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Development of Seed Culture Using Soybean for Mass Production of
Lovastatin with Aspergillus terreus ATCC 20542 Mutant

Soo-Jung Kim, Hee-Sun Ko, and Hyun-Soo Kim'

Dept. of Microbiology, College of Natural Science, Keimyung University, Daegu 704-701, Korea

Abstract

Lovastatin (Mevinolin, Monacolin K) is a well-known drug for the therapy of hypercholesterolemia. It is
an important fungal secondary metabolite as it inhibits 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMG-CoA reductase, EC 1.1.1.34) which catalyzes a major rate-limiting step in the biosynthesis of
cholesterol. Both soybeans and black soybeans with Aspergillus terreus ATCC 20542 mutant were used as
the seed culture for the mass production of lovastatin. The production of lovastatin in soybean seed culture
of Asp. terreus was twofold compared to that of black soybean seed culture. The effect of two different vessels
(petri dish and Erlenmeyer flask) on lovastatin production was also studied. The production of lovastatin on
petri dish was tenfold to that of Erlenmeyer flask. Furthermore, the most lovastatin production on rice bran
was achieved when the soybean seed culture was treated by heat shock at 30°C for 1 hour, representing 82%
of HMG-CoA reductase inhibition in the koji extract. We estimated that the heat treated soybean seed culture
could be a new method for the mass production of lovastatin.
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mevastatin® /LS A|ZFe 2 3}, 1987'd lovastatin®] &
%9 A& statin® 2 JEE QoW o]F simvastatin, pra-
vastatin, atorvastatin, rosuvastatin 52| t}3} statin A
FEAo] AFEHI Ut} o] 59 54 FH 2" E vig
FEFS FASIHA AETZ 543 a5 & Aotk
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Lovastatin(CoHzs05)2 TAF A F30] Aspergillus
terreus, Monascus sp., Penicillium sp. | 9]l Aib=w,
polyketide B2E T3l AFAHEE oA AAIEZA
napthalene ring system, B-hydroxylactone 2

S+ natural statin®]T}.

Lovastatin®] Z-87]2}-2 lovastatin lactoned 9] %7}
FY2HE FA AsfEA HMG-CoA reductase(3-hy-
droxy-3-methylglutaryl-coenzyme A reductase, EC
111349 714do] == HMG-CoA%t ©l$- FAFSAA,
HMG-CoA reductase®l] th3F X3} =+= 10,0008 o]’ =7
uf Fof] lovastatin®] HMG-CoA 4l HMG-CoA reductase
o} wlg] 2§ =He AL ZHA mevalonate?] F4-S A3
AZith 1 A7 S 2EE AR S50 ASEEA g8
& ZFY2HE FAe gaEe AU YEiue Aoz &
HA ATHE-10).

Lovastatin A+ 5 718 46k
reuse AFFEUAERZA g
T T8 9T us 42 2 amylase, glu-
coamylase®} protease &4 0] st dZHEH +HUE

HlEste] F5, A 5o Fx, SaA] B ook Atk

methyl-

butyric acidE X3%3}ar
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A F7FA| Asp. terreusE ©]-83t lovastatin®] A4k
WA o 2 B R oA 3] &u el og A4kt 28°C, pH
58~6.3°1A 104 ©]F 712 kel gk LA S #
By Ao vl gl uhEl Asp. terreuse] A5 lov-
astatin A4t P& Q& T T A7) Xy ko
W FH o= Asp. terreus ¥t olU e} Asp. flavipes©ll 23|
Bl ko] ol A ul ol M = lovastatin®] AHAHTH=
ATE RuEHPoH11-15).

kA E AFAE lovastating AHgA o2 58341
Thekst FokR o S&S 93l A GA o dFALE F
B2 AFE FdseH, AAAFA3)o] AHEF lova-
statin T ZFA A F52) Asp. terreus ATCC 20542 Ho|F2
H-E] lovastatin ILA ¥ FA o] of FALHS 9] seed culture
o] dFA =z WS At st

T

>~

Fe o3 3 HiQk i

ATE Aspergillus terreus ATCC 20542 WHolFZ
TF2 AE3FR S Jovastatin A4F Bl A1 MGP HY
A|(malt extract 20 g, glucose 20 g, peptone 3 g, agar 20
g/L)ell HEF3he] 28°CollA 547t vl g b5 =AEE
(1.0x 10° spores/mL)& ZA8Fo] ~20°Coll A B¥aFaA] A}
&3tivh FA LS S TA M FS 227k B =
AF 5 207090 Asp. terreus ATCC 20542 ¥Ho|F Ex}3 e
N (1.0x10° spores/mL) 10 mLE A Z3}e] 28°Coll A 27+
AwjFatAct. w7 200 g(3=olAAFAEM  Korea),
Gyeongbuk, Korea)oll 1127}¢F B3t & S/ 70 mLE
A7Fet o3 A AR T 3ME HF 3 28°CellA 6,
9, 12, 15, 3097+ Hj &3ttt

