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SUMMARY

Avermectins(AVMs) produced by Streptomyces avermitilis are secondary metabolites with
high anthelminitic and insecticidal activities that were found to be considerably useful in
agriculture and animal health. The AVMs are polyketides composed of eight closely related
compounds, of which AVM B, is the most important metabolite due to its high biological
potency. To obtain high-yielding producers of AVM Bi, in the initial stage of strain
improvement program, we adopted traditional methodology such as mutagenesis of the
producer microorganism using UV (ultraviolet light) and/or NTG (1-methyl-3-nitro—
nitrosoguanidine). Since a precursor for AVM B, biosynthesis is isoleucine and its
biosynthetic pathway resembles that of fatty acid biosynthesis, an isoleucine-antimetabolite
and an inhibitor of fatty acid biosynthesis were used to obtain various kinds of resistant
mutants against these agents. The traditional mutation methods with the rational screening
strategy were observed to be efficient for the rapid selection of AVM B, high-yielding
strains, but gradual decline in the productivity was observed when the production level
reached a certain level with this mutation and selection method. In order to overcome such
problems intrinsic in the traditional UV and/or NTG mutation methods and then to enhance
AVM Bi. productivity through protoplast fusion with high-producing strains as fusion
partners, we established Dbasic protocols necessary for protoplast fusion, and then obtained
various kinds of protoplast fusants by adopting a massive strain-development procedure (a
miniaturized strain screening system). An alternative fusion methods using UV and/or NTG
mutation of the protoplasts were developed to screen genetic recombinants without specific
selectable markers. In this method, the mutants obtained by protoplast fusion after UV and/or
NTG treatment (leading to more than 99% death rate) of the respective fusion partner
(respective protoplast) were regarded as DNA-recombined protoplast fusants. It was
demonstrated that the protoplast recombinants obtained by UV mutation method were able to
biosynthesize approximately 3 times higher level of AVM Bi, in the stable manner, compared
to that of the parallel high yielding mother strains. The results of the tube cultures used in
the miniaturized strain-screening system, however, showed wide fluctuations in the AVM B,
production level, even when stable and high-producing strains were cultivated. From these
results, it was assumed that lack of dissolved oxygen in the tube cultures might be one of
the main factors for such unstable productivity. Accordingly, for the sufficient supply of
dissolved oxygen, shaking flask cultures (30ml medium/250ml flask) for the high-yielding
producers were performed. Notably enhanced production of AVM Bi, almost equal to the
industrial level was obtained in the shaking flask fermentations, leading to approximately three
times higher productivity compared to the corresponding tube cultures. Furthermore, for the
maximized production of AVM B, by the high-producing S. avermitilis, optimum culture
conditions such as components and concentrations of the production medium were examined
through application of statistical methodology such as a central composite design protocol of
the response surface method (RSM).

In the process of strain—development program, it had been observed that very high-yielding

mutants of S. avermitilis frequently returned to their parallel parent strains in terms of their



physiological characteristics, thus leading to decline in their AVM Bi, productivity. These
results implied that production stability of the high producers should be checked in order for
the screened high-producers to be utilized in a scale-up bioprocess. For this purpose, we
investigated the effects of long-term preservation methods, medium components and the
producer’s sporulation capability on AVM B, production as well as biosynthetic stability of
the high-yielding mutants. Notably, it was found in the screening process that the unstable
and low-yielding mutants were not able to sporulate very well, implying that the sporulation
capability of the mutants might be responsible for their reduced secondary metabolic activity
for AVM By, biosynthesis. Since trace metal element such as Fe was assumed to be closely
involved in the sporulation metabolism of Streptomyces, we carefully investigated the effects
of addition into the production medium of these metal compounds on the AVM Bi, production
and also tried to obtain stably high-yielding protoplast fusants resistant against toxic
concentratins of FeCls. Approximately 18000 units/L of AVM Bi. production by the
Fe-resistant fusants was observed and also these screened strains showed excellent
sporulation capability with increased production stability as demonstrated in the narrow
production range in the production—-frequency histogram. Among the high-yielding protoplast
fusants, 6 strains were intensively investigated in terms of their AVM Bi. productivity and
stability through cultivations for four generations. 5 strains out of the six were demonstrated
not only highly productive in their specific production rate, but also very stable in their
production capability, maintaining approximately 94% production level even after 4 generations.
Through this screening strategy using protoplast recombinants, we were able to solve the
intrinsic genetic instability phenomena frequently observed in the high-yielding mutants of S.
avermitilis, and thus able to utilize these highly stable and productive strains for the
mass production of AVM By, in the scaled-up fermentors.

Fermentations were carried out under the various conditions using various—sized fermentor
to investigate the AVM By productivity of the high-yielding mutants. It was found that AVM
Bia production was very low in D.O.-limited conditions but greatly increased when D.O. was
controlled around high levels using an on-line computer control system. According to increase
in D.O. concentration, AVM By, production was almost linearly increased, demonstrating that
AVM B, production is closely dependent on D.O. concentration, especially during the
exponential phase of cell growth. In order to investigate oxygen transfer capability of a 9-hole
sparger and a sintered steel sparger developed in our research group, oxygen transfer
coefficient (kzo) was measured according to agitation speeds and aeration rates. kz, of the
sintered steel sparger was observed to be significantly higher than that of the 9-hole sparger.
When fermentation was performed using the sintered steel sparger at an agitation speed of
250 rpm, maximum amount of AVM B, was obtained. It was concluded that sufficient oxygen
supply and reduction in shear stress due to low agitation speed were the major reasons for
the remarkable enhancement in the production of AVM Bi..

On-line computer—-controlled fermentation system was successfully developed in order to
produce AVM Bi. in scaled-up fermentors in a stable and reproducible manner. This on-line
control and monitoring system enabled valuable fermentation parameters to be monitored and
estimated on-line during the whole period of fermentation process. The algorithms for on-line
calculation of oxygen uptake rate was developed to estimate the cell concentration of the

producer microorganim during the fermentation. By dividing the oxygen uptake rate by the



total oxygen consumped, on-line estimation of specific growth rate of this culture was also
possible. Use of gas analyzer system for vent oxygen analysis coupled with computer data
acquisition has made this on-line information both very accurate (the error percent was within
5%) and readily available. It was possible to control dissolved oxygen level very accurately
within 5% of the control value, so the effects of dissolved oxygen (DO) concentration and DO
control modes on cell growth and AVM Bi, production in the scaled—up fermentor could be
investigated using the computer-controlled bioprocess system. Furthermore, by applying the
algorithms, oxygen mass transfer coefficient (kra), the most important parameter for the
scale-up of avermectin Bj, fermentation process was accurately measured on-line during the
whole fermentation period. Furthermore, for the optimization of AVM B, fermentation
bioprocess, efficient whole bioprocess scheme was established by applying the results from the
modelling and simulation studies performed based on the actual AVM Bj, fermentation data.
Notably, when the computer—controlled fermentation system was utilized for mass production
of in the 500 liter scaled-up fermentors by use of the high-yielding protoplast fusants
(running of the fermentor 2 times for each strain), most of the strains were observed to
produce significant amounts of AVM B, in a very stable manner. In summary, it was
confirmed that long-term, stable and reproducibe fermentation process was possible for the
mass production of AVM Bi, thanks to the development of the efficient computer—controlled
fermentation system as well as high-yielding protoplast fusants.

The development of an optimum separation and purification process for avermectin is keenly
required, because avermectin Bi, should be separated from fermentation broth which contains
8 species of avermectin derivatives. The applicability of environmentally—friendly clean
separation process applying precipitation or membrane was investigated. In case of
precipitation method, the final purity of avermectin Bi, was high enough, but low yield of 35%
was obtained. On the other hand, almost no impurity was removed by applying UF membrane,
while very high yield could be secured. Accordingly, the separation and purification process
for avermectin was developed based on extraction process. The optimum aqueous phase and
solvent phase for avermectin extraction was found to be methanol/water(5:3)-methylene
chloride and acetone/water(5:3)-chloroform system. Both systems could reach to equilibrium
within 10 minute, and showed more than 99% of extraction percentage when avermectin
standard solution was extracted with 1:1 solvent to aqueous phase volume. It was observed
that the percentage of extraction was increased with the volume ratio of solvent to aqueous
phase. However, the percentage of extraction was reduced to 50% in case of
methanol/water(5:3)-methylene chloride and to 35% in case of acetone/water(5:3) —chloroform
system when actual avermectin fermentation broth was extracted with 1:1 solvent to aqueous
phase volume. The reduction in the percentage of extraction was caused by the fact that
some components in the broth helped forming a dispersion band between two phases and
avermectin was trapped in the dispersion band. It was also found that avermectin producing
cells could be easily disrupted by treating with solvent, and that methanol or acetone could be
used as an optimum solvent for the crystallization.

Pilot scale investigation for developing an scaled-up separation and purification process was
also performed using newly developed cell strain. It was confirmed that avermectin is
intracellular product in the new cell strain. The optimum filter membrane was selected for

filter press. Methanol/water(5:3)-methylene chloride extraction system was chosen as an



optimum pilot scale extraction system. It was observed that the percentage of extraction was
also increased with the volume ratio of solvent to aqueous phase as same as lab-scale
experiment. The volume ratio of solvent to aqueous phase should be at least 3:1 for
guaranteeing 90% extraction yield. Avermectin was concentrated to 30g/L by using rotary
evaporator, and crystallized at 4° C with NaCl addition. As the addition amount of NaCl
increased, crystallization yield increased at the expense of decreasing avermectin Bi, purity in
crystal. When 10 % of NaCl was added, crystallization yield was 26.7%, while avermectin B,
purity was 59% and the remains was avermectin By, in the crystal. However, the purity of
total avermectin was over 99%.

An integrated separation and purification process for 3000L fermentation was developed
based on the results of lab and pilot scale investigation. An integrated separation and
purification process was synthesized by combining filtering for cell recovery, cell disruption by
solvent, filtering for the removal of cell debris, extraction by methylene chloride, concentration
by evaporator, crystallization with NaCl addition, crystal filtering by filter press, drying by
spray dryer, and grinding by mill A PFD and material balance was developed for the
synthesized process based on the results of lab scale and pilot scale experiments. P&ID was
developed and an integrated separation and purification process was installed according to the
P&ID. The installed process was operated, and operation data were accumulated. It was
confirmed that the optimum TMP(Trans-Membrane Pressure) of Pall separator for cell and
cell debris filtering was 3 bar. The flux of filterate was rapidly decreased with time and a
strategy of increasing temperature was suggested for solving the flux diminution problem. Ten
minutes of contact time was enough to release avermectin by solvent disruption. The
percentage of extraction was also increased with the volume ratio of solvent to aqueous phase
as same as pilot scale experiment. Eighty eight percentage(83%) of extraction was obtained
with 3:1 solvent to aqueous phase volume. Extraction equilibrium was reached within 7 to 10
minutes. The repeated operation of concentration and crystallization were performed four times.
Avermectin was concentrated to 40g/L by evaporator and crystallized at 4° C with NaCl
addition. The remained supernatant was concentrated to 40g/L and crystallized again and
again. As concentration and crystallization cycle proceeded, avermectin crystal was
continuously formed even though the amount of crystal formed was decreased with cycle. The
percentage of extraction was increased gradually to 91.3 % after four cycle of concentration
and crystallization. A crystalline avermectine was produced after recovering crystals by filter
press and drying. A dried crystal was ground by mill. In addition to that, a scale-up strategy
was established through the analysis of design and operation data accumulated, the
development of design equation, and the estimation of design parameters. The economic
feasibility was also studied through the analysis of operating cost and capital investment of

commercialized process.
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v A Ee] AFEETE FoEHEA WA E Fastr] A FEFATE feed rate profile EHo| 7]4E
kol wE] Akt AY gAML e uhel AAzEe z AAEY I FauAE AutoLabTMS E319]

AFE el AA% Masterflex peristaltic pumpg &3l ¥l g7 = &5 3FAT]

v, a3 X WG L I HATE Al=H

5L wax (45T 3L, 5% 10% v/v)olA wigste] AVM By, AT &4,
A el WetE vlast . Sparger= HHH 2o} viYA] FE2 AFE3SFE 9-hole spargeret E A
Toll A JErE sintered steel spargerE AR AT, T HES 1.0 vvmeE UAEA FFsT)
a8 3l Wuty]= 7P dubd o g2 AF8-8l= 6-flat-blade disc-turbine impeller, =& & A3+ 2
% 7% paddle impellerE AH&3tA o™, wkEE=E 150 rpm~350 rpmel Al 3 ak ATt AL
A= RSMell ols] 7fete H Ak (5499l soluble starch®] FZ=7F 2.2v) F71E A4t
v #]; 2.2X soluble starch Wi A)& Ab&3sto] AT AVM B, BAH S &4A171 24 313

WSaA Asss A8 7taBA G2 A28 (gas—analyzer)E ©] &3t o] ] A4
o] "l FEE (specific growth rate) (0) 59 #lYg T8 HFE (5 &£544 (DO), 4t
(OUR), o]Atsterib A& (CER), T4 (SOUR), Folikstebam) <2 (SCER), At
T (ka), MEFE 5)& Zd] AodA A F4T F e ol&4S ggste] AA
of AgstozM MIE Ax®e] AFgr P FE&AS ZASIAT WG AEsA 2~E

]%] A

e A ddd ol A dAsHA drgstai

oo oan dy m E

Moo oo N -

o=

B~ b
oo

o9,

d

ks

ks

M@ FAY AN BUHY L 4L A% FH ATHNLY $9 L A FTA
o A%



S "X = specific growth

J Z Q5 o
Hge AM4e FAA7E W 2AH gy

pul [¢]

ofk

rate (W] AAF S L g FHoZ] A S 2
2 AR Ak e IukA 9l WS 53k specific growth rate (W2 AAIZF FAHo] A9
=7l sttt divkeld A wlk AlFloll A ] specific growth rate (o] SAHS flaiM = 2k A A

ANM el ME F&7t Hagd, #A vEE AU FEE Algto] A8 witol =),
7k TS A F7HAR1 wMiAE HrbslF= AR, AFEH -l o3 Asow
L7t g Faskd, ode AlHY HRE AR T
S ny3gA, AAZFOE specific growth rate (WS =43 5+
7V Fosttkar AdE Ao 71ES Wyl os &AL F

WAE H7be e
specific growth rate ()¢l #
= Az="s F53E 3o
(DO)¢} pHE &t 7]F o S u, F TF AT B R Q] A4 AGAHS AT

A Lkl Aol A specific growth rate (W) A7 =
= S 28402 AT F g AT @He] vt upEhA
o = 7F2EA A (gas—analyzer)E ©] &34 AAFF9] specific growth rate (1) &
Mg Fo WEE (5 $E42 (D0), H2F5E (OUR), ol4se s 4s (CER), 428
A A A

AEATF (kra), AESE 5)s 8¢ A

=
(3
fofs
N
=2
>
Lo
N
[>
e
i)
4>
X,

>,
Sob
i)

2]

AaFage] AL M R AX FEE skt v DeAQl 4ot Ak e
2 AFAETE (OUR) % olrtstetatAll e (CER)S SAskes 7Hd 349 e 2ar] e
FHFEO] AAFF] o olg¥ F wWjEHE st~ F 249 mole fractionS FAFEFE HHH S
b2 B A 4= A (oxygen—balance method) .2 &4 9t i olxttiAbabE o] AAkel )
ofx wik HEHE HAsIe= AL wif oER AjeolARt, 2%, pH, wRtEE S, AEA
A&, dhaddseet Zo] olxtiatel] 2 J&FE vA= HolHE HFHE FT& dAToR
TR FAZ & BT AeA 2 wEHEE wjd HaE 20 A A 24
FozA HAY wd dHE TaxE &Y F dd Tad W] 28 ASS el
71 T8 Al ¥+ OUR (oxygen uptake rate) % CER (carbon dioxide evolution rate) #¢] =74
= 05 ks 2dsEAN o8 7 ¢ ATk

5 Q- P.Y, Q.P,Y
OUR= OTR=N, = L3210 QL le Qo lo Lo, W

1.32x10° , @i~ P;. C;  Q,. P,-C,
CER - 72 - )

T, o 2)
Ny : oxygen transfer rate (OTR) (mmol/L/hr)

Q=Q,=Q : Volumetric air flow rate (L/min)

P;, P, : total pressure of inlet and outlet air (atm)

Y:, Y, : mole fraction of oxygen at inlet and outlet air

T:, T, : Temperature at inlet and outlet (K)

G, C, : mole fraction of carbon dioxide at inlet and outlet air

7.32x10° © conversion factor [PV=nRT]
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(60min/1hr) - [mole/22.4 liter (STP)] - [273K/1atm]

2) =20 AollA OUR gk Ao ok 2ar] e Alxss 42 g5
AR HET7I) AS, dAATE o]Fo AlsE AFHS ArxsEE AT 5 AN
scale-up® industrial plant2] 49 Al5E& AFH} 7] oJHE Ho] At S AXLFTEE FH3=
o At Aol 285 AN GY B2 HFolE Y T AATOR MY FEE FAS)
= Aol A EIlFelh A olHs A TEv] oA MEe A HAEE AAoR F
a7 st e 22 o]EAE &3
7H AEFAE Y3 A2 T8 (maintenance term)S A gt 44
dx 1 dx
OUR= Yo" gy =7y, "t 3)
oA S Hg WS olddsl ME AHEEE o 22 Yoz F& 4 Q9
% = Yx/o(OUR) (4)
[ ax=v., fo (OUR!. 4 10, x—0
- Y, ;O(OUR)_E
X(t) = Y, SOUR($ (5)
o] 7] A
X(¢) : calculated cell concentration by use of OUR (g/L)
X : real cell concentration from experiment (g/L)
Y.  cell yield based on oxygen (g cell/mmol O-)
Sl
SOUR($) = SOUR(1—1) +— [ OUR(t— 1) + OUR()4t (6)
o 7] A
OUR(t) : current oxygen uptake rate (mmol/L/hr)
OUR(t-1) : last oxygen uptake rate (mmol/L/hr)
SOUR(¢t) : total oxygen consumed until time, t (mmol/L)
SOUR(t-1) : total oxygen consumed until time, t-1 (mmol/L)
) MEZSFAE 93 2AAE S8 (maintenance term)S 18 stE 749
A8 W AEQ Streptomycete = AEL] FTA Y= HEZ AMES FAO o]&EH = iAo
S FAEHA] RFEThd o] ARE] Wyl witel 471 SOURS ol &3t Alx %9 FAHLS §
Aee ThsAdol =k wekA] &AL B A Ao AEZY A (maintenance)E 91§ AbA
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Al ( mX)FE FUIHOEA e 5 9l
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uX

]
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st o]

©

OTR— OUR

& 3l oF
B (pseudo-steady state)Z}il 7}4

al

L
dc
dt
AR

& 2=
=Rl
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Bi $47 22 ol auate 4
glomz o UAIES wEpER AEhs] AAE Fouts WA kol B@ 3Ud

o] o] %ol of G},

hun

Dynamic method® A|Z wjgRT 574 njA&Eo] EAstE Taoa] EEs Fx glo] 7H#A
st Hl w2 AgelA kag SAY 7 dv WHORE T|AARA §FEAALREY] AMAHGE

(O.TR = oxygen transfer rate)e UEH= F3AAALEAS  (volumetric oxygen transfer
coefficient, kra)¢t "AAE9 AA2E54& (OUR = oxygen uptake rate)S AAbstE W o]t} o]
ANE kpa #ol dAo2 Haxe] RIHE g 7N AEE o&HY, ka #e S
A3k o284 2AE oS 2

dC 41 i}
dt = kia (Ca-Cal) - qoz X (14)

Crar; 7123 FE S ol& &ML FE [g O]

—
2]
il
e}
Q
th
o
o
>
<
[}
@
]
o
o
[
&
=
o
=
o
[l
o
S}
o
=
o
2.
=
=3
=

i
qor AEF HAEFFE
FE

X; vkl wef Al

—
(e}
(@)
)
o
=

HF =5 o= 3 AN &7 gus WFEE A7 A9 ks 002 wjekde] &4
ATEE U e wESEA gas do
dC 4
dt ~ 4oz X (15)

