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The biosynthesis of Lovastatin. a cholesterol lowenng agent formed by the flamentous fungus Aspergnius fereus, was invesugaed n
shaking flask. The effects of essential elements In the expenmental medium such as carbon, nitrogen, phosphate sources, and amine
aoids were examined [0 ncrease Lovastain produclivity Lovastaln production in shaking flasks was 68 mg/ll in the used medium. Effsct
of garbon source on [ovastatn production was performad  As a carbon source In the medium, 45 ml/L of giyeerol increased the
Lovastaln producton up to 255 mall, which was found 0 be wmproved almost 35 tmes 1 companson with that n common medium,
The optimum concentrafion of peplonized milk as nirogen source was obtained 300/l on Lovastaun production. The severe mhibilion of
the cell growth and the Lovastatin production were chserved i shaking flasks conducted at the medium contained ammenium carbonale
as a nitrogen scuwrce. Lovastatin production at vanous concentrations of several phosphate compounds was also examined The addmon
Gl elther potassium phosphate dbasic o socium phosphale dibasic increased the |ovastaln producton and the oplimal level of
potassium  phosphate dbasic was € o/l Even lhough Lovastatin conlain methionine-dernved methyl group,  L-methionine  and
DL-methwonine land o dimimsh the Lovastain production. Among the amino acids, L-histidne and L-frypiophan had a remarkabls
ennancing effect on the Lovastabn producton. The oplima! concentrabion of L-histidne and L-irypiophan was Gl
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Lovastatine: Figure 29} ol qtAlald 53alol Asperziilus
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Iiigure 1. Cholesterol biosynthetic pathway.
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Figure 2. Lovastalin blosynlhetic pathway.
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Table 1. HPLC condition for Lovastatin analysis.
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Table 2. Effect of polyethyiene glycol(PEGY on the production
of lovastatin

Lovasiabin{ma/L) | Dry celt weight(g/L)

PEG 0 g/l 5.3 [ 1812
PEG 600 1 g/l B4 | 1395
PEG 600 25 g/L 7,60 ‘ 1413
PEG 600 5 g/l 155 1547
PEG 1000 1 gL 1208 1546
PEG 1000 25 g/l 245 1558
PEG 1000 5 g/l 670 1853
PEG 2000 1 g/l 57 1947
PEG 2000 25 g/l 6820 1644
FEG 7000 5 g/L 5254 1804
5 500
|
0 I [
o - 200
= 04 i
B ]
g { Fi £
£ n- :
S (I Pl 2
10 AR l
T I - 500
. i1l ”1 i,
D D I (x H

Carbon souree

Figure 3. Effect of various carbon sources on the production
of tovastauntT__ ) Dry cell weight, [_7 1 Lovastalin
concentration).

A plucose 45 g/L; B glucose 100 g/L, C glucose 120 g/L.
D glycerol 45 mL/L: E fructoge 45 /L. F. maltose 45 g/
& lactose 45 g/L, 1 sucrose 15 g/L

Rt FQJ g A
“A sled dheh 2,
F 16 g/L@r Hlwste] &
ovastaun AHEE 47

%&£ Lovasiatin A4t

& BAZ Figure Id) VELRG, o)
AAA Y] AL A 2owjekx
Lovastalin A%reFe] 83 mg/LY TE
YHE 45 LAY Hobd 45 gL L
296 mg/L¥ 203 mg/L2 oF 354 o4

L
kil

e RS

ZEYAZ o] Holgd] vgfq ARDED2 SYHES BLHe
2 Fgete Zo] Lovastatin A4ke] { aFgolata Adsid
) o giadoenr FEAEe] me Lovastatm *é"&?r}%
el A8 FeldZe] TR do| Yadale] o E5]7] 4
& Bbdle] ohaz, oladiatel thE ghi2o °]‘ﬂ o] of

39

——

[SX]
<
1
|
[
=

Dry cell weight (g/L)
)
=
Lovas|atin (mg/L}

0040 45 & 10 120

Glveerol coneentration (mL/L)

Figure 4. Elfect of glveerol concentration on the produclion
of lovastaun{[___] * Drv cell weight, [__-] : Lovastatmn
concentration.