> e

3L
(e

Seed culture& HHFA| 244

Lovastatin A AH& seed culture®] A ZZE 9|3 vl %
AE FATFQ Asp. terreus ATCC 20542 Hol|FE H=
g O SHFE SR st FEQ AR HIEA AN
2 FF9 a2AAE 13 X E a-amylase, glucoamy-
lase AJ4F 9 lovastatin A4F £S5 F3sto] Aibso] ¢4
St A SAE Agst Ao

Za2d9 ZAE v UdA 2 g2 4 mM sodium acetate
buffer(pH 50) 10 mLol| @Eato] 25°CollA] 1A &< W&
gk % 3000 rpmoll A 1083F A E2)ste 45 dS AHE3t
A}t a-Amlyase 97t Za4 % 0.1 mLol 712 (1% solu-
ble starch in 40 mM acetate buffer, pH 5.0) 2 mLZ 3 7}s}
o] 40°CollA] 20% ¥H&-3+ & wk-3-9 0.1 mLel 25 mN KI7k
718 0.25 mN iodine €9 10 mLE #7138k 670 nmeoll A
Eie s 24394t 849 FAHEE Wohlgemuth value

o] 83+ Lovastatin ™ ZF 28 Seed Cultured] AZE71& 667

of £9 Tl Hoz Axsd.

12.75(T—To)

Units (U/mL)= 2

Glucoamlyase® 97} dinitrosalicylic acid assay
(DNS)H ol e} Z43tdth DNS 8942 DNS 05 g, so-
dium potassium tartrate(Rochelle salt) 30 g& 2 M NaOH
50 mLell &3 & § 100 mL¥ Al A8k ok &4 0.1
mLo| 7]12(0.5% soluble starch in 200 mM acetate buffer,
pH 5.0) 1 mLE 7}sked 30°Col A 10%7F vH-&-8 & wkg-
o 0.2 mLol DNS £ 04 mLE 37}k 100°Col A 583
A E AT €5 AA F3] AT F F/HF 24

E #H71ske 525 nmol A §FE=E =S4 3A o Glucoa-
mylase] 1 unit= 1% &<t glucose 1 yg< A= a4
Foz AHogstAnh

Lovastatin®| F&

DA YA ZHE lovastatin®] FEL w%A 05 gH
CHsCN 15 mLE £33 ¥
cleaner, Branson UL Trasonics corporation, USA)%F th&
1A1ZF B¢ Aee & 3000rpmell A 1087 A 2a] st
45N 4mL, B 4 mLe} conc. HsPOy 100 pLE 713
% At Az3AG

-7+ sonication(Ultrasonic

Lovastatin =44

Lovastatin standard(acid form, lactone form) & FZA]
E% Cp reverse phase columng ©]&3 HPLC(High
Performance Liquid Chromatography, Shimadzu LC 10-A)
Z flow rate 1.0 mL/min, UV 237 nm®] Z7AA 20 uL*®
injectiond}le] 0.1% H3PO7F £8H 60% CHCNe. 2 £&
Al A A A

Seed cultureE HIQF 27|

ARE TS Y es 7] W lovastatin B4+
< AES7) 938t petri dish( ¢ 150 x 20 mm)$} 250 mL )
Erlenmeyer flaskoll ®j<Faled 2zt vk 258 lovastatin
B E AES F A4 wFe)E Agsenh

Lovastatin seed culture2| CHZFAIALS 2|5t HIQF =A
Lovastating-f A 8l A o] dlZFAYLES et oo
2 HufjeFA o] XA} wolE HRA)7])7] 98k X a9E

HESAL. FATFE HETS dF= 7 30°CellA 308,
30°Coll A 1A17F, 35°Cell A 308, 35°Coll A 1413t &<t 84
gt 28°Coll A 48A17F Huf kgt & w|7ol £ wj st
Z} v A ZHE lovastatin®] A4t FS HESHY lovastatin
seed culture?] & wYdzAS A AT

HMG-CoA reductasedl] CHet XMal &M HE
Lovastatin®] 715 HMG-CoA reductase©l] thal A&



668 RaR A
248 £74317] Y8k Hucher®} Oleson(16,17)9] 38
4 Z40e Ngse] o 2ol SRS W
Z 42 microsomal protein 1 mg, HMG-CoA 150 nmoles,

