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Wiy o] YA Eg

Boahge 2npaete gAEEE wBaeh] 918 PR Zekeln B o]F o] & s #e oA, o
& AAEAE AEF] ARAR o] &= Butaetd AiktFe FAS 9@ PR Zeteln] B o] o] &
g el At Zloltt

A
Al A~ F7HERE ofyEl HXIStE ofAJotoll A A w ) Hdeka g s Bt v 2 A
< Syl o] A7 :
o]Fo] AT HHEA ol& A =
AdS A5AZM statin AL o] 7P Weol AREHAL lom, Statin ALY =22 A delA F
2HE] S Adliste] Ao r FHAHES 4 A statin ALY =H2e FuzHE AFA
o] 20997 A4S F desmosterol reductase Rt} 9HA @A 3-hydroxy-3-methylglutaryl coenzyme A(HMG-
CoA) reductase7t st W& Adfste o= dex A+ (Pharmaceutically active secondary
metabolites of microorganism, Appl. Microbiol. Biotechnol. 52, 455-463, 1999; In Biochemistry, W. H.
Freeman & Company, New York. Vol. 4, p 685-712, 1995; Efficacy and Long-term adverse effect pattern of
lovastatin, J. American Cardiology. 62, 28-34, 1988).
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IMG-CoA reductase A3MAZ+=  compacting VP& 3] FAksHE-gS A1 pravastatin,
Aspergillus terreus?} “4FslE=  lovastatin® lovastatin® 38t W o=z Jpgdw wskg  AsfAQl
simvastatin®] o™, = 99 3184 S or A Z¥ fluvastatin, atrovastatin, cerivastatin 5°]
th. ol ZFdZHE g FFe FAEAN AETH 5 5ol tEn. o F ulxA FHzHE A
AR lovastat in(Collse0s)2 TAF BA
A polyketide ARE FalA AFAHEE o)X WAMHER napthalene ring system, [ -hydroxylactone %
methylbutyric acid® X333 9+ natural statin®]th. Lovastatines F 33 t¥-E9 statine lactoned}
B-hydroxyacid forme] &3 Fej= AJ2FEth. B-hydroxyacid forme Eol €847 anti-fungal?] 54& A
Ui 9lem, lactone ringe in vivo “JEllA  B-hydroxyacid formeZ 3 FHo] okgE  Yehdy
(Mevinolin: a highly potent competitive inhibitor of 3-hydroxy-3-methylglutaryl-coenzyme A reductase
and a cholesterol-lowing agent. Proc. Natl. Acad. Sci. 77, 3957-3961, 1980; Aspect of the biosynthesis
of non-aromatic fungal polyketides by iterative polyketide synthases, Antonie Van Leewenhoek. 78, 287-
295, 2000).

=3%o]Ql Asp. terreus, Monascus sp., Penicillium sp. ol 23] A

22 Asp. terreus®] lovastatin A #HE FAA o] st A7} Reeve, McAda ol 23] Hx
2 AZ=HAI, kennedy 59 Aol 93] 18709 FANAQL lovastatin AEFE 2 A3 F427F chromosomal
DNAS] ¥ Fof] ZFHxgHo] e AoZ B Hth(Modulation of polyketide synthase activity by
accessory proteins during lovastatin biosynthesis, Science 284, 1368-1372, 1999; Polyketide synthase
gene manipulation: a structure-function approach in engineering novel antibiotics, Annu. Rev.
Microbiol. 49, 201-238, 1995).

Lovastatin®] A AL Asp. terreusel 23| 13C—, ZH—, “0- labeled ATA7} lovastatin®.2 2
)= okAkS Esir o 4 Ul Lovastatin® F8 HEo| methionineZHE X% methyl groupd 970
9] acetate unitS ZtE polyketide chain® & o]Fojx] ¢Ji B-methylbutyryl side chain =3} methionine®l
A FdE methyl group® 2709 acetate unitQZRE] wEO]RTthH(Mevinolin acid biosynthesis by
Aspergillus terreus and its relationship to fatty acid biosynthesis, .J. Bacteriol.. 162, 704-707,
1985) .

