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Figure 1. Polyketides produced by engineered three-module derivatives of DEBS. (See text for dtaitse)icolorCH999/pKAO410, which

contains the DH-ER-KR domains from module 1 of the rapamycin polyketide synthase (RAPS) in place of the native KR2 domain, produces the

eight-membered ring tetraketide lactorig.

C-7, and the attached proton, H-7, weye80.4 ando 4.60,
respectively. The H-5 methylene protoidsl( 76 and 1.42) were
assigned from their coupling patterns and by correlation with
H-4 and H-6 in the COSY spectrum. Doublets for the three
secondary methyl groups were present &t17 (C2-CH), 1.04
(C4-CHg), and 0.93 (C6-Ch), while the terminal methyl (H-9)
protons appeared as a triplet®0.89.

The stereochemistry of lactonkt has been provisionally
assigned from an analysis of coupling constadts, NOE

spectra, and biosynthetic considerations. The configurations at

C-6 and C-7 were assignedR67R), given the genetically
unaltered and known function of DEBS module 1. Irradiation
of H-7 resulted in a 20% NOE enhancement of the H-2 signal,
assigning the C-2 configuration asgj2 The (3 4R) config-

gous PKSs, generating mutant PKSs with some or all of the
newly introduced catalytic activities. The production of KAO410a
(1) by S. coelicolorCH999/pKAO410 shows that the RAPS
DH1-ER1-KR1 active sites are fully functional in the heterolo-
gous context of DEBS module 2, while the productioridfy

S. coelicolorCH999/pKAO384 reveals that the DEBS DH4-
ER4-KR4 domains are only partially functional in the same
context. The latter result may reflect higher substrate specifici-
ties of the DEBS ER4 or KS3 domains toward unnatural
triketide intermediates.

The isolation ofl vividly demonstrates the broad substrate
specificity of the TE domain, which normally catalyzes cy-
clization of the 14-membered ring lactone, 6-deoxyerythronolide

uration was assigned by the agreement between the observed®. This TE has now been shown to mediate the formation of

IH coupling constants of the lactone ring protons with those
predicted by molecular modeling of theS23S, 4R, 6R, 7R)
diastereomer of.26 Experiments to verify the configuration
of 1 by X-ray crystallography are in progress.

In contrast,S. coelicolorCH999/pKAO384, which contains
the DEBS DH4-ER4-KR4 domains in place of KR2, produced
the decarboxylated tetraketide KOS009-#a(<10 mg/L), as
determined byH NMR spectroscopy (Figure 1). This product
is identical to theS. coelicolortCH999/pKOS009-7 metabolifd,
produced by a DEBS Mod123TE mutant which contains the
RAPS DH4-KR4 domains in place of KR2, and indicates that

6-, 8-, 12-, and 16-membered lactone rifg%2’ The unex-
pected reduction of also suggests the potential for recruiting
additional metabolic enzymes to act upon “unnatural” natural
products? illustrating how post-PKS modification enzymes
may have evolved in nature.

JA972609E

(26) Observed values dfiy (Hz) between the ring protons &f Jyzms
2.9, Jngia 9.3, nammsa 7-7, Inamsb 1.4, Insame 3.1, Insoire 5.4, Jnemz 1.2.
MacroModel 6.0 (Columbia University; Mohamadi, F.; Richards, N. G. J.;
Guida, W. C.; Liskamp, R.; Lipton, M.; Caulfield, C.; Chang, G.;

the ER4 domain of DEBS did not reduce the dehydrated triketide Hendrickson, T.; Still, W. C.J. Comput. Chenl99Q 11, 440-467) was

intermediate produced by the re-engineered module 2.
These experiments demonstrate the feasibility of DEBS KR2

domain replacements with domains from the same or heterolo-

(25) The observed reduction df may result from the action of an
endogenousS. coelicolordehydrogenase or the cryptic KR3 domain of
DEBS (not shown in Figure 1, but deduced from sequence analysis).
Preliminary HRMS data of a fully reduced analog3a$olated from CH999/
pKAO410 (Fu, H., unpublished results) and cell-free incubations using

purified PKS from the same strain (Gokhale, R., unpublished results) support

the former hypothesis.

used to analyze the conformations o5@54R,6R,7R)-1, as well as the
corresponding (849, (3R4R), and (R,4S) diastereomers, using an MM2*
force-field with GB/SA solvation parameters for CHQ[Still, W. C;
Tempczyk, A.; Hawley, R. C.; Hendrickson, J. Am. Chem. S0d.99Q
112, 6127-6129) and the Low-Mode Conformational Search method
(Kolassvay, |.; Guida, W. C.J. Am. Chem. S0d.996 118 5011-5019).
Each diastereomer was searched through 1000 iterations. The Boltzmann-
averagedyy coupling constants predicted for§3S4R,6R,7R)-1 were in
reasonable agreement with the observed valueky@f Juzmz 3.9, Jnama
6.9, Juamsa 6.6, Jnamsb 3.3, Insams 1.8, Jnsoime 10.5, Jnemz 4.7. )

(27) Jacobsen, J. R.; Hutchinson, C. R.; Cane, D. E.; Khosl&ciénce
1997, 277, 367-369.



