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Five products were yielded from the transformation of (�)-Huperzine A (1) by Streptomyces griseus CACC
200300. Their structures were determined as 16-hydroxyl huperzine A (2), 14a-hydroxyl huperzine A (3),
huperzine A 8a,15a-epoxide (4), 13N-formyl huperzine A (5), and 13N-acetyl huperzine A (6) on the basis
of their chemical and physical data. It is the first report on the microbial transformation of (�)-Huperzine
A and would facilitate further structural modification by chemo-enzymatic method.

� 2010 Elsevier Ltd. All rights reserved.
(�)-Huperzine A (1, Fig. 1) is an enantiomeric lycodine alkaloid
isolated from the club moss, Huperzia serrata (Thunb.) (Huperzia-
ceae family).1,2 This plant is known as Qian Ceng Ta in China and
used as Chinese folk medicine for the treatment of various mala-
dies. (�)-Huperzine A has been identified as a potent, specific,
and reversible inhibitor of the enzyme acetylcholinesterase (EC
3.1.1.7, AChE), relative to butyryl cholinesterase (EC 3.1.1.8,
BuChE). (�)-Huperzine A has received extensive studies in many
aspects, such as chemical synthesis, structural modification, struc-
ture–activity relationship, various biological effects, and mecha-
nism of action. Due to its rigid molecular configuration, the
structural modification of natural (�)-Huperzine A is very difficult
by traditional chemical method, and only focused on the pyridone
ring and the primary amino group. However, biotransformation
has proven powerful tool to structural modification of natural/
non-natural compounds. Therefore, the transformations of (�)-
Huperzine A by microbes/plant cells have been systematically
investigated in our laboratory. Herein, we first report the microbial
transformation of (�)-Huperzine A and the structural elucidation
of its products.

A variety of microbial strains which might possess various en-
zymes were collected and employed for the biotransformation.
These strains were distributed to prokaryotic organisms (including
bacteria, actinomycete) and eukaryotic organisms (including yeast,
filamentous fungi, etc.). Totally, 85 microbial strains were used
through routinely two-step procedure. Among them only four
actinomycetic strains (Streptomyces griseus CACC200300, S. roseo-
chromogenes CACC200427, S. sp. CACC201936, and Chainia sp.
ll rights reserved.

: +86 10 63017757.
CACC200049, from China Center for Antibiotics Culture Collection,
Beijing), have been observed to possess the capacity of converting
(�)-Huperzine A on the basis of HPLC and LC–UV analyses. According
to the analyses, the biotransformation patterns of (�)-Huperzine A
with the four strains were very similar (see Supplementary data),
there existed difference only in the yields of metabolites. The yields
of metabolites (especially for 2) were the highest in the case of S. gris-
eus as a biocatalyst. Thus, this strain was selected for the further pre-
parative biotransformation. After a two-step procedure and various
chromatographic techniques, five products were obtained.3 On the
basis of the physical and chemical data (HRMS, 1D NMR, 2D NMR,
IR, etc.), their structures were identified as 16-hydroxyl huperzine
A (2, 63.2%), 14a-hydroxyl huperzine A (3, 8.8%), huperzine A
8a,15a-epoxide (4, 1.0%), 13N-formyl huperzine A (5, 1.0%), and
13N-acetyl huperzine A (6, 0.5%), respectively. The occurred reac-
tions included specific hydroxylation, epoxidation, and acylation.
Among these products, 2–4 were three new compounds, 5 and 6
were reported in a patent.4

HRESI-positive mass spectrum of 2 exhibited two quasi molec-
ular ion peaks at [M+H]+ 259.1384 and [M+Na]+ 281.1199, respec-
tively, consistent with the molecular formula of C15H18N2O2,
suggesting the substitution of an additional OH group as compared
with 1. The 1H NMR spectrum of 2 was similar to that of 1 except
that the signal corresponding to 15-Me (d 1.46, s, H-16) in 1 disap-
peared, while the oxygen-bearing methylene signals [d 3.78 (d,
J = 13.2 Hz), d 3.74 (d, J = 13.2 Hz)] were observed. These indicated
the introduction of OH group at C-16 position, which was further
supported by the signal of C-16 in 2 which significantly shifted
downfield to d 65.9 (t) when compared with d 22.5 (q) in 1. Addi-
tionally, the HMBC correlations of the signals of dH 3.78 and dH 3.74
with dC 125.5 (d, C-8) and dC 45.4 (t, C-14) in 2 strongly revealed
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Figure 2. Key HMBC (?) and NOE (M) correlations of compound 3.
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Figure 1. The structures of huperzine A and its metabolites by Streptomyces griseus CPCC 200300.
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that the OH group was attached at C-16 position. Thus, the struc-
ture of 2 was determined as 16-hydroxyl huperzine A.5

