B EFHI A A5 A3
Korean J. Biotechnol. Bioeng.
Vol. 15, No. 3, 219-225(2000)

ST LA OBt Bacillus thuringiensis®] N=T EXIHA
9 H g R ol R
olRchstm chstel Exjnisl|sstn)
(M4 : 1999. 10. 18, Hx4Z0l : 2000. 6. 20.)

High Concentrated Spore Production of Bacillus thuringiensis by
Fed-Batch Processes

Chang Yeal Park and Yeon Woo Ryut
Department of Molecular Science and Technology, Ajou University, Suwon 442-749, Korea

(Received :

1999. 10. 18., Accepted : 2000. 6. 20.)

Both the production of high spore concentration and high insecticidal activity are required in the production of Bacillus

thuringiensis to be used for the bacterial insecticide.

In the production of high cell and spore concentrations of B.

thuringiensis, the continuous fed-batch culture (CFBC) and intermittent fed-batch culture (IFBC) were investigated at 28°C by
maintaining 409 dissolved oxygen concentration. When the final glucose concentration was 50 g/L, the maximum viable cell
number obtained using the CFBC with linear gradient feeding was 9.37 x10° cellsfmL and maximum spore concentration
was 8.33x10% spores/mL which was approximately 84.49 yield of spore formation. When the final glucose concentration
was 100 g/L, the maximum viable cell and spore concentrations obtained using the IFBC with pH-statb were 1.38x10"
cells/mL and 1.35x 10" spores/mL respectively and the yield of spore formation was approximately 97.8%.
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3t} B. thuringiensis®] #lokS ] AREE wjx|E dubdog
9
peptone, yeast extract, soybean meal F-9] nitrogen source, ¥
mineral salts® ©]Fo]zth & £go IAE A7) YA
E =L 529 nutrients7t EFE W)A 7} _w—]l‘ﬂ_lﬂr. gt
Holmberg 5(6)# Scherrer 5(5)& FE 9 nutrientsol| A F
ABAF toxin Aol dAE £ Yo BIEEH F
Holmberg £(6)0] 2]5Hd toxin ko] AFEHE Ao 3 %
= 23 g/L molassesE z3e = §ivhr Hasigith =3 Arcas
T Y3k 27] glucose =7} 56 g/l o gl Al AlEo]
H| A4 9 colony forming unit o] §A3] #ZAisgck 4
Sujofoll o8 B. thuringiensis®] Aol thgh AFAE W%k
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broth HlA] (10 g/L glucose, 5 g/l Bacto peptone, 3 g/L beef
extrac)o] 15 g/L agar® 718 slants A|Zske] AMEEIGTH
Slante]] & FHEAA T2 wjE7|A 30TZ 2443 wjdeh
% 4T nBHAA AgIGen, 3ol £YF vjAe
slanto]] $AFSIC}

HEE F39 W9 300 mL k7 flasko] modified NB
broih ¥ e} 50 mL H7eHel BIE F TE FFeAe 0C
A 18417F S 150 pmo.2 A% Hjekshe] ALEHAT

Bl A ke s 22 modified GYS medium A3} T
Z, 8 g/L glucose, 4 g/L yeast extract, 4 g/ (NH,),S504, 1 g/L
MgSO;-7TH,0, 1 gL KHPO,, 0.07 gL MnSO, 7H,0, 0.08 g/L
CaCl,-2H,0 o]t} oju] glucose, MgSOs-7H,0, CaCly-2H,0,
MnSO, 7TH,0= %29 stock solutiond | %ate] iAoz A
7FtRem, velAls g7 daetict

7H wgel s A wjFA Y glucosed] FE7F 50 gLt

TE2 & B9dE glucose9} yeast extract®] B]&S 2 : 1 &
Qom, HF wdAe glucose FE7F 100 gLyt HEE ok
ZAtde 1 19 &R 84tk 2R Azol|A glucose
KA autoclaveE ISR O, yeast extract £ 02 pL
o] membrane filierS o]&dte] HWFd Fo sl o839
o Hj#]e] %7] pHe @i o]Hd] 2N KOHE o|&sld 722
453tk

Q= A

Glucose %7} 8 g/Lol Hioksix 1.8 LE 33 g
(Bioflo T, NBS co, USA)e] 21 28ToA E7)sh smul&E
WEAA Te SE2AAT] 40%2S FASEA B ok
FHETH} glucose FE7F oF 2~5 gL olsh7t He AR (6
WA 9N MRRE Rk ks ARt ofw w
okl o] pHE 4N KOHE o]&3le 7008 FX3}50H, foam
gL A ASH7) $)8ke] antifoam solution (Sigma, USA)S 3l
sMste] ARESIGTE f7H wjdEQlel §EAAHE Wik
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Figure 1. Experimental device employed in fed-batch cultures with linear
gradient feed of nutrients. B: bioreactor; C: concentrate reservoir; D:
dilute reservoir; P: peristaltic pump
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Continuous fed-batch culture (CFBC)dl[A= #jfele] glucose
SE7} o 25 gL o} 99 W 58 AT 94D &
T2 FFsldrh Linear gradient feedingel 23t F712 w) ok
AE Srinivasan S(11)d] 23] RuE FAES Axst o)L A
% & 5% TR Fig. DA vessel Co} DE 5Yg 2ok
o7 77 FEE vk FAE A E 23eka Sl
ot 3 F vessels® bottomo|A] tubeE AAH o] glow,
peristaltic pump(P)& vessel D2] vl A S LAT £ wjF
71Byell 3g3&hd, A7kl wEh vessel D8} nutrients (glucose &
yeast extract) 55+ F7}3PAA linear gradient®] FE=78)7} A
70t} olu wjef A FFEEE 90 mL/h o]3loH, 7} vessel
o) #AE 400 mL oItk WA FETAEAE ol 7]
A gl sEuA Az ol WEel 2719 H3
WS 15 L2 Algsel 4% wjle] Ras) 23 L} A5
ik