=

=
T AU 44 /\]@01 Ad ¥ &7E
=

1
Car = CxarL - kLa( a4 0. %) (16)

16) Aomnyg (5t ¢ 0. X6 mg Cyl TEL AE77 Vo™ yHe] ddol
Cradl Mol ng o] 23E 718718 Addozs 2add A5 kart SH90

o] 714 Cap = C’aL (final steady dissolved-oxygen concentration)s w,

4 o0, = kia (Car - Caf’) o]B2

(16) 21
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dC 4
dt = kra (C’ar = Car) a7

o] At} (1AL 9 t; Abolol A A3l Aalsta

COAL_ CALl
COAL_ Capn = kra (t2 - t1) (1R8)

Y
O

2 W (-t x AXE kST F7)F %, spargeret impeller2)
ALES TA8tY 1 7] €725 AAAEASTE 78 5 A "ok
AA = EEAE Bol 8438 AVM By, A4t A9 E
2 ?3l dynamic methodE ©]-&3}e] kiaol F&a mA 71 9] 7

A el ATt o2 s F FF7F9 sparger (5, 9-hole sparger$t sintered steel
sparger)?} F F7/9] impeller (, 6-flat-blade disc turbine impeller®} paddle impeller)E %3}
ol Atxdg WS gdstuzt g ArdGASFY AL Qste]l 2T 3kt 4
FHE o] &ste] wolEolal AT A ogh Asks BF ASFE elA Faskat
BE A714 As5E AFHA ¢S F Ad=F: AFH el (F)LOKAS® AuotoLab LK-910
= A st AEEE dHolHE AAe & 453

5

3o
b op
o

of
okl el
Il o
ot g
1o

oo

okl b

o]
ol

rlI

_—

=

D.0. electrode

(000}

h

Antifoam electrode
Agltation speed control
Mass flow controller i
o

0n-0if timer || Antifoam controller |

Computer data interface

Fig. 2. Configuration of a on-line computer-controlled fermentation

system
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2. Al 1 AF AgHA:
AZ A E & 93 ALY +E avermectin B, T AN EHH|F At

At S 2L

plzk

Avermectins (AVMs)& AWt JAAE2E T3t polyketide AIEe] 4= A9
F9l Streptomyces avermitilis7} | ZAPAIAEZ ABAStE FRH 9 5 FEA ot AVMse
FEE AsrH il 7Idste ZAFERT ofyg oF VAFS =r|e & AAFE
A e ZEs FFERE THAIL o] AFA R ARG QIgbel| tisjA % AMEo] Zhsdithal
d#HA Q. S aquermitilisdll & AT EHE avermectin (AVM)S AAAHF ] Al =345
W F=Z idiophase @A (MEAA cycleol ] & w] stationary phase)oll A AAEE HAE 2 <] o

2} ARaEE-o] T} pentacyclic 16-membered lactones®] a-1-oleandrosyl-a-L-oleandroside %]

[ RS

¢l macrocyclic lactone =3¢ 3 £7F<2 AVMsE aglycon &3 & (sugarn)FE 02 o] Fof
A oAk =, A7EA 716719 Tl web Al Aga, Bra, B2ol 471 FAE Awm, Az, Bop, Bap©l

47 FA4E, S 8 sSFEY =FEE A e (Fig. 3), olFolA 7Hd st JH el
TZ2E53E Yl 9E avermectin Bi.(AVM B)E HEE abermectin®® E# X1 Qa, A
A ol

£ ivermectin (IVM)> AVM Br2%H #7|gstz o=z g5 fFEAolt. g IdAE

FAdE B9 FHAAAE AVMse] AR F3AQ] avermectin polyketide synthase

(PKS) #d=x =3 clustering® o] Atk AVMs¢ PKS+ multifunctional protein® domains ©|
2 A4S HBolE typel o £t dubz el PKSAHZ moduled] FEHE Ay 3l

v g A} ofdFe] AT T3 2UAAE AVM By, Aol glol & %O&X 3

gk ol#3 EBotAHA S avermectin PKS loading module®] starter unite® o] &4
branched carboxylic acidel Tt wj$ Y& 7|@AEo|Ao|A 7|3 HAom HAuE)
Avermectin PKSE= T3 acyl unit2 ©] &3 AVMsE dAlsl=d], labeling Ao 24l
isoleucine (2-methylbutyryl- CoA)¥ valine (sobutyryl -CoA)e] ZZ} small “a’¢F “b”
component®] A A2 o]8F 3, avermectin aglycon< starter unit®} 771¢] acetate®} 5719
propionate unit®] extentionol| ¢Js] FAHct= Aol B AT (Fig. 4).

2 AFdAME 44 S 2RE 7]1% AVM B, AAH3o EQMAAS S8 g UtE
AVM B & AAS= Streptomyces avermitilis 755 /W35t 98] protoplast §3HHS 9]
2.3 E;Hoi Eoﬂ]ﬂﬂo] Sae =3 AVM Bia TR O] BF 7HHE}34_ A&l AE e
scale down (miniature) 2@l &, 18l AFAA 3L 23] AVM Bi, A4k
& Fow T A AxFAE stz skl

r1r o

L

7t AHEEF

AVMSs B, A2t Streptomyces avermitilis ATCC 312729 SdWo|F:E RaF2 ALE
sol 4ES ARGtk AHol AEF FFE liquid stock©E 80T WEIo] WEFFhe] WA
vttt ALE A =dl S, avermitilisE EAFE A A1 ISP (Table DuiA]o] HF 3 § 28ColA Y

b wjeFE & ZulE ARS5EY AL, liquid stocke S, avermitilis®] ¥AE 20%2] glycerolg #7F
3l -80°C W% 119} liquid nitrogen tankell X ¥3}]t}.
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R1 R2 X=Y

Avermectin Al, CH; CoHs CH=CH
Alp CHy CH; CH=CH
r, H CoHs CH,—CH(OH)
A2, H CH, CH,~CH(OH)
B1, CHs CoHs CH=CH
B1, CHs CHs CH=CH
B2, H CoHs  CH~CH(OH)
B2, H Chs CH,~CH(CH)
lvermectin B1, H CoHs CH,—CH;
B2, H CHs CH,—CH,

Fig. 3. Structure of avermectin (AVM) and ivermectin (IVM).

SHH A& o FE AP e A7e dekslr] Y 3 T/ colonyE 2719 AMH
i 2le]l yo] HE8Fe] solid stockeZE WHERITE v ALY S dolRE A ALE5HY
g2 stus 4T W 23e stk AL 24 & Aol 99 w5 E YA BaE stock

[e)

U wExa

Seed culture= 30m¢ culture tubedl] 10m¢e] A &HiA]E H7lste] FHEajkr]ol A 28T, 230rpm
O 2 48hrE et wige F, o] ulEad Xyt 10mee] AAIAE H7Ee 30me tubedl] A%
vz Al 718 cell®] 10%(v/v)E HEsHATEH Foll= Ah F59 T84S 1#3dte] 250ml flask
of 30mee] ALt AE H7bsto], AAFujA A 718 celle] 10%(v/v)E ATt APdS FHdt3
o 242 A Wl wpvkA 2 28T, 230rpme 2 wiatlon 778U vk = A4
< gedesin
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m—’ 2-Methylbutyryl-CoA <—— 2-Methylbutyrate
—>7 acetyl-CoA

6,8a-Seco-6,8a-deoxy-
Sketo”2a”AG

6,8a-Seco-6,8a-deoxy-
Sketo”1a”AG

5-keto “1a” AG

' SAM
B,AG ———> % A _AG

y/ TDP Oleandrose \{
SAM
I

5-keto “2a” AG

SAM i
A, AG S B, AG

r TDP Oleandrose ﬂ

A,, MS B,, MS B,,MS A, MS
TDP Oleandrose TDP Oleandrose \i
SAM X
Azt — By, B, 1a

Fig. 4. Proposed pathway for biosynthesis of the AVM "a” in S. avermitilis.

o Apg A

2 AgolA AMEE e A<} A A = Table 2, 39F a1 FH WA=
regeneration®] AF£%H ¥R = FHAwR|o 205 g/ ¢ 2 sucroseE

Table 49} 7o
H7bste] 2839

protoplast®]
I (Table 5), EAF gAlo| 2221 sporulation agar®#] ¢l ISP= Table 13 ) wjx]e] & Wit A
wFote] Hirdk $o

of WAEE @l AL ARG FAE AN AT P2

@ gEel A el A gl EFste] Abgsln,

Components Concentration (g/L) Components Concentration (g/L)
Malt extract 15 Soluble starch 30
Yeast extract Yeast extract 15
Soluble starch Cornsteep liquor 5
CaC03 3 KH2P04 04
Agar 20
Table 1. The composition of ISP medium. Table 2. The composition of growth
medium
C trati
Components Concentration (g/L) Components oncentration (g/L)
Soluble starch 132 Glycerol 5
Soybean meal 10 Agar 20
Skim milk 15 NaCl 2
KH.PO, 05 KNOs 1
PEG 2,000 25 Na:HPOj, - 2H20 0.534
MgSQOy - TH20 0.5
KH:PO4 0.272
Trace elements solution 0.1

Table 3. The composition of production

medium.

Table 4. The composition of minimal medium.
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Components

Concentration (g/L)

Sucrose
Glycerol
Agar
NaCl
KNO3
NagHPO4 : 2H20
MgSO;4 - TH20
KH2PO4

Trace elements solution

205
5
20
2
1
0.534
0.5
0.272
0.1

Components Concentration
FeSOy - TH20 0.1
MnCl; - 4H20 0.1
ZnSQOy - THO 0.1
Distilled water 100ml

Table 5. The composition of regeneration medium. ¥ Trace element solution

H
3 ”L%% Ab-g3tofoF Frh.
3’—1} sheith. UV ®olA g Wy o mA

g 5 FA] AdRE AAA &5 23
I hemocytometerE ©] —’Ffﬂ IAE AFE F rocker 9ol EAF g
= g9 F8 petri-dishZ o T 23lelA EgEHA UVE ZAFSFS T
St a0 A 254 nme 15 W UV lamp (VIBER LOURMAT Co., VL-215C) 271& 20
cm AgoA 0% ~ 300% o 30xA 50x FFo 2 FAegT
Zyzyol ZZH A colonyE A8t UVE Al hA
E80] 999 %A UV HZAIZHE Wz o =z o] &3ttt 5
AR 2ARE AR 270%0AM AEEO] 99.9% U S
gk UV HolAgE& Faqsrt (Fig. 5(A)).

g 93
UV°ﬂ Q’EH lLX].

Apau Aol A %2

% 0.1 ml® agar plate
controlel th& WiT& &
UVE 20 cm AYE
gelsto Z7ske Al S

o) O
Lﬁ\__

°]

avermitilis©l

(A) 100 4
90 4
80 4
704
60 -
50

404

Survival rate (%)
Survival rate (%)

30 4
2 20 4

2000 2500 3000

Concentration of NTG (mg/L)

0 50 100 150 200 250 300 o 500 1000 1500

UV irradiation time (sec)

Fig. 5. Survival rate after (A) UV (at 254 nm) and (B) NTG treatment.

2) NTG (N-methyl-N’-nitro-N-nitrosoguanidine) ¥ o] =] HH

NTG ®o] AzHy UV tﬂo] Ay w4 R85 pH 9.031 T™M
(Tris- Malate) buffere] A €3 & 0~3 mg/mle FEE methanold] =< NTGE H7Iste] 60%
ZF WkS-A1Z1 & 0.1 ml® agar plateol] =3l 7-;”—}9] Z713}o A colonyES AlFste] NTGE
A 2lstA] % controlol] Wt WME&S Tkl AEEC] 999 %2 NTG A FE&E Wzl
= olgstitt. F AgAIS 60 ® FAStL ZF vk ¥ME NTGE A3 23 3 mg/ml

.= O =

Fo 959 £42
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A ¥52E 1%5% (Dry Cell Weigh, DCW)& o] &3le] =

Ao 15000rpmel Al 1083 A& & Fold= = =

weighing disholl ©oF 90C dry ovendl A 12413 &<t %3 & AXFHES 1/9 AXs=

gakste] YERR AT

v, AVM B, & 2 AFEHY
=

Avermecting® F&37] ¥5te] sample® FH3I 10mle]l S, aquermiltilis ®iFAS  FHQ
methanol&  #7bate] &3 Fo] 1243k <k 230rpm, 28°Ce HEHjF7|olM FEFT F

15,000rpmell A 2083 2 A4 E 2 ske] AVM BE ¥338ta e Imle] 45 < F3 HPLC
A S Arsklon, HPLC Chromatograms Fig. 4-4¢ UeERH ATt Avermectin Bi, 3%+

at91ar HPLC &3 x31& v 2k

Column : Mightysil RP-18 GP 250-4.6 (5um) (Kanto chemical co. INC.)
Mobile phase : 85% methanol : 15% D.W.

Column temperature : 40C by temperature controller

Detector : M 720 absorbance detector (Younlin co. Korea)

Wave length : 246nm

Sample loop size : 2010

Flow rate : 1.2 m{/min

Fig. 6. HPLC chromatogram of AVMs

A AR AR A A S olm =t fFAIER AREEF B W
AP s A A A AIS isoleucine frAHAIE o] &3} A A

of e ALY wFE wsy] e WA ISP AbAuiA oA A xS S

FA] s AAAM &5 EAE St HH ok At AR

=
(p~flouro phenoxy acetic acid)E& AF&3FAth ol XAty o AT HZE FH3te
(e}

i

polyketide®] B39 4= 587 f&eltt (Fig. 7). =, AHAF &4 AsA7E 5= &3
1 dFete EdWolFE AWA AR B ofy e} polyketided] AEA HZZ giAZE o
S G Aol7] "ottt ol o] fF = Qlste] Al A A e AL S HeE Wl
TE dux UVe NTGE 77 Agste] A3ds st ddqtel 93] pFACYE B H &
AL A7) Ja] T A77F 02 pme] AFAE AZ 5 HA v (Table 4)o] #7}alo]



AT B7hE e pFACS FEE 100 mgd ~1200 mg/el FER A FANA AR 7
FE ddstda, v Agvit 75 Bigo R ©d colonyE SAAFHB| Ao HEFSHA T

ghH polyketide =<1 AVM small "a” ¢ AAAS $13l starter unit= 12} AR <]
isoleucinedl A &l ¥ 2-methylbutryl-CoA7} AF&% v}l watA avermectin Bi.& 1LAAASH7] 9
M= 4 AFEAQ isoleucined] AgAdo] s zlaEojof sl 1AM 9] FHA e Q)
o] 714 & 94&&S unx+= feedback inhibition/repression @AHS ZH3517] 9 3) isoleucined FAF
E2Z9l OMT (o-methyl threonine)®} AZL (azaleucine)ol| W3t A A EAWHo|FE5 Az} 31
th mEbA OMTel A S HeldE 552 449 isoleucines AT Fo=m A&EH o=
isoleucine®] g ol dqH o] isoleucineo] g FAdH Aom dAdET o® Qld oS B
AFA7F avermectin Bla A FE2E 3FHo 520 F avermectin B, A EA o] F7hE
7bs/dol = OMT7F dRatel oa] wAdo] dojur] wiie] 59 =7]7F 0.2 pml o 744
2 AE H dHAaR o Hrrsle] AFEEA L, 20 ~ 100 mg/12] FEE FHau Ao H7)sle] AlE
shlth. A e AEE QT wiAEZs HauAE ARESt AEE colonyE EAE A

-

)
o,

AN

A2 &7 28CollM 79§ wjFet § EAE Frste] Aol A 4847 wf gt F Ak
Aol HFsko] 7L wikstol HPLC A4S &3l AVM B, BAdES #lst= daE 7

[}
A AN Wl FE AT

i Acetyl-CoA synthase
CO,

Malonyl-CoA or various W Acetatyl-CoA or various
kinds of extenders carbzxylase kinds of starters

i Condensation

R /‘“\K{U\"
®

i B-ketoreductase

&
i dehydratase
s =
®

New cycle

0
s )\v/\h\k <4——  ace
®

R

9
s )\V/\R < Acp
i3

i Enoylreductase

Last cycle Last cycle

Polyketide l Long-chain fatty acid ‘

Fig. 7. Fatty acid and polyketide biosynthesis pathway.

3k Isoleucine FAFAIQl AZLO| wWish A& WolF%= AVMs % small "a” componente] #
A<l isoleucines o AEA Y] FIFHoE AVM Bi,E FHoz AAE &= 9S8 Ao
Azkd Rk ol AP AA §FFA ZAFARJMAR o] &o] 7ted ZAowE FaEATE 719
AW 9} vz 7FA| 2 azaleucine (AZL)©] ce2 HrbE

T2 sporeE UVY NTGS 2 44 =

=AWl B4 glo] =gt HAAE colonyE AZLO AdA WHolF:a Egart ol ¢t
o] isoleucines AVM Bi, AASHE o] AiALE o] &
Ue AolBE 87FAe] AVM #FAHA < 7Hd g3 5 &35 et BuEY A

B OPRAe PIAD S da, AaEe] B gAwAe] HEe Ars T 5+ US Ao v

L O
o
<

i
q I
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= ATt

o}, %7t (Manganese) =+ & (Ferrous)dl W& A #+F By
AR AN TFE ARS8 2AP A F AFS T oE 4# X Mnt Fe
Faatgdtt. F & iAo MnCl - 4H20 MnSOy, FeCl; =& FeSO
S Hheh & st A MAE HEJAT 1 F A opnxAt fFAMEE A
dd wFE Eeste WY 2ol IAE mEste] 28TolA wigste] €2 colonyE #elskS
o} 3 Ak A o] MnCly - 4H.0, MnSO,, FeCls, = FeSO, - TH.0E o2l 328 3 7bsto],
M et AVM By, A4Hd ol mAl= Jaks AT

=
)
S|

Z}. Scale down (miniature) W ¥4 3
AR FFe] Mo 9ol FL23 AL rational screening MH o R HIE7bEA 73k 3
e A el %2 #FE AddEste] AMdS gdste Aol dor F3sd shake
74 250 ml flaskell 50 ml®] WA & AR-&st=d, 01316} e iAo g A
SHARQD A YAl B ARVIAAY SR dEojop gy Ty 2 A A A
GG A S} ALEAE A7 30 mme test tubeoll 10 mlS
& AEet s AbEelhe AFEWHEY B2 AE WHolF
ARt #7F 9lal, o] ERFE 1AL WHolFE AWe 4 9lt} Rational
screening ol Ak A AU AFAE AfA el obn| At FAFE A AFAES He
T = A8 A agar slantol]l HEsFe] 73 wfdste] shue]l APHu|A] =
stock HyH-g o2 4To]| ®Bysta, thE shvhe] APHEiA = 10 mle] A3 A 9] seed® FF s}
st wieFstdth thAl 10 mle] AAbujA|el A 7LZE kg & HPLCE o]&3dte] A4k
H = Adstnh ofel Zd oleg AAFE WY nAATFE AA HE A EFeaa
o e xE Ax AMAHS AR Miniature W ¥2 S Fig. 89, Z22]3 miniature B
< % AEe d5ad WS Fig 99 =243
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Fig. 8. Schematic representation of a rapid screening & cultivation method.

protoplast fusion

Fig. 9. Schematic representation of development high-yielding
strain system for miniature-cultivation.
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Z}. Revertant® ¢ back mutation WA Wy 7|

Streptomycesc 253+ spore?] 0.1 % o]Ao] AAX o7 FHA YW HEA £20] A
g AERZ FARe bAgAdo] g e Aoz Baiyo] 9t} ol EAow Q3 FH4
A AP AR HAH o ® F8 5= Streptomyces®] oA AyFH oz FE5s|ordt 49l

