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The Production of 1,4-Androstadiene-3,17-Dione from Sterols by
Brevibacterium erythrogenes

Lee, Eun-A and Kang-Man Lee*

College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

Microbiological conversion of sterols to 17-ketostereids has been recongnized as a source for com-
merical preparation of steroidal drugs. For the purpose of strain development, we isolated
microorganisms through enrichment culture method and identified an isolate strain. The strain was
closely related to Brevibacterium erythrogenes. The optimal conditions for 1, 4-androstadiene-3, 17-dione
(ADD) formation were as follows; pH 7.4, lactose 0.2%, beef extract 0.2%, bentonite 0.5% in the
chlolesterol fermentation medium. Maximum production was obtained with the addition of o, a’-di-
pyridyl (1 mM, final conc.} at 17-20 hours after incubation.
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Fd2dHE wawae 2AHAE 0.1% NHNO,,
0.025% K,HPO,, 0.025% MgSO,-7H,O, 0.0001%
FeSO,-7TH,O, 0.5% veast extract, 0.19 cholesterol
0.05% tween 80 22 pHE 7008 urxm wifsio]
% s A R P O B, HLL@E"‘—:’*-@I Aol AL
sfe wlx]+= cholesterol-2- 0.01 Z ¢l #FwA]E A}
Zatgdct, A Auiokel ARS-EE  cholesterol & Junsei
Chem. Co. AlE5 2239l Wa 2719 HEo AL
gk cholesterol % & 713L Sigma AEL, a.a’-
dipyridyl = Hayashi Pure Chem. Al 5% AH&3§kgic},
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Mannual of Methods for General Bacteriology (6)
= Axslel & 0] ey, gk, AsjelA,
sfekel®| 5AS =Alsiglen] Bergey's Mannual of
Determinative Bacteriology (7) 2} Bergey’s Mannual
of Systematic Bacteriology (8)oll 3l EFA 39},
DNA—% elsted Tne A9 ow (9,10) Alzys

=3t peptidoglycan amino acid type & lslelc)
(11, 12).

*’&IH‘JE——J gol gl Mgk
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sﬂlca gel 60 GFpss TLC plate§  105Col A 30 %7}
activation A|# A& 50/ 3 ADD2F AD EFH(1
mg/m{) 10ul Z12]3 cholesterol 38 (1 mg/mi)
50 pl & AAsIAct,

ol af FAAHIMNAR a, a’-dipyridyl & 7|5 ulz}s)
7l #sted HHER] lem 9 FEol ethanol A
AgNO; 845 HFsHo, A4 2 chloroform .
ethyl ether {10 1v/v)e AFE3eixe A7 & UV o}
oAl ADD = S=2F A E-9] L Sp{}t"‘ zlolsld o
o, 109% H,SO0, & H+F3dt1 7tdsle] waAA
cholesterol & A1 E2] gpot 5 2lstgdct

A9 ADD 9 Ak GCH (13-16)2 AL&s19
t}, Gas chromatograph (Hewlett Packard model HP
BBAVA)E AFE-3ted 101t 109 OV-101 whp 100/120 1/
4" stainless column, FID detector, column temp. :
280°C, injector temp. : 300C, detector temp. : 320C,
carrier gas . N, 60m//min, sensitivity :
injection vol. . 3 u/ &

FE% daAdEE Bdeln 3dxAdA EEE
ADDE ARg3ted 2REl standard curve 3 ©]-2-5}od
1 peak area L5 ADD 9] & A4S

range8 att.Z,
A Z7Ao) A ethyl acetate &
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o] §-15 2] F4L& coccoid cell ©] rod & swelling
ol V =& Y 29 rod & ©]5F3 9] rod ® fragmen-
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Fig. 1. Analysis of fermentation broth by TLC (A) and
GC (B) method.

In figure A, 1:9-8, 2:9-19, 3:9-6, 4:9-18, 5:9-15, 6:9-54 strain,
7- Brevibacterium lipolyticum 1AM 1398, 8: Standard
4-androstene-3, 17-dione (AD) and 1, 4-androstadiene-3,

17-dione (ADD), 9: cholesterol. In figure B, 1 & 2: solvent
peak, 3: AD, 4: ADD, 5: cholesterol peak.
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Table 1. The morphological, cultural and biochemical
characteristics of strain 9-15 and Brevibacterium

lipolyticum TAM 1398 (B. 1398).

