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Improving Productivity of Pravastatin, HMG-CoA
Reductase Inhibitor
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Abstract

Pravastatin sodium, competitive inhibitors of HMG-CoA(3-hydroxy-3-methylglutaryl coenzyme A) reductase, is pro-
duced from the culture broth of Streptomyces carbophilus KCCM 10370, The production of Pravastatin sodium was
increased about 45 fold compared to wild type by UV mutation. Production of Pravastatin was also improved by
continuous feeding of Compactin sodium to 24% and bioconversion ratio was also increased to 4.3% by intermittent
addition. In main culture, concentration of Compactin sodium was kept less than 0.1%(w/v) under continuous feed-
ing of Compactin sodium then product was 0.49% and bioconversion was 70%. After finishing the fermentation,
Pravastatin was purified by various chromatographies such as Diaion HP20 resin column, Partition, and ODS(Octa-
Decylsilyl Silicagel) resin column with a final yield of 70~72% and over 99.7% purity. The IR, UV, and NMR
study of the purified Pravastatin sodium showed the same pattern as that of EP(European Pharmacopoeia).
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Fig. 1. Inhibition of cholesterol biosynthetic pathway
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2 FHHE AT 2719 9 &5 (rate-limiting
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CoAE AZe' atof 200718 v aawkgs 7AA &
e, FY2HE AT AE 5 oA Al &
oJsl= a49l desmosterol A G Ao 23] SulEo] A
A== desmosterolo| A sterolZ2] M3 A e
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HMG-CoA a2 A3jAl= 49 7122 HMG-
CoASt FAM 728 AUP AF7H B2 A77F BAal
F A}k 19753 HMG-CoA L84S o]z oz Ads}

Compactin Sodium

Pravastatin Sodium

Microbial Hydroxylation

Fig. 2. Schematic diagram for bioconversion of Compactin
sodium into Pravastatin sodium

= 22 €l (Compactin)S Penicillium citrinum2-Z5-
H HxZ WA HEndo and Kuroda, 1976; Endo et
al, 1976). gk FHElo] B2 FEAE sfdste] A
(screening)dl= Aol FHE S FoS 9] =F tA}
824 Zotutaerdoe] 4 H o ™ (Hideyuki et al,
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B Ao AaFFE S carbophilus KCCM 103705
o]-§-3t3Ath. AloFe 2 FHWEIS Z52] Molcan Biopharma
Co., LTD (Chengdu, China)2E] F+Qlate] ARg31]on,
FHEl FE(lactone)S YEF(sodium)SZ HgHsle] AYAik
T GAEY 4 dgks Aol ARSI ZephkiEt
UEFS dE Sankyo(Tokyo, JapanAFZHE 9 A}
3L, 71EF Aok S5 A oFS ARSI T

2
E

oo (M Ml d

A

B AFoMe Bde 2dSF S carbophilus KCCM
103705 APHEIAIONA 5 o) wiFsto] dad A2 4
e AUt wAlE dEst] 10~6027F UV 2AMSE
O, A2s=e S99 - viA|(Table 12] vl 9} 2.0%
agar, 0.01% compactin, 0.5% pravastatin)ol] =3}
colony®s AAsle 1A} A¥EHFRE AFESAIL S0mL =

—_

Table 1. Composition of seed culture media

Ingredients Composition(%)
Peptone 1.0
Yeast extract 0.1
Glucose 2

pH to 7.0 and made up to 1L with D.W.

Table 2. Composition of main culture media

Ingredients Composition(%)
Glucose 2.0
Yeast extract 0.6
Soy bean meal 2.0
Dry yeast 0.6
K2HPO4 0.25
(NH4)2S04 0.05
MgS0O4 0.01
Antifoam 0.1

pH to 7.0~7.2 and made up to 1L with D.W.

k=0l Auj viR|(Table 1) FH|ske] 12} XA Z
2UZE FFsle] 28°C, 150 rppm & 247k vl £ 500 mL
W ZZef~T0) EuljF vl 2] (Table 2)5 FH|ske] Aul gy
< JF=E3t] SmL FFIAAL W% 28°C, W REE
T 180 rpmlZ 147F vigs = FHES 0.02%(w/v)e
FTEE H7ste] vj st

