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ABSTRACT
The food additive curcumin shows many benefits for human health but has low solubility and stability,
which leads to its low bioavailability. After oral administration, curcumin undergoes biotransformation
by gut microbiota in digestive tracts, and thus it is interesting to characterize the biotransformation
products of curcumin and assess their bioactivities to help us understand the pharmacology. Herein a
bacterial strain of Bacillus megaterium DCMB-002 isolated from mice feces, showed the capability of
transforming curcumin to its various derivatives. The tracing high performance liquid chromatogram
coupled with quadrupole time-of-flight tandem mass spectra (HPLC-Q-TOF MSn) led to the identifica-
tion of seven hydrogenation transformation metabolites through reduction, hydroxylation, demethyla-
tion and demethoxylation etc, six of which were reported for the first time. The metabolites exhibited
moderate antioxidant activity. The findings provided insights into the microbial biotransformation of
curcumin and roles of gut microbiota in its pharmacological effects.

ARTICLE HISTORY
Received 17 August 2017
Accepted 29 November 2017

KEYWORDS
Curcumin; Bacillus
megaterium;
biotransformation;
HPLC-Q-TOF; antioxidant

Introduction

Curcumin (CUR), the main active constituent of a
traditionally used food additive, spice and herbal med-
icine Curcuma longa L., is a polyphenolic molecule
possessing various bioactivities, such as antioxidant,
anticancer, anti-inflammatory and anti-microbial activ-
ities etc [1–3]. However, CUR has very low bioavail-
ability owing to its poor water solubility and structural
stability, which is contradictory to the diversity of its
pharmacological activities [4–6]. Based on this, a
hypothesis was raised that the degradation or biotrans-
formation products of CUR may make important con-
tributions to its diverse bioactivities [5,7,8]. One of the
supporting evidences was that the detected concentra-
tion of parent CUR molecule in human circulatory
system was much lower than that in human intestinal
tracts [9,10]. Additionally, many CUR analogues were
also found in human or rat hepatocytes, plasma, and
brain, indicative of some CUR structural transforma-
tion while assimilated from gut to blood [11,12].

The ability of gut microbiota to biotransform CUR
has been reported by several studies [13–17]. In the
present study, the biotransformation of CUR by a strain

of bacterium Bacillus megaterium DCMB-002 isolated
from fresh feces of mice under aerobic condition, was
investigated. The metabolites of CUR transformed by
the bacterium was illustrated using tracing high perfor-
mance liquid chromatogram coupled with quadrupole
time-of-flight tandem mass spectra (HPLC-Q-TOF
MSn), and the DPPH radical-scavenging ability of the
transformation metabolites mixture was evaluated.
Seven metabolites (M1 ~ M7), inclusive products of
reduction, hydroxylation, methylation and demethyla-
tion/demethoxylation of CUR, were identified, and the
transformation metabolites mixture exhibited moderate
antioxidant activity. This study is meaningful to inter-
pret the role of the single bacterium in intestinal micro-
organism-mediate biotransformation of CUR.

Material and methods

Chemicals and instruments

Curcumin (99%), butylated hydroxytoluene (BHT), gallic
acid (GA), α,α-diphenyl-β-picrylhydrazyl (DPPH) and
ascorbic acid (VC) were obtained from Sigma-Aldrich
Shanghai Trading Co. (Shanghai, China); HPLC grade
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acetonitrile were purchased from Thermo Fisher
Scientific technology Co. (Shanghai, China); ethyl acetate
(EtOAc), isopropanol (iPrOH), 1-butanol (nBuOH),
ethyl and methyl alcohol were from Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China). All other
reagents were of analytical grade.

Termovap sample concentrator (MD200-2) was pur-
chased from Hangzhou Allsheng Instrument Co., Ltd
(Hangzhou, China). Microplate reader (Multiskan GO
1510) was purchased from Thermo Fisher Scientific Oy
(Ratastie 2, FI-01620 Vantaa, Finland).