S. avermitilisE ©]-83% Jan novak 9 A% ZAAE AHHH (39 Adnld

o
fr
m
P
=
<
=

Wagel 91 FAHE AYS AAT 5 Atk oHF AFE ol ATAAE AT BAw
ael §AAL AEHd BA H4 F AANY] WPew @uwt B dTdNn
= FAA BAPYL A2 A8 UVSE NTGE o §8 B

Streptomyces?t 7FA 1L L A
sk, AVM Bg St Aoz uAsts 55 Al 243 3 dAA F4
Zpe] £2S Zol7] Y& Aol 3FE HAislsta AEA S screeningS T @Y 9

o
= =
AP E FAAAT

ol &

2 Ao FAA URS =9t HAHo A E idstr] e FAFEAAGHSE
AHPAAE sta, 2 AFE vtgrdyyoz FA3c SR W E (Response Surface
Methology, RSM)2 A 2] (F#¥ 4, Q) st )& TN EE AR
EUEE Yeido] ®ieet vhggte] daAE AR EHE FAgste] Aol uwhebA] whEgFo] o
G g E7HE dEetal, oW d Aeo] xgtelA whgFel HAs H ZRIVME Follle &
A

S ol o,

[1{

D S EHEEAN S o] &3 AVM B, AiA w2 #4435 - A3 Ad 3 $A4 £4

AVM Bi, A%4Fel HAstE gdetr] fske] vl 4579 wiAl A& (F& soluble
starch, skim milk, soybean meal, KH-POy Z}7+o] HE®3}7F AVM B, A4 v X = 485
TS EHARAHE S o] g3ste] EASA T S EARAHE S fg AFAYgH R FAFAAGH
(central composite design)& AF&3tAth TAFAAGHS FAH (center points)? =3 (axial
points)S 2° Q9 AF F7AZ AFAGow FAFAA YA E FAH] FE Ao glo]
S olatel H® (0, 0, 0, Mo® AASAL FHO F kw wexdol Aol 8o %
o gt wEtd FAHY] FE nE UEhE FAFAALY 35 2942kt HEZ
2570 AAE oA APS ArEAh 2ol dAQA Wste] mE AVM By, A4 ] wk
SxEMo] FHoE YEhd AR oy o] ol Z2 23 thakAe] A G A H

f = yO+apxXj+a*X; " 2+asxXotan* X 2+agkXstas*Xs 2+ajk X+ Xs

+ags* Xk Xg+as * Xa* X +ay* Xa+au* Xy 2+ayg* X %Xy +ag* XokXy+az+xXz* Xy

o714 f= AVM B, B4 (mg/L)olH X, Xo, X3, Xy= Z42Fe] wix A &olH yo= 4, and
3] A Aol ot

A gAS 2 APAAE WO R sigma plot programe ©]&38ke] FAHOE
Aeto] SR TR o Ao z =
# AVM B, AAHS g HA g =23& o}
ol AL A o Wl A modelo] ™3 FJAL sigma plot¥} design expert program]
EAA LA Pgrell os AA = P<0.05Y W frelde] g E T HAm SR A8k 23
oaka o] fgro] HuR =HE AHE 339 v XHES) contour plote ©] &35te] #EEH )

. =3 design expert program



Aol mB&AQ Holuh A HolA g4, i ada vE dEEe] A9 b
T8t T olss AYsks W AT WHE ol&sted AW o HdeE =4
G da, w2 stk ZHe] Atk Plackett-Burman Designe thFet 8215 ZFollA I8
g AS Ads d ¢ e SATH WY T P 9@ WRlely a4E e A us
olglol = ol# ol Utk n-1719 &<le He 23S FPsiHE 20! pHe AP Fas}oof
sl A "F Plackett-Burman Design n-17 2.%1of dig = =5

< HEDIH e FE-DE AAT
Z

n7tA 2] Agoz ARE A& 4 9t} olu PB DesignolAl ne 49 wijgrolojor s}, 27

1‘
N
e o oo

23 (genotype)©] A2 T2 M| Aol A {2 wEko] Uojuypd A2 FHxE o] A}
1t A2 w3k 4k vAEe] vlEF et AAwS dgd oz X5t wpgAs R & A
Ae AQAIZ F7F o] AT e £ Fddo] FHa ok fAA AR 282 ST
A 7)1= e stuE dd 48 dA &3 protoplast fusion)S FA A A &) | =
T, e olF, Yolyl thE & Aol A E o] 7teste] FAA wdke] wlg F2 wol

dFAA 3 T8t s da=olof & dAVE dFAA Fdolvh. A3 A A (protoplast)

SFA A7 g H AH oA lytic enzymes AH gl AXLHEE AAS AXE D=

(Fig. 4-8 S. avermitilis® Y& ZA), polyethylene glycol (PEG)¥} #& 3¢ F=&72

(fusogenic agent)S F7istd YFAA §3Fo] olFAA =42 hybridtt diploid7} 34 €t}

Hybrid @7 &<t FAA7F AwidstAY Fd2Q Axgol HASA Hvh. Bacillius$t
<

fe=]
= H
Streptomyces®] 75 A= o5 FAAT AEZH AA=HA &A1Y o
] | A

ol Aol vl
$ e NER dojuth 484 FFASS AFA BAWe] Yol oa Qe opulmAt Fab
Aol ohe AFY BFES FAT FA FRHE BFTFE A% 5 Arh F obrle F4}
A AGY FEG FYA AGY FEES AWML ofF BAWeF/ FEH WREF (mother

=
strain)ell W&l A 7]E= ARt o AE AV glon miFo "l 4% £l =YW &

Aol 3

AuHORE AFY FFEY A ohvmit fAAL FAA] B} o= £F ol o]
W olabel ALY el ol WA 93e gashs el vk aey 994 434
Eowe WolFol wal fAMFe] FAR FAH Al FesA FAHL, AFEE o
AVM By, 444 53 ge ulg Aeets S4o) 2 Fom gaE A #FE AL 7HsA
o ¥

1) 9849 84

Streptomyces®] sporulation B =21 ISP AbHB}X oA 88Uzt vkt AAFF LAE 3438}
o] glycineo] 7t AujoF wlA ¢l P-medium (Table 6)°ll HZ3 3 37T, 230 rpm O & 4841 7+
Bt miekdt Fol 4,000 rpm (3136xg)ol A 10 F<t FAEE s wAE AT FoldE
Hj 2] AES AASE 7AS AFEGoREE B3F37] 98] M solution (Table 7)2.2 23] A #
3lal 0.6%9] lysozyme©] $H¥ M solution®] #HZF HEAA 28T H&ujg7]oA 907 23}
A HEFEATE o] A4S 2,000 rpm (784xg)oll A 208 E<oF A EZ I T M solutionZ 23] Al
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ato] lysozymes A7 % cottondt 20-25/me] o] A2 o] 3}slo] HAMS

Az AP AAE hemocytometers AH&3te] AP AAE At

(A)

(B)

Fig 10. Microscopic photographs for S. avermitilis.
(A) before lytic enzyme treatment, (B) after lytic enzyme treatment

Components Concentration
Glycerol 10
Yeast extract 10
Sucrose 205
CaCly 3
MgCls 6
Glycine 10

A A 3 Aot

SERIN

Components Concentration (g/L)
Sucrose 205
CaCls 3
MgCl, 6
KCl 0.075

Table 6. The composition of preculture

medium (P-medium).

2) AFAA ] A
}7) 9} 7+o Wb of

H soft #jA
5
=X

o

o, A

M o 2 |y
¥ oo

= Al Aol pour platingdte] thERG colony94 TB)E S435ta LA dEgAS

o)
At

o
QA% AZHE A4

e gg

)

P48 4

17t

Table 7. The composition of M sol'n

(osmotic stabilizer)

9jske] 3714 9

H] L5

FAAE M dFHoz A4 At 0.6%°] agar’t
st 5, A ¥lA (regeneration agar)Z ©| &3}l pour platingdte] 28T
LFAA AL
2ol T3ttt &

A YA S AL

% hemocytometer®2 AlTH AF @A F(A)} o]

WS o

A7y A7 A & wA el pour platingste] YERS colony] F(C)E F43te] thad 22

Ao ALttt

Regeneration frequeny =

A71el W o g A3 Streptomyces avermitilis®] 9

B-0C/A

A : number of protoplast plated
B : number of colonies regenerated

C : number of osmotic resistant cells
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rpmol A 2087 LAIEEEe] 0.1mle] M solutiono] HERAIATE o] g H 1mle] fusion
solution (Table 8)2 7}atal 28C oA 180rpmo.& 583F Y& FE3 4 mle] M

FFA g shatel §HE FAAIA OInbE soft agar] EFE F AMA overlay sl o}

oL
i)
2
ao
o
[o

Components Concentration (g/L)
PEG 6,000 500

CaCl12 - 2H-0 3

MgCls - TH20 6

Table 8. The composition of fusion solution.

4) UV 22kl ok faak Azga A8

A7)l el oE Az AP AAS HEFEst 1 x 107 protoplasts/mle] HEE UVE ZA}
(X AFE 99% o]4h)gk & 0.1mee] 982 A "8l N3 fusion solution 1mlS E3sle] 4dAA &
¥ frEstadeh 2Ea ARt

HRAZE A7k = AAuiA ol overlaydte] 28T ol A vl <
skdth A ZAbel ot QIS U=
thymine-cytosine, cytosine-cytosine®] olF A7} = o] EAWol7t dojut=d, FAH oA
= THAEA el oa] Ao ® IRHA dnh A dFAAE He BE AF VT E dFvE
foil2 A Adste] A B Aol &3 photoreactivation@ S Fetth. B A F A X AFE-0]
99% o]/do] &= AlZbERF UVE XA 7] wistoll Axw S AQAste] gk colony= 2k
Az=gFA g hFato] At

UV A= gaolA 2564me 15W UV lamp (VIBER LOURMAT Co., VL-215C) 271E 25cm
Aol 180~ 270 %= &<+ 50x FAL=® ARSI 1 F 0.1mlS pour platinge = w3t
H, Z7+e] 2AA 9 colonyE AlFste], UVE AP sHA| &2 controlol] gt W E&S 3}
AEEC] 99.9%% UV AAE Weolxzdow o] gaity. & UVE 25cm A= FA &t 7t
AZE W2 FARSE A3} 270% 04 AAFE o] 99.9% S Felste] o] A S, avermitilis®] ¥

FAAN e Aol Al E FAE F §F2 A=Y

pyrimidine®] 971”7} thymine-thymine,

5 NTG A&l &gk Fda AxgA Ad 3y
NTG(N-methyl-N'-nitro-N-nitrosoguanidine)ol] €] 3F Wo]Fe] HEE L GC pairEs AT pair=
HateE Ard9deolth NTGE 2 5ol & vla] @ XAbess Hole &
7HE dE AL E e EdWe] ol
871 UV AgollAl At vief 5dg o2 Wy o9& Alxd dPAAE ATF5E7H 1
107/mee] S =2 28 mg/mel NTGE 455 B¢ A (HAE 99%)8te] 2,000 rpm= 141+
T sucrose’t ¥&¥H M solutioneZ 2 MH3sle] 239 0.1ml 1mle] fusion solutions &3
st A §TS Fste]l QA overlayste] wlSstAth 2 AT SHAE F
L2 NTGE Agstat7] wiel AEHS A8t 433 colony= A A=FA = (H551o

EEETE

tlo
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3. Al 2 AIEAA 2 A 2 AEAEHA:
73334 A EeAdATAH AL

A A

AE W AENRGEEES AL DAY DR} aFe] 2P Aol AFA Agshe] 2

44 ARe A AEE g vigetel ATk AE} wFelel B A AR A
A7 wie Fzehd HEa orAe *@arw. 1bdEe] & xgxﬂ ATE FAT)
AL AY AFE AR AT o

N

o
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E
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o
ofo
ol
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:I:
09,
o2
ol
o
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o
_I-tJ

o2 OHJ 1T o oF

43le] =k W ste] acetone E=E methnol & 1%} FE=3 5
= %ol EA AMEe FFS 74A 3L 50L fermentorol] Al Bl <k
=} sample-% 7}%13 2 AAS FYstArt 33 = 5000 L SEzolA 3000 L FRZ

Fo F scale-up TR FeAA T4 LAY
Fystgon BegAe] ATE A% RE BN g A

AVMs®9 HPLC &4 %A

—column: waters bondapak Cl8-reverse phase column
-mobile phase: methanol:dH20(85:15 v/v)

~flow rate: 1.2mL/min

~detector: uv-vis detector 246nm(% & 7]17] M720)

—column temperature: 40C(4#717], CTS 30 column oven)

—-injection volume: 20u{

t}. &2 FAAY

Partition coefficient®} selectivity®] oA avermectin F=°] A A3 &= XAsL F=
T4 dA Q3 parameters S 4_%3} ] 913 o2 solvente] 2]3F acetone-water phase<t
methanol-water phase®] FE& %S THA Hletdth o]& 98] WA methanol¥} acetone®] th
A ) AEANA A& avermectin(Br, 90.7 A, B 56 %)& =94 700 mg/L2l model solutione
P Al =& 53 H&E=E #H7Fste] acetone-water,

methanol-water aqueous phaseE J%J_ amyl acetate, pentane, benzene, toluene, hexane,

ﬁi

O

Az & solvent®} two phaseE

cyclohexane, heptane, methylene chloride, chloroform, n-butylacetates ¢]&] solvent®Z F&&
Atk ol & 913l aqueous$t solvent®] ¥ H|E 2:1& flaskel H7Fste] 24A17F 200rpmel Al 71
g3l % separatory funnel®Z phaseE +8|3FA T 8] 7} solvent phase®l X2 avermectin®]
=% HPLCZ ¥X3}1 material balance®Z+%-E aqueous phasecl 2] avermectin® *
A3}l percentage of extraction, partition coefficient, selectivity's 2+ solvento] W& 3
<= Hluskgin

AAE Y3 HA o FEHE1 2 acetone-water aqueous phase?] chloroform®} methanol-water
aqueous phase® dichloromethanes T2 &0 HEF A7t w& FE58&3 aqueous phase$}
solvent phase?] #3 Wslo] w2 FE8&2] W3 E ZASIATLE ol 9% 5 FHS =44e
2 YeEid o3 2o

2 =
—= T
e
= 8%
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l 02 21201222 28 2phase= HA&GIEE 21

5:3dl2 &8 (methanol-water, acetone-water)

Oj|9|]H/\l- 9_|A
Vg0 N2 ary

} methanol =5

HEoHH HPLC 24, =&+ A

g AX sjFHdoziy AAH 3 -

25 L AEdbg7]o A vt A g ojd mAAEZRYH 4 2 & #H7tsko
700 mg/Le] model solutions AZ3H = A2MFo F&F A /MYy s Ao FPstd
oh A s o = RE W o3 duud e FAHS

—
{0
>

[

o
pal
0 M0
tol
1>

<_
10
S
=
2

OH kA4 (methanol)

> <
Y
0z
gl
o

0z
on
J2

U
I

(rotary evaporator)
aCl& ot

=z

ethanol& Jt

— — —
m 3
0z

o
T « <« [A
w3 M oA
0z o
AI
o

ja
el
@)
I
=z

ethanol Xl & off
= 6H M

ul, Pilot-scaled] A1) AW HAE F&, £, A4 34 /MT L HAHs

w2 A2 R product’t intracellular 95 #2184l AL, pilot FES T A3+ FAMLES 9
3l QARG FTAH O E tubular bowl YA E 7], Alpha laval Disc bowl B¢ A& dAE
g 7)o Ag7bsA o FE HAESAT oJRFF R Ruth B82S o]&3to] avermectin A4kt
9] specific cake resistance # & F743te] FF scale-up¥d filtere] Ao thn]eA L pilot
TFE9 filter press test® £33t % membranes AA AT T Ffo] o3 By AAZS AFE
3}7] $13te] microfiltration &8 22+ 8 um pore sizeZ ZtE prefilters AM83}% 3L, Satorius?
Ultra filtration unitS ©]-§3}o] microfilterE &3t o A (filtrate)oll Fol)= =25 300,000

olde] AdliEAE 300K membraneS 2 A AL, A 100,000 °]Fe]  EAE 100K

[e]
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membranel. & A AT Fof oA Holds& AR AAEHE B 10,000 oA EsES
10K membraneo. 2 A ASIATE stH UF T4 sk giote =z FE5FHE A|Esg o,
&+

2+ methylene chloride® ©] &3

ol
2L

}1 11 aqueous phase®+ methanol : water (5:3 v/v)& A}
9 tF. methylene chloride(-&m): methanol-water aqueous phase?] H]&o] W& FEH&9

w3 HA &l HEs AAsAT. AAFstE A &mjuwdty F5S 95t rotary drum
evaporatorE ©]£3}o] methylene chloride® %A1 & 243 £w2 methanol® £wjulgt
sto] avermectin®] FXEE 30g/L7HA FFAIA T E3F avermectin®] A StE 918to] chillerst
A4 = WHtRE o|&3te 2EE 4CE FAAZIY witsigion AAst a8 FdE 98
NaCl 3o & AATE& 2 BA= WstsE AT

> oo OE) il

il

b4

Q!
%
g

v}, Pilot T2 S £AATAH A, A, &

22 A 9] pilot TR A FA /\]@
YA4A T4 NIt ol & 9l 1
(process flow diagram) W38, = <}
P&IDE 7Wtoe = S eds AAsta &dge
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Fig. 13. Effect of culture volume on (A) AVM By, production and (B) dry cell mass in
various strains (2.2X soluble starch medium was used).
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Fig. 14. Effect of concentration of soluble starch on AVM Bi, production and dry cell mass in
250 ml flask cultivation (30 ml culture volume).
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Az 30%xAe] 2HdAE A oF 64 (5500 unit/l), 40% A ZHAE ok 9wl (8000
unit/ DAL 77 S7kele Aom #FHAT. o Zetaa AP sd AREA, &4
27F AVM B9l Adel Azs 93-S vdoe 2y, £347 58 FFo 2 EAE ot
AVM B, A #o] F718te AS AA s T Aot

Egk &S] FATE Mg S o= Al A AVM B, A dEFES WA=AE £
ALzl el vl b= £FAAE 0" 2 FX|A7|th7) stationary phaseoll A £FEAE
30%= A mFAz (Fig. 18A)<F v < zﬂ_-‘ﬂra wyk7]e] £52 350 rpm O 2 A6k, H
& Hute] AH SEAAE ES FTEOE FAAIIWA WY (Fig. 18B)g A& v wstict
AzFAZES T A4 FABIE A AVM B, A@dAES vlws) B A3(Fig. 19B),
stationary phasedl X &FEAAE 0% = AT A= &F447F “070] A EHE 964 IHEH
AVM Bp7l A2tE = As gl ¢ AATh o= midF 2o &E4AE 30% = frAIe wi
(Fig. 17A)°] 75 oF 48A17HFE Aol Al &E= 23 vuste] & o, F 29 A% AAd
Aolth, a2l HW AVM B, A@AH =3 2wRE 0%z §E442E 43 49 (Fig.
17A)8F vl =zl ARHd £ 57 0 =8 3e SAstdnh. 18)al v ZNFEE 350 rpm o &
>Hste] §EALE B FToE 2T A (19 19B)w= wid 48412 FH-E] AVM B,
Agtdo] A2 E P T Ho AT S 7,021 units/I19 S 25 A

