1 Coexpression of JamC and JamB 

pXZ44 pETDuet-1 Expression of JamC  

pXZ167 pETDuet-1 Coexpression of JamC and JamB-M5I 

pXZ168 pETDuet-1 Coexpression of JamC and JamB-V189A 

pXZ169 pETDuet-1 Coexpression of JamC and JamB-K250N 

pXZ204 pETDuet-1 Coexpression of JamC and JamB-M5K 

pXZ205 pETDuet-1 Coexpression of JamC and JamB-M5E 

pXZ206 pETDuet-1 Coexpression of JamC and JamB-M5T 

pXZ207 pETDuet-1 Coexpression of JamC and JamB-M5C 

pXZ208 pETDuet-1 Coexpression of JamC and JamB-M5F 

pXZ209 pETDuet-1 Coexpression of JamC and JamB-M5A 

pXZ210 pETDuet-1 Coexpression of JamC and JamB-I23K 

pXZ211 pETDuet-1 Coexpression of JamC and JamB-I23E 

pXZ212 pETDuet-1 Coexpression of JamC and JamB-I23T 

pXZ213 pETDuet-1 Coexpression of JamC and JamB-I23C 

pXZ214 pETDuet-1 Coexpression of JamC and JamB-I23Y 

pXZ215 pETDuet-1 Coexpression of JamC and JamB-I23V 

pXZ216 pETDuet-1 Coexpression of JamC and JamB-TtuB 

pXZ217 pETDuet-1 Coexpression of JamC and JamB-CamB 
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Table S3. Strains used in this study. 

Strain Genes Plasmids 

XZ1 Hspks1, jamA, jamB, jamC pXZ27, pXZ43 

XZ5 Hspks1, jamA, jamC pXZ27, pXZ44 

XZ1_1 Hspks1, jamA, jamB-M5I/V189A/K250N,  

jamC 

pXZ27, pXZ43 mutant (from library) 

XZ1_2 Hspks1, jamA, jamB-M5V, jamC pXZ27, pXZ43 mutant (from library) 

XZ1_3 Hspks1, jamA, jamB-I23M,  jamC pXZ27, pXZ43 mutant (from library) 

XZ1_4 Hspks1, jamA, jamB-M5I, jamC pXZ27, pXZ167 

XZ1_5 Hspks1, jamA, jamB-V189A, jamC pXZ27, pXZ168 

XZ1_6 Hspks1, jamA, jamB-K250N, jamC pXZ27, pXZ169 

XZ1_7 Hspks1, jamA, jamB-M5T, jamC pXZ27, pXZ206 

XZ1_8 Hspks1, jamA, jamB-ttuB,  jamC pXZ27, pXZ216 

XZ1_9 Hspks1, jamA, jamB-camB,  jamC pXZ27, pXZ217 

XZ1_10 Hspks1, jamA, jamB-M5K,  jamC pXZ27, pXZ204 

XZ1_11 Hspks1, jamA, jamB-M5E,  jamC pXZ27, pXZ205 

XZ1_12 Hspks1, jamA, jamB-M5C,  jamC pXZ27, pXZ207 

XZ1_13 Hspks1, jamA, jamB-M5F,  jamC pXZ27, pXZ208 

XZ1_14 Hspks1, jamA, jamB-M5A,  jamC pXZ27, pXZ209 

XZ1_15 Hspks1, jamA, jamB-I23K,  jamC pXZ27, pXZ210 

XZ1_16 Hspks1, jamA, jamB-I23E,  jamC pXZ27, pXZ211 

XZ1_17 Hspks1, jamA, jamB-I23T,  jamC pXZ27, pXZ212 

XZ1_18 Hspks1, jamA, jamB-I23C,  jamC pXZ27, pXZ213 

XZ1_19 Hspks1, jamA, jamB-I23Y,  jamC pXZ27, pXZ214 

XZ1_20 Hspks1, jamA, jamB-I23V,  jamC pXZ27, pXZ215 
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Table S4. Probes used in this study. 

Probe λex λem Folds of fluorescence enhancement of XZ1* 
Cell-containing cultures Cell-free supernatants 

3 500 515 -- 2x 

4 500 520 12x 20x 

5 592 610 14x 39x 

6 660 675 4x 12x 

*Folds of fluorescence enhancement were calculated as the ratio of the fluorescence of XZ1 to 

that of the medium-only control. 
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Supplementary Figures 

 

 
Figure S1. Efficiencies in the production of 1 compared to the wild-type strain (XZ1) when all 

cultures were fed with hexanoic acid. Extracted ion chromatograms (1: m/z 179.0703 [M+H]+, 2: 

m/z 183.1016 [M+H]+) showed that compared to the wild type, the ratios between compounds 1 

and 2 were increased by ~20-fold and ~2-fold from the strains expressing JamB-M5T and JamB-

I23M, respectively. The calculated mass with 10 ppm mass error tolerance was used. 
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Figure S2. Extracted ion chromatograms (7: m/z 832.3287 [M+H]+) showing production of 7 

upon the reaction with XZ1 supernatant (trace ii), but not with the XZ5 supernatant (traces iii). 

