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Experimental Procedures 
 
Strains 
Chaetomium globosum CBS 148.51 was obtained from The American Type Culture Collection.  
Escherichia coli BL21 (DE3) was used for expressing the standalone SAT domain from CazM.  
Saccharomyces cerevisiae BJ5464-NpgA1 (MATα ura3-52 trp1 leu2-∆1 his3∆200 pep4::HIS3 
prb1∆1.6R can1 GAL), which contains a chromosomal copy of the phosphopantetheinyl 
transferase NpgA,2 was used for expressing the NR-PKS CazM, the HR-PKS CazF3 and for the 
in vivo production of cazaldehyde A (10) and B (12). 
 
Chemicals and spectral analysis 
All solvents and other chemicals used were of analytical grade.  NMR spectra were obtained on 
Bruker 400-MHz (100 MHz for 13C) and 500-MHz spectrometers and a Varian VNMRS 500-MHz 
spectrometer (125 MHz for 13C).  Mass spectra were recorded on an Agilent 6220 oaTOF and a 
Shimadzu 2010EV liquid chromatography mass spectrometer. 

 
General Molecular Biology Experiments 
PCR reactions were carried out using AccuPrime Pfx DNA polymerase (Invitrogen).  Restriction 
enzymes were purchased from New England Biolabs and used according to the manufacturer’s 
instructions.  pCR®-blunt (Invitrogen) was used to construct recombinant DNA products and 
DNA sequencing was performed by Retrogen and Laragen, California, USA.  DNA manipulation 
using standard techniques4 were performed in E. coli TOP10 (Invitrogen) and E. coli XL1-Blue 
(Stratagene).  RNA extraction was performed using a RiboPure Yeast kit (Ambion) and ImProm-
II Reverse Transcription System (Promega) was used to synthesize complementary DNA 
(cDNA) from total RNA using specific primers. 

 
Construction of SAT and CazM mutants 
Site-directed mutagenesis on the active site Cys155 and His277 residues was carried out using 
a complementary PCR primer method.  The wild-type SAT-containing pHis8 vector pJWT-49 
was used as template with AccuPrime Pfx (Invitrogen) as the polymerase.  Primer pairs 
SAT_C155A_F and SAT_C155A_R were used for the Cys to Ala mutation, primer pairs 
SAT_C155S_F and SAT_C155S_R were used for the Cys to Ser mutation, and primer pairs 
SAT_H277A_F and SAT_H277A_R were used for the His to Ala mutation (Table S1).  After a 
denaturing step of 95 oC for 30 seconds, 14 rounds of 95 oC for 30 seconds, 55 oC for one 
minute and 68 oC for six minutes was carried out followed by an incubation at 37 oC for two 
minutes.  The reaction was digested with DpnI (New England Biolabs) and transformed into E. 
coli TOP10 chemical competent cells (Invitrogen).  After sequence verification, the expression 
vectors pJWT-59 (Cys155Ala), pJWT-71 (Cys155Ser) and pJWT-75 (His277Ala) were 
transformed into E. coli BL21 (DE3) electrocompetent cells and protein expression and 
purification was performed as described above for wild-type SAT (Protein yields can be found in 
Table S2 and SDS-PAGE analysis in Figure S4). 
 
The SAT domain makes up the majority of piece one used for the reconstitution of CazM (1,194 
out of the 1,313 bp).  Therefore, to introduce the C155A, C155S and H277A mutations 
independently into intact CazM, the mutant SAT expression vectors pJWT-59, pJWT-71 and 
pJWT-75 were used as template to amplify the slightly shorter piece one carrying the respective 
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point mutation.  Primer pair CazM_P1_F was used with CazM_MT_R for all constructs (Table 
S1).  Pieces 2−5 were amplified as described previously and the five exons were co-
transformed with the 2 μM URA3 expression plasmid into S. cerevisiae BJ5464-NpgA as 
described previously to yield plasmids pJWT-66 (CazM C155A), pJWT-73 (CazM C155S) and 
pJWT-80 (CazM H277A).  Protein expression and purification was performed as described for 
wild-type CazM.  Protein yields are found in Table S2 and SDS-PAGE analysis in Figure S4. 