NADP 2 pmoles, glucose-6-phosphate 3 pmoles, glu-
cose-6-phosphate dehydrogenase 2 unit, A] 5 (10 mg/mL)
100 uLE #H7}sl H= B97F 1 mLE Al st 37°Coll A

3087 ¥F&-slA Tk vk Ao 10 mM sodium arsenite sol-
ution 20 uLE&

A7Feka 18 5 3% sodium tungstateE $Hr
3+ 2 M citrate buffer(pH 3.5) 0.1 mLE 7}38}¢] 37°Col A
103 FA 3t ¥9h-3-& AASAT HAAAIZ] whE-d 9
proteing A As}7] Y8l 4°C, 15,000 rpmol A 57 AAE
23 oS A5d 1 mLE FH3te 2 M Tris buffer(pH 10.6)
0.2 mL9} 2 M Tris buffer(pH 8.0) 0.1 mLE 78t w¥H-&
4] pHE 8002 2HeAH. CoA-SH| S 98l 04
M sodium arsenite 50 uL& 7}t 583t WA H Tk
g 1 mLE #H3k 3 mM DTNB 20 uL.g 713 ¥
412 nmoll A EFE=E SA3ATE CoA-SHY AAitaFe o}
] 2o Fate] A3

A (reaction)— Ao (control)

0.0136 x reaction time

x1.43

nmoles/min=

9 AeoA 1438 3l duj4o]™ 0.01362 CoA-SHE| mo-
kg Zo] NADPHE

71 98l glucose-6-phosphate®} glucose-6-phosphate de-
hydrogenase(Sigma, USA)E AFE3I9 A, 212 712

lar extinction coefficient®]t}. Ht z33}

2l NADPE #7}31A] egkth. HMG-CoA reductase©] o gk
A& AEE YA &2 A9 CoA-SH Aiteol digh
Aao] A=E MESEZE IS ATH
R
Seed culture& HHYH MEE st &4 &F
Lovastating o ZFA2Fs17] ¢3¢ seed culture-§ Hl A

=

£ 478317 A8 dFe SUFE U R wdAE £4
stAth T STl FATS FESIA a-amylase,
AESAT. a-Amylase®} glu-
coamylase= Table 13} Table 2] /\1 He npe) Zo] SgiF
°ﬂ Hj ket ARG tiFol wjdatdS o o 20 A= o B2

A5 el 58] v 1594 &A o] AikEe] 7H
TTOH“B\QE] o= Park¥} Kim(13)8] A+Z2 7} dX|st=
Ao 2 Yelth Asp. terreuss JE

glucoamylase®] AYi+-&S

3t 57} a-amylase

Table 1. a-Amylase activity from soybean and black soy-—
bean medium

Incubation time (day)

Test samples

9 15 30
Soybean 113" 235 128
Black soybean 71 229 64

YUnits/mL.

o

=
T

Table 2. Glucoamylase activity from soybean and black
soybean medium

Incubation time (day)

Test samples

9 15 30

Soybean 178" 542 269

Black soybean 74 420 113
YUnits/mL.

Table 3. Lovastatin production from soybean and black
soybean medium

Incubation time (day)

Test samples

6 9 15 30
. soybean 797 102 110 87
Acid form black soybean 3.2 4.3 8.0 7.3
Lactone form soybean 159 415 734 222
actone 1o black soybean 9.6 239 548 125
YThe amount of lovastatin (mg/g).
9} glucoamylaseE © Zo] QA= sl ACE Ho} seed
culture® WA E HF7F AAsicta Al AT

Seed cultureE HHLA| MIZ=E 2Tt lovastatin A& =0l
Hj FA o] w2 lovastatin AAHES HESHY] 93t tlF
YFE Uz FATS HE3HY lovastatin®] A4t
AESFY Y. Lovastatin®] acid form¥ lactone form
ZF2 Table 3ol A = ule} Zo] Asp. terreuss HE
‘:HFFE‘:} hFol A o %& lovastating AR L
§ ok 154 5 lovastatin®] A 4reko] 714 43153 o}
A7 (Table 1~3)2 Ko} )| F7} lovastatin o] =AY 4
eed culture®9] 53 v ¥A 2t At O

E’

o O Am roh ox off 1o
)