Lovastatin A FL3I AHEEL F dYE JovB AR AHESl lovastatin nonaketide
synthase(LNKS) 24, o34l 7§9] active site(ketosynthase, acyltransferase, dehydratase, enoylreductase,
ketoreductase, acyl carrier protein)E ¥33tal o], s AV o8 714 EAS Zb= domaineS 3¢
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3= type 1 iterative polyketide synthase(PKS)Ql Aoz ¥ xur. = v& FA4F a4l lovastatin
diketide synthase(LDKS)+= JovF F7A}e] AE2M, @49 Aol WHEEX] ¢ non-iterative PKS©]t}.
PKS+ lovastatin®] side chain®l (2R)-2-methylbutyric acidE& A slhe= 2 dHA ATk, A7 24 o]9]
AN JovA, lovC, lovD, lovG 59 F3A A= W3 lovastatin A4l el Ro 7 Wwa )

=
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A, 2ulaele AAAFFEES By 91349] Neurospora crassas ©]-83F bioassayHeol o|-&¥ I ¢
SHAITE o]l= dFE A5l B2 A mFEol 28HE TAE Atk

o

oo, ¥ MAEE 47 BARE AAsT) ete] o] w@ A3}, WA #FE PR polyketide
E diketide AT HAAE 54 zaoln s ol gale] PR FFa 74
sEfRI(stating AD B4 AASS e FRE 0% A58 g 5

A ATt
w59 v
58 suApsie B

2 owye] Bhe mulaeid QUEFE Adstn ERHoR BN & Qi Pue Ashed g
®ouyel e BAe el Zubsehe AFE 9 o =R AuE 2rred AzPEs AFsed 9
.

2E}E *Mﬁ?% %“—%‘6}71 %’4?‘& PCR Zglo|H & AF3}

B oatge s s 17 2 B AdHE 37 49 FEYLHER FAHE Zgoln 9@ AF FFzp
B F&3 DNAE o] &35te] SFAMNS(PCR)S 3T &, SZH F4AAE Il dAE 288 3e &
Hoz 3li= Zrlaeld Akt so] AU S A T3kt

Boag o wit 2ul~elelS RSk Penicillium sp.<
File AS 5AHoR oty 2ulagH Y AW S AEe.

z 7
Weo] W PR ZebolvE ol §3hW, PRS Fate] mulitel YWHFEE AEety, EaHoE B
et

4 e

w59 ANE AT FAT HE

oago A 7]Ee 2upxEel g ow oduxl Rt A2 Neurospora crassa)E Ol
bioassay® thalel mA|e] #F5 hAO Z polyketide == diketide WA FHAAS EA ZglolnE o] &
ol PRZ 5T 4, RZuAed AdsE 7 #75 BT 7 s Ao g5l

ro

ol
ad

Boabwol o AA|do e Asp. terreus ATCC 205429] lovastatin A 03 dIdS &=
lovastatin diketide synthase FHAE :ZYGsl= @2 (LDKS) ] ofm| =it vjd S ]HPOE ko] 500bp =7)
o] < ko] BanH IsiteE ¥l Eolzel Zalolw 2 A &ela, W] #FEREH FE3 DNA F8 3}
kA PCRS 433k &, lovastatin diketide synthase FAAE 7MA = #FE AESQEY. 29 & Mg
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2 7k Ao Yol A E Aol

AN 10 ZHAEE AAET @A

1-1: AREF 3 g

Zubaetel AAEE FAL fetel, AR 9T B 2

-

Zole AFE ] NE 1 g2 =FF 9 mol &
EFX| 7)1, 10°~10° 0.3 33k & (Czapek-Dox agar®lA] (sucrose 30 g, KHPO, 1 g, MgSO,7H,0 0.5 g, KCl 0.5 g,
NaNO; 2 g, FeSO,7H,0 0.01 g, agar 20 g/L, pH 5.6)¢] 100 wE Lwsle] 28ColA 5~7Azt wjekalgich. wfek

S, sl gahl oAl 6000171 FFol/E AHsta, PDA AFABIA](potato starch 4 g, dextrose 20 g,
agar 15 g/L, pll 5.6)°] ¢4 &8sk, 4T 1%}‘?3_*1 AbgEATt. FAlQl Asp. terreus ATCC 20542
o]+ lovastatin AAF ¥ix]Ql MGP ®jA](malt extract 20 g, glucose 20 g, peptone 3 g, agar 20 g/L)°ol
Talo] 28CAlA 57t Mge vhy EAFE NS ZASH 20T A BHASFHA AFE-3HGIT].