 
 
Cazaldehyde reduction assay 
To explain if the conversion of 10 into 12 was enzymatic or spontaneous, a variety of in vitro 
assays were conducted.  The first assay assessed whether the reduction occurred non-
enzymatically.  In a 100 μL reaction, 2 mM NADPH was incubated with 0.2 μM 10 in 100 mM 
phosphate buffer pH 7.4 at room temperature for 8 hours.  After the incubation, the reaction was 

extracted two times with 200 L 99% ethyl acetate:1% acetic acid and the organic layer was 
dried by speedvac.  To identify if the SAT domain mediated the reduction, 25 μM of the wild-
type standalone protein was incubated at room temperature in a 100 μL reaction containing 0.2 
μM 10, 2 mM NADPH and 100 mM phosphate buffer pH 7.4.  The reaction was incubated for 8 
hours and then extracted as described previously.  The reducing activity of CazM was evaluated 
by incubating 25 μM of protein in a 100 μL reaction with 2 mM NADPH and 0.2 µM 10 in 100 
mM phosphate buffer pH 7.4.  The reaction was incubated at room temperature for 8 hours and 

then extracted as described above.  All extracts were dissolved in 20 L MeOH and analyzed on 

a Shimadzu 2010 EV LC-MS with a Phenomenex Luna 5 2.0 x 100 mM C18 column using 

positive and negative mode electrospray ionization with a linear gradient of 595% MeCN:H2O 
over 30 minutes followed by 95% MeCN for 15 minutes and a flow rate of 0.1 mL/min (Figure 
S17). 
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Supplementary Results 
 

Supplementary Table 1. Primers used in this study 
 
Primer Sequence shown 5’–3’ 
CazM_P1_F TCAACTATCAACTATTAACTATATCGTAATACCAT/ATGATTTCCG

TAGCCGACCT 
CazM_P1_R GCTGTCTTGATGGAC 
CazM_P2_F CGACCTACAACAACGAGGCT 
CazM_P2_R TAGCCGACGAAGGTCCATAG 
CazM_P3_F AGGTGTCGCTGTTCGTG 
CazM_P3_R CTTCATCTCGAGCCAGTG 
CazM_P4_F ACACTGGCTCGAGATGAAG 
CazM_P4_R GTTGTGCGTGGCATGGATG 
CazM_P5_F GGTTCGGGAAGATGTATC 
CazM_P5_R TGTCATTTAAATTAGTGATGGTGATGGTGATGCACCGACCTGAG

GAATTCCATCT 
CazM_seq1 CGGTAATCGACAAGAG 
CazM_seq2 CATCTTAGTGAACCAGTG 
CazM_seq3 CGGCTACTTCACCGA 
CazM_seq4 TCTCCGACGTGATGC 
CazM_seq5 GTCCGTGAGCTGTTG 
CazM_seq6 GGATTATCTGCGTGAG 
CazM_seq7 TGGAGATGCTCAAGACG 
CazM_seq8 ACAAGACACGGTCAAGC 
CazM_seq9 CGTAACTCCAAGAAGCG 
CazM_seq10 GTGGTGCTGTGCTTTG 
CazM_seq11 AGTGCGTGTACGAGTTC 
SAT_pHis8_F GACAGCGAGGAATTCATGATTTCCGTAG 
SAT_pHis8_R GACGGACGGCGGCCGCTCAAGGAGACTGCGG 
CazF_Trp_F TTAGTGGTGGTGGTGGTGGTGCGCCCCTGCAGCTATCTCGAC 
CazF_Trp_R AAACTATAAATCGTGAAGGCATGTTTAAACCTAGGTTAGTGGTG

GTGGTGGTGGTG 
SAT_C155A_F ACTTTGGGCTTCGCTGCCGGGCTACTA 
SAT_C155A_R TAGTAGCCCGGCAGCGAAGCCCAAAGT 
SAT_C155S_F ACTTTGGGCTTCTCTGCCGGGCTACTA 
SAT_C155S_R TAGTAGCCCGGCAGAGAAGCCCAAAGT 
SAT_H277A_F AAGGGCCGCATCGCTAGCCCCGACTCG 
SAT_H277A_R CGAGTCGGGGCTAGCGATGCGGCCCTT 
CazM_MT_R AGGAGACTGCGGAGCT 
EcoRI and NotI restriction recognition sites are italicized and underlined.  Point mutations introduced via 
primers are indicated in bold.   
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Supplementary Table 2. List of enzymes constructed in this work 

Enzyme Plasmid Name Expression host Expression Level 
(mg/L) 

CazM pJWT-37 S. cerevisiae BJ5464-NpgA 2.2 mg/L 
CazF 2 μMTrp pJWT-41 S. cerevisiae BJ5464-NpgA 8 mg/L 
CazM’s SAT pJWT-49 E. coli BL21(DE3) 43 mg/L 
SAT C155S pJWT-71 E. coli BL21(DE3) 53 mg/L 
SAT C155A pJWT-59 E. coli BL21(DE3) 40 mg/L 
SAT H277A pJWT-75 E. coli BL21(DE3) 60 mg/L 
CazM C155A pJWT-66 S. cerevisiae BJ5464-NpgA Not solubly expressed 
CazM C155S pJWT-73 S. cerevisiae BJ5464-NpgA <1.0 mg/L 
CazM H277A pJWT-80 S. cerevisiae BJ5464-NpgA 2 mg/L 