A7) AR RE thdd vl Ao Ao AVM By, B3A A Ao AP S vlus B
A (Fig. 20), AVM B, & §&2471 At 2@ = AAEES ®Bola (Fig. 20A), w <%

s
712 Aol AA S FFEoE &ALV %Z]HL 7Ag-ol el A AFAHENe (Fig.
20B, C, E), vl HAdtolA] =2 Ry £25 4% (Fig. 20E)®.t} computer control
systems o] &3ste] HAebg#HS HAast & A9 (Fig. 2000 =4 A AT olejd A=
|47 AVM B, AR 329 turn-onoly A T4 Ao st &S 71X,
Akt F7E Adgdol oa otdEs weve s A E

g
H
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Fig. 16. Time-course profiles of D.O. concentration, agitation speed and aeration rate in (A)
30% D.O. and (B) 40% D.O. controlled-fermentations in 2.5 L bioreactor (9-hole sparger and
turbine impeller used).
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Fig. 17. (A) Dry cell mass and (B) AVM Bi., production between 30% and 40% D.O.
controlled—fermentations in 2.5L bioreactor.
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Fig. 18. Time-course profiles of D.O. concentration and agitation speed and aeration rate in
fermentations performed (A) under the conditions of 30% D.O. during stationary phase and (B)
D.O. controlled at high levels in 2.5 L bioreactor (9-hole sparger and turbine impeller used).
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Fig. 19. (A) dry cell mass and (B) AVM Bi, production in fermentations performed under the
conditions of 309 D.O. during stationary phase and D.O. controlled at high levels in 25 L
bioreactor.
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Fig. 20. Comparison of AVM By, production according to various fermentation conditions in
2.5 L bioreactor.
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719 FE S 1.0 vvne 2 188 Z; spargeroll Al unkr] o] Lo mE §EAALC] AAE
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Fig. 21. Time-course profiles of D.O. concentration, agitation speed and aeration rate in

fermentations performed with (A) 9-hole sparger and (B) STR sparger in 2.5 L bioreactor
(6-flat-blade disc-turbine impeller used).
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Fig. 22. Dry cell mass (A) and AVM Bi, production (B) in fermentations performed with
9-hole sparger and STR sparger in 2.5 L bioreactor.
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Fig. 24. Real example for the plot of In((Car’~Car)/(Car’Car?)) versus (t2-t1) for kLa
determined by the dynamic method (agitation speed from 100 rpm through 500 rpm with a

fixed aeration rate lvvm).
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Fig. 26. (A) dry cell mass and (B) the pellet diameter according to agitation speed in
fermentations performed with hole sparger in 2.5 L bioreactor (6-flat-blade disc turbine
impeller used).
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Fig. 27. AVM Bj, production according to agitation speed in fermentations performed with hole
sparger in 2.5 L bioreactor (6-flat-blade disc turbine impeller used).
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Fig. 28. AVM B, production according to agitation speed in fermentations performed with
9-hole sparger and 7} #3& sparger (6-flat-blade disc turbine impeller used).
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Fig. 29. Comparison of oxygen mass transfer coefficient(k;a) as a function of (A) agitation
speed and (B) aeration rate between 6-flat-blade disc turbine impeller and paddle impeller.
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Aggel -3 77k d - FHe= Aol 1A Fol 9l
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Fig. 44. Time-course profiles of (A) aeration rate of pure oxygen and air, and (B) temperature
and pressure of input air in batch cultivation performed in a 5 L bioreactor (2.2X soluble
starch meidum and OMT250-1 strain were used).
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Fig. 45. Time-course profiles of (A) DO concentration and (B) pH in batch cultivation
performed in a 5 L bioreactor (2.2X soluble starch medium and OMT250-1 strain were used).
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Fig. 46. Time-course profiles of carbon dioxide evolution rate (CER) (A) for the whole
fermentation period and (B) until the initial 72 hours in batch cultivation performed in a 5 L
bioreactor (2.2X soluble starch medium and OMT250-1 strain were used).
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Fig. 47. Time-course profiles of (A) AVM By, production and (B) dry cell mass in batch
fermentation performed in a 5 L bioreactor (2.2X soluble starch medium and OMT250-1 strain
were used).
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w2 el aAPAA FFENEE 9él rational screeningS FAEE F wjgd Yo antifoam
S H7 sk A, 22 v =3 A A E(vellow resin® HWH)S A= #FE 24
31913 (Fig. 48A) o] SEC-32e}x WHstdct P4 % yellow resing 3|538te] TLC (thin

layer chromatography)& ©l&3] +43 2 A3} dgFEo] AVMsS Aoz 3l (F1g
48C). o] ol 3t & =7t iy ¥ AVMsZF A s o] d¥7F A gtow B

=] Xskal, AVM Bi7t surfactantol]l &3= o] ZHef= nige &3 Aoz A7 AT, o
218 Aol QS Feletr] 98 B #FE ol &5k surfactantE H7be 25 L 2R X WY
S 3Pt 8U 7 wigdt & W Ex uiek 9 glass vesseld]l B&FEo] 9 yellow resing £
3td Tt (Fig. 48B). Yellow resin®ZHE AVM B2 A#HEAS7] & widF 343t resin
S methanole]l %<1 % 102%F 15000 rpmel A dAEgste] Mx 2 vz AJES A AT
I % weighing dishel #5992 21 FAE SAHI T o 4N Tk T ARV
methanolS A7l & A EAZS =43t 543 vellow resing %S AALs A3 oF 5918
gs 4E& F UdAth o] yellow resing THA] methanolol] =<l % HPLC A #FwAS st Az
(Fig. 48D). ¥t&zx HAA oA 343 resin (antifoam)o] <F 11,000 units®] AVM B/} £A435t+=
Ao FRAFATY (ghd Tax U9 14%4] brothel €A13= AVM Br.e ¢F 15000 units/25 L
bioreactor®. = A4E). AAHE AA Fo=Zwk vl antifoam phaseo] Y]E #]A] brothol oF
30% ©]7d9 AVM B/t o &4 }—t— Aoz HAth(Fig. 49A). 28y ¥ax e AA brothe
ok 1500 g¢l wkH H7}E antifoame oF2 23 3 g9l AL 7erdhd antifoam phasetol] &%
H AVM B 42 1% =vd= A4S & 4+ du. AVM B, AFES 1 g9 cell broth, 1 g9
DCW, 1g9] antifoam®. = thA] AL 2 Az I Zol7l &3t =eds & 4 AT (Fig.
49B). = cell broth 1 gol:= ¢k 10 units® AVM Bp7b &A= vbd 1 g9 DCWeoll= 800

units, 282 1 g9 antifoamol+= ¢F 1,800 units®] AVM Bp7} A5t w9 1540 A=

[T
e % 99k

AVM Bi.7} antifoam phaseol &4 o2 X SA40Z <] AVM B, S A3 o
FE BH S A AIE 4 Tl = intracellular product®! AVM B, AEdAS S7HA171= W

ox WEIA Ho|lFE st HEFo|t. duby o g tfHE 9 intracellular product= end
productoll ¢ feedback inhibition ¥ repressiong HHAl Ho] dA 2 o)io] AAEHE ¢
o] el AgAol E7Fsd dHE AL vk o] Af FHAA ®WolF= (i) end product?!
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of ZH o =M, AL vjH Alole] AVM B0l thdt B 7F o] Fo A X &GA o] X&HH
A AVM B9 Alxze] #HE JPAIZL 5 A& Aojr) A oo 54 wREIA wlolF

5 AEstr] fsiA geke 5o dEs AlRE S Aoltk F, (i) G(+) bacteria®l Al

X2 93¥st= penicillinel 3 A WHolF (i) AET] FAAAEQ fatty acid F4 Al

coenzyme . 2 Z-&3l+= biotino] W3k FU LA WHolF (i) tween 80 # fatty acid A+

Aol digk A3 WolF, E= (iv) glycerolol tigh Fa+4 SAS ze HolFE& MEd

AE, olee HEHRAEY TR s AFEE AVM B/t ﬁ%ﬁﬁi A EZe) 2 o x= 1A
S

N

o E3 EHl®" AVM Bk wE |25 ¥ antifoam phase®

ad A ThsAd ol

olFd Wk ofyl kA FAHE F AxF:, A= %"éo] A9l glowA AVM B A
grox 2 (T & Ade AA} o ¥4 &vlE TaEx R AT Ae, LT
g - ALHd AL T ogk AVM B, AARE Y SUistE olE e “extractive
fermentation bioprocess (BAtEFE Wl A=34)7F Add & A& Aoz 7gd.

(A) (B)
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AVM Bla

= «— AVM B,,

S R
©) (D)

Fig. 48. Photographs for yellow resin in (A) the bottom of the fermentor and in (B) a
harvesting bottle, and (C) the assays of TLC and (D) HPLC assay for the yellow resin (S;
sample, R; resin).
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Fig 49. Amount of AVM Bi, in the medium and in the yellow resin.

(A) Maximum volumetric AVM Bi, production (total amount in the 1.5 liter fermentor) in
intracellular phase and antifoam phase and (B) specific AVM Bi. production based on the unit
mass of cell broth, DWC, and resin.
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Fig. 51. OUR profile (w/o filter)
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1}) 1st order filter
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m : filtered data
p : transmitter input
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Fig. 53. Time-course profiles of D.O.
concentration (DOt = 30%)
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deviation of
specific production | the AVM B,
AVM Bia . . .
. D.C.W |specific production rate production
production . .
. (g/L) |(units AVM Bi/hr)| (units AVM Bi./g | between two
(units/L)
cell/hr) cultures
(units/L)
Ist 14492 21.0 5.5 3.6
SM-4 3690
2nd 10802 20.5 56.3 2.7
Ist 12120 21.3 63.2 25
SAM-18 7879
2nd 4241 25.0 22.1 0.9
Ist 12200 16.1 63.5 3.9
SAM-18.3.9 3220
2nd 15420 16.3 80.3 4.9
1st 18200 22.3 94.8 4.2
SSM-6 1250
2nd 19450 23.1 101.3 4.4

Table 11. Comparison of parameters related to AVM B, production between four strains in
500 L fermentor (culture time was 192 hours)
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U #FFEAES 3P S EREYS ]8T AVM B, AR HH 35

1) z7] AibuiAle] gigk vk xw FAY 8 - d#FE T3 GA A AdE AT o] &

O|AFHAL AbE O o3 AAtE = o) AHAF AHES] A, AE AR oF AakeA o] A e vt
olgtA thETE & AuA e A Jted & =2 R AT TFE LS F dE X AR
o] MZEAwh AAiA S B wjFd el mAEo] fA o] & F v 'Addo] HQ o
o] BFog EANT A, AE A &g i dstE AES s 9 ojxAbe A
3}/l catabolite repressions WS 4 OB R ALk AR B Fk o tigh 4 xHo] I
stk o]y gk ol xtthAbe] Aedtd B o g Qe ofAthAHERQl AVM B8 A= AAHEiA|
AiEs HAs A W 1 Ao SoistE F ds FoE AdEHAT 77 S AA F F
A A A E AR A FE o] &3 7] AR Ao HAH wEE AAsI
A& AEH HhgEH EAHA FAEAHAZH (central composite design, CCD)S F 33}
th 1 AAe A ATAE Table 127 Fig. 97A¢l e At Aol A 247 vl st AYakat
FE AA o8] Gazl 7z Aol ke AihuiAel] 10% (v/v)e® HFste] 7Y wid
ko] AVM B9 Aabeks njal 2Askdth. RSM 4 23 X3 X3¢ Pgkol 0.05°18 2 2
3 AL 4 F Atk = soluble starch® skim milk 28] 3 soybean meale] A2 #3747}

ki e T} 22} ARG S FA3A9 s o, AVM Bl
v=341.9223+52.8401%X;-44.1599X5° ©]t}. Soluble starch®} soybean meal® J##AE A5 R

A HAAL A= B9 A9 soluble starch®] ¥%7F 2718542 AVM B9 A2k
Z7}sla, soluble starch®} skim milke] & A o A% soluble starch’} £23F @<low *83

2) Mg Arkuizlo] ek vkeEE FAy A5F-aYHAg 7T ol &
719 271 AAHAE o] A3

H AR A o) sl A E A A

= AZL AdA WolF=E A 7] RSMA &l 4

A

stat B, o]59 Ao utF o] wjx d 9
Atk WA AE ZAFE A FAEH U
Plackett-Burman WH<S 4 o Al |

EAA e EEHEEAY (RSM)= ol &3ste] A5 FdskAth (Table 13, Table 14). 3|
AASG<F Pakoll (Table 15) whgl Wbg ¥ 22 ARG A S 3 A2 g3 2o
Y = 485.9156+61.2946%X4—83.2740+X,"2

—100.0941%X3"2+91.6366%X*X3

A AREEE Aozl Pghel o] KHoPOso] -9 P<0.05% frefidel 4=, soluble
starch, skim milk, soybean meal®] 7%+ P>0.05%2 Fo4o] gl Aoz el oW, soluble
starch®} soybean meal 7te] W& 28RS &21E 4= It} Soluble starch®} soybean meal©]
& Wsle w2 AVM B9 A S 33 wkeaw 9 contour plotg o]-§3ke] =238
t} (Fig. 97B). AVM B9 A24S Hg=E 5= wlA 5 EE soluble starch® A% th=F 100
g/l Ao, soybean meal®] 7o UiEF 10 g//dS &
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L)
concentration (units
AVM B

©
=3
S
<)

AVM B, concentration (units/L)
a
Soybean meal

-0.5 0.0 0.5

Soluble starch

Fig. 97. (A) Above: Response surface of AVM Bi. production (1st experiment) (B) Below:
Response surface of AVM Bi, production (2st experiment) (below) (3-D response surface and
contour plot of AVM Bi. concentration as function of soluble starch and soybean meal).

Table 12. The level of independent Table 13. The level of independent
variables (1x}<=3}) variables (22} 43Y)

-2 -1 0 +1 +2 -2 -1 0 +1 +2
SS 40 50 60 70 80 SS 60 80 100 120 140
SK 8 9 10 11 12 SK 10 15 20 25
SM 11 13.5 15 16.5 18 SM 4 7

PP 0.4 0.45 05| 0.55

10 13 16
0.6

PP 0.1 0.3 0.5 0.7 0.9
% SS ! Soluble starch; SK @ Skim milk; SM : Soybean meal; PP : KHyPO4
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Table 14. The central composite design for the 4 independent variables
(variables are combined by 2" factorial point, central point and axial point).

SS SK SM PP

1 + ¥ + +
2 + + + -
3 + + - +
4 + + - -
5 + - + +
6 + - + -
7 + - - +
8 + - - -
9 - + + +
10 - + + -
11 - + - +
12 - + - -
13 - - + +
14 - - + -
15 - - - +
16 - - - -
17 +a 0 0 0
18 -a 0 0 0
19 0 +n 0 0
20 0 -a 0 0
21 0 0 +a 0
22 0 0 -a 0
23 0 0 0 +a
24 0 0 0 -a
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0

_88_



Table 15. Coefficients of regression equations for the response surface
method obtained by use of sigma plot software program.

Coefficient Std. Error t P

v0 4859156 | 89.5107 5.4286 <0.0001

al 28,8391 92,3777 1.2887 0.2057

a2 ~20.0552 22,3777 ~0.8962 0.3761

a3 28.1629 22,3777 1.2585 0.2163

ad 61.2946 22.3777 2.7391 0.0096
all ~83.2740 28.5260 -2.9192 0.0060
a22 ~32.2513 28,5260 ~1.1306 0.2657
a33 ~100.0941 98.5260 ~3.5089 0.0012
add ~53.7329 28,5260 ~1.8836 0.0677
al2 ~37.5610 27.4069 ~1.3705 0.1790
a23 ~38.7997 27.4069 -1.4157 0.1655
a3l 91.6366 27.4069 3.3436 0.0019
ald 417546 27.4069 15235 0.1364
a2 9.6119 27.4069 0.3507 0.7278
a4 37,5756 27.4069 1.3710 0.1789

t}. Rational screeninge] €3 AVM B, AR #F A& AE (10ml ¥ A2 miniature
tube Wl ¥ A€ H&)

ditd o7 AL w5 e oA T o dA F stve vhed o Ui 75 E
H2Esle I 7F&dA] NS Ad #75 4143] Addsi=del ok 2 Aol 7t
Miniature #j<F WS 7]Fo] AAWUNS AFE3st Ao M AFEEE wjx e A 7=
H &S =9 F dom, 3t {780 T A&7 28 AAVIE FEAL F de FHo]
o drbA o2 HFAQ #F N A 2HE ThEsAle] dFde 109 oF 50070 EHehaAa i F
S e £ glon o] A A FFE AL FFo| 109 nH T @77k 1A
A AEL HFFE AS FES WS S F vl gith mEkA] AL wolFo A&e MAdE
13 miniature 23 (10ml tube ©]-8)& &3t Wo|Fo teFdd WHS Alestgon, 71 Adw%
He oS3 2 (Fig. )
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Fig. 98. Schematic representation of a rapid screening system
for selection of high yielding mutants and protoplast fusants.

1 mother F¢] AN o RRY Zh7be] FEFE Aol agar slantoll A Ete] T
a3 ol AE FAGAL. o] AE A FHste] 7Hg vlEA 3 morphologyE Al ¥ 10
meel ARl HEste] oF 5UTF tube MIYS FaAET F thAl 10mee] Aatei Aol dAH G HF
slo] 7-89 A9l tube WIYS FEUTE 2 A 7]EY 250m Sk vl Al ALEHE H)
ARt 5~10u) o] FAa® oz wix HES& A 4 S Wyl obye} vk HFE

AA ALE F Ak 4% wAk A4 BA whe MY F, 4T HPLC PHES A §tol
291 10~20 %8 AL EeFE AEEia, ol & 4R 250me Eeka= v g (50me A ATl A
AT scale-up® WEE WG (50)S Bl WAL FAss A4S ARt AFAFEE
@ WolF AW Wak ol Bl 198 miniature 4@S A &3O LA
FF A wrh A&sA Fasng s

of

2,
22
=2
ki
o

1) obr At FARA o dis T A& ®o]F A (miniature tube B FAI =¥ A §)

Random screening®l <]3ste] &3 Ad ¥ F AVM B, A8AH 5 ?
RS-1¢]8} ®WHWsla, o] #FZ isoleucine® oFv]x=At FAFASl O-methylthreonine(OMT) 2
azaleucine(AZL)o] T3t 2= H7be ZF Zhe] HA - wiA o] UVY NTGS 22 Zdw o]
g glo] =gt —? FAdH colonyE wEstt. £8¥ colonyE /\}‘:’”Hﬂoﬂ HEstel 7

2l 7h
28°Co A wiFe & EAE 30ml test tubeoll 10mé H-3]o] AlAufA]o] HF3 T 48X FoF 2
8C, 230 rpmol A HH% ahsich. olsh ol WFE AAEFE 10m ¥ e *@*JHHXH:L 10% (v/v)
0w Ea] 7Y F A

7}) Azaleucine(AZL)ol| 3k A &A 5 A

AZL AZA #FE Ader] 98 A AYMIC) ¥522 Z2As7] Ydal AZLS ZHFdd =
°l ¥ HF FE7F 0~40 mg/ 47t HEE zﬂiHHXl of H7lste] Ao} G AEFE ZFAHIALH
2 A3 20 mg/ e o)Fol A 99.9%2] = AAMES Btk (Fig. 99). HPCL A #EAS 433k
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&3t wE AZAC wWd AFA FFE9 AVM By, A4S 10ml tube HIFAl w5
= Ao =® ettt (Fig. 100). Azaleucine 2.8 ppmol] A &S HQ HF

°F 5500 units/ ¢ & E 0] ¥ AVM B, Aol th4 d4H AVM Br.g AgAS A
HAd o]

2}

°

S

£ ZH2.8°]2ta W atdth. AZL 04 ppmollA AFA S = dF= B nls AikAdo
O Aiu]FAl AR o] = 5 T kAol "olx AWol A A LA FT 2 A
o= tiio] 0~1,000 units/ ¢ & & W
ATk R WHolFE RiFHT AVM By,
o] Aol Tadhe (5,500units/ 2 )o]v} ZH3.0-6 (6,500units/ 2 ),
ZH3.5-31 (9,600units/ ¢ ) d AMAEE Hol: wFE 5T S 9o,
AZLe digt A w5 NS AE YT 49 aYE 775 5T F s Hdem wu
F A (Fig. 101, 102).