L ok ol r?l ttlo Jlop

pul

Seed culture& HHAEE7| ME

ARE PFE o2 vjekg 7)o wE lovastatin 124
s AESH7] Y8t petri disheb Erlenmeyer flaskol
v Fatod Zb wj A 2 FH lovastatin S AESATH
Fig. 1914 2= n}9} 29| lovastatin acid form¥ lactone
form&] A2 Erlenmeyer flaskol] Hi9F&}3S w9} v] )
petri dishol] ¥]F3} RS v 108 =9 lovastating A 2HFA
31, 53] vk 159 A lovastatin®] A4taFo] 713 943+
A2 YEIET o] 22 Aies Fr)Hel o3 ave}
AtE 5™, Park?t Kim(13)9] Aol SJair = FEFe
B2H plastic bags AF&3F 7359l lovastatin A Ak

Sathe Ao AR s,

ol

CH2EAALS

o O

Lovastatin  seed culture2|
2|

Lovastatin®] th#A S 913 o2 Hujokd e ¥
Zp dobs F3141717] 913 A2 298 HESIIH. 4]
TFE JAE 7T 2 30°ColA 307 1A1%Y, 35°Cell A
3083 1A dA 27 § 28°Coll A 48A13F Hn) gt &
ool Euf skt 2 A F v FAIZHF-F lovastatin

H

Jlok
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Fig. 1. Effect of lovastatin production using various culti-
vation vessels.

A: Lovastatin acid form production, B: Lovastatin lactone form
production. O Petri dish, ® Erlenmeyer flask.
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Fig. 2. Mass production of lovastatin from koji by heat
treatment of soybean.

A: Lovastatin acid form production, B: Lovastatin lactone form
production. O Non-heat treatment, ® Heat shock treatment at
30°C for 30 minutes, [ Heat shock treatment at 30°C for 1 hour,
W Heat shock treatment at 35°C for 30 minutes, & Heat shock
treatment at 35°C for 1 hour.

o] 83+ Lovastatin ™ ZF 28 Seed Cultured] AZE71& 669

Table 4. Inhibition rate against HMG-CoA reductase activ—
ity

Specific activity Inhibition

Test samples (CoA-SH pmoles/min/mg protein) (%)

Control 353.9 0

Lova-A 294.4 16.8
Lova-L 21 94

Koji extract 1 70 80.2
Koji extract 2 119.2 66.3
Koji extract 3 63.1 82.2
Koji extract 4 150.7 574
Koji extract 5 182 51.43

Lova-A: Lovastatin acid form, Lova-B: Lovastatin lactone
form, Koji extract 1: Non-heat treatment, Koji extract 2: Heat
shock treatment at 30°C for 30 minutes, Koji extract 3: Heat
shock treatment at 30°C for 1 hour, Koji extract 4: Heat shock
treatment at 35°C for 30 minutes, Koji extract 5: Heat shock
treatment at 35°C for 1 hour.

o] Aites HESE A7 Fig. 2014 B upe} 2ol ‘ﬁfﬁﬁl
2 A @& AujdA R} 30°Col A 1A S8 3 T

v Fate] Eu) kst v FA 71 #lF 159 A lovastating] *@*&
5ot o] 22 ARz A s xAb
Folrt ZREHAGL ALEH

HMG-CoA reductase0i| CHEH XMalf&tA &Hol

Auje] FAE ol S 20S EA=E st &4
sampleE< thA o =2 AAE Jovastatin® HMG-CoA re-
ductase®] 3t A EH S SH5FA T Table 4014 Be
uls} o] 30°Co A 1A17F Bt X2 8k vl %A 7} 2.2% =
7 3 AEE s Rgoen JdPATU)E FP 3
EAEHEN HEH 12 HMG-CoA reductasel] o3k #
&l 75%KRT O =o AL Fold 4 9t
o] A= lovastatin®] AYA+Eo] 30°Cell A 1217 Fek G4
2 AngA o] EAEolrt 48 2 H(Fig. 2)9 IA| 3}
At

)

B A= Asp terreus ATCC 20542 WHOlFERE lova-
statin A AH8 seed cultured] EAIZE 93 Uy S et
sk Aot} v A e A, 4 F HA wjFE&rE AES
A% Y FE ]85+ petri dish( 4 150x 20 mm)ell Hl} &3}
AS W lovastatin® A4 o] -FstTh £AH9] wo}
A& AH3ta] thFol Asp. terreuss FE3F oL EXYES
g ste], 7t A A E w7l Eu) Tt B gd S
FZ3 & HPLCE ©] &3} lovastatin A2 EFS HE
A3 30°CAlA 1AIZE T EA s Au) A7 B
AR ol 71 &=L lovastatin BAHA S Ho|H, in vitro as-
say 2%, dlFE 30°Coll A 1A13F @A 2lsle] EuldataS
7%-ol HMG-CoA reductase’} 82% A3 == A ZE e}
Gt webA 71Ee] TAEE Y JFHEY gFE o] &g

p

=
=

=



ox,

670 P

HHH o] B2 =2 HMG-CoA reductase A3]24 = uj %A
S Ho 4dsle] fEdt Aoz ALgH Ut

A0
o

1. Bang IY, Whang SW, Kim JW, Kim SY, Park CS. 2003.
Screening of fungal strains producing lovastatin, an anti—
hyper-cholesterolemic agent. Korean J Food Sci Technol
35: 442-446.