The molecular formula of 3 was established to be C15H18N2O2 by
combined analyses of the HRESIMS, 1H NMR, and 13C NMR spectro-
scopic data, with 16 amu more than the corresponding value of 1.
The 1H NMR spectrum displayed the disappearance of the signals
responsible for H-14 [d 2.25 (d, J = 16.8 Hz) and d 2.21 (d,
J = 16.8 Hz)] and the appearance of one new oxygen-bearing
methine proton signal at d 3.57 (s). Its connected carbon was des-
ignated to d 77.7 (d) by HSQC experiment. These indicated that
compound 3 was a 14-hydroxylated product of 1 by S. griseus.
The observation of the correlations of dH 3.57 (s) with C-8 and
C-16 confirmed this deduction further (Fig. 2). The stereochemistry
of 14-OH group was determined to be a (syn-) oriented with re-
spect to the C-10/11 unsaturated side chain by NOE difference
spectrum,6 in which the integration value of the olefinic proton
H-3 was enhanced when H-14 was irradiated (Fig. 2). That is to
say, therefore, the structure of 3 was deduced to be 14a-hydroxyl
huperzine A.7 It is the first derivative with OH group and other sub-
stituents at C-14 in this type of compounds.
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Figure 3. Key HMBC (?) and NOE (
The HRESIMS, 1H NMR, and 13C NMR spectroscopic data of 4
were in accordance with the molecular formula C15H18N2O2, indi-
cating that a new oxygen was introduced in the molecule of 4.
The 1H NMR spectrum of 4 showed the absence of olefinic signal
corresponding to H-8 (d 5.55, d, J = 6.6 Hz) in 1, whereas the pres-
ence of one oxymethine proton at d 2.97 (s). Furthermore, two ole-
finic carbon signals in 1 disappeared responsible for C-8 (dC 124.3,
d) and C-15 (dC 134.0, s), while a pair of oxygenated carbon signals
at dC 63.8 (d) and dC 56.8 (s) were observed. These suggested the
existence of an epoxide moiety at C-8(15) instead of a double bond.
The HMBC correlations of H-8 with C-6, C-7, and C-12 along with
H-16 and H-14 with C-8 further supported this deduction
(Fig. 3). The stereochemistry of epoxide in compound 4 was char-
acterized by 1D and 2D NOE difference spectra experiments. The
enhancement of integration values of H-8, H-14b (syn-oriented
with the lactam)8 was observed when H-16 was irradiated, which
indicated that H-16 was syn-oriented with H-8, whereas anti-ori-
ented with epoxide moiety (Fig. 3). In the NOESY spectrum, the
cross peak of H-16 with H-3 (one of the lactam protons) was ob-
served (Fig. 3), which suggested that H-16 and H-14b were syn-ori-
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ented with respect to the lactam ring. Thus, the epoxide moiety
was deduced to orient on the anti face with respect to the lactam
ring and syn face to the C-10/11 unsaturated side chain,6 and ori-
ented 8a,15a. Therefore, the structure of 4 was identified as
Huperzine A 8a,15a-epoxide.8

Products 5 and 6 were characterized as two 13-N acylated
derivatives, 13N-formyl huperzine A (5) and 13N-acetyl huperzine
A (6), which were reported in a patent.4 In the NMR spectra of 5,
there existed a pair of proton and carbon signals designated to
the two corresponding rotamers, which might be resulted from
the rotation of the 13-N lactam bond. The HRESIMS, 1H NMR, and
13C NMR spectroscopic data are shown in Supplementary data.

In summary, five products of (�)-Huperzine A were obtained by
S. griseus CACC200300, the involved reactions were specific

hydroxylation, epoxidation, and acylation. To the best of our
knowledge, this is the first report on the microbial transformation
of (�)-Huperzine A. Some of these reactions are very difficult to
conduct by chemical transformation because of its rigid molecule,
especially for hydroxylation and epoxidation. It would facilitate
further structural modification by chemo-enzymatic method for
the discovery of new more potent AChE inhibitors from (�)-Huper-
zine A and better study of the structure–activity relationships of
this type of compounds.
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