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(2). 19793 Merck-Sharp & DohmeAlollA] 558 F5A|2 7|t
gl opHElEL S Spepromyces avermitilisoll 25t 7REoZ
AREE 7)) ME OE A7 Al AR R FHAS
Za3E e BdRA ol fEAF M A FEENE
zZri gy QRS oldE Blaolth(l.s). ofHHY FEAF
Bl(Blat+Blb) %S TS o71x] A& 3sidoz Ba|7l &
ol&lt Bla®t Blb AES ¥xZ ¥elsr|7t 2aslck7,13).
wleh AljH o & Z a3 BlaE A4HeH7] Hsled B A9 A
2HAgo) gt o] Edde] At ¢EHA §% T
Hh o A|Lger(7-9), 3HH o 2= ohu el ik SRS
Hsled wix] & vikzd HHs) daAET QAIEte ATH
o} $hth(6,12,15).
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0.8%2] propionate® 7}gre 2, ol o] Blao] A4
AA FFAE 5 DAk,

st A olEEle] A4S SFAI7] 7] $13He] ulA]A
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S. avermitilis 'YA99-402] Althuj ¥ i inorganic nitrate
starch agar (ISP No. 2. Difco)( 16)°ﬂ soypeptone (Sigma)% 2 gl
2 H7isle] ARBSRATE Frul ek HHX] ol 24 ¥xd 2%,
5 1.5%, com steep liquor 0.5%, BEFEE 0.3%. CaCO,
03%c)l o, obHe] WrEE it 7] HiZ|(SPYG)e] 2240
Iowd 7%, T 1.5%, DAY 05%. FRFEE 04%, Wr
. 05%. MgSO,- TH,0 0.01%. ZnSO,* 7TH,O 0.001%.
CoCl, *6H,0 0.001%, FeSO, -7H,0 0.001%C]At}. Hat 2 vj
29} pHE 7.00.8 233t

o =74

S. avermitilis YA99-40-S Althuj ek v %ol HEstd 28°C &
270004 787 wj ket v Y EAE 40 mi2] Ftal A7}
So)UE 250 ml baffled 2F2}F flaskel] | ml & 1X10° 77} 5
E2 HEekar 28°Cl A 24213 B2t 200 rpmO R M-S A4
stach iR zA A2 gsted Bajok wiA] 40 mio] B0
250 ml Erlenmeyer flaskoll 5%(viv) AEF0 2 Sl 8- 4
Z8to] 28°Cce] Aol 25 eme] WFH-S 74 Rl
(SI-4000R, Jeiotech)l 240 rpm2.82 wHIH 7U7E ufj sl
o} axE vjoke 7 | HERKE-TL. SFREE 7ol 4 /9] iR
= YW 10%vmve FUugds FEshe] meker 28°C, i

k)
HHRT 350 rpm, B71% 0.8 vwmOE 113l Loy FE9)
uj kel whet 9-1227F uiksky WA ek A 7R 2
T gow IEFe] e 9 %o }AI\———U% F7HA B ke
A &7 A" 5 7‘/(01 =5
2712 HE

71Eul Ao K HPO & 3718k 9431 S. avermitilis YA99-40

=2 wjorsta-S mel 2F2F 05, 1.0 1.5, 20 gne) FEE ufR|o
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olHHE AG-E S f71EANUY HAHSE st whEAE
W R AH(RSM; Response surface methodology )y #8311t}
ofHHEl Aol HFE wiAE o, WA Euziw 9]
FeW A%e AAs7] 98k Table 13 BE FAIRHAW

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

Variables (g/1)
Levels Soybean meal  Cotton seed flour  Yeast extract
(XD (Xy) (X3
-1414 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

(central composite design)sr AMESIATE EYHWSZ TR
(X)), BAEX,), ARFEEX S 22 !
THY)YE &4 WERE AHE]s u o

model-& TR 213 2o 7FAsleic)
Y=B+8,X+B:.X+B,X +5,.X, X+, X, X+, X, X 1+
By X s +BnXo+ X

