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Figure 1

Representative examples of natural [4+2] type adducts.
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Figure 2

Enzymatic reactions catalyzed by MPS. (a) Decarboxylation without
2-pyrone. (b) Multi-step transformation with 2-pyrone. Macrophomate 1
and 2-pyrone 2 have been discovered in Macrophoma commelinae. MPS
also can covert Pyrenocin A 4 into pyrenocheatic acid A 3, which are
phytotoxins from onion pink rot.
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Figure 3
Crystals of MPS. a native type_A b native type_B ¢ Selenomethionine
substituent.

Figure 4

Overall structure of MPS. a, Protomer structure of MPS showing o-helix
swapped (B/a), barrel fold. The core B-barrel (blue) is surrounded
by 11 a-helices. The long a8-helix (colored in magenta) belongs to
neighbouring protomer related by the 2-fold axis and joins to the B-barrel
core to form a complete (B/a.), barrel. The divalent magnesium ion (red
ball) is located at the C-terminal region of the B-barrel. A long loop
(colored in magenta) opposite to the swapped helix is interacted with
another adjacent protomer related by the 3-fold axis (as shown in c). b,
Dimer structure formed by helix swapping. Two protomers related by
the 2-fold axis are tightly associated by the hydrophobic interactions of
the swapped helices (drawn in green). ¢, Three protomers related by the
3-fold axis. Each flexible loop colored in magenta (residues 139-171)
joins to the active site of the next protomer. The flexibility of this region
may help substrates migrate into catalytic pockets. d, The functional unit
of MPS with point group symmetry 32.
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Figure 5

Stereo views of the active site showing Mg?* coordination and the
electron density map. a, Schematic representation depicting the detailed
interactions of octahedrally coordinated Mg?* (green ball) and its
ligands. The ligands are the carboxyl oxygens of Glul85 and Asp211,
C2-carbonyl and Cl-carboxyl oxygen atoms of pyruvate enolate, and
two water molecules. The figure also shows profound networks of the
hydrogen bonds (dotted lines) around these ligands. The bonds and
atoms are colored as follows: pyruvate moiety (magenta). MPS (gray),
coordination bonds of Mg?* (black), oxygen (red), nitrogen (blue),
carbon (yellow) and magnesium (green). b. The final 6, weighted Fo-Fc
omit electron density for pyruvate and two water molecules. The contour
level of the electron density map is 3.0 ¢ and the resolution is 1.7A.
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Details of individual reaction steps with macrophomate synthase. Step
1 is decarboxylation of oxalacetate. Step 2 is Diels-Alder reaction of
the enolate and 2-pyrones 2 to form higher energied adduct 3. Step 3 is
degradation of 3 in which abstraction of hydrogen triggers C-O bond
cleavage followed by decarboxylation and elimination of hydroxy group.
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Figure 7

The early transition state model of Diels-Alder reaction. a The residues
in the active site pocket and proposed model for the very early transition
state of the Diels-Alder reaction. 2-pyrone 2 (blue thick bond) is placed
in parallel with pyruvate enolate (red thick bond) which is bound to Mg
(green ball). C2 carbonyl and C5 acyl-carbonyl oxygens of 2-pyrone 2
are located respectively within hydrogen-bonding distance to guanidyl
nitrogen of Argl01 and phenol oxygen of Tyr169’ (here prime sign
represents the residue from neighboring chain). Side chains of Argl01
and Tyr169’ are drawn as they are found in the crystal and could slightly
adjust their conformations for making hydrogen bonds to 2-pyrone 2.
The hydrogen bonds are drawn in thin dotted lines and the incoming
carbon-carbon bonds between C2 (and C3) of pyruvate and C3 (and C6)
of 2-pyrone are drawn in thick dotted lines. The wall of the active site
pocket at the 2-pyrone side consists of mostly hydrophobic residues with
bulky side chain such as Trp68, Phe275, Trp278, Phe149’, Prol51°, and
Trp152’. No ionic residues except Argl01 and Tyr169’ mentioned above
is not present in the active site close to the 2-pyrone. The main chain
trace drawn in red is of the neighboring protomer related by the 3-fold
axis. b The space-filling model of the active site with transition state of
substrates pyruvate enolate (red) and 2-pyrone 2 (blue).
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Comparison of Diels-Alderases. a, Solanapyrone synthase (SPS)
catalyzes oxidation of alcohol 7 to the reactive formyl derivative which
readily proceeds [4+2] cycloaddition to give solanapyrone A 8. b,
Lovastatin nonaketide synthase (LNKS) catalyzes intramolecular [4+2]
cycloaddition from 9 to 10. LNKS also catalyzes condensation of acetyl
CoA and malonyl CoA to form enzyme bound analogue of 9.
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ELTREER MO RZRNEBERZEKT 5. FICHKIEIC
KXo TERAL TV [mig O EAERAN, =006
DEDERZWVWC LI, buried surface DEFENS HHH S H
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ZOORIBEAIVR UBEICENL L TV (Fig. 5a), X7z,
b SFTIA TNV VB TR T LA A Il
MLTWRHETEY Y X OMET 5T &N T X7 (Fig.
5b), BHNTRIREED< v THh 5L, t"}bt‘“/@@iﬁ@
JIVRFVIVEEED THEOT I R0 b v ekER-EE
TWABREZHRL TSz, EIVE VBOHNiE— %
MICIREST BT &N TE, ENVEVBIZZDHIVEARZ)V
MR T & VAR FVIVBRE IR TR LA F VI
B LTV,

