Supplementary Information

Engineering the substrate specificity of a modular polyketide synthase for installation of

consecutive non-natural extender units

Edward Kalkreuter'?3, Jared M CroweTipton'#, Andrew N. Lowell®”, David H Sherman®®, and Gavin J

Williams'2*

' Department of Chemistry, NC State University, Raleigh, North Carolina 27695, United States

2 Comparative Medicine Institute, NC State University, Raleigh, North Carolina 27695, United States

% Present address: Department of Chemistry, The Scripps Research Institute, Jupiter, Florida 33458, United
States

* Present address: Nephron Pharmaceuticals Corporation, West Columbia, South Carolina 29172, United
States

® Life Sciences Institute, Department of Medicinal Chemistry, University of Michigan, Ann Arbor, Michigan
48109, United States

¢ Department of Chemistry, Department of Microbiology & Immunology, University of Michigan, Ann Arbor,
Michigan 48109, United States

’ Present address: Department of Chemistry, Virginia Tech, Blacksburg, Virginia 24061, United States

* Corresponding author, gjwillia@ncsu.edu

Table of contents

Supplementary Tables

Supplementary Table S1. High-resolution LC-MS retention times, calculated masses, and observed
masses for DEBS/Pik PKS-catalyzed reaction products.

Supplementary Table S2. High-resolution LC-MS peak areas for PKS-catalyzed reaction products with
non-natural extenders.

Supplementary Table S3. High-resolution LC-MS peak areas for PKS-catalyzed reaction products with
substrates 7 and 8a.

Supplementary Table S4. Product distributions catalyzed by mutant PikAIlITE.

Supplementary Table S5. Pik and DEBS PKS DNA FASTA sequences.

Supplementary Table S6. Primers for Pik and DEBS PKS construction and mutagenesis.
Supplementary Table S7. High-resolution LC-MS parameters and gradient.

Supplementary Figures
S1



Supplementary Figure S1. Amino acid alignment of EryAT2, EryAT6, PikATS5, and PikAT6.

Supplementary Figure S2. Representative LC-MS chromatograms of products from lysate module-
catalyzed reactions using 8 and 9a.

Supplementary Figure S3. RMSDs for EryAT6 and PikAT6 MD simulations.

Supplementary Figure S4. Comparison of PikAT5 and PikAT6 active sites.

Supplementary Figure S5. Representative LC-MS chromatograms of products from lysate module-

catalyzed reactions using 8 and 9b-d.

Supplemental Methods

Site-directed mutagenesis of modules

Construction of PikAlll and PikAIV chimeras

Expression and purification of wild-type and mutant MatB

Synthesis of acyl-CoAs by MatB

S2



Table S1. High-Resolution LC-MS Retention Times, Calculated Masses, and Observed Masses for DEBS/Pik PKS-Catalyzed Reaction

Products. N.D. = Not Detected. Products with more than one peak are likely due to different ring conformations of narbonolide products. Products

5a-d and 6a-d have identical masses and were not differentiated.

Observed
Compound & Calculated Mass ~ Observed Mass | Calculated Mass ~ Observed Mass | Calculated Mass
Retention Time (min) | ([M-H,O+H]")  ([M-H,O+H]") (IM+HT") (IM+HT") (IM+Na]") Mass
([M+Na]")
1 7.68 279.1955 279.1949 297.2060 297.2055 319.1880 319.1873
2 9.21/9.92 335.2217 335.2210 353.2323 353.2316 375.2142 375.2129
3a 8.65 303.1955 303.1949 321.2060 321.2053 343.1880 343.1877
3b 941 293.2111 293.2106 311.2217 311.2211 333.2036 333.2037
3c 8.13 305.2111 305.2104 323.2217 323.2210 345.2036 345.2058
3d N.D. 321.2424 N.D. 339.2530 N.D. 361.2349 N.D.
4a 11.79 -- -- 319.1904 319.1889 341.1723 341.1718
4b 12.42 -- -- 309.2060 309.2054 331.1880 331.1872
4c 12.87 -- -- 321.2060 321.2054 343.1880 343.1873
4d 14.55 -- -- 337.2373 337.2363 359.2193 359.2182
Sa
s 10.31/10.82 359.2217 359.2208 377.2323 377.2314 399.2142 399.2133
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Sb

6b

Sc

6¢

5d

6d

Ta

7b

Tc

7d

10.40/10.71

11.46/11.80

11.34/12.01

13.19/13.98

14.42/15.48

11.15/11.45

11.42/12.49

12.92/14.00

N.D.

349.2373

361.2373

377.2686

383.2217

363.2530

387.2530

419.3156

349.2364

361.2364

377.2677

383.2209

363.2519

387.2520

N.D.

367.2479

379.2479

395.2792

401.2323

381.2636

405.2636

437.3262

367.2471

379.2469

395.2777

401.2315

381.2626

405.2618

N.D.

389.2298

401.2298

417.2611

423.2142

403.2455

427.2455

459.3081

389.2288

401.2288

417.2618

423.2133

403.2447

427.2449

N.D.
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Table S2. High-resolution LC-MS peak areas for PKS-catalyzed reaction products with non-natural extenders. Extracted ion count peak areas
from one replicate are shown for each reaction condition. N.D. = Not Detected. For products with multiple peaks, peak areas are summed. Products
5a-d and 6a-d have identical masses and were not differentiated. See Supplementary Table S1 for retention times and calculated and observed

masses for each product.

Enzymes and

Substrates
PikAIIl WT
PikAIV WT

PikAIIl Y755V
PikAIV Y753V

8/9a
8/9b
8/9¢
8/9d
8/9a
8/9b
8/9¢
8/9d

Representative EIC Peak Areas

1
604,644,918
558,290,483
514,002,858
353,277,555
306,251,903
763,629,093
275,694,862
311,277,819

3a-d
7,436,664
2,784,286
N.D.
N.D.
207,133,468
69,743,628
8,959,070
N.D.

4a-d
19,463,238
7,078,095

N.D.

N.D.
16,446,420
15,336,705
11,751,681
41,383,819

2

5a-d/6a-d

6,426,814,005 @ 2,130,190,170
6,829,997,016 | 2,948,022,986

7,055,041,197

628,694,156
231,423,866
976,106,367
611,588,065
608,122,645

320,457,815
N.D.
502,212,154
1,528,345,552
153,840,570
35,004,271

7a-d
34,365,789
72,153,536
N.D.
N.D.
109,769,795
564,559,230
30,925,719
N.D.
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Table S3. High-resolution LC-MS peak areas for PKS-catalyzed reaction products with substrates 7 and
8a. Extracted ion count peak areas from one replicate are shown for each reaction condition. N.D. = Not
Detected. For products with multiple peaks, peak areas are summed. Products 5a and 6a have identical masses
and were not differentiated. See Supplementary Table S1 for retention times and calculated and observed
masses for each product.

Representative EIC Peak Areas

1 3a 4a 2 Sa/6a 7a
R1 99,267,500 = 1,283,686 2,951,168 | 1,418,188,126 | 409,872,173 | 5,118,193
R2 21,455,393 977,191 2,313,400 226,409,954 49,123,149 349,108
R3 79,186,380 | 1,335,707 | 160,599,190 | 933,317,508 570,558,286 | 10,970,635
R4 | 360,898,980 1,422,361 1,753,026 -- - -
RS N.D. N.D. N.D. -- - --
R6 | 660,712,285 29,785,869 | 28,612,559 -- - --
R7 200,092,464 | 16,349,384 @ 4,315,620 -- - --
RS N.D. N.D. N.D. -- - --
R9 | 247,579,476 @ 1,042,640 1,144,330 -- - --
R10 | 57,054,504 881,084 14,630,215 -- - -

R11 N.D. N.D. N.D. - - -
R12 | 290,068,634 | 125,867,179 @ 93,320,119 - - -
R13 N.D. N.D. N.D.