3.09014 5.0 ppm& AZLo| w3+t A ax
2 WHolFE2 vg th¥s AVM B A
o] F 9F 9,200 units/ ¢ o AAAEE B
BaAt (Fig. 103, 104). ¥ 239 A3 54 5%
o] 543 Hojux FUAR A eZ 30 ppm~35 ppme AZL FEolA AFAHS H
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Bia A4HAd o] 238 asts A0S BAFIUTH ol s AL 5 sutel] lolA, AF e
AAReR AFAHS T7HAACk A B Aoz FUtE F AeS AAETL Ao F
53 HE AZLe digk Ay 75 AE Z3(E UERA histogramol A E & 5 Aol wF
e AFTFE XF9 AVM B o A4 #e7E 0 wolxen, Aibgde] 2 2EFHo=
AR A¢H FExXH = Bgo=z Wd] ztvhes Holth

Survival percent (%)
@
3
_—

0.0 0.5 1.0 15 20 25 3.0 35 4.0

Concentration of AZL (ppm)

Fig. 99. Survival percent according to the azaleucine concentration.
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22000
104
1000
I E | ’
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5 30

0 —LLLLL]
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Cell number AVM B, concentration (units/L)

Fig. 100. AVM By, production and histogram by the initial mutants resistant against various
concentrations of AZL.
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Fig. 105. AVM By, production by the AZL resistant mutants according to various AZL
concentrations.
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Fig. 106. Histogram for AVM Bi, production as shown in Fig. 105.

1}) O-methyl threonine(OMT)el thst A4 T 4 (miniature tube W] FA] 28 2 &)

AIAA 8 A= B F 7HA ol A"AdArr astr] witel isoleucine®] T th
FAFA ¢l OMT (o-methyl threonine)ol w3k HdA Wo|F=E FE53tx 3t

RS-1& EdF2 o] st s OMTol| et AgA WolFE AW 3 miniature B %
=R kil i e =R e

AVM B, AAHS BT i EdF Brd 2 AVM B, AAHE HIAT, =
1 b FdE FE THI00-28F WHsta(Fig. 107), 1 #55 EitF2 8
5 =3 AP F55 AW A3 OMT 150 ppmol A AFAHS Bl WHo|FE F
23S B9l WHol=E THI150-5¢]2F ™3t aL(Fig. 107, 108),

o
N
oz
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Al ks 3 B AE A APl o= AR FAHE AS S F LA &
A fusion partner® AF-83t A} sl ). 1@y} fusion partner® AFg3}7]ol= A¥E OMT ¥
Fo Aol Yi e Aow dHEof(Fukio] oy AA), OMTS AFAHS vl Eol=
S S 2 A3 ojde] AW wirt AVM B9 AAiHAel dad e dFES
g g Aoy Adugs T T AN ZAA iR #FES AVM B9 A4
S 2o] By BorAAS ®ol Fth OMTol 3k A&A #F+ histogramol A= 2
of #F o] W& A FF Aol tgstA HEFH oY (5 AVM Brol AAHd S e
X5 W7 0~9,200 units/ 2 2 HojA 7= Jdou), XF9 SEHoR A9A= AFS

—

e okth(Fig. 109, 110). ©Al Zs) AVM B9 Bab4 ®elA 2w fiiie] OM
T, ool AZLYl Wid AR FFe] AVM Bl A4 RaEehs dixF
00 units/ £ o] Hja# vk wigelx XFHe| 9% Hom ofds] A¢H Fxsh=
thoo] Aa25H, OMT @ Aol Wk A3 d59 Aol o3 AVM Bl A%
g ol= Ak AV e Aew ddEd

o

(]
po
[o
u
oX, s ‘HU

P

OINm;O_%HI;:;zolrMmz
s

N\ w S S o [ o S vl
ox N
D
rlr

r}.L

7000 7000

XX omrso”
I omr100”
NP

. omT"

6000 1 6000 -

5000 - 5000 1

4000 4 4000 4

3000 - 3000 -

2000 - 2000 -

AVM B, concentration (units/L)
AVM B,, concentration (units/L)

=]
8
3

1000 4

o
o
3 7

0 5 10 15 0 5 1 15 20 25 30
Strain number Strain number

7000
OMT 240ppm )"
OMT 260ppm )"

6000 —

5000

4000

3000

1a

2000

AVM B concentration (units/L)

1000

0 5 10 15 20
Strain number

Fig. 107. AVM By, production by the initial mutants resistant against various concentrations of
OoMT

oh obrlwdt fARAE] e FB A4S e WelF M

pud

719 A A= AVMs % small “a” component®] H-AQl isoleucines o= A4 st

of FFAHoE AVM B2 I AAE7] Y&l isoleucine ARl AZL¥ OMT Z+zbe] 3l A
g WolFE AWetaxt skt B AFdA = AZLI OMTeol| tist 5A AgAdS 2t o+

dugomy, oW #3 AW Pyl o ZHHAAE 43
OMT 23 9l XYM 2= 273 &3 A== ] dojdl 44
AVM By, A4 (Funol dlolel AN ving Ba, AAH @5 A% de ANsnd s

Atk

A

i

_94_



Control

Control
6 4
4 Control
2
2
2

. / 7 : : NN

0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000

Cell number
Cell number
Cell number

AVM B,, concentration (units/L) AVM B1, concentration (units/L) AVM B, concentration (units/L)

Fig. 108. Histogram of AVM Bi, production by the initial mutants resistant
against various concentrations of OMT.

10000 10000
BN OMT300ppm P F=Z1 OMT250ppm
9000 - B oMmT350 9000 - I OMT300ppm
jn I OMT400 ) == OMT450ppm
S 8000 . omT450 3 8000
= Il OMT500 ‘é - _
5 70004 [ omT550 5 700 |
= c
2 6000 2 6000
g g
€ 5000 4 € 5000 -
g 8
S 4000 o § 40004
8 8
o 3000 I I | o 3000
L] - =
S 200 | £ 2000
< <
1000 4 1000 4
ol QLR I
0 10 20 30 40 50 60 0 5 10 15 20
Strain number Strain number

Fig. 109. AVM Bi. production by the mutants resistant against various concentrations of
OMT.

Cell number
Cell number

16 6
14 4 Control
124
4]
101 Control

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

AVM B1a concentration (units/L) AVM B,, concentration (units/L)

Fig. 110. Histogram for AVM B, production by the mutants resistant against various
concentrations of OMT.

A2 #3FE OMT 150 ppmol A A&AdS 8¢l THIS0-52 AM&3dte] thkdh 5w AZLo] #
7t A bAoA UVY NTGSF 22 =¢dol 34 glo] et o Ay wj$ o
& AVM B9 A4 ol eyt (Fig. 111, 112), 329 A3 #FE59 Aol miFF
Hop Gk wh, 5 HE B nls] Ajabdo]l oF 2~3u e FFHow FHY AFEL

T 5T F AdAvE Holth goketd ofn Ak FAMA SO WE FE A3A FFS HAEE
o2 AFAA F3}E e FHAA ARFA ] A (FRE dloly A A H]S=EA AVM
B, Aol FElstA F7tE ey, ole FEAILS aRHoR 2t e dF3EA 3%
He B3 T dego] g g&Hd F U S AAE T Aot

_95_



10000
Double resistant strains 10000
9000 230 35 5.0 55 6.0

9000

8000

8000

7000 4
7000 4

6000 1

6000 1

5000 4
5000

4000

4000
3000 4

AVM B, concentration (units/L)

3000

N
3
3
3

AVM B, concentration (units/L)

2000
1000 4

1000 4

0 10 20 30 40 50

o

Strain number

Fig. 111. AVM B, production by the double resistant mutants against OMT (150mg/L) and
various concentrations of AZL.

Control

Cell number
Cell number

Control

0 f f 4 * f T T T T T o T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

AVM B1a concentration (units/L) AVM B,, concentration (units/L)

Fig. 112. Histogam for AVM Bi. production as shown in Fig. 5-2-27.

o 4¥ZA §F WA 93 AVM B, AN T#F A

D 9844 34 3 gz
7h Glycine 5%9] 9

At o AEHE I3/ dte] o ‘o;(]i'“ “"’é*ép— }—{“‘5&
Tt AdEA FAl mA= % M 2.0% (v/v)9l glycineol H7he
A wiAl el BAEFE HEoto] wFd 54, lysozymea glate] A g4 AEE v
ZAFSEGATE 37Tl A 48413 widate] FAE 3o & dx FAFSE S5 lysozymes A
glate] GAE dFEA -, 2 9Fd2A ] A AE BE6Y (Fig. 113). Glycines
1.0% (v/v) =2 H7kete] A 3 A4-9-olA GEAAZE F4HN e, 1.0% °1%
o] oAM= A Kol AA AsfEa ¢ w48 #Aadte @Adol vEEY
2hr o] 59 APAA A& AT AAEF] A G glycines 1.0% (v/v)e= Hrlstr= A
gt

3 4HA Q= glycineo] W&,

) Al HA AR AL
Streptomycetes= UWHA S F exponential phase®} stationary phase A}bo]oll &£ A}3}+= transition

phasecl Al ol AFdA P&} Hd AAEES Holw, o] Al7|d A= 2 dFE] v

FETES v FA6H7] ol AFAEA Al o] A olg BaE bp vk AF

transition phaseS ®A&}7] Q& 7702 250me flaskol Al 50mee] HriF wix & H7}sha, gﬁ_x} 3

golS HFsto] 37ToAA wigetAA 24x 200kt 1709 flaskE 358 2T A FS

A2 & oF 48A]7Fe| transition phased] =gl AS 3215k

[e}
on, web] AFAA FHLS AT A S 48270 R ARHAL

_96_



@
&
IS
o

Dry cell mass according to growth time in preculture medium
20

3
8

mg/L)

A

&

S
&

1.8 4

<
S

- 80 1.6 1

1.4 4

~
&

- 60
124

I
3

1.0 4

s
&

0.8

N
8
~
o
—v— Dry cell mass (g/L)

Dry cell mass (g/L)

@
8

0.6

@
o

0.4 4

—&— Time of protoplast formation (min)

38
—=— Numbers of protoplasts (X 10°

o
o
>

T T T T T T T T T T T 0.2 4
00 02 04 06 08 1.0 1.2 14 16 18 20

0.0 4

Glycine concentration (%) T T T T T T
0 10 20 30 40 50
* lysozyme concentration is 0.2%

. Culture time (hours)
* Time of protoplast formation of 0, 0.2% glycine concentration are not determined

Fig. 113. Protoplast formation time, protopalst Fig. 114. Time—course profile of dry number
and dry cell mass according to the conc. cell mass in P-medium
of glycine supplementd into the P-medium.

t}) Lysozyme A2 Fx2o &

AMEHS  BajA7]7] g HgstsE  &49¢ lysozymee A FEHQ peptido-glycan?
N-acetylmuramic acid(NAM)3} N-acetyl-glucosamine (NAG)7F9] glyciside bondE #3fsl= &
Aotk Lysozyme® HA &5 ZAAst7] AeiA A71e] 43 Ade oz 29 Wwhioe=m 4

ﬁze ArfF A7l & lysozymes 02%1A 0.6% (v/v)e TEZ 60% E<F xulsle] dA=

FAA e AAYHE (regeneration frequency)E AR tHTFig. 115). 2 A3 06% (v/v)
lysozyme° A s Ao A 7} =& regeneration frequency (3 x 10 )E Bt}

iz

o =
3%

Lo

2}) Lysozyme A # A7t
Streptomyces 49 4F A A Aol lysozyme 8] A7FL 30804 4A 7o) A3 vtn B

44 9
Hol At Lysozyme® A2 Algto] APAA L Ao mA= s A7) fsiA A7)l
A A" 06% (v/v)<] %"E 10+2ol A 110 7kA] lysozymes A g $ IA4E dFdA +
2 zA}stgh 1 A, AFdTF9 HS lysozymes A & Q087+« FAA A&
o] w&3 F7FstARE 1 °]—r°ﬂ% AP dA FAhol Faste AFS BA olys A=
Figac 5°] R13} lysozymed A gA|7Fe 1 ~ 2A7to] A3 AA Ao aado|zts= Ao}
AT
vh) M solution (AHF%F F4 A pHO 93

AFAAE AT de= Ax le BgH wdde AFEgs sdat e AFYS SAA
(osmotic stabilizer)& Fo] Folof sttt dFAA = AxHo] glornz RS AFAE dof F
A god AFHAA He SA AEs "HAA AEdo] FEEA Ak AR b8 HA
pHE ZAFsH7] 918iA ot BAaAd sl dFAA FdA ADdettta By pHE6S 7T o=,
M ¢kEH9] pHE 6.0, 66, 18 722 x=Asto] AFAAY AN EE =Abs) B A3 B 3
A3 FAEHA pH6.6S] M S5 9S A8 A 7HE =2 A4 Hl X (regeneration frequency)

E B3tk

vh) A A vl ] (Regeneration medium)2] £ Fo| wa I3k
Aot FAE dFAAE B dAAE AAE oF k. S avermitilise] Y9FAANE AN

_97_



A= ARAZI7] AiA e Aol A AR E LY 37FA o] A A (o]st A, B, CEF W
HE 7HA L B w52 AdZAS overlayste] 28CollA 8 &<t vi¥d F AAWE=S A

Ak L A3 AnfAelA el AARIE=ZE BeE C ufAe] Hlste] =2 AARIEE EAH(Fig.
116).

S oR 4l

Effect of lysozyme concentration on regeneration frequency

30

25

»
o

N
°

»
°

o

o

Regeneration frequency (*10™")
>

o
o

Regeneration frequenct (*1 0‘1)

o
o

0.0
Lysozyme concentration (%) A B ¢
(A) Streptomyces M.M, (B) USP M.M, (C)ISP With sucrose

Fig. 115. Regeneration frequency according Fig. 116. Comparison of regeneration
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Fig. 125. Effect of UV irradiation on non—fused protoplasts and fusants as represented by the
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Max. AVM Bi,
concentration Increased fold
(units/L)

Control 4,800 1.0
AZIL-resistant mutants 10,000 2.1
OMT -resistant mutants 9,200 19

Double-resistant mutants 9,300 19
Recombinants by NTG 8,200 1.7
Recombinants by UV 14,200 3.0

Table 16. comparison for AVM B, productivity and increased fold of each mutant strain.
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Fig. 135. AVM By, production according to supplement of various concentrations of isoleucine
into the basal production medium.
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Fig. 136. AVM By, production by various high yielding mutants according to dextrin addition.
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Fig. 137. AVM Bj, production by various high yielding mutation according to soluble starch
concentration (strain: ZH4.0-4).
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Fig. 139. Comparison of AVM Bi, production in each generation
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Fig. 143. Production and histogram of AVM B, TH250-5 resistant against 250 ppm of OMT.
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. Concentration .
Ingredient . X Combination
of ingredient
il i 3 4 5 6 7 8 9 10 11 12
(g/L)

Soluble starch 20 60 + + - + + + — — _ + _ _
Glucose 5 10 + - + + + - — - + — + _
Dextrin 10 20 - + + + - - - + - + + —
Glycerol 5 10 | + + + - - - + - + + — _

Cottonseed flour 1 3 + + - - - + - + + - + -
(NH4)2S04 0.5 2 + - - - + - + + _ + + _
Yeast extract 1 5 - - - + - + + - + + + _
Skim milk 5 10 | — - + - + + - + + + - -

Soybean meal 5 10 | — + - + + - + + + - _ _
KH2PO, 0.5 1 + - + + - + + + - — — —
MgS04 0 1 - + + - + + + - — _ + _

Table 17. Plackette-Burman design for screening of nutrients with their ranges.
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Fig. 144. Comparison of AVM Bj, production in the established medium and the combination
medium according to Plackette-Burman design.
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thal Bty Fedl tia] A S 2zt 75 ML 49, & #5759 24P 8o 7T
Aolgta od=o] Feol e AGA 5AS 2t AVM Bl A4 9 ubgA #55 dx
A=
5 He g AgFE AW dFA FFA AEE TF nAdAG 2 AN w7 A
2 AFHE 992 §FAE ol 438t MnH Fedl g AA w55 Adstuz st 2
Be AASAE FAAT Mnol 4§, a9 AVM By, Al kgl & JFS v HA &
st Aow ddro] E AAFHE Fed e A3 505 st ot AT
FAMAG Y] AF8E FFTAd SMJ-35 o] &3k, 0.7 ppm® FeClol tiak A #+5 A
Halazl &tk Fig. 1459 A4 #5599 AVM B A 2 A 2EX=s vehgdich
AVM By, A4Hde] 6000-14500 units/L= whFetA 7 ti2o] #F550] °F 8000 units/Le A4k
S Uedl= Aoz gRlHdth & AdoA g5 #FE F oF 119 dFES o83t 4
HMM] 4z AVM B9 A4 b S #Rlste Ade Fasdnh 243 HEe 4l A9

Am B gl Al AT 2E Aldhe] wjAell= 0.7 ppme] FeClyg 3 7hste] wj sttt

E A9EA gy g, giEe 7559 AVM B, BAHdo]l AdE AXHEA A
gl & g AT (Fig. 146). & Zyb= A7 Ad A4 F44 =g ddAA 71ds)
v Aoz AAEa, olo] &) AikitFe] Feol Wit AFA S S7HA171 24 313

(A) (B)
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Fig. 145. (A) AVM Bi. production and (B) histogram of SMJ-3 strains resistant against 0.7
ppm of FeCls in 50 ml shake flask cultivation (30 ml culture volume).
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Fig. 146. Comparison of AVM Bj, production in each generation and stability percentage of
the strains selected in Fig. 145.
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SM-42}a et 1.0 ppme FeClzoll e A& w55 AEstax sk Add 34
TE9 AVM B, A2 2 REXEE Aud F¢l SM-4 (14500 units/L)3 B] 13}

W 28] AA SUMEA 22 AL AT = Ja, Aol v A A= AL

Aot (Fig. 147). Fig. 1480l&= 2 #F5 F 7Y #+F

Ae FAs Ans Yepddoh 7 w5 T oF 2709 o

Ao v EF3 Ao By

o] 4Altell Zz AVM Bla /‘£L
o] Ak kA o] 44 2k 80%
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Fig. 147. (A) AVM By, production and (B) histogram of SM-4 strains resistant against 1.0
ppm of FeCls in 50 ml shake flask cultivation (30 ml culture volume).
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Fig. 148. Comparison of AVM Bi, production in each generation and stability percentage of
the strains selected in Fig. 147.

ok AE Az g5¢ 2 nA TF F Aol =2 #FE SAM-18¢|8 Wyt
FeClzol o3t A &S Z7HA17)1 22 FeCly7b 1.2 ppm d7HE HAvix] ol A screeningS A 47
o7 Fgairh Fig. 14991 AVM B, A4 9 Y ¥ =5 dedsdt ¢4 AVM B
A S AR 2FE (16000 units/L)ol w8 AakAdo] oF 10% F71d 558 Ade —’F
AATH FELEE AHEY AAFQA S F7Fe ot 8000-20000 umts/Li H LA s A
xS AoR FRAHT & AdoA J5e #FFE F 6719 AN FFEC] 44 A
Z AVM Bp, A2 kA S st} (Fig. 150). %3 WA E 3H #5352 293 e A
AT S AAE b o] ol HA Uk AS F9 & & vk 1W 759 A5 AVM Bi,
AAE ok BTl oy gl AR I 18000 units/LE vl =& Ao® yEhyth agln 2
59 22 PSS-S AHE A7 o oF 49 AFEH Algste] wjg &3] Y= RS
gl & 4 U B F5ET gk A= Ferl AT 23 2 AXE giAE LA ALl A
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AVM B, concentration (units/L)
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Fig. 149. (A) AVM By, production and (B) histogram of SAM-18 strains resistant against 1.2
ppm of FeCl; in 50 ml shake flask cultivation (30 ml culture volume).
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Fig. 150. Comparison of AVM Bi, production in each generation and stability percentage of

the strains selected in Fig. 149.
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Fig. 151. (A) AVM By, production and (B) histogram of SAM-18.3 strains resistant against
1.5 ppm of FeCls in 50 ml shake flask cultivation (30 ml culture volume).