The compound synthesized by a chemical reaction using pure 1 and 4 is shown for comparison 

(trace i). The calculated mass with 10 ppm mass error tolerance was used. 
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Figure S3. By varying the concentrations of probe 4 used in the assays, the linear detection 

range can be adjusted. One-fold fluorescence enhancement corresponds to the signal obtained 

from the reaction with pure medium. (a) When 3 µM of 4 was used, 0.05-50 µM of alkynes can 

be detected in a linear range, R2=0.95. (b) When 10 µM of 4 was used, 0.05-100 µM of alkynes 

can be detected in a linear range, R2=0.92. Error bars represent standard deviations from three 

measurements.  
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Figure S4. Relative efficiencies in the production of 1 compared to the wild-type strain (XZ1) 

when all cultures were fed with hexanoic acid. The efficiency of the wild-type JamB in the 

production of compound 1 in XZ1 was set to be 100%. Error bars represent standard deviations 

from three measurements. 
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Figure S5. SDS-PAGE analysis of membrane fractions of the engineered E. coli. Representative 

SDS-PAGEs showed that JamB-M5I/V and JamB-I23M were expressed at a level comparable to 

the wild-type (~36 kDa). Mini-PROTEAN® gel (4-15% precast, Biorad) was used. 
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Figure S6. Modeled structures of JamB, JamC, and JamB-JamC complex. Coulombic surfaces 

of JamB (a), and JamC (b) are oriented with their proposed interaction surface towards the 

viewer. Coulombic surfaces of the JamB-JamC complex are shown at different angles in (c) and 

(d). Electro-negative surface is shown in red, and electro-positive surface is shown in blue.  
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Figure S7. Sequence alignment of TtuB, CamB, and JamB. 

 

 

 

 

 

 

 

 

 

 

 

TtuB    1                MD        P K        T         Q     L    P                   L    T      SR      L    V            IV  LMSNTFDNALAQPQTG   EGVS VA R K  KNARV  NDPG QAT KVIAY TI   L 
CamB    1                MD        P K        T         Q     L    P                   V    S      QK      I    I            VI  I...............   TKE. FK A T  ...SK  LNDY KGL TKHFL YN   A 

JamB    1                MD        P K        T         Q     L    P                   V    S      QK      I    I            VI  I...........MSMP   SKK. FK A T  ...SK  SNDY KGL TKHFL YN   T 

TtuB   61 G   A  L     IS   I LL GM  L   G   G HR FAHR FKT       L   G  V  L  AY  G  QLD    V  YL T L I M                V  L MV   L A  Y   QN       A         N   E  Y  L    T   FGF HY    F 

CamB   42 G   A  L     IS   I LL GM  L   G   G HR FAHR FKT       L   G  V  I  LW  P  SVE    I  WA S I M L                M  I AI   T I  A   WY       G         M   S  L  Y    A   SET RV    L 

JamB   46 G   A  L     IS   I LL GM  L   G   G HR FAHR FKT       L   G  I  I  LW  P  SVE    I  WA S I M V                M  I AI   T T  A   WY       G         M   S  L  Y    A   SQT SV    L 

TtuB  121  M   G V  WVA HRRHH  SD   DPHSP     G         RGL HAH GW  N       G I                                            L  M   Q AGE    Y   T     IH  TAL     HTCHT AEPEELNLR   L       V D
CamB  102  M   G V  WVA HRRHH  SD   DPHSP     G         RGL HAH GW  N       P V                                            V  L   C GAQ    S   V     EY  LPG     NPELL E..GIFGKL   W       T H
JamB  106  M   G V  WVA HRRHH  SD   DPHSP     G         RGL HAH GW  N       P V                                            V  L   C GAQ    S   V     EY  LPG     NPELL E..GIFGTL   W       T H

TtuB  181    N       L RD     IN  Y     LGL  P   GGI   SW GA  G LWGG V     A F  D                 LI   II  AI   V       L         KVT S L TE  T  PLTKA  DL FPI        A      TN  Y   T F    L 
CamB  160    N       L RD     IN  Y     LGL  P   GGI   SW GA  G LWGG V     M Y  E                 IV   LM  IL   I       V         EYP P Y AP  M  KTISK  RH VVW        T      HG  I   E L    F 

JamB  164    N       L RD     IN  Y     LGL  P   GGI   SW GA  G LWGG V     M Y  E                 IV   LI  IL   I       V         EYP P Y AP  M  KTISK  RN VVW        T      HG  I   E L    F 

TtuB  241 RMF V  S     SF H  G  PF   D S NN W AIPTFG SWQNNHH F  SA  GL                  Y SK  ET                              ML     F TH TWLNG  A R        G H A  F C      A       A PL      

CamB  220 RMF V  S     SF H  G  PF   D S NN W AIPTFG SWQNNHH F  SA  GL                  F TH  DS                              AI     V DN ILSIN  S A        K Q R  I V      E       T EN      
JamB  224 RMF V  S     SF H  G  PF   D S NN W AIPTFG SWQNNHH F  SA  GL                  F TH  DS                              AI     V DN ILSIN  S A        K Q R  I V      E       T EN      

TtuB  301 KWWQID     IW  EKLGL W V        E K                               I W           A   R  T   I   R V                             A YF  VF       S  RL PEH  R  K A                     
CamB  280 KWWQID     IW  EKLGL W V        E K                               L Y           V   K  S   L   K A                             G CL  LL       D  LP AKM  A  L .                     

JamB  284 KWWQID     IW  EKLGL W V        E K                               L Y           V   K  T   I   K A                             G CL  GL       D  LP AKM  A  L .                     
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Figure S8. HRMS of compounds 1, 2, 7.  
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