R14 | 99,267,500 @ 1,283,686 2,951,168 | 1,418,188,126 & 409,872,173 5,118,193

R15 | 799,983,835 46,534,105 @ 21,451,594 | 10,281,410,822 | 2,836,675,028 107,026,112
R16 | 88,167,565 100,155,924 11,338,699 | 342,849,625 990,486,379 | 266,850,718
R17 | 72,284,698 @ 2,134,500 1,235,595 62,733,768 223,361,437 | 3,860,401

R18 | 102,893,998 @ 82,829,384 @ 7,769,051 108,989,992 269,734,723 | 74,090,230
R19 N.D. N.D. N.D. N.D. N.D. N.D.
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Table S4. Product distributions catalyzed by mutant PikAIlITE. The percentage of each 1 and 3a was
determined by LC-MS analysis of the product mixtures and reported as an average of two independent
measurements. See Supplementary Table S1 for retention times and calculated and observed masses for each
product.

N.D., Not detected.

% Product
PikAIlITE Variant
1 3a
D624E N.D. N.D.
E658D N.D. N.D.
E658V 100.00 N.D.
1684L 100.00 N.D.
1684V 99.68 0.32 £ 0.006
1684G 98.84 1.16 £ 0.03
1684H 99.50 0.50
1684R 100.00 N.D.
L689V 99.34 0.66 £ 0.3
P752Vv 99.38 0.62
V753A 98.35 1.65 + 0.04
V753l 100.00 N.D.
Y755R N.D. N.D.
Y755V 68.23 31.8+0.5
S757P 99.73 0.27+0.4
S757A 99.83 0.17 £ 0.01
S757G 100.00 N.D.
L808A 98.02 1.98+1.9
L808G 100.00 N.D.
L808S 99.81 0.19 £ 0.05
L808V 99.68 0.32+0.3
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Table S5. Pik and DEBS PKS DNA FASTA sequences. The AT domains are in bolded (PikATS = red, PikAT6
= purple, EryAT6 = black) and include the linkers that were swapped during chimeragenesis. Pik docking domain
is italicized.

Construct Nucleotide Sequences

ATGGCGAACAACGAAGACAAGCTCCGCGACTACCTCAAGCGCGTCACCGC
CGAGCTGCAGCAGAACACCAGGCGTCTGCGCGAGATCGAGGGACGCACGC
ACGAGCCGGTGGCGATCGTGGGCATGGCCTGCCGCCTGCCGGGCGGTGTC
GCCTCGCCCGAGGACCTGTGGCAGCTGGTGGCCGGGGACGGGGACGCGAT
CTCGGAGTTCCCGCAGGACCGCGGCTGGGACGTGGAGGGGCTGTACGACC
CCGACCCGGACGCGTCCGGCAGGACGTACTGCCGGTCCGGCGGATTCCTG
CACGACGCCGGCGAGTTCGACGCCGACTTCTTCGGGATCTCGCCGCGCGA
GGCCCTCGCCATGGACCCGCAGCAGCGACTGTCCCTCACCACCGCGTGGG
AGGCGATCGAGAGCGCGGGCATCGACCCGACGGCCCTGAAGGGCAGCGGC
CTCGGCGTCTTCGTCGGCGGCTGGCACACCGGCTACACCTCGGGGCAGAC
CACCGCCGTGCAGTCGCCCGAGCTGGAGGGCCACCTGGTCAGCGGCGCGG
CGCTGGGCTTCCTGTCCGGCCGTATCGCGTACGTCCTCGGTACGGACGGA
CCGGCCCTGACCGTGGACACGGCCTGCTCGTCCTCGCTGGTCGCCCTGCA
CCTCGCCGTGCAGGCCCTCCGCAAGGGCGAGTGCGACATGGCCCTCGCCG
GTGGTGTCACGGTCATGCCCAACGCGGACCTGTTCGTGCAGTTCAGCCGG
CAGCGCGGGCTGGCCGCGGACGGCCGGTCGAAGGCGTTCGCCACCTCGGC
GGACGGCTTCGGCCCCGCGGAGGGCGCCGGAGTCCTGCTGGTGGAGCGCC
TGTCGGACGCCCGCCGCAACGGACACCGGATCCTCGCGGTCGTCCGCGGC
AGCGCGGTCAACCAGGACGGCGCCAGCAACGGCCTCACGGCTCCGCACGG
GCCCTCCCAGCAGCGCGTCATCCGACGGGCCCTGGCGGACGCCCGGCTCG
CGCCGGGTGACGTGGACGTCGTCGAGGCGCACGGCACGGGCACGCGGCTC
PikAIII WT | GGCGACCCGATCGAGGCGCAGGCCCTCATCGCCACCTACGGCCAGGAGAA
GAGCAGCGAACAGCCGCTGAGGCTGGGCGCGTTGAAGTCGAACATCGGGC
ACACGCAGGCCGCGGCCGGTGTCGCAGGTGTCATCAAGATGGTCCAGGCG
ATGCGCCACGGACTGCTGCCGAAGACGCTGCACGTCGACGAGCCCTCGGA
CCAGATCGACTGGTCGGCGGGCACGGTGGAACTCCTCACCGAGGCCGTCG
ACTGGCCGGAGAAGCAGGACGGCGGGCTGCGCCGCGCGGCTGTCTCCTCC
TTCGGCATCAGCGGGACGAACGCGCACGTCGTCCTGGAGGAGGCCCCGGC
GGTCGAGGACTCCCCGGCCGTCGAGCCGCCGGCCGGTGGCGGTGTGGTGC
CGTGGCCGGTGTCCGCGAAGACTCCGGCCGCGCTGGACGCCCAGATCGGG
CAGCTCGCCGCGTACGCGGACGGTCGTACGGACGTGGATCCGGCGGTGGC
CGCCCGCGCCCTGGTCGACAGCCGTACGGCGATGGAGCACCGCGCGGTCG