AFSHHX] 2 AA =R

B AFNA S carbophilus KCCM 103702] A-&3} =
ghalelEl o] AJALS $)5te] WA HES WX 2 e Wiyl
(Bennett's) gt BRI E ARSIl oH, MuS flsto=
Table 19] ZA< 71K vix| e} Zgpulelele] A2 9
3k Hufoke] A= Table 29] AL 71RO 2 o] 413
of AFEaIth vl 2 WAXRAAEE 918 A& &
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o™, 3,000 rpmoll A 15%7F ARl ste] FA FS )
$£2 3218k th(Hosobuchi et al,, 1992). Glucose F%& =
2 33| FqFS S5k WH S DNS (dinitrosalicylic
acid) W o2 =330 thMiller, 1959). Bl kel o] e
Ef FEE WlgY-S 94E2](14,000 rpm, 10 min)3}keq

AF5-o0-S HPLC(Waters, Milford, USA)S AFg-3to]
I AEEAZAS Symmetric C g (4.6x150 mm) 2
HE ARSI oY, #4542 1.0mL/minZ 313, UV A&
712 238 nmollA AESFATE o5 77% WEHE, 0.1%
%2}, 0.1% triethylamin, 22.8% ZF570] 3, A ZrlE 12 1]
152 7F(chromatography retention time)oll 4] 6~12% Alo]<2]
9 A(peak)E ZAFIS tH(Masahiko et al., 1993). B %<2l
Zept2Ete R WSS 50% HEREel 3]4ste] €

= o 1

g3l BEAHEAY. ASENZAL  Symmetric C,q
4.6x150mm) AHE A On, 2EE 25°C, F5&
13 mL/minZ 333, UV A&7 2 238 nmolA AZ31%
t}. o)A WA, Egol| ol (triethylamine), HEHE,
FFH4(1:1:450:550,  vANN)S FrE < 7] S5(European
Pharmacopoeia, EP)2.2 &} t}.
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0.04, 0.05, 0.075, 0.1, 0.2(w/v) &

AT Mg e Frjslel FAF, 5 UL mejus

Bl 9 e oS B T
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Z
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g7t F89 A | N FASRIEFNaOH) O 2
pH 892 ZA3le of3 R ZA|(Perlite SM771, Kyung
Dong Ceratech, Seoul, Korea)S W< tH] 3%(vAv)E
A7Vskal 30 &<t wREe T o] 2] (Whatman No. 4)
2 43 At FH 2 At ZepukiEld YEF
5¢o] HE oA7FAS 1IN GAHHCHE pHE 52 243}
o Diaion HP20 A7} 500mL 7% Vantage
column(Millipore, Billerica, USA)®| 20 mL/min F&2 2
S2F8kal 2,500 mL S /FE AHESEY] 20 mL/min 52
Z Al F g T 50%(v/v) methanole AFE-3}43 10 mL/min
fFrEow gelsh, 2k2b 250 mL¥ 8 (fractionation) 534
o 2EE &Eds Y IFEFVE 55 b 6N
HACRE pH 358 24 F 59 ethylacetates 7} 1L
Hhste] TEmtAEtH S FE6kaL odopAE|o]E F-1] 9
024 S/HFE HI7ISIL 1IN AV ESR €997 pH
8.5% XAdslo] ZeputiElRlo] HtE 855 3|etsl
ok o] &35 739 208 acetones F7Fske] 4°ColA
AR s}sto] fFH A EP)THA AP =27 2 w7hA]
HHEsh= A ZA 33} ODS(Octa-Decylsilyl - Silicagel,
Daiso Co. Ltd, Osaka, Japan) TR & %13t Aol F2
SHFTZ A3, 60%(v/v) methanolZ &2], 553+ 919
ARz o7 AAslete WHS HPLCE 43t £&

% 582 sk

=
S. carbophilus KCCM 10370¢] UV WHo|F=Z wi¢F 2
A ZeptiEtd GYEF 9| 88 2 E Syl fls)
A ¥~ E =7 (Infrared Spectroscopy), AF&]HF-2=
= E H =2 H(Ultraviolet Spectroscopy), A A}7]5 2~
E

Dy

HZAH('H Nuclear Magnetic Resonance Spectroscopy)
A7 FH AH EH S H(C Nuclear Magnetic
Resonance Spectroscopy)] 7171 141 0. = 13T

WE 1% % 9

Ao

Al

MAEZS| TR HOIF Mg

A
B ApoME= S carbophilus KCCM 103708 R332
Sk UV mutant ¥ SNX S carbophilus K-212(KCCM

Table 3. Pravastatin production of Strepfomyces carbophilus K-212 by UV treatment.

