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712e] 7AE 7Ho) 93 AAlH £ae dMAFHeE 4
o B I3l Aog FHEW, 53] 45 F(nematodes) Z H
Z-F(arthropods)oll 93+ Zjl7t 71 4lzkst sle = delA ok
(2). 19791 Merck-Sharp & Dohmerloll ] BE-8 F5AZ 7l
3l ol IS Strepromyces avermitilisol 8t FRAORE -
ARt g7 2] M=z ThE A7 SA A B
292 2t BEEA olF FRAFT 7P A% rEESE
Zk31 P AL ofHHEE Blaclthl,5). ol HE FEAF
B1(Bla+Blb) AE-S ThE o71x] ¥y} gsty o=z et &
o)&li} Blagt Blb AE-S ¥ExE=2 EE377F Z@th7.13).
waba] AgA o' FQ3) BlaE AMEHY] S8k B AR A
ko) Bptd FEs o] Edde] fdy AFAA &3 T
HhH 0 & A=) 01 (7.9), FRAC Z e opHH Rl A S
et wiA| 2 wikEA HAEyF dFNE sk dH
o] Jt}(6,12,15).

ohH el iR QM-S H3le] wiRlFe] i 771
shizko] op el AAJol] 7)X]= FFE TAKSE A} opE 2]
Hgols Frld4d Rohs f71d4490] 8% 93-S &9
(3), WiA]ell 20 mM2] phosphate”} S35 ol BRI o] A4
de 2 98s wx Fevke Hi7b Ath4). McCann-
McCormick S(12)# Zhinan 5-(17)S §Aa83 2] vl
g} o HEle] AabAdo] A FPe-S RISkt S

avermitilis®] @R 20 mMe] Co*E FH7ishil, WY EF
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0.8%2] propionates H7}go 2, opHEle] Bla®] AiHIS
A FIAE 4 ARAT17).

3)E ol A o eEl e} YabgdS dFFAlT] 7] $I8te] wiRAg
S AT oo = v H A off oA Bl gl ¥
Tke] A9 catabolite repressions, 7] UL nitrogen
catabolite repressiong ©F7|3Hc}, whEhA ARl AAEHE 2
b OiA)F 717ke) A nEE ehAh o] £l of dAlshe
catabolite repressions =E-5}3 WU}l F& ofHuE LIS
d7] Hste] BAAH R fi7h IEuldHel o8 Tkeda
S6r2 S. avermitilis®] WIUTEE EEFE Hrlele F7H 3
Hujoks Ealo] 3Euiet w Ko} Blad] H7[E 2R IO
™, Zhinan S(17)% 571 SEGoz 3824 vkl Hls)
Bla A ES P71 Bla A7HE 28 ol I

B Aol M S, avermitilis WO1FERE] Bla®] AW
2 B1be] A4S Haslelr] 919 200788 fiste] 77119
FEFE flask HRSFE E3te] 7 ES}IL, RSM (response surface
methodology) 71%H-& AME-3te] WA GRS F7]dad Fx9
AF3E Pl on, olF EUE F7ka FEuje] ot
Bla 4] S8 whax wjeke Fate] 2Alskqnt

ME R a4

AB2F

iz A3} ATl ARG T Streptomyces avermitilis
YA99-402 & Streptomyces avermitilis ATCC 31271} ALz
A}, N-methyl-N'-nitro-N-nitrosoguanidine NTGE #} ] 3} IJ=
% oot
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S. avermitilis YA99-402] AlthulleF vl A= inorganic nitrate
starch agar (ISP No. 2, Difco)(16)°] soypeptone (Sigma)= 2 g/l
2 A7iste] ARSI Tl wiAe] 2L TR 29,
WFE 1.5%, com steep liquor 0.5%, EEFZEE 0.3%, CaCO,
0.3%°1.0.H, opEel WA E 9J3h 7| EujA|(SPYG)S] A&
E5Z 7%, HFE 1.5%, DAR 0.5%, ELFEE 04%, T
. 05%, MgSO,-7H,0 001%, ZnSO,: 7TH,0 0.001%,
CoCl, *6H,0 0.001%, FeSO, -7H,0 0.001%°|3}ch. Bt A j
A9} pH= 7.00.2 243190}