CGGTCGGCGACAGCCGGGAGGCACTGCGGGACGCCCTGCGGATGCCGGAA
GGACTGGTACGCGGCACGTCCTCGGACGTGGGCCGGGTGGCGTTCGTICTT
CCCCGGCCAGGGCACGCAGTGGGCCGGCATGGGCGCCGAACTCCTTGACA
GCTCACCGGAGTTCGCTGCCTCGATGGCCGAATGCGAGACCGCGCTCTCC
CGCTACGTCGACTGGTCTCTTGAAGCCGTCGTCCGACAGGAACCCGGCGC
ACCCACGCTCGACCGCGTCGACGTCGTCCAGCCCGTGACCTTCGCTGTCA
TGGTCTCGCTGGCGAAGGTCTGGCAGCACCACGGCATCACCCCCCAGGCC
GTCGTCGGCCACTCGCAGGGCGAGATCGCCGCCGCGTACGTCGCCGGTGC
ACTCACCCTCGACGACGCCGCCCGCGTCGTCACCCTGCGCAGCAAGTCCA
TCGCCGCCCACCTCGCCGGCAAGGGCGGCATGATCTCCCTCGCCCTCGAC
GAGGCGGCCGTCCTGAAGCGACTGAGCGACTTCGACGGACTCTCCGTCGC
CGCCGTCAACGGCCCCACCGCCACCGTCGTCTCCGGCGACCCGACCCAGA
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TCGAGGAACTCGCCCGCACCTGCGAGGCCGACGGCGTCCGTGCGCGGATC
ATCCCGGTCGACTACGCCTCCCACAGCCGGCAGGTCGAGATCATCGAGAA
GGAGCTGGCCGAGGTCCTCGCCGGACTCGCCCCGCAGGCTCCGCACGTGC
CGTTCTTCTCCACCCTCGAAGGCACCTGGATCACCGAGCCGGTGCTCGAC
GGCACCTACTGGTACCGCAACCTGCGCCATCGCGTGGGCTTCGCCCCCGC
CGTGGAGACCTTGGCGGTTGACGGCTTCACCCACTTCATCGAGGTCAGCG
CCCACCCCGTCCTCACCATGACCCTCCCCGAGACCGTCACCGGCCTCGGC
ACCCTCCGCCGCGAACAGGGAGGCCAGGAGCGTCTGGTCACCTCACTCGC
CGAAGCCTGGGCCAACGGCCTCACCATCGACTGGGCGCCCATCCTCCCCA
CCGCAACCGGCCACCACCCCGAGCTCCCCACCTACGCCTTCCAGACCGAG
CGCTTCTGGCTGCAGAGCTCCGCGCCCACCAGCGCCGCCGACGACTGGCG
TTACCGCGTCGAGTGGAAGCCGCTGACGGCCTCCGGCCAGGCGGACCTGT
CCGGGCGGTGGATCGTCGCCGTCGGGAGCGAGCCAGAAGCCGAGCTGCTG
GGCGCGCTGAAGGCCGCGGGAGCGGAGGTCGACGTACTGGAAGCCGGGGC
GGACGACGACCGTGAGGCCCTCGCCGCCCGGCTCACCGCACTGACGACCG
GCGACGGCTTCACCGGCGTGGTCTCGCTCCTCGACGACCTCGTGCCACAG
GTCGCCTGGGTGCAGGCACTCGGCGACGCCGGAATCAAGGCGCCCCTGTG
GTCCGTCACCCAGGGCGCGGTCTCCGTCGGACGTCTCGACACCCCCGCCG
ACCCCGACCGGGCCATGCTCTGGGGCCTCGGCCGCGTCGTCGCCCTTGAG
CACCCCGAACGCTGGGCCGGCCTCGTCGACCTCCCCGCCCAGCCCGATGC
CGCCGCCCTCGCCCACCTCGTCACCGCACTCTCCGGCGCCACCGGCGAGG
ACCAGATCGCCATCCGCACCACCGGACTCCACGCCCGLCLCGLLeTCGLeeaGC
GCACCCCTCCACGGACGTCGGCCCACCCGCGACTGGCAGCCCCACGGCAC
CGTCCTCATCACCGGCGGCACCGGAGCCCTCGGCAGCCACGCCGCACGCT
GGATGGCCCACCACGGAGCCGAACACCTCCTCCTCGTCAGCCGCAGCGGC
GAACAAGCCCCCGGAGCCACCCAACTCACCGCCGAACTCACCGCATCGGG
CGCCCGCGTCACCATCGCCGCCTGCGACGTCGCCGACCCCCACGCCATGC
GCACCCTCCTCGACGCCATCCCCGCCGAGACGCCCCTCACCGCCGTCGTC
CACACCGCCGGCGCACCGGGCGGCGATCCGCTGGACGTCACCGGCCCGGA
GGACATCGCCCGCATCCTGGGCGCGAAGACGAGCGGCGCCGAGGTCCTCG
ACGACCTGCTCCGCGGCACTCCGCTGGACGCCTTCGTCCTCTACTCCTCG
AACGCCGGGGTCTGGGGCAGCGGCAGCCAGGGCGTCTACGCGGCGGCCAA
CGCCCACCTCGACGCGCTCGCCGCCCGGCGCCGCGCCCGGGGCGAGACGG
CGACCTCGGTCGCCTGGGGCCTCTGGGCCGGCGACGGCATGGGCCGGGGC
GCCGACGACGCGTACTGGCAGCGTCGCGGCATCCGTCCGATGAGCCCCGA
CCGCGCCCTGGACGAACTGGCCAAGGCCCTGAGCCACGACGAGACCTTCG
TCGCCGTGGCCGATGTCGACTGGGAGCGGTTCGCGCCCGCGTTCACGGTG
TCCCGTCCCAGCCTTCTGCTCGACGGCGTCCCGGAGGCCCGGCAGGCGCT
CGCCGCACCCGTCGGTGCCCCGGCTCCCGGCGACGCCGCCGTGGCGCCGA
CCGGGCAGTCGTCGGCGCTGGCCGCGATCACCGCGCTCCCCGAGCCCGAG
CGCCGGCCGGCGCTCCTCACCCTCGTCCGTACCCACGCGGCGGCCGTACT
CGGCCATTCCTCCCCCGACCGGGTGGCCCCCGGCCGTGCCTTCACCGAGC
TCGGCTTCGACTCGCTGACGGCCGTGCAGCTCCGCAACCAGCTCTCCACG
GTGGTCGGCAACAGGCTCCCCGCCACCACGGTCTTCGACCACCCGACGCC
CGCCGCACTCGCCGCGCACCTCCACGAGGCGTACCTCGCACCGGCCGAGC
CGGCCCCGACGGACTGGGAGGGGCGGGTGCGCCGGGCCCTGGCCGAACTG
CCCCTCGACCGGCTGCGGGACGCGGGGGTCCTCGACACCGTCCTGCGCCT
CACCGGCATCGAGCCCGAGCCGGGTTCCGGCGGTTCGGACGGCGGCGCCG
CCGACCCTGGTGCGGAGCCGGAGGCGTCGATCGACGACCTGGACGCCGAG
GCCCTGATCCGGATGGCTCTCGGCCCCCGTAACACCTGA

