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Fig. 1. Quantitative analysis of the activities of pancreatic lipase (A)
and its inhbitor, orlistat (B), by fluorescence spectrophotometer. (A)
Pancreatic lipase activity was assayed with 4-methylumbelliferyl
oleate as substrate. After reaction for 20 min at 37°C, the fluorescence
was measured using a fluorescence spectrophotometer with exitation
wavelength at 335 nm and emission at 445 nm. (B) Orlistat, which
was extracted from Xenical® tablet with ethanol and diluted to
appropriate concentration, was added as 1% to pancreatic lipase
reaction bufter. The 4-methylumbelliferon released from the substrate
after reaction was measured with a fluorescence spectrophotometer.
The calibration curve showed a exponential inhibition curve of
y=99.3¢ %38 and a regression coefficient R*=0.9923.
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Table 1. Effect of carbon sources on the lipstatin production by
Streptomyces toxytricini

Carbon source Final Dry cell weight Lipstatin production
pH (mg/ml) (ug/ml broth) (ug/mg cell)

Control 8.84 1.57£0.18 0.98+0.12  0.59+0.09
Glycerol 7.78 8.62+0.43 1.00+0.15  0.1240.04
Glucose 6.61 7.331£0.52 3724030 0.51£0.08
Lactose 873 1.73+0.20 3484022 2.0130.12
Sucrose 8.76 1.9810.12 3.1310.36  1.58+0.11
Soluble starch ~ 8.80 2.10£0.33 2.7740.25 1.3240.15

2% carbon sources were supplemented in TSB media (without glu-
cose). Fermentation was carried out for 60 hr at 28°C with initial pH
74.
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Table 2. Effect of lactose concentration on the lipstatin production by
Streptomyces toxytricini
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Table 3. Effect of nitrogen sources on the lipstatin production by
Streptomyces toxytricini

Lactose  Final  Dry cell weight Lipstatin production Nitrogen  Final Dry cell weight Lipstatin production
(%) pH (mg/ml) (ug/ml broth)  (ug/mg cell) sources pH (mg/ml) (ug/ml broth) (Lg/mg cell)
0.0 8.80 1.5740.12 2.00£0.05 1.2740.11 Control 6.39 0.06+0.02 1.2840.15 NS
0.5 8.82 1.52+0.18 2.70£0.12 1.77£0.15 Casitone 8.79 1.85+0.15 1.83+0.12  0.99+0.20
1.0 8.71 1.6840.15 2.69£0.16 1.6010.12 Peptone 8.48 0.81+0.05 0.97£0.10  1.19+0.15
20 8.76 1.7240.10 3.43+0.09 1.9940.10 Soytone 3.32 2.74+0.25 1.61£0.18  0.56+0.10
30 8.71 1.68+0.25 2391025 1.42£0.18 TSB 8.85 2.1120.21 2.56£0.25  1.3740.08
4.0 8.65 1.8610.12 2.57+0.15 1.3810.16 Tryptone 8.78 2.22+0.18 0.2910.05  0.1310.02
50 8.62 1.77£0.18 0.91£0.13 0.0710.02 Yeast extract ~ 9.02 3.9240.38 1.26+0.13  0.3240.05

Different concentration of lactose was supplemented in TSB media (NH,),S0, 6.78 0.10£0.05 0.94+0.06 NS
(without glucose). Fermentation was carried out for 60 hr at 28°C with Urea 8.65 0.03+0.01 1.344+0.14 NS
initial pH 7.4. KNO, 6.36 0.05+0.02 1.30+£0.09 NS
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2% nitrogen sources were supplemented to basal media contating 2%
lactose, 0.25% K,HPO, and 0.5% NaCl. Fermentation was carried out
for 60 hr at 28°C in shake flask culture. N'S; nonsense data because of
extremely poor bacterial growth.
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Table 4. Effect of casitone-soytone ratio as nitrogen on the lipstatin production by Sreptomyces toxytricini

Casitone Soytone Final pH Dry cell weight Lipstatin production
(%) (%) (mg/ml) (ug/ml broth) (ug/mg cell)
0.0 2.0 9.06 2461025 1.7620.15 0.65+0.06
0.5 1.5 9.05 27410.18 2.1240.21 0.8010.10
1.0 1.0 9.00 2.60+0.22 2.52+0.18 0.9710.14
1.5 0.5 891 2.00£0.13 2.574£0.12 1.29+0.10
1.7 03 8.87 1.9940.10 2.57+0.16 1.2940.12
20 0.0 8.88 1.7810.16 2.0410.12 1.14£0.08

