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F—U—F: Hydroxyéitric acid, H/Nr=7, N BRI X, Streptomyces sp.,

Bacillus megaterium, 7/ L %7V 2

(28, 39)-HCA iX. Garcinia cambogia, G. indica, G. atroviridis & WS> T2 FEDH N =T (A XU Y
URT7 7 XRB) ORRICHFEETIARBETHD LY, NDHNVY=TIEA VR, RY T AR ECERT
549, EICRGFNMYE LTHA Y FOBRETEAIEESNTEY, 2 urBTREI LAV =T
DEBRRBEFAOERTICHAL TE, HFEBEZCFATODIRBCIEDICMA S Z LK Y pH AR
B2 MDA MZ2BERH 267 £~ Lb— T TRERSELREEZ IV —ORAKM T L LT
FRERINTWEZD, REZADO Ly F7 L LTHAWEZY LTW3Y, (25 3R-HCA 1% Hibiscus
subdariffa Linn., H. furcatus Linn., H. cannabinusLinn. & N> ToNNA E2AH R (THABR 73 0B Ok
. BEILFEES 58910, i LT:/\/I’k ERABADEREFIN—THRE LTELSBEKASN TS, HCA X5+
HIZ2ODREFRBEDB DDA, 4 DOMEREERBPFEL. TLENRT 7 b EEERTS (Fig. 1),
HNY=T A ERAHRZEREN
(25, 39. (25 3R)-HCA #4ET 5, COOH COOH COOH COOH
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VT7ORNETr v BEA X oEE COOH COOH COOH COOH
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BL7EF/L CoA ILnfRsEd, %
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Stallings!® &5 DFREIZL Y, 45D H fi it iH
(25; 35)-HCA (2R, 3R)-HCA (28, 3R)-HCA (2R, 35)-HCA
HCA o5 b L =TIE&FEND lactone form lactone form lactone form lactone form

(2 S 3 S).HC ANATP 7 = By 7— Fig. 1. Structures of HCA Stereoisomers.
-+ 5 ﬂﬂ’) A pﬂ:—.g.j- AT L ﬁ‘;ﬁg{ﬁ X . HCA has four stereoisomers, (28, 35), (2R, 3R), (25, 3R), and (2R, 3S), and their

Nni, 7. b FOFFIE SRR L= lacone forms. G cambogia and H. subdariffa produce (25, 35) and (25, 3R)-HCA,
ATP /= ) 7—HE &A=  respectively. ,
THHREFERARH L Z eMARENT (Ki=3x 104 M) 19, X528 ERTQS, 39-HCA I RKEMZ 19,
FEOEMEMZ ABERH D EB/EINTNSE,

—H. o« - TIF7—EHBWNLa - FNavF—Fl ol Y av F—EORERMDOESICLY, BED
SHLMEEERROA R VEOSERPIRISNDZERRALMERoY, N ERIRIZEEN
%528, 3R)-HCA TP o -7 2 7 —BR/MFD oI Nas F—CEAETDZ ERBESN TN S8,
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HCA i3RI OB - A HMISICART T 2EWIC L > TAE S, TOEEIMIBEORREIC L - THIRS
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Z ZTAHZE T HCA OMAEMAELX B E L TTo =,
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ERFG %
W H>6 D HCA DR G cambogia, H. subdariffa Linn. DERERE R OEBEERNOR 7 V—=0 D
F-OEE L LT (28 39, (28, 3RA-HCA A FAZAFNEDRERE T T2, NI =T DERE, " E
AN ADERIERENEN 10g & 10% * &/ —/UHiEE 100m | FT 2 BffE] 60CIZ TR L A F LT ATV
LTV, PEOfATREKLE Y 7aa A2 100m | ZMATHEME L, P7naX 2 EEED,
BB Y UL EDBMZAKSZEECIY) BROWABRRIE L. TLC TAF LT AT UKD ER EZHER LT,
FOH%Y B H AT A (Silica gel 60(0.015-0.040mm), MERCK) # AW TH# - BT/ o7, HHl
Ui {&4HE H-NMR, ESI-MS i X 0 MEO MR E (T2 > 72,
HRAPLOMAYORM BAALZPLICTE, YRS OMENDBERELIT >, HBEHEHIORER
LT/ VB, FFUVARTa=y b, P VRAZRFI VT azy N v b—A, Hrv=T7xF
AERWT,
HCA £EBEFHDP R/ V—=v7 Yo rnpaun=—L UTHBEEZToERIIZNVa -2 RBWE LK
EEEHICHERE L, 30°CT 48 BFfEEE L7, HRREAHK., EL L., BEEZRYVBRN - LFEZT7 V57—
AiE (Millex-LL.G 0.20 ¢ m, Millipore, Bedford, MA) L T BV I b Lz, Z0EBEEY TV
th DA HEE Y 0N HCA 13 HPLC (Model L-7100; Hitachi High Technologies, Tokyo)iZ & ¥ trz 8= 72 -
7 .