AL abE A7 UEA] gkalr HHE-“’]E%:& AZ-Er, el 9
2 45 mlA Mg oleldl 20, 30, 40, 80, 100, 120
mL/Le 2Rl4dEE dd SR 7]'0?'01 FelA gy w27}
Lovastatin Al3kzke] v]xE H4L Figure 490 UEhdd. 24
AE 10 mI/AS 45 ml/Le Lovastatin A2kl 256 mg/L
Hoo ot FEX B FeAE 20 mL/Ld 30 mL/Le
My 50%ol3e 2 Lovastatin A0S Uehhgich 8%
T ooje AziAze] £ Wil ¢l JloF Hof v Lo
A AT Yol oAb o) 8 E waAade] REg A
Lz gl £d 9 g 248y X7 120 mL/s]
A dzuAwe £ 4017} e, SFAE 40 mLL
g 45 mLAS ¥l }'34 [mastatm Aabeks vl gl
e =& @iy g A2 olzhiArs] M5 ol F
=3

rO Hr

ol Al e ol Ti}ﬂ 4
Figure 24 o|n] AlAg AHF F539 F44L malonate
2 HdEEoe] e Aol ol &3 WY olykelide FEZ
Wl o] 28k Lovastatin Al4be] Ef2o2 ] glid=
malonate?l AHk} Aehde| ol L= S WA polyketide F
£ o] gurg fxale fde] ulgasin, ofd oA vlA
Y i E ME FHRE dAskd WYl 23S Figwe 5
o velds I Azl 2E 72 dfate Lovastatin Al
200 mg/L ¢)itelgend, FEAES FAY90E A HASR
v} Lovastatin "“._}aw AREE 7] ZFofuet Hl&etAL
et ol 244 7if‘ T’% FoAE e B
Flgure 5o ERd )ﬂ Pe} % to] 33~43 p/L= v
4 =9 FAFHA 01 ] 9 keal/gZ, 4 kealig
ERFe|u 4 keallg @ ] ST} =& GFFE
Aet7] AEe] dA AT BLEs
o 718 £8% % Lovastatn A-so) 7
o1}, 7pEe] HAFéElm, Lox-aatatm "J!"J"‘o o] %73k
gy 715 Addsted e 3’““3011*1 Ag Aalals

=TT
Figure 69 Wetdch S5 7188 F=rb Sl ue &

J;i
i r_kl

o)
-
=)
2

4

=]

.Lu
e nLru

ol
Bl o
Ho‘m’

_12
nR el

=
™

o ¥
il
EE.

rL|

%101".;. AoZ ¥

oo o
2
cll

T e A T 1t A
o>-
Hi
]o
E
e
[w]
e

)
i
°
=)
!
°



40

Aol =rrh Zrdgen, 49 718 60 mULAA HREg A
o] o 483 phoE 24s9ld o Lovastamm AL S50
s 45 mlAe FEoiA ok 2424 mg/L2 A EUT

tre] ghasle ALEE A% Fgure 3-69) VEbdHiel 2ol
ZelE 45 mLAd FUdA 7R s Lovastatn A AL RS
BolZEuth E§ Lovastatin B A4 (specilic productivity) =
Table 3¢ ®eojm zzk ol vl FEOIA 125 mg
Lovastaun/ g cell® 7p% %2 g-& JUehid, o & uge

E|

2 AnE FANAS 93 D497 olgoite] TE BAaAE

o z
NET} 2 Y
Fetgar, 2 &
] Fm
] L o3
"1 1 -
- i - 200
B 30 ‘,: ;j
= 3 El
z |pwe 2
EREE T3
& | -0 3
!
0 il
0 : : : i ~L Lo
A B C D
ol

Figure 5 Ellect of various ols on the preduction of lovas=
ratin{ [ ¢ Drv eell weighl, 1 Lovastalin CONCEnNiranon;
A, cornt ol 45 mL/L, B eoconut a1l 45 mL/L; C sunflower
seed ol 45 mL/L; I savbean ol 45 mL/L

50 — 300

_‘]"