1-2: A1¥ #F9 chromosomal DNA &%

PDA vl Joll wjFSt 2] MGP wiA|o] w3t FAlTS 357514 washing buffer(10 mM Tris, 1 mM EDTA2Na,
0.05 M NaCl, pH 8.0)& Mg F A 3 g& 80T A TAAA NA AxE H7istAA skt =4
3 lysis buffer(25 mM Tris-HCl, 25 mM EDTA2Na, 1% SDS, pH 8.0) 10~20 m¢E H7}ste] #AES LA
, =29 TE buffer(10 mM Tris, 1 mM EDTA2Na, pH 8.0) ¥3} phenolS 3 7}&ted 3,000rpmell Al 1087 A
Aok, AT FF sevag &N (chloroform : iso-amylalcohol = 24 : 1)& H7}g & 3,000rpmoll
1087 AR ste] A5 AL 33 5 2ui3ke] cold 100% ethanols EiL 7FHA 5o DNAZ 3433
o}, 343 DNAE 70% ethanol 2 mlZ A& 3t t4S TE buffer 5 mlE 3718t DNAE &3|A]A RNase A(USB
Co.) 50 ug/mE H7}sle] 37CoA 1A17F Agr2l 3 tfA] TE ¥£3} phenold sevagdE 3 thS 209
cold 100% ethanol® DNAZ 3]4:3}o] 70% ethanol, 100% ethanol® A A3+ & A%3} k. TE buffer 1 m=
7tsko] 2] g genomic DNAS &3A1A -30TCol| HAEHA ARE-SFATE.

1-3: Polymerase chain reaction (PCR)

Asp. terreus ATCC 205429] lovastatin A 212 £+ FQ3H S 3F= polyketide synthase(PKS) 7
A} Gulde] olm At widS BEuiE sl o Dido] BanllIsite?t EcRIsiteE EFsl= So]z <l 43}0]111
(AEHZ 1 2 2)9} diketide synthase(LDKS) A} vz o] ofn| -2t vjdS Eoiz dto] & dkoll Band 1
sited XE3dhe HolAQl Zetolw(AAME 3 2 4)E AASHiT

2
M%
ruo

[¥ 1]
T LGB — 3 =% size
AEHE 1 ACGGATCCGCGCAGGAAATCTATCATAC 260bp
(LovP-F)
AEHDT 2 ACGAATTCTTCACACTCTGCTAGTCACG
(LovP-R)
AEHE 3 ATGGGATCCTAYGCNTGGATGCARAARCA 500bp
(LovF-F)
MEHD 4 GTTGGATCCAAYTCCATNACYTTRTGCCA
(LovF-R)
WA 1-2004] F&3 B U FA T (Usp. terreus ATCC 20542)9] chromosomal DNAS F3 o2 dlo #E 29
Z 722 PCR(GeneAmp PCR System 2400, Applied Biosystems, USA)S <=3J3&}it}.
A719%F dFE&No 2= TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 8.0)E AF&3IR o™, 2%9] agarose
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% gels ARE3to] PR AHe& 100 VoA H7]gs skt

[E 2]
PCR composition PCR condition
Genomic DNA(200 ng/pul) 1wl 94 C 5 min
LovP-F(10 pmol/xl) 1 0 94 C 30 sec 30 cycles
LovP-R(10 pmol/pul) 1wl 55 C 50 sec
Go Taq master mixl). 5 ul 2 C 1 min
dH,0 2wl 4 C oo
Total 10 10

) . . —
' Go Taq Master Mix(Promega Co.): 7Taq DNA polymerase, dNTPs, MgCl, % reaction buffers ¥3%+

& 29 ZUSR PRE Fdsta, AVdsS e Ay, Ao B #FoA odEE A7 oF 260 bpol

= SHATHE 1). o]2HK-F itk F3Fo)7F PKS F34E AU dvkes AS FAS F AN
th PRS 8% & 2 PR AHB-S Wehs] ket 73#F(SI-1, SJ-2, SJ-3, SI-4, SJ-5, SI-6, }
2o 7 MutaEte] |ovastatin diketide synthase - dX=

m
m
f

[X 3]
PCR composition PCR condition
Genomic DNA(200 ng/ ) 1 0 94 C 5 min
LovF-F(10 pmol/ul) 1wl 94 C 30 sec
35 cycles
LovF-R(10 pmol/ul) 1wl 55 C 1 min
Go Taq master mix. 5 ul 72 C 1 min
dH;0 2 72 C 7 min
Total 10 ub 4 C 00

