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Biotransformation of artemisinin by fermentation
of Rhizopus chinensis and Cunninghamella elegans
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Abstract Object To study the microbial transformation of antimalarial drug artemisinin (I ).
Methods The enzymes secreted by fermentation of Rhizopus chinensis Saito CICC 3043 and Cunninghamel -
la elegans Lendn. AS 3. 1207 in the potato medium were employed to transform artemisinin Results
Three products were obtained, among which deoxyartemisinin (Il ) was also found in the controls without
microorganisms. The other two were identified as 3 -hydroxydeoxyartemisinin (IIl ) and ® -hydrox—
yartemisinin (IV'). Co mpound (IV')) was identified as a new one. Conclusion Artemisinin could be trans—
formed by the two title strains of microorganisms. It is easy to release one oxygen atom by breaking of
perexide bridge in potato medium and to form deoxyartemisinin, thus making it lose its antimalarial activi—
ty. The iron ( Fe) in the potato medium may have the above function.
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Artemisinin I , also called Qinghaosu, a transformation is defined as an enzymatic reaction
sesquiterpene lactone endoperoxide isolated from catalyzed by the enzyme secreted in metabolic ac—
the Chinese herbal plant Artemisia annua L. , is an tivities of microorganisms, by which the structures
important therapeutic agent combating multidrug— of specific substrates were modified- Compared
resistant Plasmodium falciparum strains' . Some with chemical methods, it has highly stereo and
biotransformations of artemisinin by microorgan— chemo-selectivity and other advantages, such as
isms and plant cells were M:portedI ! Microbial mild reaction conditions, simple operation proce—
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dures, less cost and lower pollution. Some reac—
tions which can not be fulfilled in chemical ap-
proach are facile processes by microbial transfor—
mation. Some microbial transformations were es—
tablished as in vitro models for the prediciton of

mammalian drug metabolites'™’’.

In this paper the
microbial transformation of artemisinin by fermen—
tation of Rhizopus chinensis Saito CICC 3043 and
Cunninghamella elegans Lendn. AS 3. 1207 is re—
ported.
1 Results and discussion

Products II &V were isolated from the fer—
mented broth of C. elegans AS 3. 1207 and two
products II , Il from that of R. chinensis CICC
3043. But compound Il was also obtained from the
controls in which the substrate was added without
microorganisms.

Compound II was obtained as colorless nee-

dles. TOFMS of Il

266 and the characteristic signals of a peroxide

showed a molecular weight of

bridge were absent in IR spectrum, which suggest—
ed an oxygen atom lost. The "HNM Rand "CNMR
were in good agreement with those of deox-—
yartemisinin, thereforell was confirmed to be de—
oxyartemisinin'!.

Compound III was obtained as colorless nee-
dles. The TOFMS of Il suggested its molecular
weight of 282. IR spectrum oflIl showed a strong
absorption at 3 495 em™ ' and no characteristic sig—
nals of the peroxide bridge observed. After a com-
parison of the "HNMR and "CNMR spectra with
those of 3x-hydroxydeoxyatemisinin, IIl was iden—
tified as 3 -hydroxydeoxyatemisinin. It was previ-
ously reported to be a microbial transformed prod-
uct of artemisinin by Penicillium drysogenum
(ATCC 9480)'.

Product [V was obtained as colorless needles.
TOFM S of IV showed a molecular weight of 298
A strong absorption at 3 491 ¢cm™ ' and the signals
of the peroxide bridge were observed, suggesting a
hydroxy group introduced into the substrate
molecule. DEPT analysis showed that the number
of secondary carbon changed from four to three and

that of tertiary carbon increased from five to six.

A new peak at 0 73. 5 in the PCNM R spectrum was
found, which indicated IV was a hydroxylated
product of substrate and the hydroxy group must
be added at a secondary carbon. The hydroxy
group was determined from COSY, HSQC and
HM BC spectra to be at C-9 position. Comparing
"CNM R spectrum of [V with that of artemisinin,
it was found that C-10, C-8 shifted downfield and
C-1, C-7, C-4 shifted upfiled, which confirmed

o S IV to be a 9hydroxy product.
In the 2D 'H- H NOESY spec—
trum, the correlation of % -H to

lo-H and &-H strongly sug—

gested that the orientation of 9-
OH asf configuration. There—

Fig 1. The strue- . .
& forelV was identified as P-hy-
ture of ar- L . .
... droxyartemisinin, which is a
temisinin
new compound ( See Fig. 1).
Productll was also isolated from the sub-

strate controls, which showed that it was not a
biotransformed product but a product of chemical
reaction catalyzed by the iron ion exited in potato
medium possibly. It could be inferred thatIIl was
a hydroxylated product of deoxyartemisininll . A
two-step reaction including a chemical and a bio-
logical reaction resulted in product III.

Product IV was

a hydroxyl product of

artemisinin]  owing to the enzyme secreted by C.

elegans AS 3. 1207. The biological activities of IV
are currently under investigation (See Fig. 2).