Intermittent fed-batch culture (IFBC)9] 7A9-ol= nj¥d]
gluicose =7} ¢ 2~5 g/l olsy} HY& 2y HAE
HA7bslath oW pH Ao ofdt {712 Wi HpH-staf) ol A=
pH7} 6.8 ol3l7} HW FEE wjX)7} ATAHLE FYHEE g
How, pH7F 7.0 odold F5E WA FYo] AeHoE
HEEE ek =g wieky] Ul glucose®] FE7F A 1z
HYE W pH/F Aeste HE o83t pH7F 70004 A5

drich W) WE 558 A7t ASH02 3FHES 8
= 49

pH-stat 7} ¥} % &k
sl
TA Y &AL spectrophotometer® 620 nmol| 4] SHEE =

Yoo Axage EERA) okl BEIAR
At} Glucose FEE Glucose analyzer (YSI SIDEKICK,

[¢]
g 4 §lo] NB plates] &3 colony 5 243} col-
ony forming unit (CFU)EZ YER}lL, spore -5 343 AR
E 80TAA 2087 A2 3 3 NB plateo] #E3}e] colony
+2 289}y, ¥Ae #E-E Coomassie brilliant blue solfu-
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tion (0.25% Coomassie brilliant blue, 50% ethanol and 7%
acetic acid)S 387 AT 2552 AF T A4 O
F5 AHBS olgsel BAeAG:
23 9 13
Continuous fed-batch culture(CFBC)
2710 BELFHS TIEEAATY 30~40%2 €
A SR EE FAHD gueose BT oF 2~5 glL ol
oA 500 mLe] F=H HjA (230 g/L glucose9} 115 g/l yeast

extract)E ©F 8.4 g-glucose/he] VAT £E(36.5 mL/h)E peris-
taltic pumpE ©]-g8t] FH HT~ CFBC%— st 484
T Fig. 2)el|A wfoFel) o] glucose FEE 7R w2719
FHHE glucose P& AT W, AEFE7F Ho} glucoser}

2450 w59 WA Fgo] 2 ]7J A3 3o Aol 10 g7}
Hon, 11 o]BREE FUHE glucose WHTF AXEE 9k
o] ¥ Z7] wEo] Wi glucose TEE FAT] A4l
F744 wjek 84]3to] Jﬂrfﬂ O] FE = glucose7t FAES] A
M]s}%ﬂo] Gtk & 50 gLy glucose® A=3le] Hu) A
el (A7 Wok A] o 403 glLolglon, A MEAE £
8.95><10 cellsimL. o|3ict 2} oju) dojA TAEEE
60A17F wekol Al Hu) 1.55%10° sporesmLEA ] HE A X
Fo Oig A 4] 17.3% S8l ol¢ glucose A
gazio] 47h4 WYel U EAYAS fUs 2aol o}
Udgln Bu3 Kang $(12)9] H18F dx8k%t

wEba YurAo g AEe X 2 s W Al
7t ARl wet glucosed] Tk ALALR ZUIAA 4 3]
= ¥ THAR|(Fg DE o]&3te 4
FHE wjefdel glucose %7} 50 g7} %2 3} linear gra-
dient fed-batch culturei= vessel Cof 400 mL¢] ¥Zu]A (2625
g/L glucose ¥ 131.25 yeast extract)$} vessel Dof} 400 mLe] 3
AuA] (25 g/L glucose ! 12.5 g/l yeast extract)Z o] 8-}
AYE FAstAth AP ATFg 3)0A 415 gLe] AEs=E
dg F ydsion, ow HEZY AL 224 gL -hiA
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Figure 2. Profiles of cell and glucose concentration, viable cell and spore
numbers during a continuos fed-batch culture for the final glucose
concentration of 50 g/L. The flow rate was 84 g-glucose/h and the
arrow indicates the start of medium feeding.
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& ) AE AT S5 937X10° cells/mLo] Yo 89%7} i
A2 A#E o] 833%10° spores/mLe] TAE AL 4 s13ie).
ol AXH glucosed| et T 482 1.67x10" spores/
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Linear gradient feeding HP¥of] <3t f712 wjoko] myme
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glucose F=7} 100 gLl 7Z4-¢of thal dFS 348 Fig 4
A RIS o) 400 mLo} 5EuAE 550 gLe glucoses)
550 g/lL9] yeast exiract® TFAJE o] oM, 400 mLe] 3]AH[=A]
= 25 g/L9] glucoses} 25 g/l9] yeast extract® Ho] gtk AF
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Figure 3. Profiles of cell and glucose concentration, viable cell and spore
numbers during a linear gradient fed-batch culture for the final glucose
concentration of 50 g/L. The flow rate was 90 mL/h and the arrow
indicates the start of medium feeding.
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Figure 4. Profiles of cell and glucose concentration, viable cell and spore
numbers during a linear gradient fed-batch culture for the final glucose
concentration of 100 g/L. The flow rate was 90 mL/h and the arrow
indicates the start of medium feeding.
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100 glL7} ==% CFBCE Fdate] 4L 496 gl AxFx=
g vluste St olgg Ade FE AR egt
o FEHE JULY TR Ao A w ALHoE
F7heto H]E"JXJOH 2THE FYEY 4T AY FA F=
2 GEe] HE FEEoEN AR T AEAR