A& model®] FAH A B-Alof+=
AH8-5H5rt

Sigmastat (ver. 2.0. SPSS)E

R4 g2k = 2/ XS}

7L EEuE 24 HAF S sk S avermitilis
YA99-40% tHdo = 7 | iRl WAlel 7] 3
70 gh= stef wjgahiA, PR AT F 128,136, 144 Ao
Zyzke) WhE 2ol 30 g/e) TR EEE WUiskal wiks 240
AR At {744 ) o}::)~17dT9? HESFATH H*ﬁ% S
Bl eke frrba stul el A AP E #2
Az} Ty Fb & ueks ZH7t 196, 206, 2164 Z}W}X} z1ey
gk vk 23FE 20 ghe) SEE%% HEg Zof %! -shod 280 Al
77}1] HHOJ:% 7“?‘;01',\;\ o}, ) HH‘Q]' A3k
z31o A Festact.
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2H 2 A glucose 5T EH
TAEES wjekd [0 g HSI 15 el YAE S
(Falcom®l] 2o 3000x go Al 1087 4lE 28 o8& PMV
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(packed mycelial volume)s Z46kAt), Wik Weo| ¥vdd T
L= wieRAIRE el whel A skl iRl -
LZole =R 10~1008] 3 MSHa, Accutrend Sensor (FR-51

Boehringer Mannheimys o]-8&}of 243510t}
OfHHEl =& 3l I&H
vkl 25 s FSk 15 el 1ARRe)Ekl a5 e
ethylacetate® 71eE UF5- 3213F 59k A S, avermitilis
AR Well S ob el 3SR HPLC (L-7200
series, Hitachi)®2 213199t} H-21oll AREE columne Cosmosil
5C -AR (4.6 X250 mm. Hitachi}o]21o.m, -8-v)]+> acetonitrile,
H,0. methanol& 14.5:4.5:1.02.50 E¢ste] 7328 A 75  A}
Btk £l flow rates= 1.0 mimin. AE1ES 245 nm¢l
FAo A opHE]l B8 askeic) ohdE]l Bla W Blbe)
HIE-2- 245 nmoll 2] peak EH oA Bla W Bib7} 2h7; 2}
A&k peake] WAHIE A4bsle]r)

2

271Q Hg

SPYG v Ao KHPO,Z 0.5 off $H1E 0~20 ghA] H7}
St S avermitilis YA99-402] opt{HlEl A AJof sk ofErs:
ZARSE A3 Table 200 vlERH nbsl o) wix|e]  K,HPO,
0.5~15 ‘1,'//77}'] A7FeE off op el Bla AL Ae] Gkss
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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/D) Bla (mgfl) BIb* (%) Model term Regregsion Standard tvalue P-value
0 1341 58 coefficients Error
05 1333 48 B, 1434826 132342 10842 <0.001
10 1,365 4.0 B —6.531 47311 —0.138 0.892
15 1449 10 B, 82748 48123 -1.720 0.102
20 1242 31 B, 259572 50101 -5.181 <0.001
“Portion of total avermectins, B, 5.986 45452 ~1412 0.897
Bis -30.125 57.193 -2.085 0.604
, o o B ~264.162 45525 ~1.668 <0.001
Table 3. The response of avermectin production with S. avermitilis .
YA99-40 by changing concentration of soybean meal, cotton seed B —100.999 71.505 0.132 0.174
flour, and yeast extract By —-103.578 49.688 —0.527 0.051
No. X, X, X, Response B —-119.530 71.652 -5.803 0.112
1 -1 -1 -1 1240 “Determination coefficient R’=0.835, R=0.914; Standard error of
2 - - + 1173 estimate=228.771; F value by ANOVA=10.569.
3 -1 +1 -1 1336
4 -1 +1 +1 1089 A, X (T8 =164, X,(HEE)=20, XEEZFEE)=
5 +1 -1 -1 1282 3.0 g/} Atk o5 ghe o)EF o7 olHElY H A=
6 +1 -1 +1 1072 vepd 9 e A4 BRI Enk o] e 1A 248
7 +1 +1 - 1369 71F0R S 14 g F7F WMART ARFEES 27} 3
g +1 +1 +1 1055 g/l 1 gllE THaA|AHorRE 9wt Idt o] k& model?lol
9 1414 0 0 1336 - hAstH HAEE A ZANA S avermitilis YA99-408 )|
10 +1414 0 0 1219 & olEgel owu—q_% Blasl e 471 1451 mg/lo]t.}‘
Fig. 1. Bla Aol thet di it} WAR a8y disia) &
1 0 -1.414 0 1238 SEzmae] we A3 BAE Sud Ao Ueh Hoo
12 0 Al 0 1o Bla 430l 714 2 4L 71AE f7170298 UFEYS 4
13 0 0 -1414 1450 BT 9o EREZEE HAR 2oz osidoe] 7adlS
14 0 0 *latd 1313 BeF lrk. AAR FHAshE v 2o A SR dL 3
15 0 0 0 1358 3t A3} Bla Y71 flask WY A 1,570 mgrl, 7 1 BEEZ w9k
16 0 0 0 1452 A 1,558 mgliell @glo] EI=Act.
W) gpgrort AAE % oldE F Blbe TAMIE sscl R Sl 28
A 3.0%2 ool A=Y ¥7kd KHPO,Q w=7t 15 Flask BRSO~ phosphate ¥7} 18] HAY HEHeE 23}

gllE 273 73%- Bla®] A/de] Aai=] L Bib AR A8
© O o) UEhA] 458 ¢ & vk whebA] op Rl A4
o 23 KHPO,S FEE 1.5 g2 ARSI