0 - *rl 20

~ N i 5 - o0
= o | - -
i 30} 3
= g
g FE 2
T‘} 20 4 § ‘?
= | rm 5

it -

el

v = - Ly

20 g B 50

Corn oil concentranion tmL/L)

[gure 6 Etfect of corn ol conceniration on the production
of lovastatint[ 1 * Dry cell weight, Lovastatin

Korean ], Frotechnol Broeng. Vol 14, No 1

reloR AgE 29 FFEA S Ao sjEie) 32 g/l o) 44
o T8 tekfglod #
§ waglel ASyE oA akel 2728 g/LelE. TR i

SEEERESET

iTH

50 = 3w
J i 3
‘H - 250
0 1 L
- - 200
LS T
E [ IR
z : : g
5 20 b g
- - 1001 -3
5
16 - 7 -
¢ 0

A B C D E F
Wied carbun souvce

Figure 7 Bifect of nuxed carbon sources on ithe produchon
of lovastatint C___1 ¢ Dry cell weight, "1 Lovastabn
concentration)

A glucose 50 g/L + glycerol 30 mL/L: B. glucose 100 g/L
+ glyeerol 30 mi/L, C glyeerol 50 mb/L - com ol 20 mL/L:
D, ghyeerol 30 mLAL - corn ol S0 wl/L, B glyeerol 100 L.
+oeorn ol 20 mi B plucose 50 g/L + com al 50 mL/L

Table 3 Companson of spectfic production wn production
medium using varous carbon source

Carbon source(/L) { mg ﬁg\tastaun
Jr—cell}
glucose g 41
glucose 10 e 7.1
ahicose 1Me 31
[ructose g 74
maltoze g 121
lactose Hyg 44
SUCrose g 15

glveerol 33

peplomzed milk

a1 g/ glycerol 30 mL
T glveerol 40wl

vegst exdiact

wn
[d=

—
[ [l

b |
Wl I )

Cad | | L | 8 | 2

glycerl 45 mi.

25 (gl

s alyeerol ) mL
FEG :.U?Uq’ plveerol 100 mlL ‘
125 gl glveerol 120 sl

‘ cocomul il 45 ml.
sonflower sced ol 45 il

[y e el

:

sovbean il 4 ml 48
corn l 0 ml 89
cormn ol 30 mL 83

‘ 64

e
-1

corm ol 45 mL )
corn ol 60 mL 47



Kim, B (i, Medium effect on Lovastadn produclion

; Ade ZA7 2 5 9
O 2ER gherdl P49 AR fHas Ao ol
AE bl ol Tl By gL ZEAE 5
T3 2ol A Lovastatin A418Fa] 298 mg/ L2 &
: T 5 g/L° ]1 thli af
g Lovastatin M4FFRTE oF 4] 2j4F 2718 Ao}
the gAE 8 slAR £ B SRS BEEe] b
AL R 51 ALEE ARl w2} Lovastatn Al4k2Ro]
CkEe 2 A glolnh #e dade] AL gpidon ag)
o &7t ﬁﬂbhﬂl uhk dzgAEe Saksbg e, old) 4
# 3} ed LOV"lstalm Aitwel Zvhabee gekeh o] oAb
AT AW ST Fe FAAE DA QYR 3
Tolt BAYS o) &st7] olad u] olxufabatel A7
R}, gy & 95 B9 X o Fujab
o F2 gadsl BEAES Fol 3T FL T 4

=)
A o d-tefeldt BRom

g

110 T
o
o

S

ol

=

HZ Lovasiatin A4lEg
A=)

g}
50 mL R= EV‘-L]EI a}fli ”—7] 449 87

g/Ls Ee wg E
Ast 7] @49 d7}AF Lovastatin Alokabel| m)ae ofgks
ZAete] Thgure 8o veldc), @423 2292 A L]
Al A Al ZA e x| lgrEale] A 7lse uls 2
o 7 Andd BEE M gLt

ln
[
Lovastabin A%

0} 133 mg/L?! ammenium oitrate® A5
EUSR R S B e

Y AsYE 72 meil ¢lery e

B 300
L o

e ” L‘“O
~ - 200
—
B 304 o
= Ep
o (A=
T % _ &
£ | Ll

104 ‘-I-w

OJ | 11 ”1 _ | L )