T 120
26000 + ; S
= B first generation c 110
% 24000 - [ second generation o _ //f - . J
£ 22000 A [ third generation B 10 ‘:.:;,;",z/,/, R e e
s [ZZ4 fourth generation 35 S~
3 20000 1 7 E 90 v
— o
.S 18000 % -7} 5 801
% 16000 s 704
= o
£ 14000 4
c s 6
8 12000 - S
c z ®
o 10000 4
o ‘5 40
w 8000
M 6000 g %04 ° first generation
s 8 20 4 —-——— second generation
> 40001 H —-—A— third generation
< 2000 A o 109 ——-w-—— fourth generation
o 2 o : : : : . .
1 2 3 4 5 6 1 2 3 4 5 6
Strains Strains

Fig. 152. Comparison of AVM Bi, production in each generation and stability percentage of
the strains selected in Fig. 151.
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Fig. 153. (A) AVM By, production and (B) histogram of SSM-6 strains resistant against 1.5

ppm of FeCls in 50 ml shake flask cultivation (30 ml culture volume).
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Fig. 154. Comparison of AVM By, production in each

the strains selected in Fig. 153.

generation and stability percentage of

maximum . specific production average stability of
maximum
4 AVM Bla d " specific production rate AVM Bia production
ry ce
production ) Ve (units AVM By/hr) | (units AVM Bi/g | during 4 generations
. weight (g/L)

(units AVM By./L) cell/ hr) (%)
1 19000 24.1 93.9 4.1 98.6
2 17900 22.6 93.2 4.1 98.1
3 18500 234 96.3 41 94.6
4 18000 20.9 93.8 4.4 94.0
5 18200 23.2 94.8 4.1 98.2

Table 18 . Comparison of parameters related to AVM Bi. production between five strains
obtained through continuous strain improvement programs with protoplast fusants.
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Acetone/water(5:3)-chloroform &v|FE&A| A6 o A&

el A AA wjFdS o] g3te] &uiFET A F dispersion band7b E@3H7] Wi oll standard
solutiong Wldoz F&3 7§ HTp FEF&0] vold Aolgtes F55 st vd 183 AAE &
3213} 7] acetone/water(5:3) —chloroform &w3% Al ~®lo] A 9] dispersion band Zo| o= €l

of EAst=A ARSI 1 AI}E Figl82e WERHATE o] yelA ofefe] HA Aol
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standard oM #E o] A=mwtE ol 919 Ik o] wigHowFH KuFE Al AA
dispersion bandZ2 10v] 343 I ZvnlEa ot} o] 7o o E
dispersionsol &A= A& 1A oo uwpe} A HjFH o
AA 2 E F3lo] dispersion bandE A glsto]oft 2788 =Y
Fig.1832 methanol/water(5:3)-dichloromethane &vF%& A|Z~®d|A9] dispersion bandZoll
omEleo] EAsh=A A 19 o2 HPLC 4 AlbS A A sto] $Rbo] & 5= peako]
JEAE golstgon A Eajekol © 2 BE] methanol/water(5:3) —dichloromethane &uj3% A~
HS o]g3 JuuEle FEE& AdFYelo] dispersion band2lS  #<lslgith.  Fig.l84E
acetone/water(5:3) —chloroform &mF%& Al2~do A Aoz Ry FE5T H9 FE58& At
21¢] dispersion band¥d& Al s RISt A HPLC &4 AlZHS AAste] $ukio %

peake] YE=AE ol 2

=

N3 Aol

o foll A A wFdE AbEste] &uf FET A B S ovjHEo]l FIb dispersion
bandZ o] EMToZHN FE& fQlol S & 4 A, o]H 3 dispersion band
=0 3t EAE M EZIH T microfiltration 2 ultrafiltrationo] o8 siZ23 & d&& FH2 &

dgomm For o AU £AZE a7 H L Ak

(e} = ==
s YUFEE T8

N
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Fig.182. Standard avermectin 100mg/L¢] = =Zu}
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oAt
i S22t (dispersion band)
|
-ﬁ S0A
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- A . Standard 500ppm__

o P L= 11

Fig.183. Methanol I}z o] &uj5F& A
7+ AFe] HPLCAZuE 19

I Acetone It 2
oy

1 =2t5 (dispersion band)
| 204

- ) Standard 500ppm___

o P L= 11

Fig.184. Acetone Ttz fe] &ujFZ A
7+ AFe] HPLCAZuE 19

] o
Fig.185% ¢Fe] Aol Awst WH U2 methanol?} NaCls A3l
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e & Yetl ok o] 1] oy H&

AEss Ao aRvtETdS YEya 99 A4 A2 AHAEZNE 39
ZotETHS et 5o =M, o] 19 avermectin B9 peak7t HAEH7] W] ARnE
a9RT S7HE eSS BT Yk F avermectin FARA 7Fdl 33%E AAEd ojwEEl
Bla7b 65% % S7teld ot 3l5&S tha WA 35%9] 35&S HoFozn Ay o o
He g Fele 82 oy HA ax7F 58 A& & 5 Ak

Fig.186< methanol?} NaCl& AF&3ste] WAzl HAHAES AAS dsde HPLC
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HEm B1a peak % / total peak %
[ B1a peak % / total aver peak %
I total aver peak % / total peak %
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Avermectin B1a (%)
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NE  gams A2 34w
O AS T of ==
3l 49

Fig.187. & H AW 23t o ele] Ha| A == W3}

Mz

t}. Pilot-scaled| A9 W dE F&
A 2R EE)

g, BA T3 AL FH (A 2 AFAA £ A 2 A5G

12 d 2o A= moldel solution T Al Eujkdo] standardE H7}ske] avermectiniz] A A
E {3 7E AZS FHEAT AW 23 d R A e a2Fe AFA A FE A
50L fermentoroll 4] ¥ %3t samples 7FA 3L £8] AAS 4335 o

1) Intracellular avermectin 21
M2 WEE product”t intracellular$] A extracellular product$l#| #etsl= AL B A &
4 el 7]do]l "k wekAd A JHEE A FF7F LS avermectine] cell Well &4
A cell 1= viEE=A FRletr] fsto /‘ﬂiﬂﬂok‘?ﬂ:—% ?J“—Hrﬂa}oq o kol o] ATl M
= X33k vk dAS ZFZ}F methanol 1112 FE3 5 methanol #8S 7450 wel thA
AAEE Fo] HPLCE #4339 7 A3E Fig. 188, 189, 1900 WeEbi At} Fig 1882 11/
"—‘1]:—% e s e oS, dAEETE FedS £ Ao REA
T peakvs BTES UEN I, FH 9 peak AW E avermectin Az, Bib, Bia, Ans HER
i Qlvk o] ZHAA & F 9,1%01 AE= o2l 7FAl avermectin Bl Bl %3 oY 7HA
avermectin derivative® AFAtstal 55 & F AUAUTh AT avermectin®] A E o] B 1L
% 4 glrh Fig. 189« Alx wigos A4 &2l stol &
E HflstHA FE3 vy, daEEstel 1A
A32 Yz 9t 1 2437 Fig. 1899} Z+o] avermectin Ava, Bin, Bia,
Ane peakZ #eld = ojA o]lE productEE& A EZ U] =25 intracellular product &
& 5 AT Fig. 190 AE wigeds d4dEe ¢ F O Aeds HPLCE #A4%
chromatogram ©. & wj<kolo]= o]2]3t producteS E3sl YA ol thA] ¥ AaF FFol A
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Fig. 191. Pilot 7F%9] tubular bowl %94  Fig. 192. Pilot 7752} Alpha laval Disc
Ba7] bowl E}g]e] A&A4EE] 7]

Avermectin X3 A Xwgde] AgFAHe NES 2134 = lab scale?] filter testE § 38}

2 2E scale-upS YHAE 72 AA ABES FHEE
Zol FQa3r} W}E}’ﬂ Ruth WA A4S o] &3}l9] avermectin A4 9] specific cake resistance
s

55 FAHse] FF filter press Y rotary drum filter 59 scale-up® filtere] Aol iy s}t
= Blo] Fasir.
Darcye] & o2 HE Fxd Ao dte &3t F57 e xtele] #A A2 &3 2}
1 dv _ 4P
A dt plaoy(V/A) + Ryl oY)

o714 Ax filter area, V& filtrate volume, AP+ 4= At, pv A%, ¢ © specific cake
resistance, 0y mass of cake solid per volume of filtrate, Ru< filter medium®] # 3o]t}. o]
218 OA]ZFoll A filtrate volume(V)S  zero® il W] sle] A EsA 83 2-& Ruth ¥
AAS A #Hrh

At V.
(v )=K(,)+B (2)
_Hapg #Ry
o719 K=  9g4p , B gp &2 (AYV)SH (V/A)E plotstd A #AE A 5

o] 9] slopoll A specific cake resistance g3t< <A ¥t}

@ Avermectin Aibit 9] o3 54

HA project?] “HMAEES o] &F F= TEAC dEF A B AHste] @ A7 ofstA
lab scale 9] filter (Area = 2.2685 cm)E ©]€3}% 30 mmHg, 40 mmHg, 50 mmHg, 60 mmHg
o] MFgog oapAdgst A3E Ruth plotdt 1 A9 7]€7]9F FX (1.17 cp ; Osteald ¥
AR ZA), p, (0003 g/em’) 5 tYste] specific cake resistance @zt< 78 A3 7+7F 1.35
x 10™ em/g, 1.33 x 10" em/g, 1.07 x 10 cm/g, 1.90 x x 10" cm/gol Tt

A o] At EdES hsAol7] Wil 1 osiAle] 919 Ag-oF #Zo] hdatA
Bt A=Y AT cakeo] YFEHFTE ARERTE Fo]ETh oY T cake o YFABEE He
o] Ao = et

a=a (4P)® 3)
ol 4 & cake particle © Z7|¢} B #AAE FFoli S FFAHY THE UEHIE

of

P
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compressibilityo] # HE 0.1-0.8 Ake]e] gts ZHA =L o] ghe] zero olW b MItEA S o
War 19 7rte] ARASLE Aol 2 AS e o] compressibilityEs T3F7] Y& ol#] A
g 2} w2+ specific cake resistance @@t W3LE log-log Z# X plotsle] 1 7|72 §
B S S 73 A3} 0258624 avermecting AAFstE Streptomyces avermitilis 9 A% A2
rigid stv} & 4 ok

o] el Al avermectin ATt filter®] A3&-& FAlste] (2)2 oA B FAl8HiL, avermectin
A2t = rigiddle] incompressible cakeol#} 7Fd3sle], filter pressel WA A< o3 A
volume V, oJFAI7F t2}9] v #AAY (4DE Ao FoR oA 7be] H Q3 filter presse WA

S Falo] F 23 filter press? frame NS A A3

A=V t( ZA'O ) (4)

@ Filter press o€ A 3¢ FA
Streptomyces avermitilis W SH O ZRE ME T nIEAS AASE FTAHOE ilter
press &85 AXstAth T mFA e ok ho] wjAe] Fiel thEl filter press &7 €]
%S v wstA T Avermectin ¥l SF A E A ETF A E B3RS AFole filter
press &A40] H Y& AS5S Hgo ME7 wjAE =823 o
4% membrane fouling® 2 A%sol 243 "olgds & 4 AUt Filter presset 2 4
TANA 1P EAZE 213 membraned &4 2 fouhng o] 71 2 EAF ¥y AL AT
2 AAdE F9ote T adelth v 1P ELAS S5 AASEA =& fluxE HE
+ membranes A7 918 Tl lolA HArjH = HES ARRSEA] filter press ¥ S

o

—

OI-

193 fluxet &2 Rees B2dozm 44 membranes AAsIAth AldE o gt
DS 2-9, 8777X, 444X, 46X32, 85X o|lem o] ZF DS 4 % DS 5 membranes |3l o &
o] ofnute] A9 nPEAESo S FHs gAY wE gHE dE SskA &
sto] wigFHoRRE uFEAS AASY] 9% AHHo R AbEo] EVHsFS R Tt} Fig
1938 A}-&3 pilot TR filter pressS UERH I Qlth

Fig. 193. Pilot77 2 9] filter press

3) Axa A
Avermectin intracellular producte] =& avermectin A FZ filter pressell o8 3|43k
o MEZE Fsiofr stk Az e shebA W, 7AW o] ey WA projectoll A=
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Sujel] o5 FpaHol AU webA filter pressell ol@] T A E 3 Fd F o methanolol
9 HE gt R3S FaAsy] o mgFd A AAE methanolel] 3l I}
At e AFE simulation 7] Y3t 22 FIo ES o #H7l, &4A3F] methanol:water
1:

1 solutions =3t FAH 9] feedZ AF-E-3}3A T

4) wolstel] o) F e A

7} microfiltration & 73

Ultrafiltrations Bl %3 2 28] Aol dolx 7Hd AAs EAdo=ZzN ngdEd o
foulings & + AUtk oA 9o 4ol lojA drpt foulings &Y + A=7ke] wepa =t
of #HE AAs v FE TAMA dviy NS ©5T F UdeAE AAS] "]
size¢] NPEHLE EBE leﬂ%& ﬁé%éow} AHE FAANA AAFN F= Aol Fasirh

E

Methanol®l <] 3}

oo &} o} A 7R = scaleo] I A %] wWlFol] 8 um pore sizeE 7"_ prefilter & /\]-9-0}04 o] A
gt AP EAS FUIE AAGS F e ARTAS FASAT. AR AA 2 FHA A AFE-gH
prefiltration &332 cross flow ®2o] ol dead end W2]o]7] wj&ol prefilter’} AF =3 =
FEA7F @ASEe] cross flow &2 9 microfiltration &3] &7 ¥t} Fig. 194 microfiltration 2]

A3E yERfa gl

1) ultrafiltration

Hi kel o] Hol 9l oy 7] EFEES UF 98 AA & 4 Jdud &v) &8 3
A = A By AA #AS FHE = JA "ok wEbA 8 pum pore size?] microfilterES &
35k o] BN (filtrate) o] FolAdw A 300,000 o] AEAE 300K membranel 2 A A3}
3L, E2REE 100,000 o] Aol A4S 100K membrane S 2 A A3 Fof, o] 3] Folde Ao 4
AEE B2 10,000 o4 E4ES 10K membranel. & A A HE AES At o= 93|
Satorius®] Ultra filtration unit< ©]&3lo] =24 & prefilter® o] Ao 3heloj 35 4233519
o™ AR&-3F ultrafiltration unit®] WAl XA XS oh9 Fig. 1950 YER AT

Lo I

L

Fig. 194. A2 398 Microfitration$t chromatogram
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< recycle <
&
Pump -p filtrate
() o
Feed in @
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Tank membrane
Monitor &

flow rate control

Fig. 195. UF filtration system

Feed?] <+

membrane T‘—Z:

2t# & 1.5 bar, retentate®] =S

T3 weo Hzle fﬂtrate?% T

319 E} AEE Adsts & A9 483 55 +A%S 31 UF membraned]

94 gel 34& A5E HYsta M% setel= AZsHA doluA] EFes o Al
Fig. 196& 300K membrane 53 % 9] chromatogram=-, Fig. 1972 10K membrane %3 %9

chromatogram< H o512 ¢t} Fig. 19404 HolF 1 Q= UF system feed® chromatogramet

H W3 A 9] chromatogram pattern©] ZoX = BEEo] Ao AAHA & US4 F 3

St kA UF A4S o839 avermecting S A ASI= Aol nlEa&do|mz AMxE I3 &

05 barz FA8t gte]od 5 383193, 100K
S = 200ml/min ] Azt wal dA 3

b o

(2 1P
ol mlo

AR o=
% 349 o8 ATAS AL,
Fig. 196 UF 300K ¥ 9] chromatogram Fig. 197. UF 10K £ 49| chromatogram

- =

5) Pilot 7+ 59| avermectin =& &4

UF9 2]3t avermectin® ®# 2| GA A ETEo] §HHo2 AAHA Zh7] wio| FE5F
e AMrstsl. FEER] SvlEe 1AdRolA HA &2 A4 F methylene chlorideE ©]
23199 1 methylene chloride o % %<9l aqueous phase®Z% WA projectoll 4] A3 methanol :
water (5:3 v/v)E AF&317] 5t ES O H71eA U Avermectin® FEFH S 984+ Fig.
198¢} & pilot 7154 FE=FAE o] &3t

o[:clj il
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Fig. 198. Pilot 7152 FZ7%3|

Fig. 199 F% % aqueous phase feedZ #|%Z3 methanol : water (53 v/v)¥
chromatogram< WERH I dth vl F79 avermectin peak & o] EEo] S & F
A ol BEFES AASIL G50 53 avermectin B, WS AASH7] sl FEE A
st

Fig. 200, 201, 202 methylene chloride(-1ll): methanol-water aqueous phase®| H| &S Z}7}
111, 21, 1= &ufo] Fod Fs F7HA7IHEA FE3 A5 vERU Al vk Fig. 2033 B] L]
HH FZd o8] dFEe EFE peak’t Wo] o 5 ¢ F U EeEe Bol AA

Sk
l:é ME = =2 1 =T E v
HAA T Fig. 2009] A$ feedol YW avermectine =

Ges 4 F AT wEbd FE28S 7M7Y st Sule AUAEd g U eH,
olw Fig. 2013} Fig. 203914 & = Aol &vie] ol S7tHmA 34 EFHE peakd wol
Zo] Zol=u} AL 1HIIHTE FEES BolHS & F AN

Fig. 199. % Feed (UF A2 N2 methanol : Fig. 200. methylene chroride® methanol-water
water, 5:3 §-3] H|&) chromatogram liquidE 1:1 % 3% chromatogram

Fig. 201. methylene chloride® methanol-water  Fig. 202. methylene chloride® methanol-water

liquidE 2:1 % 3 chromatogram liquidE 3:1 % 3 chromatogram
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g Gufo] oAl el mE FEEY EHE Y AAE] FAFsH7] fste] &uje] Fuvb
FEdo Rurt e JAqAM e FEHE&S FAEAT Fig. 2033 204= methylene chloride
41): methanol-water aqueous phase®] H| &S Z7} 1:2) 1:302 FE319S W A& e

UTH Eujol A TF E9E nHstudE & Al ol %015%7\1 FE&o] U
ollE & T AT

HE &uFEoAMe JF AFo &gy 8 o] Fuwstyl gledl methylene
chloride(-&}): methanol-water aqueous phase?] 74 %o+ 3
o agafofr gk webd Agsk FEE0 AMNS fd JF AFY Fu WEES AR
a2 AdNE % 19 % Fig. 2050 Vet Fau]E Wste] A w2y Fuuzt 111S g
Hoz gujo] Az Hy7F =W (methylene chloride(-&7): methanol-water aqueous phase
21, 3 AF F &uje] Ao Fort g EoldE & 5 A, ol @42 &uje] A<l
Fol wold F 5@ AsEs & 7 AU w3 AFR FEAY] AgF Fort & A5
(methylene chloride(-&m): methanol-water aqueous phase 1:2, 1:3) F&3% F8 Ao A7 Ky
7V B 5ojds & A, oldd @S FE&AY] Al o] Eold & 513 AstE S

PN
oEL T /v\%\-”jr

—~

N

Fig. 203. methylene chlorideZ methanol-water ~ Fig. 204. methylene chloride® methanol-water

liquidE 12 5% ¢t chromatogram liquidE 1:3 % 3 chromatogram

Table 19. Methylene chloride - methanol/water(5:3) F&A 2" HE AZ o HuHsz =
Af

K1) v] & methylene chloride | M/W(5:3) aqueous

31 HEH 60 20
' qE5 63 17
91 HEA 40 20
' qEF 41 19
HqEA 20 20

1:1 —
qHE5S 20 20
HEA 20 40

1:2 .
HET 15 45
HEA 20 60

1:3 —
HES 11 69

= T8 Hol & avermectin®] ¥ F3-& W9} material balanced] <3 T+
2 ngow FEES 739t Aqueous phase H liter$t solvent phase L liter7} ¥
% aqueous phase®l| A9l avermectin®] ‘FX=E vy, solvent phase®lA]2] avermectin®]
= x g}l 3 partition coefficient K= thS-3F #o] Fojxtt
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_X
K= (5)