Bacteria isolation and identification

The bacterium DCMB-002 was isolated from fresh feces
of 7-months aged healthy mice. Aimed to enrich the
bacteria who could utilize and transform the CUR mole-
cule, an enrichment medium (FC) containing CUR as the
sole carbon source was used to isolate and screen gut
bacteria from fresh healthy mice feces. The FC medium
contains CUR 50mM, (NH4)2SO4 2.0 g/L, KH2PO4 1.0 g/
L, K2HPO4 1.0 g/L, MgSO4•7H2O 0.4 g/L and deionized
water with natural pH value. Firstly, 1.0 g of fresh mice
feces were collected in a sterile Eppendorf tube, triturated
and put into FCmedium (50 mL in a 250 mL flask). After
cultured for 2 to 3 days in shaker incubator at 37°C and
200 rpm, 5.0 mL cultured solution was transformed to
another FC medium same as above. After three times
repeated culture, 100 µL of the cultured solution was
coated onto FC plates (with 20 g/L agar) equably, and
the plates was incubated at 37°C for 12–16 h. The colonies
grew on new respective plates until pure clones were
obtained (Fig. S1).

The identification of the isolated bacteria was per-
formed using a molecular biological protocol by DNA
amplification and sequencing of the 16S rDNA as
described previously [18]. The resulting sequence data
obtained from the bacterium strain has been deposited
at GenBank (with accession number MF159101). The
result from the BLAST search indicated that the
sequence was the same (with the identity of 100%) as
that for the sequence of B. megaterium (compared with
the B. megaterium strain 39-Y94, KU647232). The
strain is preserved at School of Life Sciences,
Shandong University of Technology (SDUT).

Biotransformation of CUR by the bacterium DCMB-
002

The bacterium strain DMCB-002 was cultured in liquid
Lurina-Bertani (LB)medium (peptone 10 g/L, yeast extract
5 g/L, NaCl 10 g/L, H2O, pH 7.0) for 12 h until the value of
OD600 (optical density, 600 nm) was 1.6. Then, 30 µL of

bacterial culture andCUR stock solution (2.0mM,MeOH)
was added into LB liquid medium, with the final concen-
tration of CUR of 50 µM and the final volume of 3.0 mL.
Triplicate cultures were prepared in parallel. In addition,
two controls were used, one without bacterium strain and
one without CUR. The batches were incubated at 37°C for
48 h with stirring at 200 rpm. Samples (500 µL) were
collected at 0, 8, 24, and 48 h, and bacterial cells were
removed by centrifugation for 10 min at 5000 rpm. The
supernatant was collected and extracted with 500 µL sol-
vents (EtOAc: iPrOH: nBuOH = 90:5:5, v/v/v) for 3 times.
The extracts were combined and dried under N2 at 37°C.
The samples were filtrated with 0.22 µm microfiltration
membrane for HPLC analysis. The samples of metabolites
for bioactivity tests were prepared in a larger scale of
150 mL in a 500 mL flask.

HPLC and MS conditions

HPLC analysis for bacterial metabolites was performed on
an Agilent 1260 infinity (USA) HPLC System equipped
with a G1311B quaternary pump, a G1329B automated
sample injector, a G1315D UV-DAD detector, and a
Thermo Hypersil GOLD C18 column (4.6 mm ×
250 mm, 5 μm). With the injection volume of 20.0 μL,
samples were eluted by a linear gradient mobile phase
consisted by solvent A (ACN, 0.1% formic acid) and B
(H2O, 0.1% formic acid) at a flow rate of 1.0 mL/min.
The gradient procedure was as follows, 0 – 7 min, 5% A;
7 – 57min, 5% to 90%A; 57 – 63min, 90% to 100%A; 63 –
66 min, 100% A; 66 – 70 min, 100% to 5% A; 70 – 80 min,
5%A. Samples were detected at the wavelength of 220, 254,
280 and 430 nm.