PikAIV WT

ATGACGAGTTCCAACGAACAGTTGGTGGACGCTCTGCGCGCCTCTCTCAA
GGAGAACGAAGAACTCCGGAAAGAGAGCCGTCGCCGGGCCGACCGTCGGC
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AGGAGCCCATGGCGATCGTCGGCATGAGCTGCCGGTTCGCGGGCGGAATC
CGGTCCCCCGAGGACCTCTGGGACGCCGTCGCCGCGGGCAAGGACCTGGT
CTCCGAGGTACCGGAGGAGCGCGGCTGGGACATCGACTCCCTCTACGACC
CGGTGCCCGGGCGCAAGGGCACGACGTACGTCCGCAACGCCGCGTTCCTC
GACGACGCCGCCGGATTCGACGCGGCCTTCTTCGGGATCTCGCCGCGCGA
GGCCCTCGCCATGGACCCGCAGCAGCGGCAGCTCCTCGAAGCCTCCTGGG
AGGTCTTCGAGCGGGCCGGCATCGACCCCGCGTCGGTCCGCGGCACCGAC
GTCGGCGTGTACGTGGGCTGTGGCTACCAGGACTACGCGCCGGACATCCG
GGTCGCCCCCGAAGGCACCGGCGGTTACGTCGTCACCGGCAACTCCTCCG
CCGTGGCCTCCGGGCGCATCGCGTACTCCCTCGGCCTGGAGGGACCCGCC
GTGACCGTGGACACGGCGTGCTCCTCTTCGCTCGTCGCCCTGCACCTCGC
CCTGAAGGGCCTGCGGAACGGCGACTGCTCGACGGCACTCGTGGGCGGCG
TGGCCGTCCTCGCGACGCCGGGCGCGTTCATCGAGTTCAGCAGCCAGCAG
GCCATGGCCGCCGACGGCCGGACCAAGGGCTTCGCCTCGGCGGCGGACGG
CCTCGCCTGGGGCGAGGGCGTCGCCGTACTCCTCCTCGAACGGCTCTCCG
ACGCGCGGCGCAAGGGCCACCGGGTCCTGGCCGTCGTGCGCGGCAGCGCC
ATCAACCAGGACGGCGCGAGCAACGGCCTCACGGCTCCGCACGGGCCCTC
CCAGCAGCGCCTGATCCGCCAGGCCCTGGCCGACGCGCGGCTCACGTCGA
GCGACGTGGACGTCGTGGAGGGCCACGGCACGGGGACCCGTCTCGGCGAC
CCGATCGAGGCGCAGGCGCTGCTCGCCACGTACGGGCAGGGGCGCGCCCC
GGGGCAGCCGCTGCGGCTGGGGACGCTGAAGTCGAACATCGGGCACACGC
AGGCCGCTTCGGGTGTCGCCGGTGTCATCAAGATGGTGCAGGCGCTGCGC
CACGGGGTGCTGCCGAAGACCCTGCACGTGGACGAGCCGACGGACCAGGT
CGACTGGTCGGCCGGTTCGGTCGAGCTGCTCACCGAGGCCGTGGACTGGC
CGGAGCGGCCGGGCCGGCTCCGCCGGGCGGGCGTCTCCGCGTTCGGCGTG
GGCGGGACGAACGCGCACGTCGTCCTGGAGGAGGCCCCGGCGGTCGAGGA
GTCCCCTGCCGTCGAGCCGCCGGCCGGTGGCGGCGTGGTGCCGTGGCCGG
TGTCCGCGAAGACCTCGGCCGCACTGGACGCCCAGATCGGGCAGCTCGCC
GCATACGCGGAAGACCGCACGGACGTGGATCCGGCGGTGGCCGCCCGCGC
CCTGGTCGACAGCCGTACGGCGATGGAGCACCGCGCGGTCGCGGTCGGCG
ACAGCCGGGAGGCACTGCGGGACGCCCTGCGGATGCCGGAAGGACTGGTA
CGGGGCACGGTCACCGATCCGGGCCGGGTGGCGTTCGTCTTCCCCGGCCA
GGGCACGCAGTGGGCCGGCATGGGCGCCGAACTCCTCGACAGCTCACCCG
AATTCGCCGCCGCCATGGCCGAATGCGAGACCGCACTCTCCCCGTACGTC
GACTGGTCTCTCGAAGCCGTCGTCCGACAGGCTCCCAGCGCACCGACACT
CGACCGCGTCGACGTCGTCCAGCCCGTCACCTTCGCCGTCATGGTCTCCC
TCGCCAAGGTCTGGCAGCACCACGGCATCACCCCCGAGGCCGTCATCGGC
CACTCCCAGGGCGAGATCGCCGCCGCGTACGTCGCCGGTGCCCTCACCCT
CGACGACGCCGCTCGTGTCGTGACCCTCCGCAGCAAGTCCATCGCCGCCC
ACCTCGCCGGCAAGGGCGGCATGATCTCCCTCGCCCTCAGCGAGGAAGCC
ACCCGGCAGCGCATCGAGAACCTCCACGGACTGTCGATCGCCGCCGTCAA
CGGGCCTACCGCCACCGTGGTTTCGGGCGACCCCACCCAGATCCAAGAAC
TTGCTCAGGCGTGTGAGGCCGACGGCATCCGCGCACGGATCATCCCCGTC
GACTACGCCTCCCACAGCGCCCACGTCGAGACCATCGAGAACGAACTCGC
CGACGTCCTGGCGGGGTTGTCCCCCCAGACACCCCAGGTCCCCTTCTTCT
CCACCCTCGAAGGCACCTGGATCACCGAACCCGCCCTCGACGGCGGCTAC
TGGTACCGCAACCTCCGCCATCGTGTGGGCTTCGCCCCGGCCGTCGAGAC
CCTCGCCACCGACGAAGGCTTCACCCACTTCATCGAGGTCAGCGCCCACC
CCGTCCTCACCATGACCCTCCCCGACAAGGTCACCGGCCTGGCCACCCTC
CGACGCGAGGACGGCGGACAGCACCGCCTCACCACCTCCCTTGCCGAGGC
CTGGGCCAACGGCCTCGCCCTCGACTGGGCCTCCCTCCTGCCCGCCACGG
GCGCCCTCAGCCCCGCCGTCCCCGACCTCCCGACGTACGCCTTCCAGCAC
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CGCTCGTACTGGATCAGCCCCGCGGGTCCCGGCGAGGCGCCCGCGCACAC
CGCTTCCGGGCGCGAGGCCGTCGCCGAGACGGGGCTCGCGTGGGGCCCGG
GTGCCGAGGACCTCGACGAGGAGGGCCGGCGCAGCGCCGTACTCGCGATG
GTGATGCGGCAGGCGGCCTCCGTGCTCCGGTGCGACTCGCCCGAAGAGGT
CCCCGTCGACCGCCCGCTGCGGGAGATCGGCTTCGACTCGCTGACCGCCG
TCGACTTCCGCAACCGCGTCAACCGGCTGACCGGTCTCCAGCTGCCGCCC
ACCGTCGTGTTCGAGCACCCGACGCCCGTCGCGCTCGCCGAGCGCATCAG
CGACGAGCTGGCCGAGCGGAACTGGGCCGTCGCCGAGCCGTCGGATCACG
AGCAGGCGGAGGAGGAGAAGGCCGCCGCTCCGGCGGGGGCCCGCTCCGGG
GCCGACACCGGCGCCGGCGCCGGGATGTTCCGCGCCCTGTTCCGGCAGGC
CGTGGAGGACGACCGGTACGGCGAGTTCCTCGACGTCCTCGCCGAAGCCT
CCGCGTTCCGCCCGCAGTTCGCCTCGCCCGAGGCCTGCTCGGAGCGGCTC
GACCCGGTGCTGCTCGCCGGCGGTCCGACGGACCGGGCGGAAGGCCGTGC
CGTTCTCGTCGGCTGCACCGGCACCGCGGCGAACGGCGGCCCGCACGAGT
TCCTGCGGCTCAGCACCTCCTTCCAGGAGGAGCGGGACTTCCTCGCCGTA
CCTCTCCCCGGCTACGGCACGGGTACGGGCACCGGCACGGCCCTCCTCCC
GGCCGATCTCGACACCGCGCTCGACGCCCAGGCCCGGGCGATCCTCCGGG
CCGCCGGGGACGCCCCGGTCGTCCTGCTCGGGCACTCCGGCGGCGCCCTG
CTCGCGCACGAGCTGGCCTTCCGCCTGGAGCGGGCGCACGGCGCGCCGCC
GGCCGGGATCGTCCTGGTCGACCCCTATCCGCCGGGCCATCAGGAGCCCA
TCGAGGTGTGGAGCAGGCAGCTGGGCGAGGGCCTGTTCGCGGGCGAGCTG
GAGCCGATGTCCGATGCGCGGCTGCTGGCCATGGGCCGGTACGCGCGGTT
CCTCGCCGGCCCGCGGCCGGGCCGCAGCAGCGCGCCCGTGCTTCTGGTCC
GTGCCTCCGAACCGCTGGGCGACTGGCAGGAGGAGCGGGGCGACTGGCGT
GCCCACTGGGACCTTCCGCACACCGTCGCGGACGTGCCGGGCGACCACTT
CACGATGATGCGGGACCACGCGCCGGCCGTCGCCGAGGCCGTCCTCTCCT
GGCTCGACGCCATCGAGGGCATCGAGGGGGCGGGCAAG