Y k=74

S. avermitilis YA99-405- AlthuljeF wj=]o] HE3sl 28°C ¥
2719014 793t vt o EAE ZAE 40 mie] A7}
E°JUE 250 mi baffled 22+ flaskdl] 1 ml B 1X10° 7|7} =
T8 HEIIL 28°Col|lA] 24417 FF 200 pmO 2 HiFS AA]
atqch WAz HASE st Buld wlR] 40 mio] ©3)
250 ml Erlenmeyer flask®| 5%(v/v) HZ %02 Zujoas A
F3te] 28°Ce] g-2AoA 2.5 cme] NEL 71 ek
(SI-4000R, Jeiotech)oll 240 rpm o2 wwisly 7U7F vjkslad
ok REZR wRe 7 | TERKETL, FEE 7))ol 4 19] wiR]

HEEE 350 rpm, B71%F 0.8 wmlE 13} TeW w59}
el wht 9-12U%E it AR g A 7)1R &
£% 52T SYel 2% 9 %olRlen f744 SR
A% 27 FET BEE 190130

272l ¥gk

712 Aol K,HPO,E #H7VekAl Q3L S, avermitilis YA99-40
E wfdBlg S wel 42 05, 1.0, 1.5, 20 g/he] 5 u=|d
A7kete] wigslalE wel Bla 843 ¥ Blb A45S 2N

et

Hi X =M =X 3}

olH el S 93 F718A] HH3E Ysle] WheH
W E2AH(RSM; Response surface methodology)S 2]-8-3t}.
ofH Rl Al JIE vA= UlFE, BAE, GRFEE9
Y 9EFS #A3] At Table 13 2& FHFAH

Table 1. Experiment combinations according to codes of experimental
design for optimization of avermectin production

Variables (g/l)
Levels Soybean meal  Cotton seed flour  Yeast extract
X)) (X,) X3

-1.414 14.4 0 1.6
-1 15.0 0.8 2.0
0 16.5 2.8 3.0
+1 18.0 4.8 4.0
1414 18.6 5.6 4.4
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(central composite design)S AHEIIATE SP M4

model& Thg 413} o] 71gaisct.

Y=L+ B, X, +5,X+ B, X s+, X Xt B X Xy B X X+
By X B X 4555 X5,

A8 model?] FAIH EAJol= Sigmastat (ver. 2.0, SPSS)E

AREEFIT.

F7HA B2k =2 =25}

F7H ARG 23S AHSS7] At S avermitilis
YA99-405 t)do & 7 | BEZ) wjx|e] 27| ¥ FES
70 g/i= st wiFsHAM, wiF Al 128, 136, 144 A7kl
2yzhe] a2l 30 g/0] FER =TS Hrleha v 240
AR Algsted 71 w2 S ARSI e {714
SRS f7HA s el HHE HHxAE vRew
Azt =T F7F F S 42 196, 206, 216A1374A] 713
g U 23R 20 g/10] EETE EZRC H74sked 280 Azt
7 v S ASsiah Bax vk sl o} Fgt
Z20 M 338t

ZH 2 % glucose s X

TAFS g 10 mE FHtd 15 o] 4RI H
(Falcon)ell o] 3000xgol| A 1083 94823 S PMV
(packed mycelial volume)s Z7g3}3t} vl o] ¥x4 &
T AR Aol wEt A F 3 uljekl S AR 5 A
TAL THFE 10~1008] 3)X8}1L, Accutrend Sensor (FR-51,
Boehringer Mannheim)& ©]-§-3}o] Z43}5jc}.