 

Supplementary Figure 1. Correct DNA sequence of cazM (CHGG_07645−07647, new 
GenBank accession KP764718). After the gene was reconstituted, sequencing revealed that the 
original genome contained three extra bases.  When these extra bases are removed, the correct 
DNA sequence of cazM does not contain any introns.  The three extra bases are capitalized, 
underlined and highlighted in red  

atgatttccgtagccgacctcgattatgcctcccgcaaatccagcattttcctctttgccccccatgtcg
gcactttcaccaagcagtccatggacaagctcgtccggccactcgcggctagcgcccacagggactggat
cctagataccgttgctggtctgccaacatactgggatgccctggcggtcaagatacccaacatagggaac
gcaattccgggccgccgtcaactaactgatctcgacacatggttccggcacggcgcaggcgacgtgacgc
aggacgatgccaccctccccagcatcgtcgtcggccccttggtggtactcatacagctcacccagtactg
gcgctacctcgagctcacacgaccggaccacttagaggactcggcggacttacaagcggacgtggtcacc
cgccagacccagccggggAgccaaggtcgagactttgggcttctgtgccgggctactagccgccgtggct
gtggctagcgccggtaatcgacaagagttccaaaaatatggcgccgtagcggtgcggctagccatgatgg
ccggtgcgctcatcgatggccaagaggcgcgcgacaaggcgacccgcgacggcggctccgtgtcctatgc
catagcatggcgcggccagaagccgggagaggaggctgcgcgcatagtcaaggacctgaacccaaacgcc
tacttcgccgtgctttacgacgaggcccgcgccaccgtgaccacaacccgacgcacggctcccagcctcg
tgaaccggctccgggctgctgatgtcacggtggccgagattgggatcaagggccgcatccacagccccga
ctcggaaaggaagaacaacactgatctactcgtggacctgtgcaagtcattcgaggatctgcaatatgct
gacgccgcctctctcgcgttgccgacctacaacaacgaggctgaaggcaggcctgtgtcgcgggatcgcg
gtaatatgaccgagatggtgatccgcgccatcttagtgaaccagtgcaactggtatgggacgtttaaggg
tgctacggaaggcagggagccctttgtagtcaccttgggcctggagcgtagtgtgccaccgacgctgatg
cgcagtctcggacctcaccaagtgcactacgaggacctggcggacaacggcatccccccagctccgcagt
ctcctcccagggcagtcattgaaacccaaccacagccacaacagcagcaagatacaaccccgccgaaaat
cctcgagaacgacaaagacgccatcgccgtcgtcggcatgtccatcaagacagccggcgccgacgacctg
gacgaattcgtggagatgctcaagacgggccggtcccagcacgagcccgtgacgcgggagcggctcatgc
acgacatgctcttccgggccgccgcggacagcgaccccaaccacaagtactacggctgcttcatccggga
ctcggacgcgttcgaccaccgcttcttcaagcgcagcccgcgcgagtcggccgccatggacccgcagagc
cgcctggccatgcaggccgcctaccaggcggtcgagcagtccggctacttcaccgaaacaaccgccgcgc
ccgagggccgcgacaagaagcacgtgggcgtgtacctgggggtgtgcggtatggactacgaccacaacag
cacgtgccacgagccgagcgccttcacggcgacgggggcgctgcgcagcttcatcacgggccgggtgtcg
cactattttgggtggacgggcccgtccatgaccttcgacacggcctgctcgtcttcggccgtggccatcc
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acacggcctgccgcaacctgctctcgggcgagtgcacggcggcgctggccggcggcgccaacaccatcac
cagcatgctttggttccagaacctcagcgcgggcagcttcgtcagcccgacgggccagtgcaagcccttt
gacgacgccgccgacggctactgccgcgccgagggcatggcctttgtgtttttgaagaagctgtccgacg
ccgtgcgcgacggcaaccccgtgctggcaaccatccccagcacggccgtctaccaaaaccagaacagcac
ccccctgttcgtgcccaactccccctccctctcgatgctcttctccgacgtgatgcggcaggccggggtc
gcaccgcgcgacatctcgctggtcgaagcgcacggcacgggcacgcccgtgggcgacccggccgagtacg
agagcatccgcacggcgctgggcgggccgcgcgtgggacgcaccaagccgctgccgatcgggtcggtcaa
gggccacatcgggcacacggagggtgcgtcgggggccatcgcgctgatcaaggtgatcatgatgatgcgc
ggcggcttcatcccgccgcaggccagcttcaccaagatgagccacaacatcgcggtgcggccggacgaca