I A, 673(SI-1, SJ-2, SI-3, SI-4, SJ-6, SI-7)7} == Z7|el ok 500 bpe] EA PCR AHE(LDKS &
A S AeteE AS s 4 AATHE 2).

lide cultured &3to] €138k t). Czapek-Dox agarBlA|E ©]-§35ko] 28Tl Al Hl

o

)

2

i

ox

) rlo
»

#AF Ay, % 30 Yehd vlel o], SJ-2, SJ-3, SJ-4, SI-6, SI-7% Asp. terreus ATCC 20542 ¥o]F:¢9}
AVl Aspergillus sp. o2 FARAER oMW | SJ-1& Rhizopus sp., SJ-2+= Penicillium sp. 2.2 FAE U},

AAd 2: ZuAEE QA @ 84 P}
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2-1: AAWG £ Zul2gE F&

1-39| A AHE #5(SJ-1, SJ-2) 2 FA T (Asp. terreus ATCC 20542 ¥o]F)S MA vl %A T},

oAl S MGP HiA] 100 mlol] 2] ¥AFHEANS 100 ﬂe(l.oxw8 spores/mé)# AZEsle] 28°Co A 150rpme
e}

=
23,6, 9, 1247 wjgsiint. Ak o2 RE BupiEide] S5 vk deEE S g 2 nl,
CH;CN(Merck Co.) 2 meell conc. HsPO, 100 ptE F7bshe] 1AIZFEF AWEAIZL S 3,000rpmell A 1043F 4]

sle] B53 AL ofwete] AT,

2-2: Zu}2ElEl o] HPLC #4

AArE lovastatin® Ci5 reverse phase columne ©]-&3te] HPLC(Shimadzu Co., Ltd.)E flow rate 1.0 ml
/min, UV 237 nm®] ZANA 20 w4 injectiondte] 0.1% HiPO,7} E3H 60% CHONO.Z &EA1A A&}
T+3(SJ-1, SI-2)E 3, 6, 9, 12947F AAujFslgn, mFAoa] F=3 Zulx~elele] HPLC B4 23}, SJ-1&
2ulx~elel Agbo] m kel o (A mAA), SI-2& X 49 yERE bkl o] 2ulAElE] acid form
lactone form®] EA3+= AL g2lsgict. Fd2vE AT FH9 mevalonate?d] §AE A 3l3}+= lactone
forme wF 6L Aol 717 Wol AL AT

2-3: LAG ¢ 2Zui2gd FF
MA ) FS Fato] Zulxeld Aabe] BHelE SJ-2 759 thEAAS 93Ete] Park 52 W (Production of
lovastatin in solid culture, J. Korean Soc. Food Sci. Nutr. 33, 566-570, 2004.)°l w2} w78 ©]835}o
wA kS ZaElelth, wA MRS H7 200 g& v ISt WF Helsti, WE ZESF 70 mE A7bE
SI-2 ¥ AR 200 wm(1.0%10° spores/m)e HEAZL, 28TAAN 6, 9, 12, 15, 30243
a3t

TR A ZEE lovastating] =22 A 0.5 ¢ CH,N 156 mE E£38t1 587 283 A8 & 3 e,

4

m¢, conc. H3PO, 100

N

1A17Hs¢F wRkA) 7] 3 3,000rpmoll A 1058-7F QA1 R ske] 3423k A5 4 miol] Hs

WE A7 S T olFate] Alzxslgitt

HPLC #4473}, &= 59 veld viep o] viek 1594 ZulxEld 2
9] lactone form ZH}AE}E o] AAE AL FelsliT).