Different ratio of casitone and soytone was added to basal medium composed of 2% lactose, 0.25% K,HPO, and 0.5% NaCl. Fermentation was

carried out for 60 hr at 28°C in shake flask culture.
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Table 5. Effect of triolein concentration on the lipstatin production by
Streptomyces toxytricini

Triolein Final pH Dry cell weight Lipstatin production
(%) (mg/ml) (Lg/ml) (ng/mg)

Control 8.89 1.9920.15 2.5710.23 1.2910.12
0.25 8.90 2.35+0.22 2.4240.18 1.0310.15
0.50 8.90 3.0710.25 2.1740.15 0.7140.10
0.75 8.91 3.2310.33 2.13£0.20 0.6610.08
1.00 8.95 3.511£0.28 2.02+0.16 0.58+0.09

Different concentration of triolein was added to basal medium contain-
ing 2% lactose and 2% TSB. Fermentation was carried out for 60 hr at
28°C in shake flask culture.

Table 6. Effect of fatty acids on the lipstatin production by Strepfomyces
toxytricini

Fatty acid ~ Final Dry cell weight  Lipstatin production
(0.5%) pH (mg/ml) (ug/ml broth) (ug/mg cell)
Control 9.13 2.7340.22 2191031  0.80+0.12
Linoleic acid ~ 7.02 1.10£0.12 191+0.15  1.7440.11
Oleic acid 7.27 0.38+0.10 4.58+0.62 NS
Palmiticacid ~ 9.05 1.7120.15 2251034  1.34%0.15
Stearic acid 8.94 2.02£0.14 5884047  2.91+0.23

0.5% fatty acid was supplemented to basal medium composed of 2%
lactose and 2% TSB. Fermentation was carried out for 60 hr at 28°C in
shake flask culture. NS ; nonsense data because of extremely poor bac-
terial growth.

ol triolein®] F7LE 8. roxyrricini@] lipase AAto] Z7lstA
A, o8 AL = U= lipstatin®] LS GAF7] W2 A
o FHEr

X|ukpto] A5k

Lipstatin®] A3 H=Z A7l A linoleic acid & B3 3}A4¢
AHE Y52 3o ikl BuEA ¢, 5) e, A8 A
ARS g wR)ell AH7}SbAL lipstatin BArEES] WSS 2AVEA
thoof W ARE-SF ApEake B3} AW linoleic acid 2
oleic acid, ZZ}AHFAIR stearic acid 2 palmitic acid ©]T} &
3] lipstatin®] 3-hydroxytetradeca-5,8-dienoic acid %917} linoleic
acid2 25 Aol Hope= 7M@) B8 S 2 linoleic acidif
oleic acid®t & BF A4 lipstatin YLHEE F7HAE A
2 J|HSIYA, ol#gt EXE A A FFE wiXdME
A 3ol T4 U lipstatin HAFE BlwA wHA) Vepyt
o} 23]3 FEFA|HAER) stearic acidZ 333+ BlX]olA] lipstatin
Aol ol EA vERES I § AATK(Table 6). ©l=
oFkE S, toxytriciniol A 38} AP Bl AJubite] w42
Foll ] Holo 7IR1SHs Aoz FFHAct mElA lipstatind]
F3hg o)lF AT EAHE AFH S F fatty acid desaturase

Streptomyces toxytricini| A1) lipstatin Ay 175

Foll ) FA Wl A PEold Ao By
HAlel 2

2 Ad3e B ATe EAvIzATE LG AHE:
RO1-2003-000-10387-0) 2.2 0]F01F 7]¢]] o]o)] ZAL=gUr} &
3 o] AL WH AR R 29A BK2I9] 93 QAT
A QU FERgL7]o ool TAR=H YT

=
&E

it

o

-

LE5d. 1992, HAddEE o) E3 =4 Ta ndE
7 4k 18, 63-68.

2. Aharonowitz, Y. 1980. Nitrogen metabolite regulation of antibiotic
biosynthesis. Ann. Rev. Microbiol. 34, 209-233.

3. Demain, A.L., YM. Kennel, and Y. Aharonowitz. 1979. Carbon
catabolite regulation of secondary metabusm, p.163-185. In A.T.
Bull, D.C. Ellwood, and C. Ratledge (ed.) Microbial technology: cur-
rent state, future prospects. Cambridge University Press, Cambridge.