The Agilent 6540 Ultra High Definition (UHD)
accurate-mass Quadrupole Time-of-Flight (Q-TOF)
LC/MSn systems (Agilent, USA) were used for mass
spectrometer analysis. Chromatography was performed
on the HPLC with a Unitary C18 column (3 mm ×
100 mm, 5 µm particle size). The mobile phase con-
sisted of 0.1% formic acid in water (solvent A) and
acetonitrile (solvent B), and a gradient elution of
0–10 min, 0 – 8% B; 10 – 40 min, 8 – 45% B; 40 –
50 min, 45 – 95% B; 50 – 60 min, 95% B, was used for
the equilibration of the column. The flow rate was
0.3 mL/min and the injection volume was 3 µL.
Q-TOF used dual-ESI as ion source interface and the
ESI source was operated in the positive ionization
mode. The scan range was from m/z 100 to 1700.
Other conditions were optimized as follows: drying
gas flow rate, 8 L/min; gas temperature, 350°C; nebu-
lizer gas pressure, 35 psi; and capillary and fragmentor
potentials, 3500 and 175 V, respectively. The standard
sample generated an [M + H]+ ion (m/z 922.0117) to
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ensure accuracy during the MS analysis. The whole
system was controlled by Agilent Qualitative Analysis
B.04.01 software.

Measurement of transformation rate

The concentrations of residual CUR in medium with
or without bacteria were measured and calculated by
the calibration standard at the range of 0.05 ~ 50 μg/
mL of CUR (with a purity over 99%) as y = 161.01
x + 12.115, (x = CUR concentration, y = average peak
area), R2 = 0.9999. The transformation rate was
obtained as follows. CUR transformation rate (incu-
bation for x h) = (c residual CUR in sole-medium – c residual

CUR in bacterial culture)/c residual CUR in sole-medium ×100%.

Antioxidant assay for DPPH radical-scavenging
activity

The DPPH radical-scavenging activities of the samples
were performed andmodified according to themethod of
the previous report [19]. Briefly, all samples were resolved
inHPLC gradeMeOH, except for VC in distilled water. A
100 µL aliquot of test sample and 100 µL aliquot of DPPH
(0.16 mM, MeOH) was added into a 96-well microtitre
plate as the sample group. Similar operations were per-
formed for the sample blank group (samples added with
MeOH), the control group (DPPH added with MeOH or
distilled water), and the blank group (MeOH added with
MeOH or distilled water) to eliminate the absorbance
inferences from samples, DPPH solution and solvents.
All mixtures were shanked and incubated in dark at room
temperature (32°C) for 30 min, and then recorded the
absorbance values at 517 nm by a microplate reader. The
ability to scavenge the DPPH radical was calculated as
follows. Scavenging rate (%) = [1 － (Asample － Asample

blank)/(Acontrol － Ablank)]×100%. Each group was

performed in triplicate. Synthetic antioxidants BHT, GA
and VC were used as positive controls.

Statistical analysis

Values expressed are means of triplicate determina-
tions ± standard deviation. All statistical analyses
were carried out using SPSS 16.0 for Windows.

Results

Biotransformation of CUR

In our previous research, the mice feces flora cultured
under aerobic conditions showed capacity to biotransform
CUR (paper not published). To illustrate the role of some
important intestinal bacteria on CUR metabolism, the
isolation, identification, and transformation screening of
eight strains of aerobic/facultative bacteria from healthy
mice feces were performed. As a result, a bacterium strain
B.megateriumDCMB-002, was found to possess the ability
to transform CUR significantly. HPLC was used to trace
metabolites. Excluding the auto-degradation of CUR in the
bacterium cultural medium and the bacterium self-meta-
bolites during its lifecycle, seven metabolites (seen the
peaks marked by green dashed lines in Figure 1(a-1))
transformed from CUR by the bacterium strain were
detected after incubated at 37°C for 8 h. Additionally,
metabolites from CUR produced by the bacterium after
24 and 48 h culture were also detected (Figure 1(b)).
Interestingly, some metabolites, such as the two peaks at
retention time of 35.2 and 37.7 min in 8 h culture broth,
disappeared at 24 or 48 h, which suggested that the activ-
ities and categories of the transformation enzymes of the
bacteriumDCMB-002 differed in the stages of cell growth,
and the two metabolites may act as middle products of
moving-forward metabolism.