2
Y
=
o2
>
f
ks
Do
:U:‘,:l
o
o

2-5: Lovastatin®] TLC &4

SI-2 o5 2 FA|FQ Asp. terreus ATCC 20542004 32tel =wp2EFElS TLC(Thin layer chromatography)s
o]-g3ate] HluL, Akt

TLC plate(Silica gel 60 Fu, Merck Co.)oll lovastatin T8 (acid form 2 lactone form)3} A& 10 wl=
spottingstdth. Spottingdt TLC plater =3 & A/ wi(CH,Cl, @ CHigOs @ CHsOH = 8 : 1 @ 17} S0l &=
TLC chamberol A HZRAIZ]aL, UV(254 nm)ollA A2 18t}

TLC A%}, = 69 veRd viel o], SJ-2 FdFdA Asbd 2l 2ul~eld ¥ FAS(acid form 2
lactone form) 2 Asp. terreus ATCC 205427} AAbgt Zwl2elels} HU&A acid forme A value 0.38,



[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

ZIHSd 10-2011-0044613

lactone forme R: value 0.78914 FE31A AEH+= AL &lsr).

AAd 3 ZHAERE AAFF(S]-2)9 g

ZukAEEl S seed cultured] HiFAEES S, Zuiavtd b2 glE S]-2 7S FAIET
Asp. terreus®] ¥¥Z7(Development of seed culture using soybean for mass production of lovastatin
with Aspergillus terreus ATCC 20542 mutant, J. Korean Soc. Food Sci. Nutr. 37, 666-670, 2008.)l whe}
WFE ARgstel AWM F vigel wuaioc.

YA 98 AMFES U 207e] FF 10 ml(1.0x10° spores/md)E HEEIL, 28°CAA 48A7F wjkatd
om, Bulre w7 200 g& nEIYEF Az, B THRE 0 wE WA F, ANLD RF(RF-E
AA) 3ME HEske] 28TA 6, 9, 12, 15, 304z wiFaSith.  ojw] thF-E A} o Ay
30CelA 1AZEt AAYAR A A2 ARgskgi

2 AN & 7ol veRd vkel o] XAAHTH (= 5 o HAujdrEo iFE o] &3 AuMgAE n el Mg
3RS W, 3.42v0 B @& lovastatino] AAEE RS e},

EF UFE olgdtel RujAl AAYE S R PE-TAAE ol g Anrt 0T 1AFEL DAY
A7 F-EAAE o1§F A AL wpE Eaproke] ZAmstel olshe] Rubsehel el 1.26W)
e AL SIS oz R, ¥l ol 8@ =ulaEhue] Yol tFE oled ey % 2A
o &g WolEAWel EBHolekz AN HAT 5 AAT.

A¥ o 1: IMG-CoA reductaseo] W3 A FA AE

A 3ol Al §J-29] dAeEA] B dF-E2xAS} A WF-2AAE v LA FEete] S o
Zy ik FEENA 2 HMG-CoA reductased] Wt A3 &AS 543171 $184 Hucher ¥ oleson 59 &34
SAMS W5t g3 o] F3PsA Y (Hucher F. H. and W. H. Oleson, Simplified spectrophotometrin
for microsomal 3-hydroxy-3-methylglutaryl CoA reductase by measurement of coenzyme A, J. Lipid Res.
14, 625-631, 1973; Screening of 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor in vitro and
its applicarion to pullets, Korean J. Food and Nutr. 15, 307-313, 2002; Screening of edible mushrooms
for the production of lovastatin and its HMG-CoA reductase inhibitory activity, Kor. J. Microbiol. 42,
83-88, 2006.).

microsomal protein 1 mg, HMG-CoA 150 nmoles, NADP 2 npmoles, glucose-6-phosphate 3 pmoles, glucose-6—
phosphate dehydrogenase 2 unit, Al&(10 mg/mé) 100 W= H7Fste] HF Fy7F 1 o] HEF a4
Z3F 3 37CoA] 3087F v AFHTE.  whS- Mo 10 mM sodium arsenite solution 20 wE H7}sla 18 3 3%

sodium tungstateZ 373 2 M citrate buffer(pH 3.5) 0.1 mS 7}&te] 37ColA 1087 Fx|&te] kS-S A
A etgdrt, AA T WLl proteinS AAsH7] Y 4T, 15,000rpmell A 587 AR E vl ASd 1 ml
2 F3g & 2 M Tris buffer(pH 10.6) 0.2 ml¢} 2 M Tris buffer(pH 8.0) 0.1 mE H7} o] p=