Ery6TE WT

ATGACGAGTTCCAACGAACAGTTGGTGGACGCTCTGCGCGCCTCTCTCAA
GGAGAACGAAGAACTCCGGAAAGAGAGCCGTCGCCGGGCCGACCGTCGGC
AGGAGGAGATCGCGATCGTCGGCATGGCCTGCCGCTTCCCCGGCGGCGTG
CACAACCCCGGTGAGCTGTGGGAGTTCATCGTCGGCGGCGGAGACGCCGT
GACGGAGATGCCCACCGACCGCGGCTGGGACCTCGACGCGCTGTTCGACC
CCGACCCGCAGCGCCACGGAACCAGCTACTCGCGACACGGCGCGTTCCTC
GACGGGGCCGCCGACTTCGACGCGGCGTTCTTCGGGATCTCGCCGCGCGA
GGCGCTGGCGATGGACCCGCAGCAGCGCCAGGTCCTGGAAACGACGTGGG
AGCTGTTCGAGAACGCCGGCATCGACCCGCACTCGCTGCGGGGCAGCGAC
ACCGGCGTCTTCCTCGGCGCCGCGTACCAGGGCTACGGCCAGGACGCGGT
GGTGCCCGAGGACAGCGAGGGCTACCTGCTCACCGGCAACTCCTCCGCCG
TGGTGTCCGGCCGGGTCGCCTACGTGCTGGGGCTGGAAGGCCCCGCGGTC
ACGGTGGACACGGCGTGTTCGTCGTCGTTGGTGGCCTTGCATTCGGCGTG
TGGGTCGTTGCGTGACGGTGACTGCGGTCTTGCGGTGGCCGGTGGTGTGT
CGGTGATGGCGGGCCCGGAGGTGTTCACCGAGTTCTCCCGCCAGGGCGGC
TTGGCCGTGGACGGGCGCTGCAAGGCGTTCTCCGCGGAGGCCGACGGCTT
CGGTTTCGCCGAGGGCGTCGCGGTGGTCCTGCTCCAGCGGTTGTCCGACG
CCCGCAGGGCGGGTCGCCAGGTGCTCGGCGTGGTCGCGGGCTCGGCGATC
AACCAGGACGGCGCGAGCAACGGTCTCGCGGCGCCGAGCGGCGTCGLCCCA
GCAGCGCGTGATCCGCAAGGCGTGGGCGCGTGCGGGGATCACGGGCGCGG
ATGTGGCCGTGGTGGAGGCGCATGGGACCGGTACGCGGCTGGGCGATCCG
GTGGAGGCGTCGGCGTTGCTGGCTACTTACGGCAAGTCGCGCGGGTCGTC
GGGCCCGGTGCTGCTGGGTTCGGTGAAGTCGAACATCGGTCACGCGCAGG
CGGCCGCGGGTGTCGCGGGCGTGATCAAGGTGGTCCTGGGGTTGAACCGC
GGCCTGGTGCCGCCGATGCTCTGCCGCGGCGAGCGGTCGCCGCTGATCGA
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ATGGTCCTCGGGTGGTGTGGAACTTGCCGAGGCCGTGAGCCCGTGGCCTC
CGGCCGCGGACGGGGTGCGCCGGGCCGGTGTGTCGGCGTTCGGGGTGAGC
GGGACGAACGCGCACGTGATCATCGCCGAGCCCCCGGAGCCCGAGCCGCT
GCCGGAACCCGGACCGGTGGGCGTGCTGGCCGCTGCGAACTCGGTGCCCG
TACTGCTGTCGGCCAGGACCGAGACCGCGTTGGCAGCGCAGGCGCGGCTC
CTGGAGTCCGCAGTGGACGACTCGGTTCCGTTGACGGCATTGGCTTCCGC
GCTGGCCACCGGACGCGCCCACCTGCCGCGTCGTGCGGCGTITGCTGGCAG
GCGACCACGAACAGCTCCGCGGGCAGTTGCGAGCGGTCGCCGAGGGCGTT
GCGGCTCCCGGTGCCACCACCGGAACCGCCTCCGCCGGCGGCGTGGTTTT
CGTCTTCCCAGGTCAGGGTGCTCAGTGGGAGGGCATGGCCCGGGGCTTGC
TCTCGGTCCCCGTCTTCGCCGAGTCGATCGCCGAGTGCGATGCGGTGTTG
TCGGAGGTGGCCGGGTTCTCGGCCTCCGAAGTGCTGGAGCAGCGTCCGGA
CGCGCCGTCGCTGGAGCGGGTCGACGTCGTACAGCCGGTGTTGTTCTCCG
TGATGGTGTCGCTGGCGCGGCTGTGGGGCGCTTGCGGAGTCAGCCCCTCG
GCCGTCATCGGCCATTCGCAGGGCGAGATCGCCGCCGCGGTGGTGGCCGG
GGTGTTGTCGCTGGAGGACGGCGTGCGCGTCGTGGCCCTGCGCGCGAAGG
CGTTGCGTGCGCTGGCGGGCAAGGGCGGCATGGTCTCGTTGGCGGCTCCC
GGTGAACGCGCCCGCGCGCTGATCGCACCGTGGGAGGACCGGATCTCCGT
CGCGGCGGTCAACTCCCCGTCCTCGGTCGTGGTCTCCGGCGATCCGGAGG
CGCTGGCCGAACTCGTCGCACGTTGCGAGGACGAGGGCGTGCGCGCCAAG
ACGCTCCCGGTGGACTACGCCTCGCACTCCCGCCACGTCGAGGAGATCCG
CGAGACGATCCTCGCCGACCTCGACGGCATCTCCGCGCGGCGTGCCGCCA
TCCCGCTCTACTCCACGCTGCACGGCGAACGGCGCGACGGCGCCGACATG
GGTCCGCGGTACTGGTACGACAACCTGCGCTCCCAGGTGCGCTTCGACGA
GGCGGTCTCGGCCGCCGTCGCCGACGGTCACGCCACCTTCGTCGAGATGA
GCCCGCACCCGGTGCTCACCGCGGCGGTGCAGGAGATCGCCGCGGACGCC
GTGGCCATCGGGTCGCTGCACCGCGACACCGCGGAGGAGCACCTGATCGC
CGAGCTCGCCCGGGCGCACGTGCACGGCGTGGCCGTGGACTGGCGGAACG
TCTTCCCGGCGGCACCTCCGGTGGCGCTGCCCAACTACCCGTTCGAGCCC
CAGCGGTACTGGCTCGCGCCGGAGGTGTCCGACCAGCTCGCCGACAGCCG
CTACCGCGTCGACTGGCGACCGCTGGCCACCACGCCGGTGGACCTGGAAG
GCGGCTTCCTGGTCCACGGGTCCGCACCGGAGTCGCTGACCAGCGCAGTC
GAGAAGGCCGGAGGCCGCGTCGTGCCGGTCGCCTCGGCCGACCGCGAAGC
GCTCGCGGCGGCCCTGCGGGAGGTGCCGGGCGAGGTCGCCGGCGTGCTCT
CGGTCCACACCGGCGCCGCAACGCACCTCGCCCTGCACCAGTCGCTGGGT
GAGGCCGGCGTGCGGGCCCCGCTCTGGCTGGTCACCAGCCGAGCGGTCGC
GCTCGGGGAGTCCGAGCCGGTCGATCCCGAGCAGGCGATGGTGTGGGGTC
TCGGGCGCGTCATGGGCCTGGAGACCCCGGAACGGTGGGGCGGTCTGGTG
GACCTGCCCGCCGAACCCGCGCCGGGGGACGGCGAGGCGTTCGTCGCCTG
CCTCGGCGCGGACGGCCACGAGGACCAGGTCGCGATCCGTGACCACGCCC
GCTACGGCCGCCGCCTCGTCCGCGCCCCGCTGGGCACCCGCGAGTCGAGC
TGGGAGCCGGCGGGCACGGCGCTGGTCACCGGCGGCACCGGTGCGCTCGG
CGGCCACGTCGCCCGCCACCTCGCCAGGTGCGGGGTGGAGGACCTGGTGC
TGGTCAGCAGGCGCGGCGTCGACGCTCCCGGCGCGGCCGAGCTGGAAGCC
GAACTGGTCGCCCTCGGCGCGAAGACGACCATCACCGCCTGCGACGTGGC
CGACCGCGAGCAGCTCTCCAAGCTGCTGGAAGAACTGCGCGGGCAGGGAC
GTCCGGTGCGGACCGTCGTGCACACCGCCGGGGTGCCCGAATCGAGGCCG
CTGCACGAGATCGGCGAGCTGGAGTCGGTCTGCGCGGCGAAGGTGACCGG
GGCCCGGCTGCTCGACGAGCTGTGCCCGGACGCCGAGACCTTCGTCCTGT
TCTCGTCCGGAGCGGGGGTGTGGGGCAGTGCGAACCTCGGCGCCTACTCC
GCGGCCAACGCCTACCTCGACGCGCTGGCCCACCGCCGCCGTGCGGAAGG
CCGTGCGGCGACGTCCGTCGCGTGGGGCGCCTGGGCGGGCGAGGGCATGG
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CCACCGGCGACCTCGAGGGGCTCACCCGGCGCGGCCTGCGCCCGATGGCG
CCCGAGCGCGCGATCCGCGCGCTGCACCAGGCGCTGGACAACGGCGACAC
GTGCGTTTCGATCGCCGACGTCGACTGGGAGCGCTTCGCGGTCGGCTTCA
CCGCCGCCCGGCCGCGTCCGCTGCTGGACGAGCTCGTCACGCCGGCGGTG
GGGGCCGTCCCCGCGGTGCAGGCGGCCCCGGCGCGGGAGATGACGTCGCA
GGAGTTGCTGGAGTTCACGCACTCGCACGTCGCGGCGATCCTCGGGCATT
CCAGCCCGGACGCGGTCGGGCAGGACCAGCCGTTCACCGAGCTCGGCTTC
GACTCGCTGACCGCGGTCGGGCTGCGCAACCAGCTCCAGCAGGCCACCGG
GCTCGCGCTGCCCGCGACCCTGGTGTTCGAGCACCCCACGGTCCGCAGGT
TGGCCGACCACATAGGACAGCAGCTCGACAGCGGGACTCCCGCCCGGGAA
GCGAGCAGCGCTCTTCGCGACGGCTACCGGCAGGCGGGCGTGTCGGGCAG
GGTCCGGTCCTACCTCGACCTGCTGGCGGGGCTGTCGGACTTCCGCGAGC
ACTTCGACGGCTCCGACGGGTTCTCCCTCGATCTCGTGGACATGGCCGAC
GGTCCCGGAGAGGTCACGGTGATCTGCTGCGCGGGAACGGCGGCGATCTC
CGGTCCGCACGAGTTCACCCGGCTCGCCGGGGCGCTGCGCGGAATCGCTC
CGGTTCGGGCCGTGCCCCAGCCCGGCTACGAGGAGGGCGAACCTCTGCCG
TCGTCGATGGCGGCGGTGGCGGCGGTGCAGGCCGATGCGGTCATCAGGAC
ACAGGGGGACAAGCCGTTCGTGGTGGCCGGTCACTCCGCGGGGGCACTGA
TGGCCTACGCGCTGGCGACCGAACTGCTCGATCGCGGGCACCCGCCACGC
GGTGTCGTCCTGATCGACGTCTACCCGCCCGGTCACCAGGACGCGATGAA
CGCCTGGCTGGAGGAGCTGACCGCCACGCTGTTCGACCGCGAGACGGTGC
GGATGGACGACACCAGGCTCACCGCCCTGGGCGCCTACGACCGCCTCACC
GGTCAGTGGCGACCCCGGGAAACCGGGCTGCCGACGCTGCTGGTCAGCGC
CGGCGAGCCGATGGGTCCGTGGCCCGACGACAGCTGGAAGCCGACGTGGC
CCTTCGAGCACGACACCGTCGCCGTCCCCGGCGACCACTTCACGATGGTG
CAGGAACACGCCGACGCGATCGCGCGGCACATCGACGCCTGGCTGGGCGG
AGGGAATTCAAGA
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Table S6. Primers for Pik and DEBS PKS construction and mutagenesis.