B C D

EFGHTI J KL

Iitrogen sauvcs

Figure 8 Effect of various mitrogen sources on the production
of lovastatint[___] Dryv cell weight, [ . Lovastatin
concentration)

A ammonium acelale: B. ammonium carbonate; € ammonium
chioride; D ammontum citrale cibasic; B ammomum wirate;
F* ammonium phosphale monobasic; & ammomun phosphate
dibasic; I amwnomum sulfate; [ pep-tones J© peptordzed mulk;
K' tryptone; 1. veast extracl

41

Lovastatin A4 #& JeR D, Lovastaon Al Eo) 58
mg/Le! peproned e bl F7] BAUS 124 mg/L
o448 Lovaslatin A4S e gich Marbm® McDaniel

]
(2

D& Hard s dicomplex nilrogen sourcetol idiophases]

Aol gAEFAde] FESHES trophophased A=) Fql
ZJE HERD Eug u g TE pencillin 2o a
Agde] BEe glejMs Bgaade] Frdadnd g
Telehchan A1) o8 B4 9 Fo M peptonized
mille 24 g/L%1 M7} 239 me/lL2 717 =& Lovaslatin Al
e wEnfglen, old AzFAFe 29 gL 3
UoE2 219 A S AREE old 239 Lovaslatin A4

ot
c

| 298 my/Lolm #ARFAe) 27 g/Lolgdel A v)at
B Lovastatin S <) Fadty ARgdBe 2 g/
A5 Zg ﬁfﬂlﬂr ol 23t o

7 .

g 7 8= ’“ﬁ:}-'?—i]' o 'W*C’]E]—l— "éﬂE]L] A Hdd
A TEE FE 22 ammonum carbonate® TEE 1) 7]
ol <z Lovastatin A8 S8 £ ¢l& Jrox Hgo
u, peplonized mikE 353 o] A= Lovastaun 44k 3k

o] 239 mg/L2 Z2Ld ntgl Lovastaun A2bEe] Ay o
FE Geoke 2l

RN o
TJHDE AiHe FES 2d@o
24 ol AR ES Lovasiaun®) A s 2o 7heE A

o2 AdE,

peptonized mulk® #HE F5=& 47 #8) 21 g1 o)) 12,
18, 30, 36 g/L2 Y& Zajsle] A8 232 Figyre 90
YER T peptomzed milk 12 g/LelA 30 plAbAl= BEA)

71l wel Lovastatm A4bgkel Zrvkalgien) 36 g/Lel
peplonized mlko A& Lovastalm A4 &o] 449 2
AFAFE peplomnzed mtks) TR S w2995
© ATS HolFH oo FIFTLE peptonized m]]k
HAHFERAN Lovastatm A4kgFe] 713 22 30 g/

A stsieh

IRSES

CH TG 1

Drv cell weight (g/L)

|
Lovastatin (mg/L)

12 18 gl 30 a8

Peplonized mik conc. (g/L)

Figure 9 Effecl of peptomized nulk concentration on the
production of lovastatin(| - Dry cell weight, [T 1
Lovastalm concentration)



gL AL %’»I-H Lag 9ol owtﬂﬁ}c’ﬂ ﬁo% ul
Achks #4310, 13, 24 ;J_i 2Ed 50 g Lﬂ} 2l

a
=
0
ol
£
)1
o
j:
w
.
_'1_,
—r—’
s
=
b
E

g ES

el
WHIHEG Y (NHOLHPOLE A7bel 7124 Tavastatin A
Agre] 7HAFE ol O umAE Lovastann Aabke] w]=E
Al ZrhE Qo) ofgd Anis e o4yl ddelea
£ 28 5 garn @4 A8ed gmmomumel Y K 2 Nad
=14

D% F T Ty Qo ARy A9 o

50 400
4
- 500
4 -
ER F’ -
2 | E
2 ] | I E
= &
b= ] 3
i

0 N 2NH K 2K
Fhosphate

Figure 10, Eftecl of phosphates on the production of fovastalin
{ |- Dry cell weight, {1~ Lovastatin concentration)
O no phosphate, NH. NHLHPOS ZNH (NELWHPOL, K