Figure 1. HPLC profiles (detected at 254 nm) of metabolites produced by the bacterium strain DCMB-002. (a-1) Bacterial
metabolites by mixing 50 µM CUR, bacterium strain DCMB-002, and culture medium for 8 h incubation; (a-2) products of CUR
after being incubated for 8 h in sole medium; (a-3) bacterial metabolites by adding equal volume of MeOH and incubating for 8 h;
(a-4) the authentic compound of CUR. (b) Metabolites of the bacterium with CUR added and incubated for 0, 8, 24 and 48 h.
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With the same initial concentrations of 50 µM (i.e.
18.4 µg/mL), the concentrations of CUR in bacterium
culture decreased more rapidly than that in sole medium
without bacteria (Figure 2(a)), which suggested CUR was
consumed by the bacteriumDCMB-002 apart from auto-
degradation (e.g. autoxidation) in medium. As time pro-
longs, the biotransformation rate of CUR by the bacter-
ium increased from 42.0 ± 2.35% (8 h-incubation) to
56.29 ± 1.08% (24 h-incubation) and 75.86 ± 0.13%
(48 h-incubation), respectively (Figure 2(b)). However,
HPLC traces exhibited that the variety of biotransforma-
tion metabolites obtained from 48 h-incubation bacterial
culture (especially at the retention time of 35.0 ~ 40 min)
was less abundant than that in 8 and 24 h-incubation
bacterial cultures (Figure 1(b)), which seemed contrary to
the trends of transformation rates. HPLC detection at
other wavelength (220, 280 and 430 nm) showed similar
results (data not shown). A reasonable explanation was
that with the maturing of the bacterial population, the
CUR metabolites produced at early stages were further
converted, like glycosylation and sulfation etc. The

latterly produced more aqueously-soluble metabolites
were not extracted by the lipophilic solvent with low
polarity (EtOAc: iPrOH: nBuOH = 90:5:5, v/v/v) and
retained in water cultures.

Antioxidant activity of transformed metabolites
extracts

The antioxidant activity for DPPH radical-scavenging
ability of the extracted mixtures after incubation was
evaluated. As shown in Figure 3(a), the parent drug
CUR has a similar DPPH radical-scavenging activity
(IC50 = 2.02 ± 0.41 μg/mL) to those of positive con-
trols GA and BHT, yet better than that of L-ascorbic
acid (VC). The bacterial co-cultured metabolites
extracts, inclusive of both CUR biotransformation pro-
ducts, and residual CUR, CUR auto-degradation pro-
ducts and bacterial self-metabolites, showed DPPH
radical-scavenging activity. This activity was enhanced
with incubation time longer, with IC50 values of
5.57 ± 0.07 (8 h) to 1.19 ± 0.11 (48 h) mg/mL, which

Figure 2. CUR residual concentrations (a) and biotransformation rates of CUR by the bacterium strain B. megaterium DCMB-002 (b).

Figure 3. DPPH radical-scavenging activities of positive controls (a), and the extracts from cultures of 8, 24 and 48 h incubation,
including the bacterial self-metabolites, CUR auto-degradation products, and co-cultural products of mixing CUR and the bacterium,
respectively (b).
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exhibited same trends as that of CUR auto-degradation
products mixtures (Figure 3(b)). Especially, CUR bio-
transformation products incubated for 24 h showed
stronger ability than 24 h-incubating CUR auto-degra-
dation products (Figure 3(b)). The self-metabolites of
the bacterium strain DCMB-002 exhibited weak anti-
oxidant activity.

Identification of CUR metabolites by B.
megaterium DCMB-002

To specify the CUR metabolites transformed by the
bacterium DCMB-002, HPLC-Q-TOF MS2 spectra
was used to provide molecular weight and fragmenta-
tion information, data seen in Figure 4 and Table 1.
Seven compounds were identified and six of them
(except M3) are reported for the first time (Figure 5).