OHHHEl & 3 7|5

i 25 miE Fskd 15 mie] FAEE R ¥ 5 mi
ethylacetate S 7}t U3 3A17F B9F BN A S avermitilis T
A el A€ opHHEl S F&¢ o, HPLC (L-7200
series, Hitachi)@ WA}t 210 ARR-H columnS Cosmosil
5C,-AR (4.6X250 mm, Hitachi)©]$1 2™, £wE acetonitrile,
H,0, methanol2 14.5:4.5:1.00.8 E§3ted 7|XE A AS & A}
|39t 29 flow rate= 1.0 mi/min, AZ342- 245 nm¢!
Z00M opHH Rl 248 3sigt). opH e Bla 2 B1b9]
H-&-2 245 nmo| A2 peak FHZo)4 Bla 2 Blb/} 22t 2}
A= peak®] HAHE Alakalth

2 B

27121 HEt

SPYG #iA]e] K,HPO,Z 0.5 g/l G E 0~20 g/} H7}
ske S, avermitilis ' YA99-402] oWl Ao #at QS
ZAFEE 23} Table 20 vFER whe}l o] wjx|e] K,HPO,Z
05~15 g/mHA A7k w ohEel Bla WAL Al HJ3ke



160 Byung-Kyu Lee et al.

Table 2. Phosphate effect on avermectin biosynthesis by S. avermitilis
YA99-40

Kor. J. Microbiol

Table 4. Regression results from the data of central composite
designed experiments”

K,HPO, (g/l) Bla (mg/l) B1b* (%) Model term Regres_smn Standard tvalue P-value
0 1341 58 coefficients Error
0.5 1333 4.8 B, 1434.826 132.342 10.842 <0.001
1.0 1.365 40 B -6.531 47311 -0.138 0.892
15 1.449 30 B, —82.748 48.123 -1.720 0.102
“Portion of total avermectins. B 5.986 45.452 —1.412 0.897
B -30.125 57.193 -2.085 0.604
. ) . o B -264.162 45.525 —1.668 <0.001
Table 3. The response of avermectin production with S. avermitilis -
YA99-40 by changing concentration of soybean meal, cotton seed By —100.999 71.505 0.132 0.174
flour, and yeast extract X -103.578 49.688 -0.527 0.051
Y 2
No. X, X, X, Response By -119.530 71.652 -5.803 0.112
1 -1 -1 -1 1240 “Determination coefficient R>=0.835, R=0.914; Standard error of
5 ) - +1 173 estimate=228.771; F value by ANOVA=10.569.
3 -1 +1 -1 1336
4 -1 +1 +1 1089 2, X (U5 =164, X,(HAE) =20, X@ERFEE)=
5 +1 -1 -1 1282 3.0 g/} HL} Ol & olEHo=R O}H%“—*IEM Hdl 7=
6 +1 ~1 +1 1072 Uehd 4= e Fad FErt 9t o] ES V18R 24
7 +1 +1 —1 1369 ] g? EH%T'I:_L - 14 g/[ %‘7}‘ D} "?‘Jf}' __g._-l—"}'é"’_?o: 7'1"]'
8 +1 +1 +1 1055 gl 1 g/l A ACKES ofvlgitt Bg o] gk model|o]
9 _1414 0 0 1336 Ulglsla HA3lE v FANA S, avermitilis YA99-40Z- vl ok
0 1414 0 0 19 & uj o] obHHEl Blao] Hul Avle 1451 mg/lolr/}.
ald 0 1238 Fig. 1.2 Bla A/39)] tish oi 58 AAE 283 giFe3% &
1 0 -Lal ) REEETe] $EE A% WAE T4 Ao yehd Ao
2 0 Al 0 1oz Bla 440] 71 2 4L 7IAe A71dcde trEde |
13 0 0 hand 140 Hn glod, ARFEE. B fow FgEo| age
14 0 0 +lai4 133 HeAZT glek. AAZ ASHE AN SR 5
15 0 0 0 1358 & 237} Bla 97F= flask MiSE A 1570 mefl, 7 1 SAZ vjk
16 0 0 0 1452 Al 1,558 mg/iel] 23to] ER1= St
ukA) edgkont AAE F opHHEl F BIbY] FAHIE 5.8%0l ST 3| 2ul ek & &5}