In conclusion, microbial transformation is a
useful tool in new drug research. By using various
kinds of enzymes of microorganisms and some
chemical methods, it is possible to transform dif-
ferent natural products, modify their structures or
active sites and obtain new bioactive compounds
for new drug development.

2  Experimental

2.1  General experimental procedures Melting
points were determined on a micromelting point ap—
paratus and uncorrected. 1D and 2D NMR spectra
were recorded in CD3 Cl on an INOV A-500 instru—
ment at 500 M Hz by using TM S as internal stand-

ard . IR spectrum was run on a Perkin —Elmer 983
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Fig 2.
FT-IR and recorded in KBr pellets. Optical rota-
tions were measured on Perkin—-Elmer 243 spec—
trometer using MeO Has solvent. TOFMS was ob-
tained with a PerkinElmer QSTAR mass spec—
trometer. TLC analyses were performed on silica
gel G. Separation and purification were carried out
by column chromatography on silica gel. Thesilica
gel was obtained from Qingdao Haiyang Chemical
Group Co., P. R. China.

22 chinensis CICC 3043

was obtained from China Center of Industrial Cul-

Microorganisms R.

ture Collection and C. elegans AS 3. 1207 from
China General Microbiological Culture Collection
Center-.

23 Medium All the experiments of culture and
biotransformation were carried out in potato medi—
um.

24 Cultural and general biotransformation pro-
cedurée Microorganisms used in this study were in—
oculated in to 250 m L. Erlenmeyer flasks containing
50 mL of potato medium from PDA ( potato dex-
trose agar) slants. The fermentation flasks were
placed on rotary shakers, operating at 180 r/min at
28 C . Artemisinin was prepared as a 20 mg /mL
After 48 h of incubation, 0.3

m L of substrate solution was added into the fer—

solution in acetone.

mentation broth. The cultures were maintained
under the identical conditions for further four
days. Cultural controls consisted of fermentation

blanks in which microorganisms were grown with—

The possible biotransformation pathways of artemisinin by Rhizopus chinensis and Cunninghamella elegans

out substrate. Substrate controls consisted of ster—
ile medium containing the same amount of sub-
strate and incubated under the same conditions.
After additional four days, the transformed
broth and the controls were filtered and the fil-
trates were extracted with the same volume of E-
tOAc for three times. The solvent was evaporated
to dryness under reduced pressure and the residue
was dissloved in acetone. TLC analyses were car-
ried out on silica gel plates using petroleum ether
(60°C~ 90°C)-acetone (5% 2) as the developing
system, and visualization of plates was performed
HS0+-EtO H as spray reagent. The

results showed both strains could biotransform the

by using 1@

substrate.

Preparative scale biotransformation experi—
ments by R. chinensis CICC 3043 and C. elegans
AS 3. 1207 were carried out in twenty 1 L Erlen—
meyer flasks containing 250 mL of potato medium
respectively. Artemisinin, 200 mg, was used in

each biotransformation system. All operations
were performed under the conditions described
above.
2.5

formed products yellow residue, 600 mg, was ob—

Isolation and characterization of biotrans—

tained from the fermented broth of R. chinensis Cl-
CC 3043 and 650 mg from that of C. elegans AS
3. 1207. The residues were choromatographed on
silica gel columns. Both columns were eluted with

pertroleum ether (60°C"' 90°C )acetone (10° 1).
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ProductIl , 3 mg, and lll, 66 mg, were obtained
from R. chinensis CICC 3043, whilell , 2 mg, III,
47 mg, andIlV , 70 mg from C. elegans AS 3. 1207.

® -hydroxyartemisinin [V , Gs H20s, colotless
needles, mp 194°C~ 196°C | | |9+ 50. 0 (c0. 20,
EtOH) Positive TOFMS m/z 299 [M+ 1] , 316
[M+ NHe T . 321 [M+ Nal , 337 [M+ KT . 614
[M+ NH ] . 619 [2M+ Nal , 635 [2M+ KT :
IR vha (em ') 3491 (OH), 1741 (= 0). 835,
883 and 1 113 (the peroxide bridge) "HNMR and
“CNMR data see Table L.

Table 1. 'HNMR and " CNMR spectral data
of compoundlV
Position o N DEPT
1 42.9 1.52 m CH
2 24.7 1.52 m, 2. 00 m CH
3 35.7 2.07 m,2 43 m CH
4 105.5 C
5 93.4 5.93 s CH
6 78.8 C
7 42.2 1.91 dq (14.0,5.0) CH
8 32.1 1.18 m,2 12 m CH
9 73.5 3.29 m CH
10 44. 4 1.39 m CH
11 32.5 3.38m CH
12 171.6 C
13 12.6 1.23d (7.0) Ch
14 15.5 1.12d (6.0 CH
15 25.2 1.46 s CH

In addition, substrate, 80 mg, was added into
four 1 L flasks containing 250 mL of blank medi-

um. They were maintained on the rotary shakers

under identical conditions. Finally product II , 1

mg, was isolated from the medium.
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