8.002 zAsIYtt. 1YW = CoA-SHY S sl 0.4 M sodium arsenite 50 ulE H7}skal 5837F WHSAIH
o}, tgtgoe® Wk 1 mE FHske]l 3 mM DINB 20 =S H7F3S & 412 mmollA SFHE=E =AU . CoA-SHY
Arkere sl7] Ao Fate AFESHITE.

nmolesfnin = A(reau:non‘;—Ao!(cont;olj = 143
0.0136 = reaction time

A7] Alo| A 1.438 FAulg=oln 0.01362 CoA-SHY molar extinction coefficientO]E}. HkS- ol NADPHZ
F537] 98l glucose-6-phosphate®} glucose-6- phosphate dehydrogenaseZ AF&39 1 thEx+2+= 7]2<l
NADPE X 7}8bA]l 2 kvh. HMG-CoA reductaseo] gk Ad &2 AEE WA & A9 CoA-SH it dig A
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(& 4]
Test samples Specific activity Degree of inhibition(%)
(CoA-SH pmoles/min/mg protein)
Control 353.9 0
Lova—A 294 .4 16.8
Lova-L 21 94
Koji extract 1 105 70.3
Koji extract 2 88 75.1

Koji extract 1: Non-heat treatment; Koji extract 2: Heat shock treatment at 30C for 1 hr.

R 4ol YER wRe} o], SJ-29 tiF-EAMAE 30ToNA 1AZHE dA2ste] AR HEste] At
H Koji extract 2% GAg A &L SJ-29 HF-ZAAES HEste] AWAE Koji extract 1E.TF HMG-CoA
reductased] Wt Adso] tha St AS & F AUk, FH, FAATQ Asp. terreus®] AHAE
#0249 Lova-A9} Lova-L o HMG-CoA reductase 42 Lova-Lo] €53 $F3Hd], o]} HlWA] AA 73+
SJ-29] UiF-EAAE wigste] 82 MIFEZES Koji extract 29 &4 mgk F5e zojgt & 5 A= AT

Atk

b ES dAE] Zlestsle vh, A B8 A 7R Al Al )lelAM
o

° ct d Joll olsf & o] W7 Alds = Ao] obd A
© g ol by, ¥ wwel Al Wele ArE ATREY AR5 SR ste] Hojdr)
i g Alejnt

18 B o] o Aa|do] wrE Zglo]w (LovP-F & LovP-R)E o] &3l FFoldlA 53 DNAZ PCR =%
% gel AV EE 33 ARFoltd (M: 100 bp DNA ladder; 1: Strain SJ-1; 2: Strain SJ-2; 3: Strain SJ-
SJ-4; 5: Strain SJ-5; 6: Strain SJ-6; 7: Strain SJ-7; A: Asp. terreus ATCC 20542 mutant).

=4 =
PCR 5% % gel AV]9ES 333 Ab@olt} (M: 100 bp DNA ladder; 1: Strain SJ-1; 2: Strain SJ-2; 3:
Strain SJ-3; 4: Strain SJ-4; 5: Strain SJ-5; 6: Strain SJ-6; 7: Strain SJ-7; A: Asp. terreus ATCC
20542 mutant).

32 B de] o AAde wE AEE Zulaetd AT SEkols AXHE FI
:Xx400, A:Asp. terreus ATCC 20542 mutant; B:Stain SJ-1; C:Stain SJ-2)

EIRAEY

L

g

o

ojt} (wj
T 4% SJ-2 #F9 AA IS Sk AAdE 2ulAeteS YERd g2 o|td (Ar Lovastatin acid
form; B: Lovastatin lactone form).

% 5% SJ-2 #F9 mAMYS F5te] AAdE Evlaeld S yEld a2 olg (A: Lovastatin acid
form; B: Lovastatin lactone form).

T 62 TLC 248 &3 Zvlxgtele] HAEES gRlgh Axleo|th(A: Lovastatin acid form(10 ug/me);
L: Lovastatin lactone form (10 pg/ml); AT: Asp. terreus ATCC 20542 mutant (100 pg/ml-extract); SJ: SJ-2
(100 pg/mé-extract).
L 72 UFE o83 uA LGS F3te] SI-2 #FE5E ANE 2ulxElel S e Tgzo|t) (A:

Lovastatin acid form; B: Lovastatin lactone form; : O: Non-heat treatment; @: Heat shock at 30C for
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