A 3.0%E solbdo] Tt M7 KHPOS =7 LS
gIE %73 745 Blag] o] As|=al Blb H¥e] HAad}
£ o ol UERA 43S & 5 dth webA] opuHd Al
o AgHs K,HPO,S) FE= 1.5 gliE AR

HHX| =4 E X 5}

B ook wix)e] A F opHe Aol & FF= v
R WAk T JBs sty ] -°r1 5te] RSME ©]&
& HHsk= éi*]“‘d}%lf:} Table 3] A2
st 7t AAd FEEE opdR A *5} %
= model]°] @ﬁswﬁlr 7} MFEe] A FEE 797 A
3led Table 49] Z} 3] AHSE model 2ol YU sHH,

Y = 1434.83-6.53X,-82.75X,~259.57X+5.99X  X,~30.13X X~
264.16X,X,~100.99X,~103.58X,,-119.53X,,°] €T} ©] model=
BE] opeEl 43S Foiske 5 U 2 W] HHAE A

Flask ¥jSkoll 4] phosphate 7}, 18]l A4 HZHsE 53}
of olHHEl Bla MY T Bib 7AHIE 30%TIE &
g 9Je-s olsta o33 AL AP HE 7/ EEX
Hjokol] Z-83t S. avermirilis YA99-402] opHHEl AYaHYE
Abatgdeh. 7 1 HEXRE o3 f7HA 3R Y(fed-batch)ol| A1
27 IXEF BTE 60, 70, 80 g/ Bl FUF =T ¥
o} e HA/MAE 2Eldty f7Ha elds s A9
27) TG 57} 70 gl F7VE T 27t 30 gnd ol
ol el wrao) 74 AHgglho] #<ls Oi‘/]'(datd not shown).
G 27) TEH F% 70 gl, 77 XD T 30 glE 7
Bx7iog AAsla 37 ¥ A7 HHxd 44, 6
Bl x5 Hrlol o3k opulelo] A S FALSH

HEE HOJ A1EE F 128, 136, 144 ARl wiele] s
0 gl Ghs FEE F ITES Hrst

H
il
e
o_>d
Fj
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Fig. 1. Contour plots of production of avermectin Bla (mg/l) as a
function of soybean meal and cotton seed flour (A), soybean meal and
yeast extract (B).

Hjokal Axke}, 1342 136 AZHl 30 grell Bk 3 TE3
& AH7rete] S WsHHEA 22kE vl 196, 206, 216 ATt
o 20 g/e] Yohe EEFS TEZF| sl 280 AIZA
Hi e ATE Table 590 AASIATE f7H4] SRl A s
avermitilis YA99-40= T} 10 g/l VTl ZHoM L=
TS FVIE VM of R opHHE BlaE BATS
ATt 122 30 g9] TEFE Yrlstal oAl A% B} 10
gllo1EtE AstEE A7)9) 2Z}§ EEG 20 giE H7E u
Bla A4Hdo] ool &8s & 4 Aot Table 691 wi#] 7
3} o]HF} o]F 23 {7 ﬂfﬂﬁ%koﬂ oJgt Bla A4Hd &
& AHE AT wiA] HA3} ool S. avermitilis YA99-40

o} &=
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Table 5. Eeffect of the glucose feeding time and the glucose con-
centration on the producion of avermectin Bla by S. avermitilis YA99-
40

Glucose  Feeding  Residual Bla

Operation mode  feeding time Glucose ~ Glucose (mgll)
(hr) ) (g

128 30 13.8 1,780

Fed Batch 136 30 8.5 1,978

144 30 32 1,840

136, 196 30,20 77,123 2,366

Repeated fed-batch 136, 206 30,20 8.6, 7.1 2,545

136,216 30,20 82, 22 2278

Table 6. Effects of the medium optimization and the glucose feeding
mode on the production of avermectin Bla by S. avermitilis YA99-40
in a 7 / laboraory fermentor

Cultivation mode Batchin Batchin Fed-batch Fed-batch
uitvatio SYPG* SYPG-2® mode A° mode B
Initial glucose
concentration (g//) %0 %0 70 70
Time of cultivation 210 210 240 280
(hr)
Bla (mg/) 1,366 1,558 1,978 2,545
Improvement of Bla _ 141 448 863
(%)
Proportion of Blain 38 40 4 45

total avermectins (%)

“SYPG, medium before optimization.