2. Demain AL. 1999. Pharmaceutically active secondary me-—
tabolites of microorganism. Appl Microbiol Biotechnol 52:
455-463.

3. Stryer L. 1995. Biosynthesis of membrane lipids and steroids.
In Biochemistry. W. H. Freeman & Company, New York.
Vol 4, p 685-712.

4. Ha TY, Cho IJ, Lee SH. 1998. Screening of HMG-CoA re—
ductase inhibitory activity of ethanol and methanol extract
from cereals and regumes. Korean | Food Sci Technol 30:
224-229.

5. Slater E, Macdonald E, James S. 1888. Mechanism of action
and biological profile of HMG-CoA reductase inhibitors.
Drugs 36: 72-82.

6. Finkelstein DB, Ball C. 1992. Biotechnology of filamentous
fungi. Butterworth-Heineman, London, UK. p 241-251.

7. Michael H. 2002. A multiple-dose pharmacodynamic, safety,
and pharmacokinetic comparison of extended and imme-—
dia-rereleasa formulations of lovastatin. Clinical Therapeutica
24: 112-125.

8. Alberts AW, Chen J, Kuron G, Hunt V, Hoffman C,
Rothrock J, Lopez M, Joshua H, Hairris E, Patchett A,

Lo

< al

q . 7

fuld

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

=4

1=

o

=
T

Monaghan R, Currie S, Stapley E, Alberts-Schonberg G,
Hensens O, Hirshchfield J, Hoogsteen K, Springer J. 1980.
Mevinolin: a highly potent competitive inhibitor of 3-hy-
droxy-3-methylglutaryl-coenzyme A reductase and a cho—
lesterol-lowing agent. Proc Natl Acad Sci T7: 3957-3961.

. Endo A. 1985. Compactin (ML-236B) and related compound

as potential cholesterol-lowing agent that inhibit HMG-
CoA reductase. J Med Chem 28: 401-405.

Tobert JA. 1988. Efficacy and long—term adverse effect pat-
tern of lovastatin. J American Cardiology 62: 28-34.
Endo A, Kuroda M, Tarazawa K. 1976. Competitive inhibitor
of 3-hydoxy-methylglutaryl-coenzyme A reductase by
MC-230A and ML-236B fungal metabolites having hypo-
cholesterolemic activity. FEBS Lett 72: 323-326.
Srinivasu MK, Narasa RA, Om RG. 2002. Determination of
lovastatin and simvastatin in pharmaceutical dosage forms
by MEKC. J Pharm Biomed Anal 29: 715-721.

Park JH, Kim HS. 2004. Production of lovastatin in solid
culture. J Korean Soc Food Sci Nutr 33: 566-570.

Pyo YH. 2006. Optimum conditions for production of mevi-
nolin from the soybean fermented with Monascus sp..
Korean J Food Sci Technol 38: 256-261.

Valera HR, Gomes ], Lakshmi S, Guruaja R, Suryanarayan
S, Kumar D. 2005. Lovastatin production by solid state fer-
mentation using Aspergillus flavipes. Enzyme Microb
Tecchnol 37: 521-526.

Hucher FH, Oleson WH. 1973. Simplified spectrophotome-
trin for microsomal 3-hydroxy-3-methylglutaryl CoA re-
ductase by measurement of coenzyme A. J Lipid Res 14:
625-631.

Moon Y], Yeum KH, Sung CK. 2002. Screening of 3-hy-
droxy-3-methylglutaryl-coenzyme A reductase inhibitor in
vitro and its application to pullets. Korean J Food Nutr 15:
307-313.

Park JH. 2006. A study of mass production and in-
dustrialization of lovastatin from Aspergillus terreus ATCC
20542 mutant. PhD Dissertation. Keimyung University,
Daegu. p 58.

Lee JW, Lee SM, Gwak KS, Lee JY, Choi IG. 2006.
Screening of edible mushrooms for the production of lova-
statin and its HMG-CoA reductase inhibitory activity.
Korean J Microbiol 42: 83-88.

(2008 29 129 H4 2008 549 19 AH)