YL ¥ Vigld DDG aldolase I 35U T & W MEERA I il v7
UIIREE TS SN TV %, G720 Tlda <,
AL DR T3 T LA TV BXOCEIVE VEEALIDZR
ke E MPS & DDG aldolase ORI HFEMEAN RSN 3,
YL E VgL DDG aldolase DFEED—DTH D, MPS D
HEICEHED I %, LALENSI TRV T LALVOH
Pk, BEIRME, R OKSEICITREARHENS RSN, il
THRRIGEHEDOEDTH B EE> TR,

4.3 RIGHEHE

MPS D SREEEIE KA L T3 DI bng, MdfE
FrickvBonizERze Lic, MIEAWZALZR LT
LN Fig. 6 TH B, HBEEHORIGIIA FV gz
D AR, HERMM WU RS Z i LTIV E Vi 4
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WKBWTF NI T LALZT VDAL EHBILTWEED L,
2iDEBIEA A V2 ERT BZKEEEAETHO., €I
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(Appendix)
Table Data & Refinement statistics
crystal native Se-Met
peak edge remote
Crystallographic data
Beam Line PF BL-6A PF BL-18B
Space group P6,22 R32
Wavelength (A) 1.0000 0.9795 0.9797 0.9803
Resolution (A) 1.70(1.79-1.70) 2.30(2.42-2.50) 2.30(2.42-2.50) 2.30(2.42-2.50)
Number of Reflections
Observed 266,163(17,767)  128,483(113,22) 141,293(20,517)  141,050(20,583)
Unique 41,139(3,901) 12,358(1,690) 12,509(1,805) 12,487(1,803)
Completeness (%) 91.3(61.0) 99.1(94.5) 100.0(100.0) 100.0(100.0)
Averaged redundancy 6.5(4.5) 10.4(6.7) 11.3(11.4) 11.3(11.4)
Averaged I/c(1) 6.5(2.5) 8.2(4.6) 7.7(3.7) 7.8(3.6)
R e 0.08(0.31) 0.08(0.19) 0.09(0.22) 0.087(0.23)
__________________ B8 D028 e OO e
Phasing
‘Phasing power
Iso - 0.544 0.776 -
Ano - 3.782 3.098 1.203
R s o - 0.71 0.61 -
*Overall figure of merit - 0.568
Refinement
Resolution (A) 20-1.70 - - -
Total number of
non-hydrogen atoms
Protein 2271
Others 273
Solvent 266
fR-factor 0.1811
ngree'FaEtor 0.2040
A, e (A) 0.008
Abond-angle O) o 1.417
Averaged B-factor (A?) 18.58
BRamachandran
analysis (%)
Most favored 90.2
Additionally allowed 94
generously allowed 0.4

Values in the parentheses are for the highest resolution shell.

uRmeas:zh [m/(m‘ l )] 1/22j|<1>h'l

h,j

[/Z,Z; I;, where <[>, is the mean intensities of symmetry-equivalent reflections and m is redundancy.

*Riambas=Zl[Fy l-Fyll/ Z|F,ol, where F; is the structure factor of the data collected at 4;, and F,y is the structure factor collected at 0.9803A
‘Phasing power = < | Fy; (calc)| > / <phase-integrated lack of closure>.

Reune = <phase-integrated lack of closure> / < | Foy — Fp | >.

‘Figure of merit after the initial phasing using the program SHARP

'R-factor = X |F,,. — Fopll / = Fope,

*R;...-factor was calculated for R-factor, using a random 10 % subset from all reflections.
"Ramachandran plot was calculated by PROCHECK.
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where F, and F, are observed and calculated structure factor amplitudes.



