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The optimized gene sequence of fsa2 and phm7 for expression in E. coli

The optimized gene sequence of fsa2:
ATGTCCAACGTGACCGTATCCGCATTCACGGTCGATAAGAGCATCAGCGAGGAGCATGTCCTGCCTAG
CAGCTTCATTCCGGGTAGCGGTAACATCTTCCCAAAGTTCACCTCCGCAATCCCAAAGACGGCTTGGG
AGCTGTGGTACTTTGACGGTATCAGCAAAGACGACAAAAGCTCCATCGTCATCGGTGTGACCCGTAAC
GCGGAGGGTCTGAAACATGGTGGTTTCAAAGTGCAGGTCTTCGTGATCTGGGCAGACGAACGTACGT
GGCACCGTGACCTGTTCTTCCCGGAATCCGTGGTGTCTATCAACGAATCCGGTGTAACCGACGGTATTT
GGAAAGACGCTACGAGCAACAGCTCTATCAGCTTCAGCTGCGCTGGTGATCTGTCCAAAGCATCCCTG
GTGTTCGACGTGCCGGGCGTGGTACAGGGTGACATGCACCTGGAAGCTCTGCCAGGTGATACTGGTCT
GGATACTGACGCACGTCTGGGTCCGTCTGTTTACTATGTTCGTCCGATCGGTCGTGCTTCTGTAAAAGC
CCAGCTGTCTCTGTACAGCTCCGACGCTACTGCGGCGGAACAATTTTCCCTGGGTACTTCCGCGAATG
GTGGTATGGATCGTGTTTGGTCCCCGCTGTCTTGGCCGCAAGTAATGACTGAATCTTACTACCTGCGCA
CTCAGGTTGGTCCGTACGCCATGCAAATCATGCGTATTTTTCCGCCGGCCGGTTCTGAAGATCAGCCGT
CTACCATGGCGCGTCTGTACCGCGAAGGCCAGCTGGTTTGTGTTGCGCAGCACGTTGTAACTCGCGAA
GATGCGCTGATGACCCACGATTCTCTGATTCTGTCTAAACAGGATAACTCCGACTCTGAAGACGTTGTT
ACCGGCGGCTATCGTGATAAAAACACCGGCTATACCGTTGAATTTGTTGAAAAAGGCAACGAGGGCCA
GCGTTGGAAATTTCAGGTACGCCACGAACGCATCATTTGGAACACCCCGACCTCTCGCCCTGGCCCGG
ATGCCACCGGCAATACCGGCTTCGTTGAAGTTCTGTGCGGCGGCACCATTGGCGAATCTTATGAAGGC

GTTGGCACTGGCGGCCAGTGTGAACTGTCTAA

The optimized gene sequence of phm7:
ATGAGCGAACCGACCTCAAGCAGTAGTCTGGATATTACCAGTAATTGCATTATTGAAACCCCGCTGCAG
CCGAGCGATTTTCTGCCTAAAAGTGCCAATCTGTTTCCGAAATTTCCGGAACGCATTAGCGTTGATAGC
TGGGAACTGTGGGAATTTGATACCTTTGATACCAATGGTAGTGTTGCATTTGGTTGCAGTCTGTATCGT
GATGCACGTGGCGTTGAACAGGGCGGTTTTCATGCCGAAGTTAATGCCCTGTGGCCGGATGGTACCCA
TTGGGGTGAAACCCTGTATTTTGCCGTTAGCGAAGTTGTTGAAAATAGTGATGGTACCACCGGTGGCA
AATGGCTGAGTAAAGATGGTGGTAGCATTACCTTTCATATTGCCAGTGATTATACCGCCGCCGCACTGG
ATTTTAATGTGCCGGGTAAAGTTAGCGGTACCATGGAACTGCGCAATCATGCCAATGTTAGTCCGACCA
GTAATCTGCCGGCAAGTGATGCCGAAGCACAGTTATGTCCGGGCGTGTATTATACCTTTCCGATGGGTC
CGGTGGCAACCTCAGTGACAGCAACATTTTCAAGCGTTGGCGCCAATGGCGAAAGCCGTGAACTGTT
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TATTAGTAGCGGCTATGGCGGTATGGTTCGTGGCTGGTCAGCCAGACCTTGGCCTACATTCATGAATGA
TGCCTATTATGTTGTTGCCCAGGTGGGCCCGTATATGCTGCAAATTCTGCGCACCCTGGGCAGTGTGTT
TGTGCAACATAAACCGTTTGCAGTTGCCCGCCTGTATCTGGATGGCTCACTGGTTAGTGCAGCCAATAC
CGTTGTGGGCGATGAACTGACCGCACATGCAGATGATGTTAAAGGTGACGCAGTTCGCCTGACCAAA
GTGCAGCCTGATGAAAAAAGCCAGGGCCTGAGCGGTAAATTTCGTGATGGCAATGTTGGCTATGTGCT
GGAATTTGCAAAAAAGGATAGTGAACATGGTTGGACCTTTCAGATTAGCCATAAACGTGCAGTTTGGA
GTGAACCGACCAGTGCCCCTGGTCCTGATGGTACAGGTAAAAGTGGCTGGATTGAAGCCATTAGCGGC