4. Eisenreich, W., E. Kupfer, W. Weber, and A. Bacher. 1997. Tracer
studies with crude U-">C-lipid mixtures. Biosynthesis of the lipase
inhibitor lipstatin. J. Biol. Chem. 272, 867-874.

5. Goese, M., W. Eisenreich, E. Kupfer, W. Weber, and A. Bacher.
2000. Biosynthetic origin of hydrogen atoms in the lipase inhibitor
lipstatin. J. Biol. Chem. 275, 21192-21196.

6. Hochuli, E., E. Kupfer, R. Maurer, W. Meister, Y. Mercadal, and K.
Schmidt. 1987. Lipstatin, an inhibitor of pancreatic lipase, pro-
duced by Streptomyces toxitricini. II. Chemistry and structure elu-
cidation. J. Antibiot. 40, 1086-1091.

7. Hollander, P.A., S.C. Elbein, L.B. Hirsch, D. Kelley, J. McGill, T.
Taylor, S.R. Weiss, S.E. Crockett, R.A. Kaplan, J. Comstock, C.P.
Lucas, PA. Lodewick, W. Canovatchel, J. Chung, and 1. Haupt-
man. 1998. Role of orlistat in the treatment of obese patients with
type 2 diabetes. Diabetes Care 21, 1288-1294.

8. Imanaka, T., Y. Moriyama, G.G. Ecsedi, T. Aoyagi, K. Amanuma-
moto, S. Ohkuma, and T. Takano. 1983. Esterastin: A potent
inhibitor of lysosomal acid lipase. J. Biochem. 94, 1017-1020.

9. Imanaka, T., K. Moto, S. Ohkuma, and T. Takano. 1981. Purifica-
tion and properties of rabbit liver acid lipase (4-methylumbel-
liferyl oleate hydrolase). Biochim. Biophys. Acta. 665, 322-330.

10. Martin, J.E. and A.L. Demain 1980. Control of antibiotic biosyn-
thesis. Microbiol. Rev. 44, 230-251.

11. Weibel, E.K., P. Hadvary, E. Hochuli, E. Kupfer, and H. Lengsfeld.
1987. Lipstatin, an inhibitor of pancreatic lipase, produced by
Streptomyces toxytricini. I. Producing organism, fermentation, iso-
lation and biological activity. J. Antibiot. 40, 1081-1085.

12. Zhi, J., A.T. Melia, C. Funk, A. Viger-Chougnet, G. Hopfgartner,
and B. Lausecker. 1996. Metabolic profiles of minimally absorbed
orlistat in obese/overweight volunteers. J. Clin. Pharmacol. 36,
1006-1011.

(Received May 22, 2006/Accepted July 28, 2006)



176 Mi-Ok Lim et al. Kor. J. Microbiol

ABSTRACT : Effect of Medium Components on the Lipstatin Production by Streptomyces toxytricini
Mi-Ok Lim', Wencui Yin', Ji-Seon Lee!, Yeon-Su Yu?, and Sang-Dal Kim?, and Doo-Hyun
Nam®* (‘Faculty of Pharmacy, “Faculty of Biotechnology, Yeungnam University, Gyongsan
712-749, Korea)

In order to increase the productivity of lipstatin by Steptomyces toxytricini, the effect of medium components on
the lipstatin production was investigated. Using TSB medium as a basal medium, a variety of carbon sources,
nitrogen sources, lipid and fatty acids was supplemented into a fermentation medium. The seed culture of S. toxy-
tricini grown in 25 ml TSB medium at 28°C for 3 days with agitation at 200 rpm was inoculated in the size of
2% in fermentation media containing different components and fermented at 28°C for 60 more hrs. In the exam-
ination of the effect of carbon sources, the best cell growth was observed in fermentation media supplemented
with glucose or glycerol, but the lipstatin productivity was the highest in media containing lactose or sucrose.
Among complex nitrogen sources, yeast extract was the best one for cell growth, but the highest lipstatin pro-
duction was found in TSB media composed of 1.7% casitone and 0.3% soytone. The increased concentration of
triolein as a lipid caused the promotion of cell growth but the significant suppression of lipstatin production.
When 0.5% fatty acids were supplemented to fermentation medium, unsaturated fatty acids like linoleic or oleic
acid suppressed cell growth as well as lipstatin production, but 2 times higher lipstatin production was achieved
by stearic acid, a saturated fatty acid, differently from expectation.