Primer Name
PikATS_ PikAIV.Gibl
PikATS PikAIV.Gib2
PikAIV_PikATS.Gibl
PikAIV_PikATS.Gib2
PikAT6_ PikAIIL.Gibl
PikAT6_ PikAIIL.Gib2
PikAIIl_PikAT6.Gib1

PikAIIl_PikAT6.Gib2

PikAIIl_V753X.FOR

PikAIIl_V753X.REV

PikAIIl_Y755V.FOR
PikAIIl_Y755V.REV
PikAIV_Y753X.FOR
PikAIV_Y753X.REV
Ery6-AT.Gib3
Ery6-AT.Gib2
PikAT6_Ery6.Gib1
PikAT6_Ery6.Gib3
PikATS Ery6.Gib1

PikAT5_Ery6.Gib3

523’ Primer Sequence
CGTGGGCGGGACGAACGCG
GAGCGGTGCTGGAAGGCGTAGGTGGGG
CTTCCAGCACCGCTCGTAC
TTCGTCCCGCCCACGCCGAA
CATCAGCGGGACGAACGCG
CGCTCGGTCTGGAAGGCGTACGTCGGGAG
CTTCCAGACCGAGCGCTTC

TTCGTCCCGCTGATGCCGAA

ATCATCCCGDNTGACTACGCCTCCCACAGCCGGCA

GGTCGAGATCA

GGCGTAGTCANHCGGGATGATCCGCGCACGGACG

CCGTCGGCCTCG

GTCGCCTCCCACAGCCGG

GTCGACCGGGATGATCCGC

NNKGCCTCCCACAGCGCCC

GTCGACGGGGATGATCCGTGC

CTGCCCAACTACCCGTTCG

GCTCACCCCGAACGCC

GCGTTCGGGGTGAGCGGGACGAACGCG

GGGTAGTTGGGCAGGTCGGGGACGGCGG

GCGTTCGGGGTGAGCGGGACGAACGC

GGGTAGTTGGGCAGCTCGGGGTGGTGGCC

Primer Function

Amplifies PikATS5 for
GA with PikAIV

Amplifies PikAIV for
GA with PikATS5

Amplifies PikAT6 for
GA with PikAIIl

Amplifies PikAlIl for

GA with PikAT6

Partial saturation of
PikAIIl Val753

Introduces Y755V

mutation in PikAIIL

Full saturation of
PikAIV Tyr753

Amplifies Ery6TE for
GA with Pik ATs

Amplifies PikAT6 for
GA with Ery6TE

Amplifies PIKATS
for GA with Ery6TE
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Table S7. High-resolution LC-MS parameters and gradient.

HESI Source Parameters

Spray Voltage

Capillary Temperature

Heater Temperat
S Lens RF Level

Sheath Gas Flow

ure

Rate

3.5kV
350°C
300 °C
70V

60 au

Resolution 70,000 FWHM
Scan Range 100-1000 m/z
LC Gradient

Time (min) % B
0.0 25.0
1.0 25.0
10.0 59.0
11.0 85.0
12.0 85.0
12.5 25.0
16.5 25.0
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Figure S1. Amino Acid Alignment of EryAT2, EryAT6, PikAT5, and PikAT6. Residues targeted for

mutagenesis are boxed in red. Numbering does not include the N-terminal hexhistidine tag.
EEESII 1 @ I'EmE ESlEEEIEl N Im

(i GTNAHV---E-P--E--P-=-P-==-A--GVVP---SA-T-AAL-AQ-G-LA-~-~~-~- V-PA--A-AL

EryAT2 GTNAHVIIAEPPEPEPVPQPR--RMLPATGVVPVVLSARTGAALRAQAGRLADHLAAHPGIAPADVSWTM 502
EryAT6 GTNAHVIIAEPPEPEPLPEPGPVGVLAAANSVPVLLSARTETALAAQARLLESAVDDS--VPLTALASAL 506
PIkATS GTNAHVVLEEAPAVEDSPAVEP - - -PAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDVDPAVAARAL 521
PIkAT6 GTNAHVVLEEAPAVEESPAVEP - - -PAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAARAL 519

oS ---R---E-RA------- E-LR--LR--------- G-V-GT----G-V-FVFPGQG-QW-GM--ELL-S-

EryAT2 ARARQHFEERAAVLAADTAEAVHRLRAVADGAVVPGVVTGSA-SDGGSVFVFPGQGAQWEGMARELL -PV 570
EryAT6 ATGRAHLPRRAALLAGDHEQLRGQLRAVAEGVAAPGATTGTA-SAGGVVFVFPGQGAQWEGMARGLL -SV 574
PIKATS VDSRTAMEHRAVAVGDSREALRDALRMP - - - - - - EGLVRGTSSDVGRVAFVFPGQGTQWAGMGAELLDSS 585
PIkAT6 VDSRTAMEHRAVAVGDSREALRDALRMP - - - - - - EGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELLDSS 583