tgatggaggtggtgacacagctgcgcccctgggccgacccgcacaagatcgccctcctcaacaactacgg
cgcctgcggctccaatgccagcctgatcgtcgcgcagccgcccccggccctgcgcgcaccgacgcgtggc
gcccatcaacaccccgaggggcggcggtatccgttctggatcgcggggctcgacgcccgggcaatttccg
cctacgcggctaagctgatccgctacctcccgtcgtctccccaggacattcccacactcgccgacatctc
ctttagcatgaaccggcagtccaaccgcggcctagcgcaggggttcgtgttcagcagccggtcggtggcc
gagctgcaagagaagctggcgcaggcggccggagcggctgggaaggaggccgcggcgctggtgggcatcg
agccggtcagggccgagcggcccgtggtgctgtgctttggcgggcaggtgtcgctgttcgtggggctgga
cagggcgctgttcgacagcgcggccgtactgcggcggcacctggacgagtgcgatgccgccgtgacggcg
ctcggcctcgacagcatctacccgggcatctttgagcgggagccggtacaagacacggtcaagctgcaga
cgatgctgtttgctatgcagtatgcctctgcgaagagctggatggactgcgggctgcaaggcaaggtggc
cgccgttgtgggccacagcttcggcgagatcacggcgctgtgcgtggccggcgtgcttagcctggaggat
accatcaagcttgtggcggccagggccagactggtgcgtgattcgtggggtcccgatccgggtgccatga
tggctgttgaggccgacgaaggcctcgtccgtgagctgttgcaggaagcgaaccgcagctcggatgggtc
ggccggcattgcttgttacaacggaccgcgcagctttaccctcgccggatcgaccagcgcggtggatgcg
gtgcaggcgaccatgtcggctgacgccaagttcaaagccatcaggagcaagcggctgaacgtgacgaacg
ccttccactccgcccttgtcgagaaactggtggattccctgggacaggtcggaaaggagctgacgttcca
cccacccaccatccccCgtggaacgggcaacggaaacgccctttgacgcggcctcgatggactggacatt
cgtgcctcgccacatgcgggagcccgtattcttcaaccacgccgtgcagcggctggccaagcaacacccg
caagccatctttctcgaagcgggctccaactcgaccatcaccatcatggcaagcagggcgctcgctcaga
gccagacctcccctccggacgcccatcatttccaagccgtctccatcaccaccgcgacgggcttcgacgg
gctgaccgacgccacggtcgccctgtggaagcaaggtctgcgcgtcgccttctgggcccaccacgccctg
cagacgctcgaatacgcgcagctgctcctacccccctaccaattcgacacatccccctcctcgcgacact
ggctcgagatgaagtcaccccagaaggtgatcgacaaagccgtaaaggcactcgtagcggcaggaacacc
gcaccaactgccccagaaccaaaccatcgaccccaaaaccctccccctatggaccttcgtcggctaccaa
gacgcgccgaccaacaaaacggcgcgcttccgcatcaacaccgagtccgcccagtacaacacctacgtgc
tcagccacgtgatcgcccaaaccgcgcccatctgcccgggcacgctcgaatgcgacatgatgatcgaggc
gctgttcagtctgcacgcggacgcccaggaaaacggtctgcagcccgagatccgcgacctggtcaaccac
acgcccatctgcgtcgacccctcgcgcaccgtctacctggagctgacggcgctgtacaagaagcgcacgc
agtggagcgcgcatttcctcagcgtcgccaacggcggcggcgatgcccataacccgcagacgcacgccga
ggcgcggctgcggctgcgcgcggcgggcgatgcggattatctgcgtgagtttgcgcagtttgagcggctg
gttagtcatgggcggtgtcgcgagttgcttgggttggggctggatgtggagggggtggaggtgctgcagg
gtcgtggggtgtaccgggcgtttgatccggtggttgagtatggtgaggtgtaccgtggcgtgcgctacct
ggtgggccgcggcaacgagtgtgccggccatgtgcagctgcccgcgcggcaccgtggggatacgtggttg
gatgtcgcgttgagtgacagtttcagccaggtgggtgggttgtgggtgaatttgatgacggatgtaccgc
cgggggatatgtacattgcgacggggtgtgaggtgacgatgcgcgcgccgcgggccacggcgcggggtga
gggggatgtgtggcatgtgtatggccgccatgcgcgccagagcgacaaggcgtacacgacggatctgttt
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gtgtttgatgccgcgaccgggtcgctcgttgaggtcatgttgggcctgcagtatgggcgggtggccaagg
cctcgatgagccggatgctggcgcgcatgactacggatgaaacggtggtgcggaccaaggcatcgttacc
gcagctgccggcgacgaattcttcccctccagctaccgctccggcccccgccatggctgttgtcgaggcg
agccgtaactccaagaagcggagcaagaagaccgaaaagaaggaggccaagcccaaaaagacacaaaagg
