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Sch-642305 is the major compound produced by the endophytic fungi Phomopsis sp. CMU-LMA. Incuba-
tion of Sch-642305 with Aspergillus ochraceus ATCC 1009 resting cells leads to three new derivatives
through an oxido-reduction of the six-membered ring of the molecule. Reduction of the double bound
leads to compound (1), which subsequently undergoes carbonyl reduction to (2) and ring hydroxylation
to (3). According to the previously solved crystal structure of Sch-642305 coupled with 1H NMR NOE cor-
relation and the crystal structure of compound 1, the absolute configurations of the new derivatives were
established. In contrast to the parent compound Sch-642305, compound (1) exhibits antimicrobial activ-
ity against Gram-negative bacteria. Furthermore, while all derivatives exhibit cytotoxic activity against
various cancer cell lines, compound (2) achieved an IC50 of 4 nM against human myelogenous leukemia
K 562, compared to 20 nM for the parent Sch-642305.

� 2011 Elsevier Ltd. All rights reserved.
Table 1
13C NMR data (d) for compounds 1, 2, 3 and the parent compound Sch-642305 (d
values in ppm). Spectra were recorded in CDCl3, 500 MHz

Position Sch-642305 1 2 3

1 200.3 211.0 67.6 210.1
2 131.1 35.8 27.7 44.6
3 146.6 32.5 26.9 72.2
4 67.1 70.9 72.8 74.3
5 37.1 41.7 36.2 36.6
6 46.3 47.8 35.1 46.9
7 22.9 21.2 22.5 22.6
8 22.3 22.2 22.9 22.1
9 22.9 22,7 25.9 25.4

10 30.3 33.0 26.5 33.7
11 73.9 74.1 74.3 74.5
12 172.2 173.2 174.9 173.8
13 38.9 39.8 36.4 38.8
14 18.6 19.7 20.6 19.9
Scientists use various tools to improve the properties of target
compounds to enhance their bioavailability, bioactivity, stability
or targeting.1 In the field of bioactive natural compounds, these
techniques involve a variety of disciplines, from classical and com-
binatorial organic chemistry2 to in silico screening3 and gene clus-
ter reorganization.4,5 To introduce soft modifications that are
compatible with biological conditions and involve naturally occur-
ring reactions, biotransformation represents an ideal compro-
mise.6–9 In addition to chemical diversification, biotransformation
using enzymes or whole cells offers the opportunity to help eluci-
date biosynthetic pathways and anticipate mammalian metabo-
lism and toxicity. We have shown recently that biocatalysis can
simulate the mammalian metabolisms of natural targets10 and
form unexpected analogs from abundant unfunctionalized natural
compounds.11

In this Letter, we report the biotransformation of Sch-642305, a
bicyclic, 10-membered macrolide that was first isolated from Pen-
icillium verrucosum as a bacterial DNA primase inhibitor.12 We have
produced large quantities of this compound from the endophytic
fungus Phomopsis sp. CMU-LMA and submited it to biocatalysis
by microbial resting cells. Among nine screened microorganisms
chosen for their exceptional oxido-reduction potential, we selected
Aspergillus ochraceus ATCC 1009, which gives rise to three Sch-
642305 analogs. Their antibiotic and cytotoxic activities were com-
All rights reserved.
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pared to the parent compound. The compound Sch-642305 is pro-
duced by the fungal strain Phomopsis sp. CMU-LMA,13 isolated from
healthy wild galanga (Alpinia malaccensis) as previously
described.14 The structure of Sch-642305 was deduced from
spectroscopic data15 (Tables 1 and 2) and confirmed by X-ray
crystals structure analysis16 (Fig. 1). We engaged in the generation
of new derivatives through microbial biocatalysis with the aim of
enhancing chemodiversity and modulating bioactivity. Based on
our knowledge of oxido-reductive microorganisms,17–19 we
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Table 2
1H NMR data (d) for compounds 1, 2, 3 and the parent compound Sch-642305 (d values in ppm). Spectra were recorded in CDCl3, 500 MHz