*SYPG-2, medium after optimization.

“Fed-batch mode A, 30 g// glucose feeding at 136 hr, “Mode B,
repeated glucose feeding 30 and 20 g// at 136 and 206 hr, respectively.

= 32 Ay B8 Bla AAHIE Holm AEH F opd"l
% Bla TAYEE 38%=Z Hlwd e Holu, ujA] 3}
o]% Bla AL 14% 183 Bla TAREE 40%E ztzt
P ATH. E3F S, avermitilis YA99-402 714 3] Buf oF
2 ghE f7h] FRults 53t Bla A2 RS o
H] 86.3% 34
HoFa ot

Fig. 2= 7 [ ZaRAAN HHE wAzAAAM s
avermitilis YA99-402.2 HHE {7}2] FEu[LS 35S
o] HjF S HERH AOZE celld] A3 48417 oyiell
R o]Foix| a1, ol H el L wljQk 48 AlZF o] FRE] A7l
H#3le] 10.6 mg/hr BIEE AAPES & 5 v}k wiA Y
pHE I} 27] 333] Z43tityl 24 Al7E o]F oA F24
T2 g oy ohulEle] AT ojEo] A3 Tasitir)
iAW) Z = gy} oo EW Feds g S Ut X
T AR 3 udde] pH Ao MYETE AIRS dElge
ARE o] 8E 4 Ut




162 Byung-Kyu Lee ef al.

7.0 4
- 65
Q 6.0 -
55 -
70 4 12500
{
= 60 -
(=]
e {2000
8 50 - g
o)
E £
0 S
40 - 41500 &
o
£
%0~ °
< {1000 E
; Q
S 20 - Z
a.
0 1500
0 - ;
T T T i T T ~ 0
0 48 96 144 192 240 288

Time (hr)

Fig. 2. The avermectin production by S. avermitilis YA99-40 in 7 [
laboratory fermentor. The medium was optimized through optimiza-
tion of pH, phosphate, and organic nitrogen sources. The glucose
feeding was carried out by addition of 30 and 20 g// of glucose at 136
and 206 hr, respectively. Symbols: avermectin ( @ ), glucose ( O ),
pH(V¥ ), PMV(packed mycelial volume, Il ).
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A B A AGEE olS] phosphatert M) 7 HT
A Al Aol Addo] ofrlEo] o] RtiAb L oA E A
ApehatEe] o] o] Fo)ZITh(11). Martin(10y2 30% ©]7<]
32 A7} phosphateol] &3] AAdo] A E il Basl o
phosphatecl] 23l Asl|== Aol wet 3714 groupl 2 T
Aot =, 3 WA groupS 1 mM ©|5}F2] phosphatedl] 23|
AslE o, T HA| groupe 1-10 mM2] phosphate2] 7Y
Stoll o]ZALF AalRkA] eror, A MA| group 10 mM O]
3] phosphateol] I3} o]xftAl7h AHE vb=Thal ST S
avermitilis YA99-40-2 K,HPO,7} 2 g/l (11.5 mM phosphate)©]
FEZ iAol HrbE o opHulEl Aol AalHo] gl o]
A AR groupell 3RS & 4= 9tk ol Curdovd  5(4)¢]
A, F S, avermitilis= A AR S A4 groupell &30
= X} AR|AT). S, avermitilis YA99-40+= KHPOE 1.5
glte] FEE uiAd] e g oiwH"e] Aibgo] FEks
W] ekg ity 2.3])H Blb A9 APGES A7 EAn
7} D}k o= S, avermirilis YA99-407F B3-S o]-&<k ufj YA
St f7lb) ojal obrlsi Mlkle] pH ASHE WiAlo] A7)
¥ KHPOZF WAe7] miiEel Aem FgEh wEbA s

§2 e

)

0
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avermitilis YA99-402] opHuel A8 H A 3}3}l7] 93 Wero
= ohEe Ak wixlell 1.5 gl 8.6 mM)2] K,HPO,E 7|27
o2 H7FstAh