attccggatggcgagacattaccgaagaggtgcgcaaccttgtggctcacgtgtccggcattgaagccag
cgagatcgggctcgactcggaaatggccgactttggtatcgattccctgatgggaatggagctgggccgg
gaagtcgagttgacgttcaagtgcaagctggaccaggccgaacagatggaggccacgagtctgcgcaagt
ttgtggcggttgtggccaaggctctctttggtactgatcagcccgctgaggtggaggacgaagccagtga
agctgaagacgaagacgatgatgattcatcctccactggtgaaggagggacatggtcggagccaagccaa
gaagacggaagcaaagagtcctctggtttgcagacgccggattcgagcagctacacccccccgccggaga
aagcccagaaggccgggcccgtgccaggcaacctaaagcccctaaacgcaccaacggcgccgccagccgt
gagcaacctggtactatcgcccgccgacgtgctcgcagccttcggcgaggtgaagatggccaccgacagc
ctcatgcgggaatacgagatcgacaagacggaaaggaccctccttgcgggcagcaaccgtctctgtgcgg
cgctggtggtggaggccctcgacgagctaggctgccccatcggcaccgccgcggcgggccagccactcga
acgggtgccgttcctcccgcagcacggccgcctgatgcagtgcgtgtacgagttcctcgagcgcgacgcg
cggctcatcgacatcgacgtcgcgagcggccagctgacgcgcacgcacgtggcggcgccgcgcaagacga
gccaggccatcctcgaggacctgctgaccagccagcccgagttcgccgtggccaaccggctcgcctacca
cgcgggcaagcagctggcgggggtgctcagcggcaagacggacggcatccgcgtgctcttcggcagcccc
gagggccgcgaggtgacggcggccatgtactgcgagcacccgttcaaccgcatgagctaccggcagatga
gcgacgtggtggagggcctggcggagcgcatccaaagccgcggcggcacgggcgagacgttcaaggtgct
cgagatgggcgccggcacgggaggcaccacgctcgtcatggcgccgctgttggcatcgctcgaagcgcgc
ggcatcatgcgggtcgagtacacttttactgacctgtcgccgtcgctggtcgccaatgctcgtcggcggt
tcgggaagatgtatcccttcatgcggttcgcagtgcatgacatcgagaagtcgccggccgaggagttgag
gggccagcacctggtacttgccagcaatgccatccatgccacgcacaacctggttgtctcggcctcgaat
gtgcgccaggccctgcggccggacggcttcgtaatgattctagagatgaccgaggtggtccccttcatcg
acctggtctttgggctgctcgaaggttggtggctattcgatgacggccggaatcacgcagttgtgccggc
cgagcactgggaacgtgagctgcacactgcaggttttgggcatgttgactggaccgacgggaacttgccc
gagaacgcggtccAaaaaggtcattttcgcgatggcttcagaaccccagggtcctcgcctaccaaaggcc
gccccggagcaaacgatggaactcgaccgaggtgatgtggccgctcgcacggccgaggcggaacggcttg
tgacaaaatactcgaacgcctgggccacgccgagattgcaagccctcgccgcccggcgggaaacaaacca
aggccagccgaagcgcaacaaagcaaatctcggcgccgtggttctcgtgaccggcgcgaccggcagcctc
ggttcgcacctggtgcagaagctggccgagaaccccgaagtcgcgcaggtggtgtgcctcaaccgtcgca
gcagcagcggcctctccgccgtcaagaaacaacaggaggcattcgcatccaggggcatcacgctgtcacc
cggggcacgcgcgaagttgcgggtcctagacgccgacacctcccaggcccagctggccctcccaccgcac
gagtacacctggctcctgcaacacggcacccacatcgtgcacaacgcgtggcccatgagcggaacgcgcc
ccatcagcgccttcgagccccagctgcagggtatgaggaacctcctcgacctcgcgcgggagatggccac
ccgcgatgccgtccacccgttccgcgtcggcttccagtttgtgtcgtccatcggggtggtgggctacgcc
ggggagccgcgcatcctcgaggaccgcgtgcctctttcggccgtcctgcccagcggttacggcgagggca
aatgggtgtgtgagcggctgctggacgacaccctgcataagtaccccagccttttcaggcccatggtcgt
gcggcccggccagatctcgggatcgtcgaacagcggtttctggaatcctgtggagcactttgcgttcctg
gtaaagtcggcgcagaccctgcgggcgtggcccgacttcgacggcgtgctgcagtggattccggtggacc
actgcgcgagcgtcatggcggatttgttgaagatgggggtcgcggacgcgccggatgcctatccggtgta
tcacatcgacaaccccgtaggtcagcagtggaaggccatgtcgccggtgttggcggctgccctcgacatc
ccaccgcacgcgatcatccccttttcgagctggatcaagagggtccgccggtcgccacttcttgccgaga
cggagaatccggcggcgcgtctcgttgacttcctcgacagccacttcgagcgcatgtcttgcggtggcct