RS D HCA O HPLC A2 22 Y —=1 7T HCA & CHHISRIC ©— 7 #BN i
¥k (Bacillus megaterium G45C, Streptomyces sp. U121) %153 L7=5&IK 2L 75 HCA O % 1T
7o HEBEAELL, BEETRVBRW- EEELSA YA 4 BAF oK@ L, FEREE S Z A
A REIEICRE ST, BROEBRBETREL, BEEZITV., YOS LR LIS CAFIT ATV
fEEATO oM - AT, 'H-NMR (2 L Y OB LT 72,

FINNTAZEBAH (25 3R). 2R, 39-HCA H%#REMMIL Robert H Dk 2BEITEHM LT,
FOTHRE X T A7 2 EANTERS, 3R, 2R, 39-HCA A FAT= AT V&MY 5 %M ERM LT,
ELICMAEYERIBR EEP OB LI HCAAFAZ ATV EXR I AN T MM LT,

¥ ) bx 7Y S  Bacillus megaterium G45C, Streptomyces sp. U121 % UV 4B, NTG & X
DERLETZZLIZE VW ONOERKER, S5 Zhang?? bOHEERBEICL, '/ Ly ¥ T Y
v 7 EfToT, £ESIS HCA ORERIT HPLC TiTo 7,

MEBIUVEE
HCAAEBREDAZ V==V T ETIEDICHNY =T N ERAHANE HCA A F N AT AR ZRER
L 'H-NMR B #4T -7~ (Table 1,2), £7 ESI'MS ODFERNO HCADT 7 v, T 7 P UAKITITAF
NERFN, E)AFATATFAKE LTAFARRAFAMEENTWAZ & AR TX = (Fig. 2),
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" 'H-NMR Data for HCA Methy! Ester from G cambogia

Table 1.

Compound 1 (lactone) Compound 2 (nonlactone)

H Chemical shift Jin Hz Chemical shift Jin Hz
(ppm) (ppm)

Ha 2.79 d|J=175 Hd 3.03-3.04 | m
Hb 3.16 d|{J=175 He 3.03-3.04 | m
Hc 5.30 s Hf 491 s
OCH; 3.60-3.90 OCH; | 3.60-3.90 |s

Three CH;0- protons belonging to the lactone and nonlactone forms appeared at 3.70-3.90 ppm.

'H-NMR Data for HCA Methyl Ester from H. subdariffa

Table 2.
Compound 3 (lactone) Compound 4 (nonlactone)
H Chemical shift Jin Hz Chemical shift JinHz
(ppm) (ppm)
Ha 3.07 d| J=17.5 Hd 2.97 d| J=164
Hb 2.87 dl J=175" He 3.17 d| J=164
Hc 5.11 s Hf 4.36 s
OCH; 3.60-3.90 | s OCH; | 3.60-3.90

Three CH;0- protons belonging to the lactone and nonlactone forms appeared at 3.70-3.90 ppm.
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He——Hd He——Hd

COOCH; COOCH;

t 3
He .cooH He .COooH
O _OH -0 _COOCH;
“COOCH; “OH
o {nHa o {yHa
4

2
Fig. 2. Structures of HCA Methyl Esters and Their Lactones Prepared from G cambogia (1 and 2) and #. subdariffa (3 and 4).

Authentic HCA was purified as its methyl ester. ESI-MS data indicated that they were a mixture of nonlactone HCA

dimethvi ester and lactone HCA monomethvl ester.

Z 0 IH-NMR DFERIZBEOBE L IFIF—FK L1, 12 A FLT T AKENMASHE L TES N HCA
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KIZERRANOMEMEK 2,000 £ HPLC TR V—=V 7 LERR, HCAZEEL TS LEZBND
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#®H> D HCA OFBZITV TH-NMR RIE AT o 1o R A EAH RO HCA &£ —B L Tz, (Table 3)
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Fig. 3. HPLC Profiles of Extract of Dried Flowers of H. Fig. 4. HPLC Profiles of Supernatants from the Culture Broth of

subdariffa (A) and Purified HCA (B). Streptomyces sp. U121 (A) and Bacillus megaterium G45C (B).

A, HCA lactone and nonlactone are major acid Both strains produced various metabolites including citric acid

components in the calyxes of H. subdariffa. B, Peaks 1 (retention time, 11.40 min), oxaloacetic acid (12.20 min) and malic

and 2 correspond to HCA lactone and nonlactone acid (13.80 min). Peaks 3 and 4 had the same retention times as

HCA lactone and noniactone respectively.