LI DNESSEESE)

E owjek uixe] " 3 opE"] Aol & HEE M=
By Halie) Frd Jas 313l 9sle] RSME o] &
& HA5E 221595 Table 32 A|REAES EAZHo R £
sl 2+ At TEREE opuy A wlxE IS 4F
# model2]oll Z‘iﬂé}ﬁﬁ} 74 Aol A Feg 7oy 9
o}al Table 49] 2} FHHFE model 2ol {514,

= 1434.83-6.53X,-82.75X,-259.57X,+5.99X  X,~30.13X, X ,—
264.16X2X3—1()0 99X,,-103.58X,,~119.53X,,°] AT} ©] modelZ
RE ohE NS Sk 5 Qe ZF wae] HAXE A

o] oldEl Bla A4H3 3 Bib #AIRIE 3.0%UR B35
F ASE FRIaL o]HF 1S AEH Ry 7 wRER
vjekol] 83} S, quermirilis YA99-402] ol €] AJARALS 2
Abetet. 7 1 BERE o83 f7H] 3R] U(fed-batch)ol| A
7] ITY FEE 60, 70, 80 g2 Eo)En 7 EEY B
T T HAVIAIE gtk Rk wleks e A
27 59 527 70 g, F7V TG w50t 30 gnd o
opHuYel Trgol 714 o]l gl thdata not shown). T
A 27 FEG BT 70 g/, 3 IR BT 30 giE 7|
Bxzoez Aty 27l TG H7pA)71e] HAxA AR, b
BAQ 2 Hrlol gt oluHigle] Aikg S ZAKS)
E=

wrEz wjoF A|ZF 128, 136, 144 A|7to]] wjoEedel zcks
=g Z48la 30 gl D8l ¥ER FUF InHE H71sl]

o sl
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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).

Wjoksl Auel (RHE 136 Akl 30 gl Yok 7 X w
o Frtsle] wjoks AsEEhAA] 222 w196, 206, 216 A<H

off 20 gro] webe FEWS wE e Hrisled 280 AIXIEA]
wjokst ATE Table 59 AAISHAT. F7HA F)Ea|el A S

b

avermitilis YA99-40= FFEFET} 10 g/l MIVIQ]L oM 25
Fe Frte Wb o Hule opiuel BlaE WS ¢
Atk 172 30 gne) EEFE Hrkshal vl w7t 10
ghol8te ABE = A7)l 23k X2 20 gis H/IE
Bla A2Hde] Hojell @ehs & = Utk Tuble 60l = H 4|
g} o] xw} o] & A f7k gl 2%t Bla ¥aHY
A AR AA ST iR #H-3}E olel S avenmitilis YAY9-40
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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

. G'lucoge Feeding  Residual Bla
Operation mode  feeding time  Glucose  Glucose

tnwn wn

128 30 13.8 1,780

Fed Batch 136 30 85 1,978

144 30 32 1,840

136, 196 30,20 7.7,123 2366

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
SYPG* SYPG-2" mode A° mode B
Initial glucose
concentration (g/l) %0 n 70 70
Time of cultivation 210 210 240 280
(hr)
Bla (mgl/h) 1.366 1.558 1.978 2,545
Improvement of Bla
(%) - 14.1 44.8 86.3
Proportion of Blain 38 40 0 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.

Yo Bla AMAE Holm AAE F ohdg]
B ] 3892 ¥y e oo, wix] A s}
3 Bla WAL 14% 2831 Bla FABIES 40%5 2+

u S. avermitilis YA99-40-& 57} 3] EuljoF
WUk gl SRS Ealed Bla A FEuiek of
Hl 86.3% FAHRNCH Bla V8-S 45%8 FFE A&

Fig. 23 7 1 2azda HAHZE wjzygolA s
avermitilis YA99-402.2 WHE- §7}2 SRugs Fds1E S
wjo] wiok obAFS LERA AOZ cell®] A2 48471 oulfel
)3 o] o] R 31, opH el wj%k 48 AJ7F o] FRE] AJTh
vk 10.6 me/ir B2 AAEES & 5 A ajAY
pHE WiF 27) F243] 727l 24 A7 o] % thA] F4
25 3 v olmHel Y] A tlEo] AAE] st