%7] avermectin % yr¢l F liter9¥ aqueous phase’} &5 9

avermectin®] X 3= o] QXA ¥THH avermectin®] mass balance™ T
Hyr + Lx(=0) = Hy + Lx (6)

olu] percentage of extraction p= Th& 3} o] Fo]Xt} .

p:_LL
Hyp (7)

21 (1)S o] &35te] &ufe] AHQl v Lo wE FEH&S A3 A7 & 203 Fig. 20591 1}
el 9l

Table 20. Methylene chloride solvente] A& H]&d w2 F&8&2] W3}
methylene chloride : M/W(5:3) liquid 31 2:1 1:1 1:2 1:3

percentage of extraction(%) 91.9% 68.3% 55.9% 39.8% 35.4%

percentage of extraction (%)

3:1 2:1 11 1:2 1:3
Methylene chloride : M/W(5:3) liquid

Fig. 205. Methylene chloride solvente] Ath# W&o W& FE8 o W}

Fig. 205] mem gujo] AhA9 wgo] ko}d4% FE80] kolde I & AU ok o
o] o] 2AHQl AN Aol s Axolth = A (NS AG)sh AFare] T 2w
Ix
p:_LL: Ix _ Hy __E _ 1
Hyrs Hy+lx 1+lﬁ§ FE Ly @ o

o714 Ef extraction factorghslal th33 o] HeolHt)

E— Ix _ KL
Hy H ©
FZEEo] 93-S 1 X extraction factor: partition coefficient K& &wfeo] Hu [, =g&olo 1

o =
¥ HO| dhrolt}, o 7] o A partition coefficient K& Fo]2 2 ZolA A3 S 7IA2E A
g Hlg&vko] Wy FHuk webA 2] (9] osbd fujeo] At el ByjuH]&

oo
=)
o
N
ofo
12
o,
.
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=555 E #tol AXA =i, E gtel AAE 2 ®)ef o F=& patel AXA =M o]y
748k Fig. 5-929] avermectin® FEoA = 2 HX 1 Q)

Fig. 2059141 &tiAlg] e AaiAQl o] 2555 FEE&2 oA Y &7t o] AMEH
o] &AN7F ol 52 FE&7 &) AFEH THe] HA s oS

il

6) Pilot 752 avermectin 53 &4
Fig. 200-204°14 <& <= 95©°] methylene chloride %] 9 B2 @Wo] AAFHALY
avermectin Az, B, Aip 5 U2 avermectin derivativeE A A7} HA 2o} avermectin B1a2
w7b ginh webA 2435 B AAAste 9§ avermectin Biol BAE AEstlH ol 9
ﬁﬂ €A rotary drum evaporatorZ ©]-&3}o] methylene chlorideE Z2A1Z1 3 12 d %ol A
st A AA 3 &l methanolZ & vl 33le] avermectin®] F=%5 30g/L7HA &5 A7

o

7) Avermectin 243} ¥

A
A A 3} (crystallization)= A3+ HALo
A

i 25H A dAE de AHLR B £EE T
717G, g2l vhra e o3y dxeAds &oldtA s, vt ik FHE vk
at7] sl sk EUAA Al vhre sgolth R olH 3 A v A= HE
st FEE wrEolokst=t ol & fdl sFe Aol a7 EH HA4 =<l avermectin® ZASE 99

A 717

HAe gujE HNAE7] Y& o8 /1A &l W2 avermectin® &E-&d%E Ao
7} ¥laL A & acetone©lY methanols A StE 913 Ao &= A& ATE 1 olfr+= O
el gujEo] HlHo] vrol Wyzbe] W9j7F Ao i ojuf LL-&sE 49 7]
Hl A Z acetone®] Y methanols A8l A9 22 WZhx Aol 93] MEs& Fo] &7
ufZo]t}, Acetone®] methanol 2.t} &% = ] &
AA st &= AR&SEA T

#d A projectll A ZASE fla Ay AHES] FA7F FL5) 25
avermectin®] 2435 $3lo] chillert AZH = WWEE o83l 225 4CE FAAZIH
wreltglon, AAE 28 TUE 98] NaCl 3389 a84S A sk
Fig. 206 NaClS #H71elA] 2kS we avermectin A3 ¢ chromatogram< YelWHa glc}. <o
o] B4E peak ¥ UE avermectin derivative® A3 A7 % o] avermectin Bi,d £%7
3 287 9S4 4 Ut Fig. 207 AAIFF A o ste] WAH avermectin® AAHS H
o] FaL Atk

Fig. 206. Avermectin 273} chromatogram (No

NaClI) Fig. 207. Avermectin crystal

A9 Adow WAHE g0 vrol NaCl 23S Awstidch Fig. 208, 209, 2108 747}
NaCl 2%, 5%, 10%= #H7}stod AAstE g3t F9 Chromatogramg HogFa gl 2 ¢
St Fig. 2063 Wlus] & w, 243 & /AT ¢ E4E peak/l Hol AAEE 9
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Fogrold S o & AT o] & &]lsty] 98 NaCl &3l wE +& 3% AARe] ¥ss x4}
staiow, £ 21 B Fig. 2112 ol& wgor AAs &9 WstE A A3E vyl 9l
a1, 3 22 ¥ Fig. 212914+ AAES] WstE ARG 435 YERd I QlTh
| |
Fig. 208. Avermectin 273} chromatogram Fig. 209. Avermectin 4783} chromatogram
2 % NaCl &3) (5 % NaCl F3)
|+
Fig. 210. Avermectin 273} chromatogram
(10 % NaCl &%)
Table 21. NaCl &%xo°] @& avermectin B0l 27483} &&9 W3t
NaCl &% 0% 2% 5% 10%
Percentage of Crystallization(%) 1.2% 3.0% 10% 26.7%

30 T

25

20

percentage of crystallization(%)
o
|

10
5 |
o | e .
0% | 2% | 5% | 10%

NaC | =% (%)

Fig. 211. NaCl #¥=o| mWZ avermectin B2l 2743 &E&Y
ke
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Table 22. NaCl 5= W& avermectin Bi, 2 By tHA v &9 A3t

NaCl &% Bla(%) B1b(%)
0% 76 24
2% 34 16
5% 63 37
10% 59 41

N Bla®) B Bb®)

Avermect in pur ity ()
m
o
|
T

NaC | =% (%)

Fig. 212. NaCl ¥%°] ®WZ avermectin B8 +&
W

Lﬁ-
Fig. 2119 ¢]&}d NaCle] o] Zold4= ZAA
212¢] 29]&}¥ avermectin B2l ¢ EARAS & F

4 8 5ee welste] AHel Nad $=E A4Y Aot 9

£o] EolFdE ¢ F ANoYH, Fig.
=

o W& avermectin® A&7}

37 Methylene chloride®] AFES Z0]7] &l 9oz erﬁ t}S-9 solution F& IAE A
XA il vtE EE2AA AAs FAS A=k AW Fig. 196, 19794 & 5 9dxo] 9

L

‘O,
off —
o

goolat oA BeEESs g oR AAAINA RE AR BEER QW 23t

Olaoixlxl gton, oo wl FEFA glo] ErES dedor A 2 HE &
=] =

=
AT} wEhA —%—%% S 7|Hto g EYAAE SHslords & 7 A, oy mE A
erga— gslo] 22pd o A pilot testE A XA FH3IF avermectin® EHAA FAL oy

_g

HHO -> filter pressol] 9% A 34 -—>methanolol] 9% 33 ——>filter press B+ prefilter
o] 2]&k cell debris #|#] --> methylene chlorided] ¢]% F% --> %= % methanol® &7
3 ——> AA3} (NaCl 3HH)
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2. pilot TE 5 ZEFAZTAH NE 2 scale-up A H

D &% 22844 94

22hd ol A pilot testE® AXAA FHI avermectin® EHAZA IAHL oS3 2o

=
Avermectin AAHT 57} intracellular product©] 83 % 7] W&ol avermectin® &z A Aol <A
A EZe} wigFdS EElsts o FAY YA FAH swte] dasiy ANELTAHY 4
T, I E 7ok ¥ Disk BY AE5FUAEE = a7k AuEA 27 AlAY] Fo] glom
slrafof & ngEo] A3 YHHA Gol Bo] wWeol X3tE T FEE A "k webA
B2 o mgFAS Az e HFstEA 27 TR Fo] gl filter press 38S 1A 3
T THer A4

[e==

Avermectin A Lfﬁg Pall separatorel] 2]3] 3|43+ o avermectin< intracellular product
o7] wiol AEE dpfsfof gl *1]4 = 12k projectol Al A A S methanol & mo 2]k s
AHES a2 ARG AMEFGH E cell debrisd] AAES 98t T thA] Pall separatorE At
43} cell debris= W2 1L permeateE “dA| s},

AR GA T grelofo] A9 EEEo] TSR AAHA Kt FEFTH Jlo]l &
e ATAeRE AASI= EVbsethe AES A, oo mEt HA SwjE dAw
methylene chloride®l] <] 3k

ARQstE 98 w5 THL
crystallizerol A NaCl F3 S o] &317]

5 %35t powder &l

mhu > o o mn
38
o

R

o

of A3t evaporators Ab&st7l®E sHlal A7
stttk 243t ol filter presselA AAS

t
U
)
e
Ee)

—

2)%

Pall sep. methanol Pall sep. S =
1] © —p —» —» —» ==
1% A | | B4 o3 F&
> o
¥ | > Ems | > Q% > Az > w4
L, 3
Solvent Solvent

Fig. 213. Block diagram of avermectin

9 9] Block diagram= Hl® o =2 T2 Fig.2149 #2-& PFD(process flow diagram)E 7§&s} St
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Methanol tank

7T
5o

Cell @

v

Harvest Pall sep. C e 1 1
tank

Vapor

Condersate
A

circulatatio

n
Evaporator

Y?yroth

disrupter 8

@ \y [
. i ]
>

< Cooler

%ebris

Y Solven Pall sep.
t

Extractor Storage tank

j r Air
m jyclone

Y Mill

Filter press

Spray dryer

Crystallizer

Crystal

Fig. 214 F9¢=e44 &4 PFD

3) T 2HAA v AA F R
Al
|

Design basis:
A¥Es5E: 20 g/L
Avermectin A4H4: 5g /L,

AAreE 3000 L (Al £:60 Kg, avermectinil5 Kg)
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2] e

e e
7}) Harvest tank
4% 1 Batch: 3,000 L(working volume)

Vessel &7 4,000 L

1}) Pall sep. o3}
Feed: 3,000 L
M| X (retentate): 20 g/Lx 3,000 L = 60 kg

Broth: 2,940 L (discard)
27 d =] Ao A avermecting 273t Aol 5/Lol Al methanoldl 30g/L7MA &

t}) Cell disrupter

vl 553k
22 solvent®] % 3000 x ¢ = 500 L
+Z Al v methanol: water 5:3 7]
I 8 methanol® < 500L x % = 313 L (cell disrupter®] working volume)
Cell disrupter vessel?] &% 500L
2}) cell debris #| A& Pall sep.

Feed: 313 (methanol) + 60(cells) = 373 L
60 kg (discard)

cell debris (retentate):
Broth: 313 L
Auxiliary storage tank: working volume - 313 L
vessel volume — 500 L
Aqueous phase volume:
£ o T& 80% ol dAsy] 4
methylene chloride®] A}th4

w}) Extractor
methanol:water(5:3) 500 L (water 187 L 37})

[e]
[e)

A =] Ao A AA EEAdA Fge Ao
3}o] methylene chloride 9 Ath% &S 3:19] I
FEEL 919 %=

o] 3:1¢ A9 avermectin®]
Solvent phase volume: 500L x 3 = 1500 L

Extractor: working volume - 2,000 L
vessel volume - 2,500 L

v}) Evaporator
avermectin 30 g/L 7}A &35

92 % 3¢S 7]F- 15 kg x 092 = 138 kg
- 158 -
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Evaporator 9 ¢] mass balance:= th&3 #t}
total balance : 1500 = V + L

avermectin balance @ 13800= 0 + 30 L

. L = 460 Liter, V= 1,040 Liter

A}b) Crystallizer

HE 3& 0%E At 2A4stE&S o= Adtstd o3 2
#% 34 avermectin = 15 kg x 0.8 = 12 kg

crystallizer feedoll 4] 2] avermectin = 13.8 kg

. crystallizerel 2] & 87 %

T8 87 %5 Y3slA recycle dto] 232 AA 37 g

o

12+ 27 s}

Nacl 10 % & A F&: 27 %,

crystal: 13.8 x 0.27 = 3.73 Kg

supernatant: (13.8-3.73)Kg/460L = 10.07Kg/460L = 0.0219 Kg/L = 21.9 g/L

27 5% (40g/L M4 =)

total balance: 460 = V + L
avermectin balance: 10070= 0 + 40 L
L=252 Liter, V=208 Liter

22 A7 s}t
supernatant 21.9g/L¢ ¥&=: 219 g/L x 252 L = 552 Kg
crystal: 10.07-552 = 455 kg

32k 5= (40g/L 7HA &)

total balance: 252 = V + L
avermectin balance: 5520= 0 + 40 L
L=138 Liter, V=114 Liter

3z A7 s}
supernatant 21.9g/L¢ ¥&=: 219 g/L x 138 L = 3.02 Kg
crystal: 5.52-3.02 = 25 kg

3R7hA o) g BTELAIEID) - 751 o

BEXE F8060 %ol mAgRR 4dkd HF ¥ 9 AAsE FYSAU, 19eA Y 5 40
o= 3 Aavt 3

P

4) P&ID 7§
WkE PED(process flow diagram)®} mass balanceE o] &3lo] P&IDE 7|3ttt P&IDE
71942l Know-howo|7] uwjio] ¥ RuAd= thd Fig2ls9t #o] & % FHH i di

ko R g

2=
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Water inlet
[ J

From cell disrupter

|

7.
%

Condenser

VA

<<

@8 4

Extractor

I -

@

Outlet

Cooling tower

Condenser

G

—
y

Concentrate
| "| To crystallizer

#7180
- To Sovant
storage tank

»
>
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Fig.217. Pall sep.

Fig.216. Harvest Tank

Fig.218. Extractor
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Fig.219. Evaporator Fig. 220. Crystallizer

Fig.221. Filter press

Fig. 222. Spray dryer

o jgE BAA e84 4

1) Pall Sep. %

o Ba FAo glojA] s Az7be EAHozA nFEA 98 foulingg & 4 ). w
of 4ol oA dArtt foulings 9 F U=kl webd He =S AAsty 2 Ee 34
ANA dwtup AIZHS @GS 5 JdEAE AAE 7] wWiEel foulings Fole Aol Fasith w3l
s 7IE ol ARt Eel 9o fouling WAERF ofye}l wE A £xo FHS 7HA L 9l
7] W&o 3000 Literd =9 &3S s filter pressith FEst2sE B 53 EdAATH
M wE R 7] (Pall sep, USA)E ol&ate] Azt AL 93 Fo AL debriss AASS
=3

[e)

kel

o
M

7}) Pall sep.& ©] &3k A= &
A

I
Avermecting A4t Streptomyces avermitilisS 3000 liter ¥l ¥ harvest tank © H.3%

- 162 -



Sty =X A Blo] AR T ho AXH Pall AHe] SR FEE 7] Pall sep.(pore size= 0.45um,
total membrane area = 40 m’ 0.4 m®> x 100 )< o] &35l AEET S A =st )

Pall sep. 2 Cross flow o3 W2lo] A permeate® ¥ 5 o] o oiEE(flux)E A8

SFS AASHA =i, 1 Ay &l wal A gl AR ET] el HA o &R (flux) =7
= AAstE Ao Fasit AAEE(lux)E ARt 8o ®m= ool uFsiA AYE F
Ty A% 53 feed 98 2 retentate &8 T 2AJAE 5 5 Ak AT Ao F=
U HAEs af3% ddolmg ojn AAEo] 7] wiFol, Feed 2 % retentate $F# el uhef
AR E = FUHTMP) wet A& = (flux)7F A7 o] €t weja] Pxe] £x 9wk 3§
He s WelA A7 kAo R S £ e 21S AA St oF gt
Fig. 223 oA udebxe] TMP7F S7Hdas 99 ofi&wrt Follds o & ok 1
]

U oJzdte]l EEHog Ad F AT dEHe] EASH

TMPE F2lstAl S7hA1 2 A5 2317 retentate®] Sh=lol o3| &

HarEs I F A wEbd HAH TMPSF feed 948, retentate §8 24S = Aol &

o oo uwhgl 9 WA Axste o gl Fig.22394 % TMP7} 3bare] =2 Feed% = (P)

3.5bare] %l retentate ¢ 25°] HAolt}h, WA Feedtd (P)2 3 bar ~ 4 bar, retentate
2

P 2 ~ 3 bare] WA L= o] X el FHE FA FowA HAe] oRsn

o o,
[l
N
)
2
odt
o
i3
o
)
T
@
o,

200
180 -

—— Permeate /}\\V\\
160 - ---O-- Retentate % e 4

—v— Feed / o
140 -

/ O._,___.