The parent compound CUR (M0) appeared in the
bacterial culture of 8, 24, and 48 h incubation
(Figure 4), who was eluted at a retention time of
34.57 min. HRESIMS gave it an [M + H]+ ion at m/z
369.1332 (see Supplementary data Fig. S2), appropriate
for the molecular formula C21H21O6 (calcd 369.1333).

Secondary mass spectra of M0 gave the fragmentation
ions of m/z 177, 145, 117, 137 and 161, same with those
of authentic CUR (Fig. S3).

Compound M1 was obtained from the bacterial
culture of 8 h incubation (Figure 4). It appeared in
HPLC profile at a retention time of 31.31 min, and
contained a protonated molecular ion at m/z
403.1429 (Fig. S4), which suggested a molecular for-
mula C21H23O8 (calcd 403.1487), and 34 Da higher
than the protonated ion of CUR. This indicated that
the compound M1 was hydroxylation and hydroge-
nation by adding two oxygen atoms and two hydro-
gen atoms. Moreover, the high collision energy scan
fragment ions of M1 at m/z 373 and 327 were
observed. The fragment ion at m/z 373 was generated
by the loss of OCH2 (30 Da) from the parent ion.
Then another loss of OCH2 (30 Da) and an oxygen
atom from phenolic hydroxyl group (16 Da) formed
the fragment ion of m/z 327 (Figure 6). M1 was
tentatively identified as bis-hydroxylated dihydrocur-
cumin, while the location of the two hydroxy moi-
eties can’t be confirmed here.

Compound M2 was only detected from the metabo-
lites of 8 h incubation (Figure 4). It was eluted at a
retention time of 35.45 min, and was assigned a mole-
cular formula C20H20O8 based on its protonated iron of
m/z 389.1235 (calcd for C20H21O8, 389.1231) by
HRESIMS. The molecular weight of M2 was 14 Da
less than that of M1, suggesting a CH2 loss in the
structure of M1. Moreover, MS2 spectra gave the frag-
ment ions as seen in Table 1, which included a same
ion of m/z 327, a 14 Da less ion of m/z 359 than ion of
m/z 373 from M1, and m/z 341 (14 Da less than m/z
355 produce by losing H2O from the ion at m/z 373)
(Table 1 and Fig. S5). Thus, M2 was considered as a
demethylated product of M1, and tentatively identified
as bis-hydroxylated demethyl dihydrocurcumin.

Compound M3 was obtained from the bacterial
culture extract of 8 and 24 h incubation. With a reten-
tion time of 32.50 min in TIC chromatogram, M3 was
given a [M + H]+ ion of m/z 387.1799 by HRESIMS
(Fig. S6), indicating a molecular formula C22H27O6

(calcd 387.1802). Since the M.W. of M3 was 18 Da
more than that of M0 and possessed one more carbon
atom (12 Da), M3 was speculated having one more
CH2 (14 Da) and 4 H (4 Da) than M0. According to
the metabolites of CUR reported, CH2 was hypotheti-
cally located on benzene ring and 4 H on the two
alkene bones of seven-carbon heptadione chain of
CUR [15]. The observed high collision energy scan
fragment ions of M3 at m/z 105, 121, 69 and 93
supported this speculation, because this result indicated
the easier fragility of the linking chain between

Figure 4. Total ion current chromatograms of the bacterial
metabolites with incubation for 8, 24 and 48 h. (red line:
peak of CUR; green lines: common peaks of CUR metabolites
in the three samples.).
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aromatic rings after the saturation of two alkene bones
by four hydrogen atoms. The [M + H]+ ion of m/z 387
lost a H2O (18 Da) to obtain an ion of m/z 369
(C22H25O5), which produced the fragment ion of m/z
69 by losing a neutral fragment of C18H20O4 (300 Da),
and the fragment ion of m/z 121 by loss of OCH2

(30 Da) and C13H14O3 (218 Da). The fragment ions
of m/z 107 and 93 was obtained by the loss of one and
two CH2 (14 and 28 Da) from the ion of m/z 121,
respectively. The rearrangement of p-hydroxybenzyl
ion (m/z 107) led to the loss of 2 H (2 Da) and obtain
the fragment ion of m/z 105 (Figure 6). Thus, M3 was
identified as methylated tetrahydrocurcumin.