Strain PCV (%) Pravastatin (mg/mL)
. Streptomyces carbophilus
Wild type RO 10370 23 12
Mutant Streptomyces carbophilus 2 547

K-212
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Fig 3. Scanning electron microscopy
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Fig. 4. Time course of main fermentation in 5L jar fermenter
with Streptomyces carbophilus K-212

Table 4. Effect of Compactin sodium concentration on bioconversion rate by Streptomyces carbophilus K-212

Compactin sodium

PCV (%) Pravastatin sodium (pg/mL)

Bioconversion (%) Residual Compactin

Conc.(%,w/v) sodium (pg/mL)
0.01 22 80 80 0
0.02 21 140 70 0
0.03 20 210 70 0
0.04 19 270 67.5 0
0.05 19 304 60.8 0
0.75 18 340 453 131
1.00 15 88 8.8 860
2.00 0 0 0 2000
Blank 24 0 0 0
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Table 5. Bioconversion rate by Streptomyces carbophilus K-212 with intermittent addition of Compactin sodium

Total 6%(w/v) Compactin

Residual Compactin

Time(hr) pH PCV(%) sodium Added(ml) sodium (ug/ml) Pravastatin sodium (png/ml) Bioconversion(%o)

0 6.82 6 0 - - -

30 6.48 19 400 - - -

44 6.69 21 1000 - - -

68 7.11 23 2200 50 1100 50

96 6.95 25 3600 70 1800 50

120 6.93 25 4800 90 2500 52.1

140 6.73 26 5400 100 3200 59.3

Table 6. Bioconversion rate by Streptomyces carbophilus K-212 under continuous feeding of Compactin sodium

Total 6%(w/v) Compactin

Residual Compactin

Pravastatin sodium

Time (hr) pH PCV (%) sodium Added(ml) sodium (ug/ml) (ug/ml) Bioconversion(%)

0 6.85 6 0 - - -

30 6.84 19 300 - - -

44 5.93 21 850 - - -

68 7.6 23 2300 8 500 217

96 6.96 25 4000 240 2100 52.5

120 6.67 25 5400 240 3200 59.2

140 6.13 23 6600 410 4200 63.6
5, 7AFS AT 2 A3 Table 59] 374 F FHY YEFS 4 FU#F 24S 53 wide] 4F
P HE HEEo] 593%=2 AAFS 032%=2 YEPES 2 Eolg B g xoA] sty 7] g vde s
o, 942 FYUL Table 69149 o] HE H3HE o] 28°C, W RFEE 350 rpmoll A F717FS 0.5 vwmlE o]
63.6%%= AAFS 042%=2 HeEth TS 4AE 27 Y 195 dAFY ST WoAd 2%AA
AAG qFe] Zpol7k gl en Hdekresd A& Fdo]l 9 FEE 05mgmlE FAHES stofFaL 5U7F vl g
43% =k U YEFO AskEd #AY T 0 A T FUE UEFS 7] FYSEE 20mg/L/heE 3}
(stress)oﬂ o)k FHEl YEFS] &35 S T de 7Y of Aoz F7HA 80 mg/L/hZE FAAA 27 F9
H5 5 A FAGt 2% A&HH o Bt W ® UEFS 0.01%°1 32 FAAAFAT. L A3 v gA]
Hol AEHoz HAF&S 4SS o8 F IA s ol wE i A (Fig. 43 whFA 2ol e S8
Ao g o wE FUE YEFS dF A Al EF THFES 0.01%C]8E FAHJOH, A& 27|
HAE dEFYY £25 Aot AeE Zouksel 95%004 1407 7HellA HE 70%E YEFTHFig. 5). o1
d HEF ANFE =Y 5 Adn 9] Table 5elAfe] AEEET 64% Footalon =z}
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Fig. 5. Time course of bioconversion rate in SL jar fermenter with Streptomyces carbophilus K-212 under continuous feeding of

Compactin sodium
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Table 7. Summary of purification step for Pravastatin sodium
from culture broth

Purity  Overall

Step %) yield(%)
Culture broth - 100
Filtration 60~70  89~91
Diaion HP20 resin column chromatography = 92~94 85~86
Ethylacetate partition chromatography 94~ 95 83~84

97.5~99.8 48~49
99.8~99.9  70~72

Re-crystallization
ODS resin column chromatography
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