 

gatacta
ctcgccc

 

Supplem
The 8,23
homolog
ranged f
vector we

 

Supplem
KS-linker

MISVADL
AIPGRRQ
RQTQPGA
IAWRGQK
SERKNNT
ATEGREP
LENDKDA
SDAFDHR
TCHEPSA
SMLWFQN
PLFVPNS
GHIGHTE
ACGSNAS

agatacgacc
cgtctatatg

mentary Fig
38bp intron-f
ous recomb
from 122-38
ere 35 bp. 

mentary Fig
r is highlight

LDYASRKSSI
QLTDLDTWFR
AKVETLGFCA
KPGEEAARIV
TDLLVDLCKS
PFVVTLGLER
AIAVVGMSIK
RFFKRSPRES
AFTATGALRS
NLSAGSFVSP
SPSLSMLFSD
EGASGAIALI
SLIVAQPPPA

caaagcgaa
gtcgcggct

ure2. Recon
free gene w
bination.  O
82 bp and o

gure 3. Amin
ed in gray.  

IFLFAPHVG
RHGAGDVTQ
AGLLAAVAV
VKDLNPNAY
SFEDLQYAD
RSVPPTLMR
KTAGADDLD
SAAMDPQSR
SFITGRVSH
PTGQCKPFD
DVMRQAGVA
IKVIMMMRG
ALRAPTRGA

aggagcactc
ttggaagaag

nstitution of 
was assembl
Overlapping 
overlapping 

no acid seq
The GxCxG

GTFTKQSMDK
QDDATLPSIV
VASAGNRQEF
YFAVLYDEAR
DAASLALPTY
RSLGPHQVHY
DEFVEMLKTG
RLAMQAAYQA
HYFGWTGPSM
DDAADGYCRA
APRDISLVEA
GGFIPPQASF
AHQHPEGRRY

S9 

cccagaccat
gatggaattc

CazM for ex
ed and inse
regions bet
regions betw

uence of Ca
G binding mo

KLVRPLAASA
VVGPLVVLIQ
FQKYGAVAVR
RATVTTTRRT
YNNEAEGRPV
YEDLADNGIP
GRSQHEPVTR
AVEQSGYFTE
MTFDTACSSS
AEGMAFVFLK
AHGTGTPVGD
FTKMSHNIAV
YPFWIAGLDA

tggccaagg
cctcaggtc

xpression in 
erted into the
tween two f
ween piece

azM.  The S
otif is underli

AHRDWILDT
QLTQYWRYL
RLAMMAGAL
TAPSLVNRL
VSRDRGNMT
PPAPQSPPR
RERLMHDML
ETTAAPEGR
SAVAIHTAC
KKLSDAVRD
DPAEYESIR
VRPDDMMEV
ARAISAYAA

gagggtcccg
cgtaa 

S. cerevisia
e 2μ URA3 
flanking seg

e 1 and piec

SAT domain
ned. 

TVAGLPTYWD
LELTRPDHLE
LIDGQEARDK
LRAADVTVAE
TEMVIRAILV
RAVIETQPQP
LFRAAADSDP
RDKKHVGVYL
CRNLLSGECT
DGNPVLATIP
RTALGGPRVG
VVTQLRPWAD
AKLIRYLPSS

gtcgaccca

ae BJ5464-N
vector by in

gments of C
ce 5 with th

n with part o

DALAVKIPNI
EDSADLQADV
KATRDGGSVS
EIGIKGRIHS
VNQCNWYGTF
PQQQQDTTPP
PNHKYYGCFI
LGVCGMDYDH
TAALAGGANT
PSTAVYQNQN
GRTKPLPIGS
DPHKIALLNN
SPQDIPTLAD

gac

NpgA.  
n vivo 
CazM 
he 2μ 

 