Position Sch-642305 1 2 3

1 — — 3.93 m —
2 6.02 d (9.9) 2.20 m

2.66 m
1.53 m 2.34 dd (3.4, 11.3)

2.96 dd(3.4, 11.3)
3 6.99 dd (4.3, 5.5) 1.78, 1.94 m 1.91 m 4.28 q (3.0, 3.0, 11.3)
4 4.25 dd (3.4, 5.6) 4.10 q (7.3) 4.03 m 3.94 t (1.8)
5 2.80 m 2.36 m 2.24 m 2.77 m
6 2.66 m 2.66 m 1.73 m 2.56 m
7 2.11 m 1.35 m 1.30, 1.73 m 1.73 m
8 1.29, 1.58 m 1.35 m 1.30, 1.73 m 1.53 m
9 1.13, 1.78 m 1.35 m 1.30 m 1.33 m

10 1.29,2.01 m 1.35 m 1.30 m 1.33, 1.94 m
11 5.06 m 5.07 m 5.95 m 5.09 m
13 2.62 dd (2.4, 16.8) 2.66 m 2.84 dd (5.1, 7.9)

2.42 dd (2.3, 11.4)
2.67 m

14 1.27 d (6.6) 1.23 d (6.4) 1.24 d (6.2) 1.23 d (6.3)
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selected nine fungi, all of which were used as fresh resting cells in
the presence or absence of 10% added glucose. These included
Rhizopus arrhizus ATCC 1145, Aspergillus terreus MMP 2296,
Aspergillus ochraceus ATCC 1009, Aspergillus niger ATCC 16404,
Beauveria bassiana ATCC 7159, Mucor plumbeus CBS 11016, Cylindro-
carpon radicicola ATCC11011, Geotrichum candidum CBS 23376 and
Cunninghamella echinulata NRRL 3655. A series of analytical incuba-
tions were dedicated to identify the optimal strains and condi-
tions.20 Finally, we selected A. ochraceus ATCC 1009, which led, in
the presence of glucose, to the highest conversion yield and
Figure 2. HPLC chromatogram obtained after 12 days of incubation of Sc

Figure 1. ORTEP diagrams showing the solid-state structures
compound diversity, for further investigations with the presence
of 10% glucose.21 Figure 2 represents the HPLC chromatogram ob-
tained after 12 days of incubation of Sch-642305 with A. ochraceus
ATCC 1009. The m/z values were deduced from HPLC–MS analysis
on positive and negative electrospray modes. Besides the residual
starting compound Sch-642305, three major peaks, 1, 2 and 3,
were observed that corresponded to m/z 254, 256 and 270, respec-
tively. Three minor peaks were also detected corresponding to m/z
254, 284 and 286. Kinetic monitoring of the three major com-
pounds and the substrate Sch-642305 by HPLC (Fig. 3) showed a
h-642305 with Aspergillus ochraceus in the presence of 10% glucose.

of Sch-642305 and compound 1 (for details see Ref. 16).