I
WARe] EEY 223 Hie] A Aede ¢ 4 Atk =
o =

R AR F gl pH S MYER NS LelFe
A3z olgE % 9tk
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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(¥ ), PMV(packed mycelial volume, Il ).
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A I E Al A % 0]4k9] phosphate”} W Aol H7b=HA
A WA A o] o] oFr|Elo] olatjAlE YA E L
ZFhARE o] #gho] o] F-o{ZITH(11). Martin(10y2 30 ©]49]
2 A7} phosphateol] 2}3] AJAde] s Etial Bslso
phosphateol 2]3] As]E= Aol wla}t 37FA] groupl.2
Letdnt &, 3 A group | mM ©[5}2] phosphate] 23|
H wom, £ WA group 1-10 mM2] phosphate®] )
o] o]xftAl7} AalgkA] oo Al WA groupe 10 mM ©]
&e] phosphatell 23] o]ztiAlrt Mafig whettkar sttt S.
avermitilis YA99-40-&- KJHPO47}' 2 g/l (115 mM phosphate)gl
FEE WA HrbE o opuEl Ao AsHo] FRlx o
A A groupell TS & 4 ATk ol Curdovda (@9
A3}, Z S, avermiriliss A ‘?ﬂyﬂ 60“3%7‘%_] A1 groupdl] 3hc}
= Bl AASATE S, avermitilis YA99-40%= K,HPO,Z 1.5
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ukx] rSHH Y 93]¥ Blb ARl AEES A7 B
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¥ K,HPO,7} WAsl7] Wil Zo.g FAE wabA s
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avermitilis YA99-409] opH &l kS HA 55 g wte
2 ol E AL wiz)ol] 1.5 ¢/l (8.6 mM)] K,HPOS 7]H-3
S8 Hrhskaltt.

RSM 7o 8 71449 $55 HH3F A7} o] &7 obH
28l Bla9] Hul d7ks 1451 mgnel R, flask vl Azt
Bla &7k= oWt} oFt %2 1,570 mg/ts 7153 7 1%
ax afk Alole 1558 mgi& 71E3ATE o] 2 Ade
RSM 7|¥& A&t} 718l Fed A&l 3 3o

HdsHas gt Al 7HA /7184 F Bla Aol 7
g2 ?% T AT FEoldtt. wixe] f71dAY F

‘%E—% Zgre] ¥ WishE sletd® Bla A2Hde] RIZsHA
Qaigton o] e AL WAR RO aNEsEEyle) ¥
Al F=5iatA] Uehdo] ERIEUTE o] ] v 4*—'19:} A3}
B st A2 24 ol AR SPYG2E #7013
29 FEE TR 164 gl AAE 2 e, ﬁ_\zzrﬁ 3 gl
2 WA

S. avermifilis YA99-40-5 o]-&8o] -§-7)A SRS et
A7} Blag] 7g8le 420712 FdEIILL v {714 58y
S F3t] 459742 FAERlon] Bla AL Sl
Hlal 22} 48.6%. 86.3% 57130 frpAl B inl kel nhe
olHEIE e} A Ed-o- 8vFA o] opHHIN] FAlE Bla AR
o] AALA =)o B8] - ashe- oF i 9lu). o)y S, wvermitilis
K1392] uli%k F770]] F7h gl guke] 8 ujekalel] Hrlgoz
A olHEl & Aol o VR QICEAL §) Ikeda S(6)9]
B9} Z12)30 S, averminlis 1P7629] HHEZR wjok Sute) Zpz)
10 g/l-4 %o 35101] 7‘21] 417}5]_ /‘J‘L], Bla A(E)\]—/HO] 35]_,_
vl kol Hlsl 378.1 mg/iolAl 780 mgnE M o)AF FpakEaL A
AE & olEl & Bla2l FAHIE 325%04 385%=E @A
3] MM AT & Zhinan 5(18)2] Ha1s} FARE Aot
o] g Ake FFAY, MiAzA Y AHGE o I
el A Z3Fol 23l opeel Bla A& YA gl
2500 me/l =7 7S A AISE 1

weba] RSM 718 43 A4 Fxo wiz] #AHs}e}
F7H B Bulko] 23 Bla AAHY W AR 3t Aabe

wjdatiie] g Al -85t HEE o, o) opy
Blo] Az Aol slo] AAES Al =Y F UL AeF
AtE e
HAlel 2
B A7E AT ANl E REARY @A A00-
961-5411-01)2] x| %l ofs Fadel Ay} UF2A, ofol] AL
=Py
Au=s
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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-II 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 B1b in total aver-
mectins was decreased from 5.8% to 3.0% by the addition of 1.5 g// 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.