RSM 7R {7124 FE5 233 47 0|84 op
el Blao] Ao I7b= 1451 mgnolQEd), flask viF A7}
Bla G7H= o|Rt} oRtb =& 1570 mg/e 71Z81Qar 7 1%
"2 ujF Aol 1,558 mgig 7123140} o] 2o ARE
RSM 7[H-& 283le] f718499] T5F A3l & Zo)
st es Arigith Al 7HA] 71849 F Bla A 7}
FE TS T AR TR vy ALY F

FEE e 4 WHlE JlstH = Bla AJ4Hdo] RIZEA
Fauigton o] e NS WARHTR: FRFEEI o ¢
Al A FEEA vepdo] ERlERIT oo vli=) A3} A}
& T8l A= AT opdRl AakulA] SPYG-2E #7114
AU FEE UIFE 164 gi VAR 2 gl ARFEE 3 g/l

S. avermitilis YA99-40-2 ©]-8-51] {712 Rujoks a3
23} Bla®] R 429714 2w Qlan. Wk {7 3] 5
FS Bk 45972 edEIRlon Bla AAMAS 3ok
Bl ZHz} 48.6%. 86.3% EVFSIO.R A f7ba] SRl whE
opHElEio] Ak hat-e- 871 2)2] o HlE]l {1 FE Bla AR
o] AR Zte) B3] F RIS 9oF 5 vk o)F S avermitilis
K1399] ulj&k &7]of =7hs ol deko] oo wjokalol] Hrlgto g
A olHeE F AAdufo] iR FhERICkal 3 dkeda S(6)9)
Bael 83l S avermitilis 1P7629] WHEZ w)SF Il zhz)
10 g/e] Xw3-& 33lel A4 H71st Ax} Bla A4Hdo] 3
njekoll BIs] 378.1 mg/lol A 780 meni= 2v) o)Ak FE I B
A F opHdE F Blag] ARIE 32.5%914 38.5%% A
8] /fAE [T 3+ Zhinan 5(18)2] Wil FAFSE Aafo)r,
o] T Aye dFNE, iR RG] EHEE ulgo s widd
7] e 2ol o3t opHHEl Bla AR A o]
2500 mg/l 7 7Fe 8-S AAIBkaL ot

mEka] RSM 7IHS A88 Add 5o wiz] A3}
71 slEa kel 23 Bla A 2 AJER| ] ) A=
vjektE el o Al 835 HEE 4 glom, ol ofud)
Blo] AkJZ Afatel] Qlo] AAGE A Y F UL Rz
ArsEEch

HAle| 2

B oApe AR A4 s gAY (A B AO-
961-5411-01)] ALl 2l&) S5 dHe] PF-2A, o]of] 7R}
A=A B =

e
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ABSTRACT : Enhanced Production of Avermectin Bla with Streptomyces avermitilis by Optimization of

Medium and Glucose Feeding

Byung-Kyu Lee*, Jong-Kyun Kim, Heui-Il Kang, and Jong-Wook Lee (Biotech Research
Center, Yuhan Research Institute, Gunpo 435-715, Korea)

The effect of phosphate on the production of avermectin Bla was studied. Response surface methodology
was applied to optimize the concentration of organic nitrogen sources. The portion of BIb in total aver-
mectins was decreased from 5.8% to 3.0% by the addition of 1.5 g/I inorganic phosphate to the production
medium. Among organic nitrogen sources, soybean meal was the most effective on avermectin biosynthesis.
Results showed that Bla productivity was increased by 44.8% in a laboratory scale fermenter cultivation of
Streptomyces avermitilis YA99-40 through fed-batch process. A maximal Bla productivity was obtained by
repeated 30 and 20 g// of glucose feeding at 136 and 206 hour, respectively. The Bla productivity was
increased by 86.3% and the proportion of Bla in the total avermectins was improved from 38% to 45% with
respect to the control process. These results would be very useful for enhancing productivity of Bla in an up-

scaled processes.