Compounds M4 and M5, with retention time of
34.01 and 28.53 min, were given protonated ions of
373.1353 and 373.1277, respectively, which were appro-
priate to the same ionic formula C20H21O7 (cald
373.1295), a carbon atom (12 Da) less than CUR,
probably from the methoxyl moiety at benzyl ring.
The same ionic formula proved that they are isomer-
ides, but the obviously disparate retention times indi-
cated they made a difference in hydrophobicity owing
to their largely different structures. Considering 4 Da

more than M.W. of CUR, M4/M5 were speculated to
get from loss of a CH2 (14 Da), together with addition
of an O atom (16 Da) and two hydrogen atoms (2 Da).
The following secondary fragmentation support this
speculation. The high collision energy scan fragment
ions of M4 were observed at m/z 343, 325 and 297
(Table 1 and Fig. S7). The fragment ion of m/z 343 was
30 Da less than the parent ion, suggesting an OCH2

(30 Da) loss from protonated ion of M4. Further, the
ion of m/z 343 lost a H2O (18 Da) to generate the ion
of m/z 325, and the latter ion lost a CO (28 Da) to
obtain the ion of m/z 297 (Figure 6). Compound M4
was tentatively identified as hydroxylated and
demethylated dihydrocurcumin, but the position of
hydroxylation and hydrogenation could not be
characterized.

Based on the four hydrogen atoms adding to the
double bones and demethylation of CUR, compound
M5 was speculated to possessing a 3,5-tetrahydropyran-
dione moiety owing to the cyclization and addition of
one oxygen atom. The speculation was supported by
analysis of fragment ions. The secondary mass spectra
showed the fragment ions of m/z 343, 329, 357, 315, 339

Figure 5. Metabolites of CUR transformed by intestinal bacterium B. megaterium DCMB-002.

Table 1. Identification of CUR metabolites by HPLC-Q-TOF mass spectrometry.

Metabolites Sources culture Retention time (min)
Exact mass

[M + H]+ (m/z) Measured formula (error, ppm) Fragment ions

M0 8 h, 24 h, 48 h 34.57 369.1332 C21H21O6 (0.29) 177, 145, 117, 137, 161, 89
M1 8 h 31.31 403.1429 C21H23O8 (−0.06) 373, 327
M2 8 h 35.45 389.1235 C20H21O8 (−1.08) 359, 341, 327
M3 8 h, 24 h 32.50 387.1799 C22H27O6 (0.89) 105, 121, 69, 93
M4 8 h, 24 h 34.01 373.1353 C20H21O7 (−0.06) 343, 325, 297
M5 8 h 28.53 373.1277 C20H21O7 (1.3) 343, 329, 357, 315, 339, 137
M6 8 h, 24 h, 48 h 29.00 343.1179 C19H19O6 (−0.89) 313, 285, 181, 59
M7 8 h 31.87 343.1174 C19H19O6 (0.72) 313, 281, 299, 327, 59
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and 137, significantly different to those of M4
(Table and Fig. S8). The parent ion m/z 373 lost an
OCH2 (30 Da) to form the ion m/z of 343, who succes-
sively lost two CH2 fragments (14 and 28 Da) and one
H2O (18 Da) to obtain the fragment ions of m/z 329,
315 and 297. Meanwhile, the protonated M5 ion at m/z
373 lost an oxygen atom (16 Da) to get the ion of m/z
357, which further lost a H2O (18 Da) to get the ion of
m/z 339. Compound M5 was identified as a 3,5-tetra-
hydropyrandione derive. M4 was detected from the
culture extracts of 8 and 24 h incubation, and M5 was
only found in the culture of 8 h incubation (Figure 4).