——rr e a1 — A

Morphological charact-

o 9-15 B. 1398
erstics
Shape coccoid coccoid
Color of colony on NB  light pink yellow
Motility negative negative
Gram staning positive positive
Acid fast staining negative negative
Spore staining negative negative
Growth rod-eoccoid rod-coccoid
cycle cycle
Cultural and bio-
chemical characteristics
Catalase activity positive positive
Nitrate reduction positive positive
Acid formation negative negative
from glucose
Penicillin G resistancy  negative negative
Pasteurization resistant resistant
T™ (°C) 98.44* 99.16*
(85*%) (86.5™*)
Peptidoglyean m-DAP*** m-DAP***
amino acid

*The Tm values are measured by following the absor-
bance at 260 nm as a function of temperature of DNA
solution and taking the midpoint of the hyperchromic
rise. Solvent was saline-sod. citrate buffer (pH 7.0)
**The Tm values are measured by same method. Sol-
vent was TEN buffer.

***Mago-diaminopimelic acid.

Fig. 2. Rod-coccoid cycle of strain 9-15 when grown in nutrient broth medium at 30°C (400 x).
A, after 6 h; B, after 9 h; C, after 24 h: D, after 3 days incubation
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Fig. 3. The melting curve of DNA
——e . Brevibacterium lipolyticum 1AM 1398
: Strain 9-15
Solvent: A: Saline-sod. citrate buffer (pH 7.0)
B:TEN buffer (10 mM Tris-HC], 1 mM EDTA,
10 mM NaCl, pH 7.6)
Instrument: UV-Vis microprocessor-controlled spect-
rophotometer system 2600 (Gilford)
Temperature increasing rate : 0.25°C/min.

9-15 w55 Brevibacterium sp. ¥ A2 FA3lg o
o] light pink & Fg8v] A& 18sle] Brevibacter-
ium erythrogenes 5. &4 3F9 (7)., SSC buffer ol
DNA & 5o T,2 =43l G C content & &3 2
2 Brevibacteriuwm lipolyticum 1AM 1398 &  72.89%,
9-15 ¥+ 71.6% & 42 4 U=k (Fig. 3).
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B-sitosterol, stigmasterol, progesterone, pregnenoclone,
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Table 2. The conversion yield from sterols by strain
9-15.

sSterols (0.1%) ADD production Conversion
(mg/mi) yield (%)
Cholesterol 0.172 23.39
F-Sitosterol 0.059 8.63
Stigmasterol 0.032 4.35
Progesterone 0.33 36.96
Pregenolone 0.27 29.97
Lithocholic acid 0.026 3.43

Table 3. Effect of additional earbon source on 1,
4-androstadiene-3, 17-dione (ADD) production.

Carbon source ADD production Conversion
(0.2%) (mg/ml) yield (%)
Glucose 0.071 9.06
Fructose 0.142 19.31
Sucrose 0.156 21.22
Galactose 0.516 21.22
Maltose 0.150 20.40
Lactose 0.158 21.49
Xylose 0.116 16.78
Mannitol 0.156 21.08
“Control 0.146 19.86
“No sugar addition
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Table 4. Effect of additional nitrogen source on 1,
4-androstadiene-3, 17-dione (ADD) production.

Nitrogen source ADD production Conversion
(0.2%) (mg/mi) yield (%)
Malt extract 0.158 21.49
polypeptone 0.190 25.84
Beef extract 0.198 26.93
Corn steep liquor 0.184 5.02
Tryptone 0.186 25.31
Molasses 0.1856 25.16
Bacto soytone 0.183 24.89
Control 0.146 19.86

Table 5. Effect of the initial pH of the medium on 1,
4-androstadiene-3, 17-dione (ADD) production .

oH ADD production Conversion
(mg/mi) yield (%)
6.0 0.094 12.78
6.2 0.097 13.17
6.4 0.106 14.42
6.6 0.120 16.32
6.8 0.116 156.78
7.0 0.148 20.13
7.2 (.169 22.98
7.4 0.174 23.66
7.6 0.162 22.03
7.8 0.169 22.98
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Fig. 4. Effect of ¢, a’ dipyridyl addition time on 1,
4-androstadiene-3, 17-dione (ADD) production.

Table 6. Effect of adsorbent addition on 1, 4-andro-
stadiene-3, 17-dione {ADD) production.

——
-

Material  added (%) ADD(TE;i‘;; tion C;'g;r(f;sn
Alumina 0.5 0.114 19.58
0.1 0.54 20.94
MgO 0.5 0 0
0.1 0 0
Silica gel 0.5 0.081 11.02
0.1 0.105 14.28
Control 0.142 19.31

Table 7 Effect of bentonite addition on 1, 4-androsta-
diene-3, 17-dione {(ADD) production.

_ ADD production  Conversion
Concentration (%)
(mg/ml) yield (%)
0.5 0.188 25.57
1.0 0.158 21.49
1.5 0.125 17.41
2 0.122 16.59
4 0.095 12.92
Control 0.154 20.94

25579 2| conversion yield &
ADD 349 F7Fs & 4 Uit
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