120 - /0 ©

100 - /

o0
o
|
©)

Flux(L/hr/40m?)

o)
o

|

(®)

N
o
1

o

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
TMP(bar)
Fig. 223. Pall sep.olA TMPel W& Permeate, retentate, feed2] flux 3} (cell #2])

Fig. 224%= TMP 3bar®] 4% Al7te] w2 permeate?] 53 volumeo W3S Uehdlth A7+
o] Aol wel cakeol #olA flux(slope)7t FolHS & 4 otk Z7]ol 30L/hr/m*e] flux7} 3
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A7+ o = 75L/hr/m’ e 2 G738k filter2 © o4 Al%slr] ol Ytk Filter} o o] A%
7] oAHeH 2EE &Y HEE UFO fluxE =95 WHE AIEE F 3y 53
avermectin< intracellular product®] A5 Fof| FAHsEZ 25 SHA AXLE Bz &

FAZE S Ao R oAET
Fig.225+= o8] 2%oA e A7t wE permeate?] 53 volumes YEIW I Ut} A=
7t SH7HEA flux7b S7HE S &4 F AT ol 2RV S s wjdd e Hevt A
7] wiEol™ celle] wido] AXH 1w A o] 5101 compressibility 012 ko] ZFAF o] celle] rigid
Al wo] of }rF Lolaf A 7] wE o R |AE 4 Sl Fig.225¢] o5t 2% 5o R flux7t
F7kete] 40° Co] A F-oll= 3A1zFell 50° Co] 7Z-5-ol &= 2A17F Qtell 3000 Liters A= & do&
Aglafor & sampleo] glolA O ol A elshA &

o ARG 507 Co A gl 2417 Foll = 2L
Skth(plotd datays 24 7F 7@?46} volume). =5 & =Y 45 HEAo] FolAAT, 25E =U
Ag-o oy A vl&S aelste] HA SE Aok dt
Pall sep.& 33 permeatet Wil o3 cake?l AIEE 3]43}9] cell disruption & 7E o=
Hth
2400

Volume(liter)

0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Time(min)

Fig. 224. A Ztel w2 permeate®] &3} volume (cell +2])
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3500

O 40°C /// o -O
2500 | YT 50°C A 0

Volume(liter)

0 . T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Time(min)

Fig. 225. €% o] W& permeate E¥Z&%9 W3} (cell £1))

) Cell disrupterd] &=

Avermecting intracellular product®] =& Pall sep.& o83t AEE Eg 3 T AEE 3
HAaforgtct AEZ Ff= shshA Wy, 7]74]@ ol oy 2xdx Ao wrel guje] o gk

e Alestdth &ufel & F= FEVE AHE o] &F F U= FFlol U Fig. 226
& Pall sep.& o] &3t 23 A FEo| methanol 313LE FE7]o] H7}ste] wwrdlHA AEZS
g3 A Aol e MEe] &S A AdE dERd Aotk ojw 100 % I A

= FE83 A 3335t ¢ o] supernant®] avermectin® FE=7F F7F5HA

avermectin® TLET =
R FECh)E 715 39l Fig. 226 o w23 102459 HZA7Fo]™H Streptomyces

o=
avermitilis A X7} 345 o] avermecting H| 53 M I E2S A0S & F AN
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1.2

S — —O

"3

S
Q
S
O
2]
@®
2
o
o
=
©
0]
1

T T T T
0 2 4 6 8 10 12 14 16
Time(min)

Fig. 226. Methanol®l 23t Streptomyces avermitilis 2]

AT ] w2 avermectin®] release kinetics

t}) Pall sep.& ©]-&3F Al ¥ZZH cell-debris)e #7

Cell disrupteroll A A AEZd] & Al Pall AFY] 95287190 Pall sep.(pore size= 0.45um,
total membrane area = 40 m®, 0.4 m* x 100 )& o] 83} M EZ7ZH(cell-debris)e 2o 1
# 31 permeateE 3|43t}

Pall sep.& ol&3te] AEZE Fed A5 VA2 TMPO & o &%= (flux)e] ¥
ZAE o 27X HAH o TMPE ZASIY . Fig. 2272 1 A3E YellE Ido® AXE
& Aok vizHA = TMP7F S7Fg 5 &40 ofa&mrt Follds & 5 vk shA vk A=
= B AFfol v flux7t AAHo = goi%oq%g o T %105— ol cell- debr159] S T
size7} A3zl wl&| #A S A5 R oyt AETL 5
o w AzbEnh 1Rl osty Fig. 2233 whzhrhA]
Hol EAst7] wjite ARERE SHF7] flsted TMPE FeElstAl S7HA 2 4%
retentate®] el os) Pzt AFS Wof feedS 27} 7
227914 A TMPe| 3bardS & & Ao, AXs
t}. o]& Pall sep.ol FF3tE Feedt= (P) 3.5bare] 7-$-°l retentate 4= 2.
AbsFaL itk
Fig.2282 TMP 3bar®] 74-$ A7t wE permeate®] &3 volumed W3tE YEldT o] 19
AA] AEFEE ] AF-eF 2ol Azto]l Aol wel cakeol #HoIA flux(slope)’t &olwms &
itk 271l 6L/hr/m*e] flux7k oF 10085+ 35L/hr/m° .2 78 1 batch #¢1 313 Liter
£ Agst=d 1002 A7 d9vs s & 5 AT

W=
2
&
15
o
m{n
Au)
iy
o
i
Y
iliv}
-
%0,
rlr
2

B

1l
=
<
T
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Fqu(L/hr/mz)

180

160 - P
—e— Permeate S \w
140 - -0+ Retentate { 0 T~y
—v— Feed SO 0
120 - ya
100 - /&/
80 -
-
7
60 - X
ya
40 - <
»
0] /7

Volume(liter)

T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

y,
A L S S S— —

TMP(bar)

Fig. 227. Pall sep.olA] TMPo| w2 Permeate, retentate, feed®] flux W3}

(cell-debris 1)

500

O T T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Time(min)

Fig. 228. A7k Y& permeate?] &3} volume (cell debris #2])
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2) &% (Extraction)

Pall sep.& ©]-&3te] MEZZ(cell-debris)& W& AAT Fo Hd &= 3000 L F=71
permeates EUtt. S 187 L F7Fo =2 A, HA aqueous phaseq!  methanol:water 5:3
solution 500 LE et HAH&uwl2 AA¥ methylene chlorideZ 500L, 1000L, 1500L= -3
E 2gsle] H7F3E Fo avermectin®] FE&9 WaE AT

Fig. 229% solvent®! methylene chloride®] 2tz o] W& F&& 9 WHIZE Uetd Aoz
methylene chloride®] Jth% o] T71aFE FE28&0] T7HdS & F AU, o= o]&4 4
5 9 2xd ] Aot 2 JAFTS & A}k o] AoiFQl Fo] =S5+E S B
o] A& F&7t 3o evaporatoroll €] load7t F7Fatut, i projectell A HER k=
&S wE37] 918 solvent: aqueous phase?] F¥H| &S 312 —%%jé}—t— Aol npgA s} o] =
AolA] £43% Ay FE&L 22dE] AH91.9 %) RTGE Ua 92 88%2 FE&S Bt
ol 2xd = 9] pilot EAHA| 9} HlLE o] &= 2o] W&o partition COfolClel’lt7]' zpol7F W A o
o A

100

60

40 o

Percentage of extraction (%)

20 A

0 T T T
0 1 2 3 4

Relative volume of solvent to aqueous phase

Fig. 229. Methylene chloride®] & H] & & FZE8&9] W3}

t}&-& extraction operations Awit} L giafof F=AS FAFE 7] e WE o trEE ]
421 fractional approach to equilibrium (Ep) 7} A|Zbel]l whe} Weles AZE ZALSI T old E,
e o Zol AoHrh

Ep, = (C-Co)/(Ce - Co )
where C: concentration of avermectin in solvent phase at a certain time

Co- concentration of avermectin in solvent phase at time=0

Cg: concentration of avermectin in solvent phase at eqilibrium

Fig. 23001 mt2m 7% A=W Ao BFol e & 5 ojA, Sulsh FEHAYS TN
102 4= ko] o8 PEA71W avermectinel 83 FE2HL & + AUk o= Fig. 2260
N welz whsh o), AEANA productrt Ael FEHE Alzke] 10%oetE Avksl Ael
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Fig. 230. A|ztel]l w}E fractional approach to equilibrium (Ep)

3) 5 2 AAI
AARZNE Ed] avermectin® HA Y TlES] crystal FEE 97 el E A AAF A
30g/LA L=

T ofsltt. o] E 9sle] Fig. 2199 #L evaporatorE ©]83}°] methylene
chloride® Z2A171 &, AAA ¥5E2 methanolS H7}3kth olu 30g/Lo®E =8 AH$
material balanceo| Al A AlstZo] 3atel] A3 w5 2 AASE AXYdE HxTE 30%E 94
S glem=E 40g/LE FET $o Fig2l8eA HoAR= Ay 2L FE7]0dA 47 CxAAA
10% NaCl 3% & o] &ste] AAstatar, ErhA] 40g/LE 53 Fo AAstst= A9S v
ko] 4k A A —rffﬁg}?i‘:}. Fig. 2312 AAst AAZ FH55E= feedol] A 2 avermectiniﬂ =
7F 40g/LE FAE F AEF 430 A FH7E T3 w59 AAS HAFE= 2dolb. 4
2, S wet FEHdo Kyrt #AaskS el vt Fig. 232 4%}011 A AA 3}
HFAGNA AL crystal®d %3 supernatantel /\194 avermectin®] %<& uYEeElH 2Ho|H, 139
supernatant®] E3%FE o] U+ avermectin®] o] A crystale] FEtT} B wiEo olE 34
g dart s AS 4 F At o)d U?}Tj/} avermectin®] 1% 4l 3|+E <3| supenatant

£ Al SRV 4d0g/LE FHAA 22 A S AESHAAL, ol & 4xkel A A W Sl

el

o

53 AAQstE A& o 1= 7}i Ao] X = crystald F& S|

crystals 9 F 9SS o & ATt Fig. 2335 28 A¥E AA43d gE FEE9 WHIlE

et Aol IR & ¢ dxo] AEKAH w5 AAste] AR A A FE&L 84%,
, A3t @AM B3R & 8T%E EA I

Azpo| M o] &2 91.3 %E UWEUWIL Jom
b

=
&A= 4 batch cycleo] 2 T7ES & 4 UL
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Avermectine (Kg)
N

1Xt 2%t 3t

| IH
0 T
4%t

Fig. 232. 243} Ao wWE supernatant®} crystaloll 419 avermectin
o] oF W3l
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7l Mg & 23xd =] B W&ol et 3l

=

2) AAA e A 2 AAJA 4 2 =&
7}) Pall sep. #2

Pall sep.o] A$o= 712 A filterd] Y&’ ZA5EH 22 Darcyd W
9] Ruth equation®] 7]& AA A o] Hu},

N
o
fru
-
Ay
Ho
ki
e
O
oo

AtV
(7 )=K()+B
o] 714 A+ filter area, V= filtrate volume, AP+ ¥ AH 4= FHE, ¢ & specific cake

resistance, ©¢i mass of cake solid per volume of filtrate, Ry filter medium®] # & ojo]a} gt

1apg HRy
", K= 9ogp . BE gp  ©lth

Lab-filterg& o]&3 AFo=2HE, (A/V)S (V/AE plotdtd A4 #AE
slop®l 4 specific cake resistance @S QA HY o]= filterd XWX S ZAS = F
A} ot

o] Aol A avermectin AT filtere] A EdS FA|st] 1A A B F AL, avermectin
AT S rigiddle] incompressible cakeol@t 7FA sl filter presse] WA A9 oI A
volume V, o ZAIZF to}o] thg #AA S do] Foiz oAzt HQ 3 filter presse] WA A
< T8t Fad filter o] WAS AHE F+ 9

oly™ X pilot plantoll Al AFE3F A o] ojn] &y Hdel HE- surface area A (¥ A+
o] Pall sep.& 40m?) 7} FAHE A$ole thee 4L o] 83t V| volumeS Aglat=d A

) cell disrupter
Cell disrupter®l 93] product”} release™+ &£ X+ &3] 12} kinetics®
7} g Eo] wjdAoE release HE £% dC/dt & ©FF release H A &

ul gl gk, wekA

o] Ft} Product

lg_ E, Cr,max_cr oﬂ

o mx

dc,
W - Kb (Cr,max Cr)
1A e Aua

CT mazx
"0,
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Cr = Cr,max (1_ eXp<_Kb t))

ol K, = it Aol wel ARy = Faroln, ddHew AAsoF g
o) F=

%7] avermectin % yr2l F liter® aqueous phase’} &S & 7Y
avermectin®] ¥35 o] A &} avermectin® mass balance+=
Hyr + Lx(=0) = Hy + Lx

olw] HE aqueous phase F3], L2 solvent phased 3], y= aqueous phase®| A 2] avermectin
o] TE, xi= solvent phasedlA9] avermectin® FE°|t. Avermectin® percentage of
extraction p= U5 o] Aox oz},

__Ix
P Hyg
Percentage of extractiong 92 mass balance®t Ag3slo] thr] 22m
[x
p= _Ix o  Ix Hy __E _ 1
Hyr Hy+Lx HL); 1+E %_}_1 o] Hth

o] 714 Ei= extraction factorg}sltal o} 7Ho] Aol H )

_ Ix KL
E="y = n

o] 7|4 B3 K& avermectin®] solvent phase®} aqueous phased]A2] partition coefficient=

_x
K=" = 3 A,
A FEEo| IS 1 X &= extraction factor: partition coefficient K& &wje] H3 L <
Aol F3 HE Folw lab-scale®] HA3ollA K #S L&+, scale-uprl Wt FE2&S

g L/H s Z2Asto] st o

o714 L& solvent ¥, V, & FZ7] 39, K, = solvent pahse 7|59 H 4 A A<,
Cs i+ solvent phasedlA 9] avermectin® &%, Cie = aqueous phaseolAe T%

solvent phaseolA¢l H% a = A& (droplets)d size®t FyE & wel AAEE= specific
area(m”/m”) ©|t}.

A Fdol du=s ves FEAAY JPFEE Yede Zo] Adsteg, 53 2ol A
9] ¥ = fractional approach to equilibrium (Ey) 7} Al 7bell whg} Wale &

T At

b
t
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e
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e

Ep = (Co—Cw0)/(Cy — Cw)
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where Cg: concentration of avermectin in solvent phase at a certain time
Cso: concentration of avermectin in solvent phase at time=0

Cst: concentration of avermectin in solvent phase at the end of process

C,—C
E= K& = 22— o714 Cu = K G

HAADA S, specific area?t FE&0] A== solventot

Fggel Fy, ZuAFK) 5 © 4 bE small scaledlA] 3t o] & ©] &3}
FEEES dFE, olf v er FE7]9 Folzl A el He A7 FE719 &%
ojuf, Folx &FolA Hagh IS AAG I
eh) S

S M = Bagk steam?] ¥ AT WHo] FaF HANoIn. FEI|AAM ] =HFA
- Oed 2u
F =C+V

o714 F= feed9 mass flow, CE concentrate® mass flow, V= 24 vapor? mass flowo]t}.

Vaporell & avermectine 2333l QA ol Y32
FC =CCe

o] 7] A C¢ & Feedol| A9 avermectin &%, C. © Concentrateo] 419 avermectin &=o°|t}. w

9A o] ¥ A2 Agsd

V=C(C-C)GC
o] AowRE TV &F (BE AT TV TAL

I 23 steam® %< energy balanceZH-E U3 Zo] Foix

T
Au)
e
tlo
-
et
&
a2
o
olN
i
)
2

C.— C; AR
_ c f v
5= C[ Cy :IAhs
o714 S& T HQ3 steame ¥, Ahy, & THH= =AM vapore] kg% enthalpy, 4
hy, & #9359 +& steam® kg% enthalpye]t}.
S @to]l AAHH g WA o Aste] b o] T EAd WA o] AT
Q = UAAT.
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ARst FA e A7Y £HAE AAsSHY] M= AAs SEE ST 5 dojop gt
T oyt &£%7F S A crystald R fA Alolel AUl ErE S7bslAdiffusion
controlled crystallizationol] A1 "oy o 9 |

o A 2o = diffusion control, <& <ol A

3T
theat gol A4% £EE el £ 9

dM A %
a [1/km+1/k,](c_c )
A71A c= §HedA ] FE, ¢ = X3}E
AE crystale] EHF, M2 crystald] @A#olth. kn =),
AN k& 228A gt kS 2% wal =4 WA k
Uk stARE M3 AE Eetal e 9A4S M, A @S €71 9

o} o] Aol = characteristic crystal length

[ o
>
S
Y

I= 6M/pA

g o] Zo) 7} 9] cubic crystal?l 2% M=pl’, A=6F o], 27
£ AZ6BAE oITh o714 = crystalel Zokol mE slekshAl lzpoltk old g BAE 9l Aol
dato] Aelshd o3 2 crystale] Aol B3 2S dS

di 120 4/Dup) . *
a [m}(c—c ) =ky(c—c)

tlo
-
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i

webA crystal®] 71stebA 1z, W 2dAEAS, FUNSEE so® TAE ke @

Aol FTasith

3) scale—up 713 scale-up QA 24 5 scale-up A& ¢
7F) Pall sep. &%
FolZ tg= A7kl V] volumes A& 3F=d B 23 membrane? surface areaZs T3

7o) scale-up®| 71olH T A& o]&3k= o] scale-upe| et}

R R 777N
A=V t( 2Ap)

ojuf 2% scale-up AAZ wjFHe] M= 117 cp, o © WMFAT FAY sEE wFA
o we} ek B FAe A Zx X9 0.02 g/cm’ ©|th Specific cake resistance gak
30 mmHg, 40 mmHg, 50 mmHg, 60 mmHg® =& 2HAP)A Z+2F 1.35 x 10° em/g, 1.33 x
10" em/g, 1.07 x 10™ em/g, 1.90 x x 10" cm/gelth.

}) Cell disrupter
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dste= C/Crmadl THHE F Ae NS T3t Fol dA FuE Astr] 913 Cell
disrupter®] & %S AAst=d 7ol HH & 10] scale-up?] Aot}

Cr = Crmax (1- exp(-Kj t))

scale-up IAFZ = K, ©o|H, Fig.2269] 235 49 regressiondt™ K, kel 0.55¢
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solvent?] volume L& tf3 2o A -3k},

_ EH

K
FE7]19 &3S A v HeF 9ol 3 LS 3 volumelo = A3tk LS 13817] 9
1)

&
Q3% AHE avermectin® methylene chloride®] 41 partition coefficientd] K k.= Fig.
2050 93l FA ¥ avermectin®] K #k2 2.04 °]t}.
A AHAAR & FE7IAA HEFA "doE W A AEle ARRE dS5ste A=
d dastt, o Ao 9ste] Foj%l  fractional approach to

& A8 TE F 9

ftlo

scale-up +HHAFE
equilibriume] -t} 2 7]

_K.aV, |1+ K%“t
E, = 1- exp = 1- exp(-bt)

4o 0

w2t FZ7]9 scale-up =4S 8] L3 scale-upd A2l A4 bE small scaleoll A T3
= Aol Fasrh ol Fig2309] AaE 914l regressiond o =M 7 4 gl=d A

% 2
scale-up A bk 060l o]E wgoz Fojxl §FelA BaF LANE AAFAL
o

o T
zre A

SV = dAE AH o] scale-up] 7]Fo] Y. Feedol A9 avermectin %7} C; & F
oJX] 1 C kg2l concentrate?l A ¢] avermectin =& C. 7 T3t & u), FH7]o] HQ

3l steam®] % S+ energy balanceZHE t}S3 o] Folzlit}

A71A Ahy & TEEE 2449 vapord] kgW enthalpy, Ah, &

ol

F5+ steam® kg3
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enthalpy ©] t}.
Ao 2RE S gho] 2AHEHTE o G Ao o) FHr|e] G WAool A E)

0 SAh
UnT UAT
w2t A scale-upoll 223 A A= H Q3 concentrate?] AabHE FF Aol A2 avermectin F
= C, v=F3tuA st 5% C, 5011, F7F o2 small scaledll A heat transfer coefficient U
e FAFOEA scale-up TL7IE AAT F At

A=

Al. economic feasibility study

1) cost analysis: J43 &4 &
7h wiEd AL &
AR 7] E
Avermectin A4F& : Skg/E
Avermectin 7l E‘rﬂﬂ 780,000 /kg
50E wiekel & dAn: 5099
) A el 519
71 50E ] ol A o] HkE-wj 2 batch 4= = 70batch/*d (5days/batch)
W A AR 0 508 /batch x 70 batch/:d x 0.75 =2,625 &/dA(75 % full 7}4))
W oofE (A 129 &) x (d wA LR
= (780,0009/kg x Bkg/& x 0.5) x 2625 &/ =51 94
(A & 50% 714)
oh) &A=
@O A=H]: 50%= wigFT7IeA 1d3F AFS Baksted AREE H &
A H] & 159HI/E x 2625 £/ = 393,750,000 ¥
A AN 309/ E x 2625 B/ = 787,500,000 ¥
@ x40
491 x 240071/ = 96,000,000 /3
@ QA&
Al A B4/ A 8] 8- %%}Zﬂglﬂliﬂ 5% = 250,000,000 ¥
e g v &= el 1 % = 51,000,000 ¢
& &

r)J
=
s
!
o,
B9
)
2

A

@ sHEREFFFA YN E 23 )t wj o H] 0.5 % = 25,500,000¢
© 71epAu (ZFH& 23 viE<d ] 05 % = 25500,000¢
® % 772 AN e 20 % = 1,000,000,000/d

2} ZA4F 18- 2630,000,000 €

ul) 91 avermectin A2

bkg/E x 05 x 2625 E/3 = 6,563 kg/\d
v} avermectin kg F A ZY7E 400,730 /kg

2) 23 ROI ¥ break-even pointE 3 &AW 3 AA
=492 5100,000,000-2,630,000,000 = 2,470,000,000

A A cost analysis 7]+o 2 3Fd dzk
olml 1 FxwlE 509 dolrh. wEb @A e ROIE th ¥ 2tk
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ROI =(5,100,000,000-2,630,000,000)/5,000,000,000 x 100 = 49.4 %

o2 7]FO2 = break-even pointE T&tH oF 21 ot} dAA &3 olxr} 5% 1
¢ 9] ROIY} break-even point®+ economic feasibility7} &3] dvts 425 U
A Z % ROI ¥ break-even pointE ojv] Yom =g

2% ROI % break-even point
AWMy Ex AL 3K otk HW, A5 AAH

d

=
TG 51 avermectin A& bkg/
E 3 AA $8 50 % W AAA™ opF-A FA7} gl
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