Figure 3. Kinetic monitoring of the biotransformation of Sch-642305 by Aspergillus
ochraceus ATCC 1009.
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lag period of three days, followed by a constant decrease in the
substrate, which completely disappeared in about 12 days. Com-
pound 1 is formed first; it reached a maximum of 40% at day seven
and then decreased slowly. The second derivative, compound 2, be-
gan to form at day five, reached 33% at day nine and then increased
slowly. Compound 3 started to appear at day seven in parallel with
an equivalent decrease in Sch-642305 and reached a maximum of
about 30% in 12 days. Careful observation of the period from day 9
to day 12 suggests that compound 3 was a direct product from Sch-
642305, while products 1 and 2 remained stable. Biotransforma-
tion of 200 mg of Sch-642305 yielded approximately 30 mg each
of pure 1, 2 and 3, which allowed us to achieve the structural inves-
tigations and cell based bioassays.22,23 Tables 1 and 2 regroup the
1H and 13C NMR data of the three metabolites compared to the sub-
strate Sch-642305. At approximately 170 ppm (172–175 ppm), the
lactone carbonyl C-12 is conserved in compounds 1, 2 and 3, while
the methine carbons C-2 and C-3 at 131 and 146 ppm shift to lower
ppm values in compounds 1, 2 and 3 (26.9–72.2 ppm), supporting
the reduction of the double bound. The C-4 bearing the hydroxyl
group (67.1–74.3 ppm) is also conserved in all compounds. The
carbonyl C-1 at 200.3 ppm is conserved in compounds 1 and 3
(211 and 210.1 ppm, respectively) and replaced by a hydroxyl
Figure 4. Structure of Sch-642305 and its three major derivatives (1, 2 and 3) issued fr
corresponds to hashed lines.
group in compound 2 (67.6 ppm). The C-3 in compound 3 is at
72.7 ppm, supporting the presence of a hydroxyl at this position.
By coupling NMR data with HR/ESI-MS and IR data (see experimen-
tal section), the structures of compounds 1, 2 and 3 are presented
in Figure 4. Absolute configurations of compounds Sch-642305 and
1 were deduced from the X-ray crystal structures (Fig. 1) and those
of compounds 2 and 3 were assigned according to the NMR–NOE
correlations (Fig. 4). Thus for compound 2, the NMR–NOE spectrum
showed an interaction between protons H1 and H6 confirming
their cis configuration. Interactions between protons H3 and H4
in compound 3 also drive to the same conclusion.

The formation of 1 and 2 is the consequence of two consec-
utive reductions affecting the double bound and then the car-
bonyl (cf. kinetic). It is plausible that 3 could derive from 2 by
direct hydroxylation of the nonactivated carbon C-3. This type
of oxidation is well documented and generally catalyzed by
Cyt-P450 type enzymes.24 This hypothesis is not fully consistent
with the kinetic monitoring that suggests the formation of 3 di-
rectly from 1. The compound at retention time 22.2 (Fig. 2) with
m/z 286 may correspond to a derivative bearing two hydroxyl
groups at carbons 2 and 3, directly resulting from the epoxida-
tion of 1 followed by epoxide hydrolysis. Unfortunately, we did
not obtain any evidence for the formation of the epoxide, nor
did we have sufficient quantities of minor compounds to go fur-
ther in structure achievements.

The antibiotic and cytotoxic activities of 1, 2 and 3 were com-
pared to the parent Sch-642305.25 Only the biotransformation
derivative 1 would exhibit significant antibiotic activity against
the Gram-negative bacteria E. coli (Table 3). Furthermore, while
all derivatives exhibited cytotoxic activity against various cancer
cell lines, compound (2) reached an IC50 of 4 nM against human
myelogenous leukemia K 562, as compared to 20 nM for the parent
Sch-642305 (Table 4).

In conclusion, three new compounds were obtained in good
yields through the microbial oxido-reduction of Sch-642305 by A.
ochraceus ATCC 1009. These new derivatives could also be consid-
ered as natural compounds because they were obtained through
further enzymatic conversion of an abundant natural precursor.
Mild and safe reaction conditions are consistent with green chem-
istry guidelines and exhibit high efficiency and total
enantioselectivity.

Furthermore, bioassays confirm that access to Sch-642305 ana-
logs through biocatalysis opens a quick and efficient access to more
active compounds. As Sch-642305 was reported to mildly inhibit
DNA primase,12 we are currently undertaking a large screening of
bioconversion derivatives on this key target.
om biotransformation by Aspergillus ochraceus ATCC 1009. 1H NMR NOE correlation



Table 3
Antimicrobial activity of isolated compounds compared to the parent compound Sch-
642305 and antibiotic controls

Compound E. Colia B. Subtilisb M. Luteusa

Sch-642305 0 100 38
1 50 0 0
2 0 0 0
3 0 62.5 0

a Compared to 30 lg chloramphenicol.
b Compared to 10 lg gentamycin

Table 4
In vitro cytotoxic activity was screened on two cell lines. IC50 was determined in
triplicate (for details see Ref. 15).

Compound MDA 231 K 562

Sch-642305 2.0 � 10�8 2.0 � 10�8

1 4.0 � 10�7 2.0 � 10�7

2 4.0 � 10�8 4.0 � 10�9

3 1.2 � 10�8 2.0 � 10�8
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