(= P-FA-S-AEC---LS----- S---V--Q-P-AP-L-RVDVVQPV-FAVMVSLA--W---G--P-AVIGHS
ryAT2 PVFAESIAECDAVLSEVAGFSVSEVLEPRPDAPSLERVDVVQPVLFAVMVSLARLWRACGAVPSAVIGHS 640
EryAT6 PVFAESIAECDAVLSEVAGFSASEVLEQRPDAPSLERVDVVQPVLFSVMVSLARLWGACGVSPSAVIGHS 644
PiKATS PEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAKVWQHHGITPQAVVGHS 655
PIKAT6 PEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGITPEAVIGHS 653
EHEINE &
O QGEIAAA-VAGAL-L-D--RVV-LRSK----- LAGKGGM-SLA----=--==-====~---- LSVAAVNGP
EryAT2 QGETAAAVVAGALSLEDGMRVVARRSRAVR-AVAGRGSMLSVRGGRSDVEKLLADDSWTGRLEVAAVNGP 709
EryAT6 QGEIAAAVVAGVLSLEDGVRVVALRAKALR-ALAGKGGMVSLAAPGERARAL - - IAPWEDRISVAAVNSP 711
PIKATS QGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAVLKRL - - -SDFDGLSVAAVNGP 722
PikAT6 QGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRI---ENLHGLSIAAVNGP 720
B e Ban B Bl IS S
COnaas -A-VVSGDP----EL---CE--G-RAR-I SHS-HVE-I--EL---LAG--P----VPFFSTL-G-
EryAT2 DAVVVAGDAQAAREFLEYCEGVGIRARAT SHTAHVEPVRDELVQALAGITPRRAEVPFFSTLTGD 779
EryAT6 SSVVVSGDPEALAELVARCEDEGVRAKTL SHSRHVEEIRETILADLDGISARRAAIPLYSTLHGE 781
PIkATS TATVVSGDPTQIEELARTCEADGVRARII SHSRQVEITIEKELAEVLAGLAPQAPHVPFFSTLEGT 792
PikAT6 TATVVSGDPTQIQELAQACEADGIRARII SHSAHVETIENELADVLAGLSPQTPQVPFFSTLEGT 790
I EEE Il BN RPEEE s oE - E
Consensus  ------ LD--YWYRNLRH-V-F--AV--L----6---FIEVS-HPVLT----E----------- LGTL-R
EryAT2 FLDGTELDAGYWYRNLRHPVEFHSAVQAL-TDQGYATFIEVSPHPVLASSVQETLDDAESDAAVLGTLER 848
EryAT6 RRDGADMGPRYWYDNLRSQVRFDEAVSAA-VADGHATFVEMSPHPVLTAAVQEIAA- - - -DAVAIGSLHR 846
PIKATS WITEPVLDGTYWYRNLRHRVGFAPAVETLAV-DGFTHFIEVSAHPVLTMTLPETV------- TGLGTLRR 854
PIKAT6 WITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDKV------- TGLATLRR 853
[ N
o --G---RL-T-LA-A---G-A-DW---LP-A-=-==--=-~
EryAT2 DAGDADRFLTALADAHTRGVAVDWEAVLGRAGLVD- - - - - 883
EryAT6 DTAE-EHLIAELARAHVHGVAVDWRNVFPAAPPVA- - - - - 880
PIkATS EQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPE - - - 891
PikAT6 EDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPD 893
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Figure S2. Representative LC-MS chromatograms of products from lysate module-catalyzed reactions
using 8 and 9a. Top panel for each compound shows the extracted ion chromatogram. Bottom panel shows the
total ion spectra.

(A)

100 768
765
95
20
85
80
75
70
65
g 60 |\
g
5 55
5
3
< 50
: 1
2
g a5
&
40
35
30
25
20
15
10
5 1410 o
0 067 112 176 243 297 362 455 467 489 614 622 634 1000 1039 1133 1161 1304 1390 AANTTTE 1479 4536
0 1 2 3 4 s 67 10 11 2 13 14 5 16
Time (man)
279.1949
14000000~
13000000-]
] -
; [M-H,0+H]
12000000
: 279.1949
110000003
10000000-] /
] +
; [M+H]
3 3 297.2055
€ 8000000
2 ]
S ]
3 ]
2 7000000
< ]
2 ]
2 6000000 2793196
5000000
] Y
40000005 2912055
3000000 280.1982
] 2951699 207.3426
2000000 280.3226 2971309
1000000 206 1032 2982088
] X 2932105
12774793 3790930 212013 557 9044 2851691 2862371 2672434 2889214 290.8984 ) 2942140 [ | 2002116
" o8 280 282 84 286 288 200 202 204 29 208 300
mz

S17



(B)

100 99215
o5
%0
85
80
75
70
65 92167
» 60
e
8 55
2
s
2
g 45
&
40
35
30
25
20
15
10 60014
6.1816 14.1316 14,8825
154715
0745‘,‘: 15‘{16 19406 23451 34157 39670 5.734J\-‘@16 76500 89126 <
e P 5 e I i S o L P
Time (min)
7000000
6500000-]
°°°°°°°‘; 3352210
5500000 +
E [M-H,0O+H]
5000000
E 335.2210
4500000 3752134
8
§m5
fssooooo-:
e
H ] +
& 3000000 [M+H]
2500000 353.2316
2000000
] 3702581
1500000-]
E 3362243
1000000 3762168
5ooooo: 3451124 - 2316 20484
g 3430967 3582006 3712616
E 232212 3302633 3372273 492346 3542352 3611462 357 3723101
2106 377.2196 3812627
o IR mswe " Cougpe| [P qween| | U)o | e swaes] | | [psn | [opane e
320 325 330 335 340 345 350 355 380 365 370 375 380

mz

S18



(€)

100-

Relative Abundance
2

1.00
3 098D 102 500 525 276 335
1 -

865

o
4, 0
1
No “'OH
&

3a

1429

1443
“B-M&" 1533

422 470 573 622 632645 676 770

0 1 2 3

©-]
-
S
=
N
-
@
=

4 5 6 7 8
Time (min)

15 16

303.1949

13000000
12500000
12000000+
11500000
11000000

Relative Abundance

2000000 303 1048

301.4738
5000003 2969706 3002165

L

[M-H,O+H]*
303.1949

/

[M+H]"
321.2053

Y

3202063

205.1200 319.1898 3222088
|l 307]355 310?427 313?003 3162479 3188936 I 3239309 3252001 3281410 3311726

-ty

LN B e s e e s LI B e i e e e e 2y o e LB S S S S S e S S S S S S B e e e S s e e e

308 310 312 314 306 318 a0 32 324 26 328 330
mz

S19



RT: 1154
AA 3248891

Relative Abundance

RT: 1201
AA 66732

RT:1.87
AA 47910 RT: 1207
AA 147892 RT:10.09 AA 11174
RT:359 AA 217076
AA 28334 RT: 1245
AA 13066
i Mm 1 i I T
2 3 4 5 6 7 8 9 10 1" 12 13 4 16

- [M+H]*
o 319.1899

L100] 319189
8
5 /
390
g 80 .
8
- 3 3311720 [M+Na]
) 341.1718 e
&0 3239309 . \
50
40 3352207
N
3272159 337.1039
2 3201932 3362150
3219868 3321758
3212050 2231461 9366 3291567 3342216 3381452 3409212
10 “ 3248925 s M 3302633 l 3331682 ] N “
. A fhoseesr | "1 | | bl
r T T T " : T by : ? T T T RRARNRAREmEESy - A
319 320 321 322 323 324 325 326 327 328 320 330 331 332 333 334 335 336 337 338 339 340 31
mz

S20



Relative Abundance
8 A

5
070 112

830 914 921 972

1082
1084

1031

1245 4554

1507 151
1408 1419 516 1

>
o

Relative Abundance
> g
FPTIS PRV SRTTE STTTE FUTEL FTUTE FPRTE FTTTE FHTEL STUTE FUTEL SUPER SPPFR

359.1305

3582003

195 212 204 342 425 447 472 610 621 692 706
T T T T T T '