KHAPOy 2180 IGHPO, @ Naw NallPO,. 2Na. NasHPO,
s 400
40 1

B 300
3 ¥ L
29 I
E" 1 ] 1 200 E
E ) ) E
- 5
a3 | 3

- 100

0

i 2 4 fi 8 0
IHPD; concentranon (g/L)
Figure 11, Effect of KHPO. concentration on the production

of lovastaom([___] : Dry cell weight, [ 1 Lovastalin
CoNcentration),

Korean [ Biotechnol. Biceng, Vol 14, No. 1

[ITPOy 2 g/LE d7hak viA)elA Lovastalin®] 7p4 s9ith,
4 Z £ Lovastann 94088 Bl K-PO.9 w2
3 Lovasiahin Aol vl xj= odghg FARERe Bigure 1100 o
ERICT, [LHPO, 6 /LY #2824 Lovastatin A4
el wla]l oF 58l F719 Lovastatm AWAEE BejFdirh
KHPOLE $=7F 6 g/LRy =& ASd w3 Fvkhy
Lovastatm Alabgls] 2435tk ol Cephalosponin 44 4]
Z e FAEE Yehds dad FRelA Cephalosporin Al
el A gt ziah JAFCHIG). YA el uF R 2
o) 07

e A eolE trophophasedt ) diophase2 Y 7 $ho)
2 o)AuabEe] Al alws)

A gkoh BH A9 A%
de Aoz 4%dEn

2% oto|ito| Lovastatln MM oF s ¥
oiztfAlel| A ofmfitd HFEARA FOT HRL 43

o, Ao 2T o)f 8‘% T P15 ol BlgeE %
gL, 24 E 30 mi/L, peptonized mulle 30 p/L, KHPO, 6
g/L. veast extract 25 g/L, PEG 2000 23 g/L® 248 w4
7hle] eleliedb& 6 g/l Holgle] e 1‘.1:".1‘3] Lovaslatn
Warel olA= Pad Ao 2 A E Figure 120 e}

U=

7]-7‘* Lovastatm 94kel 22 A& L-hstidines)%esd I
< L-tryptophan®]&ith L-histdme(Figure 124 ¥)3 L-
ertophan(Flngre 128 B)E Olﬁlb-’]‘l T2 F Figure 122
A)eh wiwate]l Wz FASE dlsigon] 20 o4
Lovasiatin A4t 84 FE?Lii‘de’r L-tstidine® L-tryptophan
9 Tz glof FEFLLE olulwrF g 39 E 21 ¢

the Zolt

oo

il ‘rm

50 B0
4
:»0-1 I - 300
- 3
o 0 o oo
5 30 U
= 5
= 4 Lo &
= © 2
10 - ! L 100
! _ L

ABCUDEFGHI JKLMNO

Amno acid

Figure 12 Elfect of various amino acids on the production
af Jovastapn([__] " Dry cell weight, [___1: Lovastatin
concentration).

Al control; B! L-alanine, O DL-valne; D. L-levcing E L~
lyrosine; F. L-tryptophany G L-methionine; ' DL-methio-
nine; I* Lelvsme J. L-arpinme: K. L-lstdine; L. DL-scrime,
M: L-threonme, N' L-glutarue acid; O. L-aspa-ragme



Kim, B. -G., Medium effect on Lovastatin produclion

Lovastatin §788) methy! denor®2A @@tz 29
methionine(10}& o434 22 L-methionine? } DL-methiorine
£ o) Lovastatin A4e] ebsiicsl Pl Te) oF 0% W%
garon Az FAHE gk ejeh 42 23 methicnine
#aje] Wo i Cyclosporin A2l Aalel
UETH Tesst Agathos(1700l lajy A71EA2 Al

o 28 methylation
A
29 2L 2E i vEE Aol S50 ohlARt 7
& o

nethionine poole] B4 wlgsl o] HESHE &
ed dr F£F ol gy Bzt FriER oG] qEed

delyl FH2 o|F T
L-histidine™ L-tryptophang] Z

A}Ere] Figure 137 Figure 1490 vebdich o wdd o= o

ol =T ojailbEe] AFEE, oAt X

FEo| WE A%

5 800
[
1 T = ] - S
4 ( 1 , W .
5 1N Al 4 b
2 x4 (I V L5
= % =
= ar
g a0 £
= J - u - {F* 3
4 G 5 10 12