of the 

IGN
VVT
SYA
SPD
FKG
PKI
IRD
HNS
TIT
NST
SVK
NYG
DIS



S10 
 

FSMNRQSNRGLAQGFVFSSRSVAELQEKLAQAAGAAGKEAAALVGIEPVRAERPVVLCFGGQVSLFVGLD
RALFDSAAVLRRHLDECDAAVTALGLDSIYPGIFEREPVQDTVKLQTMLFAMQYASAKSWMDCGLQGKVA
AVVGHSFGEITALCVAGVLSLEDTIKLVAARARLVRDSWGPDPGAMMAVEADEGLVRELLQEANRSSDGS
AGIACYNGPRSFTLAGSTSAVDAVQATMSADAKFKAIRSKRLNVTNAFHSALVEKLVDSLGQVGKELTFH
PPTIPVERATETPFDAASMDWTFVPRHMREPVFFNHAVQRLAKQHPQAIFLEAGSNSTITIMASRALAQS
QTSPPDAHHFQAVSITTATGFDGLTDATVALWKQGLRVAFWAHHALQTLEYAQLLLPPYQFDTSPSSRHW
LEMKSPQKVIDKAVKALVAAGTPHQLPQNQTIDPKTLPLWTFVGYQDAPTNKTARFRINTESAQYNTYVL
SHVIAQTAPICPGTLECDMMIEALFSLHADAQENGLQPEIRDLVNHTPICVDPSRTVYLELTALYKKRTQ
WSAHFLSVANGGGDAHNPQTHAEARLRLRAAGDADYLREFAQFERLVSHGRCRELLGLGLDVEGVEVLQG
RGVYRAFDPVVEYGEVYRGVRYLVGRGNECAGHVQLPARHRGDTWLDVALSDSFSQVGGLWVNLMTDVPP
GDMYIATGCEVTMRAPRATARGEGDVWHVYGRHARQSDKAYTTDLFVFDAATGSLVEVMLGLQYGRVAKA
SMSRMLARMTTDETVVRTKASLPQLPATNSSPPATAPAPAMAVVEASRNSKKRSKKTEKKEAKPKKTQKD
SGWRDITEEVRNLVAHVSGIEASEIGLDSEMADFGIDSLMGMELGREVELTFKCKLDQAEQMEATSLRKF
VAVVAKALFGTDQPAEVEDEASEAEDEDDDDSSSTGEGGTWSEPSQEDGSKESSGLQTPDSSSYTPPPEK
AQKAGPVPGNLKPLNAPTAPPAVSNLVLSPADVLAAFGEVKMATDSLMREYEIDKTERTLLAGSNRLCAA
LVVEALDELGCPIGTAAAGQPLERVPFLPQHGRLMQCVYEFLERDARLIDIDVASGQLTRTHVAAPRKTS
QAILEDLLTSQPEFAVANRLAYHAGKQLAGVLSGKTDGIRVLFGSPEGREVTAAMYCEHPFNRMSYRQMS
DVVEGLAERIQSRGGTGETFKVLEMGAGTGGTTLVMAPLLASLEARGIMRVEYTFTDLSPSLVANARRRF
GKMYPFMRFAVHDIEKSPAEELRGQHLVLASNAIHATHNLVVSASNVRQALRPDGFVMILEMTEVVPFID
LVFGLLEGWWLFDDGRNHAVVPAEHWERELHTAGFGHVDWTDGNLPENAVQKVIFAMASEPQGPRLPKAA
PEQTMELDRGDVAARTAEAERLVTKYSNAWATPRLQALAARRETNQGQPKRNKANLGAVVLVTGATGSLG
SHLVQKLAENPEVAQVVCLNRRSSSGLSAVKKQQEAFASRGITLSPGARAKLRVLDADTSQAQLALPPHE
YTWLLQHGTHIVHNAWPMSGTRPISAFEPQLQGMRNLLDLAREMATRDAVHPFRVGFQFVSSIGVVGYAG
EPRILEDRVPLSAVLPSGYGEGKWVCERLLDDTLHKYPSLFRPMVVRPGQISGSSNSGFWNPVEHFAFLV
KSAQTLRAWPDFDGVLQWIPVDHCASVMADLLKMGVADAPDAYPVYHIDNPVGQQWKAMSPVLAAALDIP
PHAIIPFSSWIKRVRRSPLLAETENPAARLVDFLDSHFERMSCGGLILDTTKAKEHSQTMAKEGPVDPDL
ARLYVAAWKKMEFLRS 
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Supplementary Table 3. Assignments of 13C and 1H NMR data for cazaldehyde A (10) 

O

H O

OH

OH

1
3

5

7

8
9

10

11
12

13

14

15

16

4
6

2

 

Position[a] C ppm[b], H (ppm)[c]  (J, Hz) 1H-1H COSY 1H-13C HMBC 

 

  

1 192.7 9.82 (s)  2, 3  

2 113      

3 161.5      

4 111.2      

5 164.5      

6 110.8 6.15 (s)  4, 8   

7 137.2      

8 43.6 4.05 (s)   6, 7, 9   

9 197.4      

10 127.3 6.2 (d, 16.0) 11 9, 12   

11 155.6 6.94 (d.d. 16.4, 8.4) 10, 12 9, 12, 13, 16   

12 38.7 2.28 (m) 11, 13, 16 11   

13 28.9 1.45 (m) 12, 14 15   

14 11.8 0.9 (t, 7.2) 13 12, 13   

15 7.1 2.04 (s)  3, 4    

16 19 1.09 (d, 7.2) 12 11, 12, 13   

3-OH  12.7 (s)  3,4   

5-OH  6.5 (br, s)    