Compounds M6 and M7 ([M + H]+ 343.1179 and
343.1174, respectively) are also a pair of isomeride with
a ionic formula of C19H19O6 (cald 343.1176), and were
eluted at retention times of 29.00 and 31.87 min
(Figure 4). The M.W. of M6 and M7 were 30 Da
lower than m/z 373, which indicated a loss of OCH2

moiety from M4 or M5. However, because the reten-
tion time of M6 and M7 were between that of M5
(tR = 28.53 min) and M4 (tR = 34.01 min) which
indicates intervenient hydrophily, and the supporting
MS2 fragmentation ions (seen in Table 1) were signifi-
cant different with those of M4/M5, the skeletons of
M6 and M7 were hard to be characterize. In our trials
of speculating the parent ions’ fragmentation pathway,
the sharing carbon skeleton with M4 was found to be
relatively reasonable for the MS2 fragmentation ions.
The parent ion of m/z 343 lost an oxygen atom (16 Da)
probably from benzyl ring to get the fragment ion of
m/z of 327, who continued losing one or two CH2 (14
or 28 Da) to obtain the ions of m/z 313 and 299. The
fragment ion of m/z 281 was derived from m/z 299 by
losing a H2O (18 Da). Another fragmentation pathway
of m/z 313 was the loss of a CO (28 Da) to get the ion
of m/z 285. M6 and M7 were also derived from 3,5-
tetrahydropyrandiones, but the positions of hydroxyl
moieties could not be defined. M6 was found in the
bacterial culture extracts of 8, 24 and 48 h incubation,
while M7 was only in the extract of 8 h (Figure 4).

Discussion

The low water-solubility is disadvantage for clinical
application of CUR, while the low stability makes the
essence of its pharmacological effects confused. When
CUR passed though intestinal tract, CUR molecules
interact with gut microorganism which leads the
transformation of CUR to its analogues. Many
researches showed that CUR transformed to kinds of
its analogues including reduction of double bonds,
demethylation and demethoxylation etc, which was
ascribed to the bio-transformative roles of intestinal

microorganism exclusive of organic enzymes [20–24].
In this work, an aerobic bacterium strain B. megater-
ium DCMB-002 was isolated from mice fresh feces
and co-cultured with CUR. The strain of B. megater-
ium has been found as an important bio-tool bacter-
ium with wide application in food and medicine
industry and agriculture [25–30]. It has exhibited
biotransformation function by modifying natural pro-
ducts to obtain more active derives, such as convert-
ing betulin to betulinic acid with anti-HIV and
antitumor activities, and bio-transforming ursolic
acid to its derives with nitric oxide production inhi-
bitory activity [26,29]. Herein seven compounds from
them were identified by LC/(+)ESI-MS/MS analysis,
among which transformation forms, inclusive of
reduction of heptadione chain (adding 2 or 4 hydro-
gen atoms) and hydroxylation/demethylation/
demethoxylation of aromatic rings, were speculated.
In the assessment of DPPH radical scavenging ability,
the metabolites from co-culturing CUR and the bac-
terium DCMB-002 showed moderate activity. The
results implied that CUR may execute the bioactivities
by both parent molecules and its biotransformation/
auto-degradation products, while in the aqueous
environment the later ones may play major roles
regarding as low water solubility of CUR. The bio-
transformation study herein helps to interpret the
CUR performance in gut tracts and the roles of single
gut bacterium in converting CUR, and provides an
avenue to biosynthesizing active CUR analogues in
vitro. Except for enriching new chemical entities, the
biotransformation effects of the bacterium is also
meaningful for improving the bioavailability of CUR
by increasing hydrophilic ability of its products (as
shown in HPLC profiles), which is related to the co-
culturing period of CUR and the bacterium, together
with the characteristics of the bacterial life cycle. The
auto-degradation of CUR in cultural medium and
digestive tracts seems inevitable, whose proceeding
may be influenced by various enzymes of gut flora,
but the detailed effects and mechanism remain to be
explored.

To summarize, the gut bacteria B. megaterium
DCMB-002 can transform CUR to a variety of bioac-
tive compounds. Our recent study revealed the regula-
tive effect of CUR administration on gut microbiota in
mice [31]. Thus, the interactions of CUR with gut
microbiota seem bidirectional and deserve further
investigations.
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