L-histidme concentration (g/L}

Figure 13. Effect of L-histidine concenlration on the produ-
chion of lovastatinf | © Dry cell weight, ] Lovas-
fAln concentravion),

60 B0
50 1 [] e
341 ' | —y J b am ~
=z {1 I . | <
= ~d & {1 o .. i ‘:éu
g 04 |3 [ |paw <
e i & ? It
. -1 " . - ] E
& uq (] : T3
W - 3 i
10 R ] - | Sl
0 A AL [ 4 N 0
4 8 8 w 12

L-trvptophan concentration (g/L}

Figure 14. Effecl of L-iryptophan concentration on the
production of lovastatin{__1 . Dry cell weight, T -
Lovastalin concentration).

=4 9 developmental regulator2A48] HEE B
g
o

, BB o))y} olge] e ol AiAMES] Aiks 99
A ) 1tk oEpd 2 Al el Lovastaun Al

g A Baabs) Sdlth L-histdine® L-trypiophang 6
/LY -2 A Aabel A4 Lovasletin AR 532
me/L% 516 mg/LE T W 6 g/l Lovastaun A5 %) 7
AR o Ta) ejab = UEbgch

9 &

I

pr
ki
D:\_.
al

2
cr M

S
C

-
T

3

M
Dh“ L 1
o

o

.

==
|

o\_‘i‘

o [+]3
AL =

2AE2 222 Lovastalin®  Aspergifius terreusE5H
At olal AR Bad, Aagl o4y 2 oelnleaks A
Ageirh @ SaddaE 242 45 ml/LY Lovastatm
055 mg/L2 EET 45 g/le 712HiAEe o 354 ode =&
Lovastatin 4182 JeENgich ghigle] Ayt T4
AL Avrsln Iovaqtatxn_,i°l gag 2RE7 8 7S
fasloR o]l4F AR, w2 Lovaslann A TAF
vehfigle, gE4E 15 mLfLL' O] Lovastatin Al
g 2T 50 g/l SEAE X0 ml/As FEE S oW
f1o] Lovastatin 298 mg/LE 7|20l Ha] o Jul] o4
1 2 Jgyastalin RS uEhildn, A4 oF
3?%1‘3}04 Ax~e) W Lovaslatin 4o & Flelg W
Wgon o 2elA peprontzed milk?t 717 Lovastalin 43
ot 9ad Felds KHPOSY A 5d
Lovastalin A#ak2 R ofa)s gejn 33w
72 oju)neabg "@ow A 1-hisudne® L-tuyplaphan®)

E o6 gLH

E
m]m
-

F

e U rlr
70,
[=3

[__?:'
L
-©.

1
g mRAolglon, 43 EE

A
2 oodyel Ase aFwebdd T oAy A7y
(MERC-06A-16-06-03-2)9 A% 2 19979E &7 ey
TAB(AEEE Bio 97-Bl-De] 28ty AyHYsoE

BAGT PAE L,

ikl
|
M
e

1 Alberts, A, W, J Chen, G. Karon, V. Hunt, | Huff, C
1Ioffman, ]. Rothrock, M Lopez, H. Joshua. E Harrs,
A Parchelt, R, Monaghan, S. Currie, E. Stapley, G. Albers-
Schonberg, O. Hensens, J. Hirshheld, K. Hoogsteen, [
Liesch, and J. Spri-nger(1930), Mevinclin @ A highly
potenl conpebtive inbibiter of hydroxymethyl-glutaryl-
coenzyme A teductase and a cholestercl-lowerng agent,
Proc Nail Acad. Sci, USA, T7(7, 3957-3561.

2, Tkacz, J. $(1992), Biopharmaceuting, frr Encyclopetha of
Muerobwolopy, Vel 1, pp. 331-337.