GGTGCAAAAGGCGAAAATTATGAAGGTCATGGCTTTGGTGGTCAGCTGCAGATTCCGGTGCCGTAA
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Table S1. Plasmids used in this study

Plasmids Description Sources

pMM4005 Modified pET28b(+) containing fsa2 gene for protein production This work

pMM4006 Modified pET28b(+) containing phm?7 gene for protein production This work
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Table S2. The X-ray data collection and refinements statistics

Fsa2 Phm7
Data collection
Wavelength (A) 1.54056 1.54056
Space group P212:2; P2,
Unit cell
a, b, c(A) 85.0, 82.4, 48.2 91.2, 150.5, 100.0
o B 79 90.0, 90.0, 90.0 90.0, 96.9, 90.0
Resolution range (A) 13.59-2.00 13.42-2.00
(2.07-2.00) (2.07-2.00)
Unique reflections 23,436 (2,349) 179,300 (17,930)
Rmerge® 0.09 (0.363) 0.130 (0.423)
/ol 26.86 (7.15) 11.33 (3.43)
Completeness (%) 99.3 (99.3) 99.5(99.9)
Average redundancy 12.6 (13.1) 6.7 (6.9)
Structure refinements
Resolution range (A) 13.60-2.00 13.43-2.00
Ruwork®/Riree® 0.1761/0.2139 0.1731/0.2098
Number of protein atoms 2839 17039
Number of water atoms 318 1883
RMSD? bond lengths (A) 0.007 0.019
RMSD bond angles (°) 0.896 1.844
Average B-factors (A?) 21.7 24.0
Ramachandran plot® (residues, %)
Most favored 95.87 96.04
Additional allowed 4.13 3.56
Outliers 0.00 0.40
Protein Data Bank entry 7DMN 7DMO

Rierge = Y ki illi(hkl) — <I(hkD)>|/> wadili(hkl), where [li(hkl) is the intensity of an
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observation and <I(hkl)> is the mean value for its unique reflection. Summations are over all
reflections.

PRuork = Y h|Fo(h)-Fe(h)/XnFo(h), where F, and F. are the observed and calculated
structure factor amplitudes, respectively.

°Riree Was calculated with 5% of the data excluded from the refinement.

dRMSD, root mean square deviation from ideal values.

*The categories were defined by Molprobity.
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Figure S1. Natural pericyclases catalyzing [4 + 2] and [6 + 4] cycloaddition reactions in the
biosynthesis of natural products. These biosynthetic pericyclases include Sol5 in solanapyrone B
biosynthesis,® UcsH in UCS1025A biosynthesis,? PoxQ in oxaleimide A biosynthesis,® Betl in
betaenone biosynthesis,* PvhB in varicidin B biosynthesis,> CghA in Sch210972 biosynthesis,®
MycB in myceliothermophin B biosynthesis,” LovB in lovaststin biosynthesis,® IccD in ilicicolin
biosynthesis,® ChaB in chaetolivacines B biosynthesis,'® StmD in streptoseomycin biosynthesis,t
NgnD in nargenicin biosynthesis,'* Epil in fusaricide biosynthesis,*> Lepl in leporin C
biosynthesis,*** IdmH in indanomycin biosynthesis,’> CrcS in catharanthine biosynthesis,*®
TitabS in tabersonine biosynthesis,’® AbmU in neoabyssomicin B biosynthesis,}” AbyU in
abyssomicin C biosynthesis,'® PhgE in Paraherquamide A biosynthesis,’®* MalC in
malbrancheamide biosynthesis,?® PyiF in pyrichalasin H biosynthesis, 3 CcsF in cytochalasin K
biosynthesis,?* VstJ in versipelostatin biosynthesis,?? SpnF in spinosyn biosynthesis,? PyrE3 and
Pyrl4 in pyrroidomycin biosynthesis,?* ThtD in thiomuracin GZ biosynthesis,?® TcIM in thiocillins
biosynthesis,?®® PbtD in GE2270A biosynthesis,?” EupfF in neosetophomone B biosynthesis,?
SorD in spirosorbicillinol B biosynthesis,® MaDA in chalcomoracin biosynthesis,® AsR5 in