[a] The numbering scheme for 10 was adopted from reference3; [b] 13C NMR spectral data was 
taken at 100 MHz in CDCl3; [c] 1H NMR spectral data was taken at 400 MHz in CDCl3. 
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Supplementary Table 4. Assignments of 13C and 1H NMR data for cazaldehydeB (12) 

O

H O

OH

OH

1
3

5

7

8
9

10

11
12

13

14

15

16

4
6

2

 

Position[a] Cppm[b], H(ppm)[c]  (J, Hz) 1H-1H COSY 1H-13C HMBC 

  

1 192.9 9.87 (s)  3, 7  

2 137.3      

3 164.5      

4 110.6      

5 161.0      

6 110.7 6.20 (s)  7, 8   

7 113.2      

8 46.0 3.91 (s)  2, 6, 9   

9 207.6      

10 40.5 2.52 (d,d, 15.4, 7.3) 11 9, 11, 12   

11 30.4 1.62 (m) 

1.30 (m) 

10, 12 10, 12, 13, 16   

12 34.1 1.33 (m) 11, 13, 16 10, 11, 13, 16   

13 29.4 1.40 (m) 

1.14 (m) 

12, 14 11, 12, 14, 16   

14 11.4 0.86 (t, 7.6) 13 12   

15 7.10 2.09 (s)  3, 4, 5   

16 19.1 0.84 (d, 6.1) 12 11, 12   

3-OH  12.7 (s)  3,4   

5-OH  5.7 (br s)    
[a] The numbering scheme for 12 was adopted from reference3; [b] 13C NMR spectral data was 
taken at 100 MHz in CDCl3; [c] 1H NMR spectral data was taken at 400 MHz in CDCl3. 
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Supplementary Figure 13. 1H NMR spectrum (400 MHz) of cazaldehyde B (12) in CDCl3 
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Supplementary Figure 15. 1H-1H COSY NMR spectrum (400 MHz) of cazaldehyde B (12) in 
CDCl3 
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Supplementary Figure 16. 1H-13C HMBC NMR spectrum (400 MHz) of cazaldehyde B (12) in 
CDCl3 
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Supplementary Table 5. X-ray data collection and refinement statistics for the SAT domain 

 SeMethionine 
apo SAT 

SeMethionine 
Hexanoyl-SAT 

Data Collection   

PDB accession code 4RO5 4RPM 

Space group P212121 P212121 

Unit cell dimensions   

a=b= c (Å) 43.13, 52.16, 163.09 45.67,52.36,168.03 

 () 90.0 90.0 

Reflections observed 156783 283472 

Unique reflections 87226 79353 

Wavelength (Å) 0.9792 0.9789 

Resolution (Å) 81.5-1.9 84.0-1.4 

Highest Resolution Shell (Å) a. 1.64-1.60 1.44-1.40 

Rsym (%) b 4.7(26.4) 4.9(53.9) 

CC(1/2) 98.8(85.5) 99.8(80.0) 

I/σ 11.53(2.98) 12.79(2.01) 

Completeness (%) 92.7(88.1) 98.5(96.6) 

Wilson B value (Å**2) 12.8 16.2 

Refinement   

Resolution (Å) 81.5-1.60 84.0-1.4 

Resolution (Å) 
 (last shell) 

1.63-1.60 1.42-1.40 

Reflections Used 48603 79350 

Rwork(%)/Rfree(%)c 18.7(20.0) 
21.8(25.0) 

18.7(25.86) 
20.4( 27.33) 

Protein Molecules in Asymmetric Unit 1 1 

Number of non-H atoms   

Protein 2989 3040 

Non-protein 189 185 

RMS deviations   

Bond lengths (Å) 0.006 0.006 

Bond angles (°) 1.067 1.018 

Average B-factor (Å2)   

Protein atoms 15.37 22.29 

Non-protein atoms 19.70 26.9 

Ramachandran plot regionsd   

Favored 99.22 98.74 

Allowed 0.78 1.26 

Outliers 0.0 0.0 
a Highest resolution shell shown in parenthesis.  b   22 /))((100 ImeanIIxRsym

where I is the observed intensity of the reflection HKL and the sum is taken over all reflections 
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HKL.c   obscalcobs FFFxRfactor /100 Fcalc and Fobs are the calculated and 

observed structure factor amplitudes, respectively.  Rwork refers to the Rfactor for the data utilized 
in the refinement and Rfree refers to the Rfactor for 5% of the reflections randomly chosen that were 
excluded from the refinement.  dPercentage of residues in Ramachandran plot regions were 
determined using MOLPROBITY.15 
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