3. Stryer, L(1993), In Biochemistry, 4th ed, pp. 683712,
W. H. Freeman & Com-pany. New York

4, Tahert, ], A {1987}, New devclopments m hpid-lowering
therapy  the role of whibitors of hydroxymethylglutaryl-
coenzyme A reductase, Crroulation, 76(3), 534-538,



44

]

10.

11

14

. Finkelstei, D, B, and C. Ballleds19%2). n Biotcchnology

of Frlamenlous Fungd, pp 194-202, Bubierworth-Hememarn,
London, UK.

. Hutchinson, C. R., and L Funi(1995), Polykende synthase

gene manipwlation: a slructure-funclion approach mn
engweermng novel antibiolics, Ay Rev Microbol, 49,
201-238,

. Demain, A L., Y. Aharonowitz, and J-F Warlin{1833},

Metabolic Control of Sccondary Biosvnthelic Palhways,
It Brachemistry and Genelic Regulation of Commercially
Important anbibioticstl, C Vining ed ), pp 49-72, Addison-
Weslevy Reading, Massachusetis

Bu'Lock, J. D, and A. J. Powell(19G5), Sccondary et~
abolism™ an explanation i terms ol nduced enzyvme
mechamsms, Experientta 21, 55-36

. Aharonosalz, Y., and A 1. Demain(1978), Carbon cata-

holite regulation ol cepha-losponn production i Strept-
omyees clavuligerus, Amimicrobial Agents and Chemo-
therophy, 14, 159-164.

and A Cruger{1990), In Biolechnology A
texthook of Indusirial Microbwology, pp 1-58, Science
Tech Publishers

Martm, ] K. and A. L. Demam (1880}, Control of antib-
wiie biosynthesis, Alorobiol fev, 44, 230-251

Jarvis, F. M. and M. J. Johnson (1947), The role of (he
constituents of synthetic media for pemcilim production,
J Am Chem Soc, 69, 3010-3017

Cruger. W,

. Stanbury. P, [, and A, Whitaker(1995), Media for ind-

ustrial fermentations. In Principle of Fermentalion Tec—
hnology, v 83-122, Fergamon Press, New Yoarlk.
Aharonowitz, Y.(1980), mlrogen metabolite regulation of
antihotic Biosyrthesis Amn Rev. Alcrobiol 34, 208-233

16.

17.

18.

19

a0

Rorean [ Biotechnol. Bioeng, Vol 14, No 1

. Cimburkova, I, | Zima, ] Novék, and 7. Vanék{15938},

Nitregen regulation of avermecting biosynthesis i Sir-
eptomyces auenmiilis in a chemically defined medium,
J Basic Microbial, 28(8), 491-499,

Aharonowirz, Y. and A, L. Deman(1972), Influence of
morganic phosphate and orgamic buffers on cephalosporin
production by Streptomyces davudigerus, Arch Microblof |
115, 1658-173.

[ee, | and 5 N. Agathos(1988), Effect of amino acid
on the production of Cyclos-porm A by Toelypodladium
piflatum, Brotechnol Lett, 11, 77-82.

Tvalka, R. and V. Kien(1893), Delerminabion ol Lovas-
watm {mevinolind and mevmolinic acid m fermentation
houids, Jowrnal of Chromarography, 630, 415-417.
Friedrich, 1., M. Zuzek, M Benfina, & Cimerman, A.
Strancar, and 1. Rade#(1895), Migh-performance hauid
chromatographic analysis of mevinoln as mevinolinic
acidl w fermentation broths, JSoumnal of Chromatiography
4 704, 363-367

Rhodes, P M, and P. F. Stanbury(eds){(1897), 7n Apnhed
Nicromal Physiology, A Practical Approach, pp. 62-G3,
IR press

WMartn, 1T and LB MeDamelt1977), Production of

polyense macrohde anlithio-tics. Ade Appl Merobiof
21, 1-32,

Jenmngs, D IT.01989), Some perspectives on nilrogen
and phosphorus metabolism in fungi, [ Nilrogen, pho—
sphorus and sulphur ublizalion by [ungi{Lynne Boddv,
R Marchant and [} ], Read eds.), pp. 1-32, Cambndge
University Press, Cambridge