xenovulene A biosynthesis,?! riboflavin synthase in riboflavin biosynthesis.3?
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Figure S2. The SDS-PAGE analysis of purified Se-Fsa2 and Phm7.
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Figure S3. The B barrels in Fsa2 and Phm7. (A) The two B barrels in Fsa2 are
orthogonally packed with each axis perpendicular to the other. (B) The two 3 barrels
in Phm7 are orthogonally packed with each axis perpendicular to the other. (C) The
long loop (green) between B1 and B2 covers one side of entrance of the N-terminal 3
barrel in Fsa2, and this loop interacts with another long loop (blue) between 10 and
B11. (D) The long loop (green) between B1 and B2 covers one side of entrance of the
N-terminal  barrel in Phm?7, and this loop interacts with another long loop (blue)
between $10 and B11.
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Figure S4. Structural superimposition of N- and C-terminal  barrels in Fsa2 or Phm?7.
(A) Structural superimposition of N- and C-terminal 8 barrels in Fsa2 gives a RMSD

of 3.37 A for 108 Co atoms. (B) Structural superimposition of N- and C-terminal p

barrels in Phm7 gives a RMSD of 3.37 A for 108 Ca atoms.
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Figure S5. The six molecules in one asymmetric unit of Phm7. (A) The six molecules
of Phm7 are shown in green, cyan, yellow, orange, red and pink in one asymmetric
unit. (B) Superimposition of the six molecules in one asymmetric unit of Phm7 shows

that their tertiary structures are almost the same. Colors were shown as the same to

those in (A).
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Figure S6. Sequence alignment of Fsa2, Phm7, and CghA. Secondary structure
elements of Fsa2 and Phm7 are shown at the top and the bottom, respectively. The
sequences of Fsa2, CghA and Phm7 are from the following organisms: Fusarium sp.
FN080326 (Fsa2, AOAOE4AYE7.1), Chaetomium globosum strain ATCC 6205
(CghA, EAQ90433.1), Pyrenochaetopsis sp. (Phm7, BBC43190.1).
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Figure S7. Structural comparisons of N- and C-terminal 3 barrels of Fsa2 with Pyrl4,
AbyU, and AbmU. (A) Superimposition of N-terminal  barrel (magenta) of Fsa2
with Pyrl4 (green, PDB ID: 5BU3). (B) Superimposition of N-terminal  barrel
(magenta) of Fsa2 with AbyU (yellow, PDB ID: 5DYV). (C) Superimposition of
N-terminal B barrel (magenta) of Fsa2 with AbmU (blue, PDB ID: 6LEOQ). (D)
Superimposition of C-terminal B barrel (magenta) of Fsa2 with Pyrl4 (green). (E)
Superimposition of C-terminal 3 barrel (magenta) of Fsa2 with AbyU (yellow). (F)
Superimposition of C-terminal B barrel (magenta) of Fsa2 with AbmU (blue). All
these comparisons show that the N- and C-terminal f barrels of Fsa2 are much more
flattened than those of Pyrl4, AbyU, and AbmU. Similar results were observed for
structural comparisons of N- and C-terminal  barrels of Phm7 with Pyrl4, AbyU, and

AbmU.
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Figure S8. The two glycerol molecules in the active site of Fsa2 and their interactions
with Ser226. (A) The two glycerol molecules (green sticks) in the active site of Fsa2.
(B) Ser226 interacts with two water molecules (red spheres), which forms hydrogen

bonds (yellow dashed lines) with the two glycerol molecules in Fsa2 structures.
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Figure S9. The products modeling into the active sites of Fsa2 and Phm7. (A)
Modeling of 7 (green) in the active site of Fsa2. (B) Modeling of 6 (yellow) in the

active site of Phm7. Residues’ names are labelled in magenta for Fsa2 and blue for

Phm?7. The hydrogen bonds are indicated with yellow dashed lines.
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Figure S10. Comparison of the modeled 6 within the active site of Phm7 and the
complex structure of CghA with its product Sch210972. (A) Active sites comparison
of Phm7 (cyan) and CghA (orange). Residues’ names are labelled in cyan for Phm?7
and blue for CghA. (B) The complex structure of CghA with its product Sch210972.
Sch210972 is shown in grey sticks, and hydrogen bonds are shown with yellow
dashed line. (C) Superimposition of the modeled 6 (yellow sticks) within the active

site of Phm7 and Sch210972 (grey sticks) in the complex structure of CghA.
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Figure S11. The molecular dynamics simulation of 5-bound Fsa2. (A) The molecular
dynamics simulation of 5-bound Fsa2 (5 in cyan and Fsa2 in gray). The hydrogen
bonds are indicated with yellow dashed lines. (B) Structural superimposition of
5-bound Fsa2 between molecular dynamics simulation (5 in cyan and Fsa2 in gray)

and substrate modeling (5 in green and Fsa2 in magenta).
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Figure S12. The molecular dynamics simulation of 5-bound Phm7. (A) The
molecular dynamics simulation of 5-bound Phm7 (5 in magenta and Phm7 in gray).
The hydrogen bonds are indicated with yellow dashed lines. (B) Structural
superimposition of 5-bound Phm7 between molecular dynamics simulation (5 in

magenta and Phm7 in gray) and substrate modeling (5 in yellow and Phm7 in cyan).
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