2 3 4 5 [ 7 8 9
Time (men)

[M-H,O+HJ*
359.2208

/

360 2242

3611458

w1270  B31615
3641654 3661722 3672101

T T T T T T T

10 1" 12 13 14 15 16

[M+H]*
377.2314

370.2580
37152132

370 4463
3754043

3700516 3751253

Sliacts 3762167

3732340
3692263 3722639 J 3742375 3. Jz:m

T

LI B B o e S e e e TrrrrrrT
364 385 366 367
mwz

T rrrrrrrTT T T T T T ™r T T T

39 310 311 32 313 314 375 308 377

S21



Relative Abundance

Relative Abundance

276
299 318 308 468

1"

15

1145

1151

17000003
1600000
1500000
14000003
13000003
1200000
1100000

382 4597

wom  [M-HyO+H]*

383.2209

/

3833191

3842243

387.1921
3851440 3500054

387.2545
3882686

386.1476

I Il

534 578
T T

5

6

389.1750

rag

2287 3022872

718 J
7.07 , 722 7.68 89.7 979I 10.81 .

7 8 9 10 "
Time (min)

3942581

394 4661

3942044

L2 3952616

3916579 3932242

391.2092
"

396.1832
396.2639

1520 1526
16,00

15 16

3992134

3991232

3981990

[M+H]*
401.2315

3992928

401.2315
4002168

4012719

4021421
L

T

383

384

L S e

(LEEAE I S B B B A B e

391 392 393 394
mz

397

I
L S o

399

LB e e

400 401 402

S22



Supplementary Figure S3. RMSDs for EryAT6 and PikAT6 MD simulations. Root mean square deviations
(RMSDs) for the MD simulations of: EryAT6 wild-type over 50 ns (blue); PikAT6 wild-type over 50 ns (grey);
EryAT6 Y744R over 30 ns (green); PikAT6 Y755R over 10 ns (purple). The simulations of the mutant enzymes
were derived from the previously-stabilized simulations of the wild-type enzymes. Both mutant enzymes showed

some instability over time relative to their wild-type counterparts.
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Supplementary Figure S4. Comparison of PikAT5 and PikAT6 active sites. (A) Homology model of PikAT5
active site with the YASH motif and other important residues shown. (B) Homology model of PikAT6 active site

after a 60 ns MD simulation. The YASH motif and other important residues are shown.
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Figure S5. Representative LC-MS chromatograms of products from lysate module-catalyzed reactions
using 8 and 9b-d. Top panel for each compound shows the extracted ion chromatogram. Bottom panel shows
the total ion spectra.
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Supplemental Methods

Site-directed mutagenesis of modules

All PikAlll and PikAIV site-directed mutants were constructed by ‘round-the-horn’ mutagenesis' using
the templates from Supplementary Table S1 and and the oligonucleotide sequences described
Supplementary Table S2. Each PCR contained: 5x GC Phusion DNA polymerase buffer (4 uL),
DNAse free water (11.8 uL), forward/reverse primer mix (2 yL, 10 uM), template DNA (1 yL, 50 ng/mL),
dNTP (0.4 pL, 2.5 mM each dNTP), DMSO (0.6 pl), and Phusion High Fidelity DNA Polymerase (0.2
pL) (New England Biolabs, NEB, Ipswich, MA). PCR cycling parameters: step 1) 98 °C, 30 s; step 2)
29x[a) 98 °C, 10s; b) 72 °C, 5 min]; step 3) 72 °C, 5 min. Next, PCR mixture was subjected to restriction
enzyme digest with Dpnl to remove any remaining template DNA. The Dpnl reaction mixture contained:
10x CutSmart Buffer (2 pL), the PCR mixture (17 pL), and Dpnl (1 yL). The mixture was vortexed,
centrifuged, and incubated for 3 h at 37 °C. The digested reaction mixture was then purified by agarose
gel electrophoresis, with total 8 pl of DNA eluted at the final step. The PCR product was then ligated
using T4 DNA ligase in a reaction containing: 1 ul of the 10x T4 DNA ligase buffer, 8 ul of the Dpnl-
treated and purified PCR product, and 1 ul of the T4 DNA ligase (overnight incubation at 16 °C). Each
subsequent ligation reaction was transformed directly into E. cloni 10G electrocompetent cells
(Lucigen). Individual transformants from each library were sequenced to identify incorporation of mutant

codons.

Construction of PikAlll and PikAlIV chimeras

AT swaps of PikAlll AT and PikAIV AT were constructed using Gibson assembly (NEB) and boundaries
defined by the Keasling group.?® Each AT domain was PCR amplified using primers listed in Table S6
to have 15 bp overlaps with the PCR-amplified module-AT. The Gibson assembly mixtures were used
to transform E. coli DH5a competent cells. Mutant sequences were confirmed by DNA sequencing and
were transformed into BAP1 competent cells with the pRARE plasmid (Novagen) and plated onto LB

agar plates (50 pg/mL kanamycin and 100 ug/mL spectinomycin).

Expression and purification of wild-type and mutant MatB
The expression and purification of MatB T207G/M306| has been previously described*®. Briefly, E. coli
BL21(DE3) pLysS competent cells were transformed with plasmid and positive transformants were selected on
LB agar supplemented with 30 pg/mL kanamycin. A single colony was transferred to LB (3 mL) supplemented
with kanamycin (30 pg/mL) and grown at 37 °C and 250 rpm overnight. The culture was used to inoculate LB
media (1 L) supplemented with kanamycin (30 pg/mL). One liter culture was incubated at 37 °C and 250 rpm to
an ODsgoo of 0.6, at which time protein synthesis was induced by the addition of IPTG to a final concentration of
S35



1 mM. After incubation at 18 °C and 200 rpm for 18 h, cells were collected by centrifugation at 5,000 g for 20
min, and resuspended in 100 mM Tris-HCI pH 8.0 (20 mL) containing NaCl (300 mM) and then lysed by
sonication. Following centrifugation at 10,000 g, the soluble extract was loaded onto a 1 mL HisTrap HP column
(GE Healthcare, Piscataway, NJ) and purified by fast protein liquid chromatography using the following buffers:
wash buffer 20 mM phosphate (pH 7.4) containing 0.5 M NaCl and 20 mM imidazole] and elution buffer [20 mM
phosphate (pH 7.4) containing 0.5 M NaCl and 200 mM imidazole]. The purified protein was concentrated using
an Amicon Ultra 30 kDa MWCO centrifugal filter (Millipore Corp., Billerica, MA) and stored as 10% glycerol stocks
at -80 °C. Protein purity was verified by SDS-PAGE. Protein quantification was carried out using the Bradford
Protein Assay Kit from Bio-Rad.

Synthesis of acyl-CoAs by MatB

The MatB-catalyzed synthesis of extender units 8 and 9a-d has been previously described*®. Briefly, reactions
were performed in a 50 L reaction mixture containing 100 mM sodium phosphate (pH 7), MgCl. (2 mM), ATP
(12 mM), coenzyme A (8 mM), malonate or corresponding analog (16 mM) and wild-type or mutant MatB (10
Mg) at 25 °C. Aliquots were removed after 3 h incubation, and quenched with an equal volume of ice-cold
methanol, centrifuged at 10,000 g for 10 min, and cleared supernatants used for HPLC analysis on a Varian
ProStar HPLC system. A series of linear gradients was developed from 0.1% TFA (A) in water to methanol
(HPLC grade, B) using the following protocol: 0-32 min, 80% B; 32-35 min, 100% A. The flow rate was 1 mL/min,
and the absorbance was monitored at 254 nm using Pursuit XRs C18 column (250 x 4.6 mm, Varian Inc.). To
ensure complete conversion, the malonate analog and the acyl-CoA product HPLC peak areas were integrated,
and the conversion (%) calculated as a percent of the total peak area. Product elution times and LC-MS data

were in complete agreement with that previous described*®.
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