Table3. 'H-NMR Data for Products 1 and 2

Product 1 Product 2
H* Chemical shift Jin Hz ' Chemical shift Jin Hz
ppm) (ppm)

Ha 3.07 d | J=175
Hb 2.87 d | J=115
Hc 5.11 s

Hd 2.98 d |J=164 2.97 d |J=164
He 3.16 d |J=16.4 3.17 d | J=16.4
Hf 4.36 s 4.36 s

OCH; 3.60-3.90 s 3.60-3.90 s

*Products 1 and 2 were obtained from Streptomyces sp. U121 and Bacillus megaterium G45C respectively.
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Streptomyces sp. U121, Bacillus megaterium G45C ZNZhO¥EZ UV, NTG LE 21TV HCA A EM
OMELEKEEB, TRERORIZEWT UV, NTG, EMS LB %2 1T > 7=A5, Streptomycessp. U121 IL
NTG. Bacillus megaterium G45C {3 UVALE %175 Z & TAEMNRRILE LT, ZZTTHRLNATZW DD
BERDY ) bvx 7 VTRV, BRK 108K %E 1 %7 Y YV AD O 7V a— R RIEREHT 1 BriE®
L. SMM #EiE cip Lc@kE ) VY F—aBick v e b 77X MeLk, Bohic7Fa F 77X b
IR L VED BN 30%D PEG (RY =F LY a—u) BREEN 5 SMM EEK T CRle S w720,
BELlTr b 77 R MT0.2%D EAA BEEN S FAERMTHAE SN, TO%K HCA £EME HPLC (T X
DR LT, /537 ) NI KD AEEENRELAEKRCBALTREIDIS /60y 7Y /T &#Y
R UAEMHOm EE2RAST- (Fig. 5), '

b) Bacllus megaterivm Q45C

a) Streptomyces sp. U121

250

200

3
= 150 |
[o)]
= 100 )
<
I 50 | |
0
8 3588 —89°2 8FLY =3 $ 3338 TIBHF 89
bl - T - N~ bl ™ M ™ = =44 ~ & e PIRDINDIEN A
h-] & 5
= 3 G
NTG Genome Genome Genome uv Genome enome
shuffling 1 shuffling 2

shuffling 1 shuffing2  shuffling 3
Fig. 5. Improvement of HCA productivity by Genome shuffling.
Genome shuffling (3) was attempted to improve HCA productivity of microorganisms. Protoplasts prepared from mutants
obtained by NTG or UV were fused and regenerated in the presence of epoxyaconitic acid. The selected colonies were HCA
hyperproducers. The highest productivity of HCA were 197 and 119 mg per liter in Streptomyces sp. U121 and Bacillus

megaterium G45C, respectively, after three rounds of genome shuffling.

EX-L N
Bacillus megaterium G45C, Streptomyces sp.U121 {X H-NMR TNA EAHRAZ A 7D HCA TH5H &
MR TEIL, SO INOMEMPEET D HCARX INVAT LI n<w 8T T 7 4 —ToHr LiefER. (2

S, 3R) -HCA TH» % LR T& 1=, HCA DAEMEIL Bacillus megaterium G45C, Streptomyces sp. U121
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The tropical plants Garcinia cambogia and Hibiscus subdariffa produce hydroxycitric acid (HCA) and their absolute
configurations are (25, 35) and (2S, 3R)-HCA respectively. HCA logically has four stereoisomers, (25, 3S), (2R, 3R),
(28, 3R), (2R, 3S) and their lactone forms. Therefore, chemical synthesis of natural type HCA is difficult. (2S, 3S)-HCA
is proved to be on inhibitor of ATP-citrate lyase, which is involved in fatty acid synthesis. (25, 3R)-HCA inhibits
pancreatic a-amylase and intestine a-glucosidase, leading to reduction of carbohydrate metabolism. In this study,
microbial production of HCA was attempted to supply large amount of optically pure HCA. At first, (28, 3S) and (25,
3R)-HCA were prepared from Garcinia and Hibiscus, and were used as authentic samples for HPLC analysis. From
about 2000 microbial isolates, Streptomyces sp. U121 and Bacillus megaterium G45C were found to produce trace
amount of HCA, which was transformed to the methyl ester and purified. 1H-NMR of these methyl ester were identical
to that of Hibiscus-type HCA diastereoisomer. Additionally, the results of HPLC analysis with a chiral column
suggested the absolute configuration of these HCA was (25, 3R). Spores of Streptomyces sp. U121 and cells of Bacillus
megaterium G45C were treated with NTG or irradiated with UV to give HCA hyperproducing mutaﬁts. These mutants
were further improved by genome shuffling. Mutants obtained after three rounds of genome shuffling showed enhanced
resistance to epoxyaconitic acid, and produced 5 to 13 times amount of HCA. Consequently, for the first time, we
succeeded in the isolation of HCA-producing microorganisms from nature. We also successfully improved the

productivity of HCA by mutagenesis of wild strains by subsequent genome shuffling.

Key words : Hydroxycitric acid, Garcinia, Hibiscus, Streptomyces sp., Bacillus megaterium,

Genome shuffling.