& 93 429 vE2 A=W MRoE e 18y
il

A AE AFE S= 130x10° cellymLz A o o} T
AR Aol oRo]AA] o} BF AojF TAE 114X10°
sporessmL 2 8.8%¢] E#sIATh @ A= CFBC Wil
ds| e FFHE glucose FEE 10 glLo|A 50 gL7tA Z7}

N2 A% A Fxw F7FEIAT 100 gL o3 Fxo|
Ae s E Kang 5(12)9] ZAze} A3 o
P e TR AEE A ok Mz A A
7 ZAE Ak TH 9L vXNE AoE ARFHG
AH oz CFBC el oJsiMe
A B aEEe XA
Aoz CFBC "ol ot f7h wjdel dist d4¥2AES
Table 19 YeERATE f712 3
7150 gLyt HEE ste A Hdl AXFE, AES ZA
o thE AAA © ARH glicosed] THEF A4S 5 RE W
M F= FFAE o8¢ CFBC
71E0] Big ol ZAAEROE ET Jfy v& %LHH%
A& olgdtd HF A glucose F=7} 100 g

1
3z M APl M ZAF Al 719 o] FoAA &3tV “H

ol 1Fx= _,‘Z]‘/‘(ﬂ}\]-% g ‘l‘l‘7]‘&| L R KRR s ?f—:]_o]—?(]
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Intermittent fed-batch culture(IFBC)
CFBCYl 93iXe 2e=y ZAE A& 4 S| Wil
F7kA wokEA o] thE WhEel IFBCE 331¢ith IFBCe 3
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22 wjoks sl Mgy g
olgizt 2 wuith 58 MAE 1
Hz= el glucose %:57} 50 g7} H%E 317 93k
500 mLe] =3 HjA(230 g/l glucose} 115 g/L yeast extract)
& 330 o] HrbeiFE IFBCY e A%S $3ale] Fig.
59 GRSk A8AANA 421 gLy A AXseE 92
T Aen, Hre AL 1.83 gL -h ok A AE
AXE $E CFBCE o] &3te] d& AXFES} A FAFSHIL
Ur AL visltt ol #7HA wjRT]e g e glucose
FE7F 10 gL} ELLﬂ FYT A AHsgont o1 3o F
H 20 g/Lo] glucose’} Q T2 ZA3t AL H|E 5L FLo
c} | FaEol AxE7t gpde *é et agxel B g
A&7k EASHA H‘ﬂ 7Ur o AEFZ o]2& A
Zre] AdHATT AtsHh JJEH BE AL FE 518x10°
cellsymL ©]Q}.om, 97%7} ¥AZ A#E| o] 5.03x10° spores/mL
o ¥AE2 AL F ALth BAY PAAHL 9.5x10° spores/
-l

lucose FE7} oF 2~5 gL
REEEEVERIES

L-h2A 5% FaAAE o438 71 wjeby Ko vt
o3 Aib= oA AFT wpe} Zo] nFZY Fef| ot Al
FR%4e] Ao wi 2 ¥ ZHZ Aadch

Ze} IFBC WS ARG A% 2%=9 A9t 90% o4

= o
o Zz FAEL 4E F AW "R HF gy
glucose FL7} 100 g/L7} Q T sh= IFBCY) Uit 4%8& &
ek oke] Aellx] FEuAE 27| 1FERE 7@7}3%
A5 AxEAge] Ad=RA7] HEe] 500 mLe] B
gL glucose$} 460 glo] yeast extract)®] FTHE B Y
glucose FE7} 10—-10—-20-20—40 g/L7} HEE @rlsid 3
Aot AEAaFig. 6ol AT w-$ wa2A st F 29
AZE B)F Alell 762 glLe NETEE 85 4 dem, Az
o] AIAAge 263 gL -hEA HZE wjokdle] glucose ¥E=7} 50
g/Lel ASHT) 148) Zrkstdnh o]gh o] AZY AR o)
G olfe FENAY TF o] MEAF Hag dE
HASA A7) ez AlREY. Y AE AX &
15010 cellsymLEX 85%7} AR Ad=lo] 128x10°

4,

Table 1. Cell and spore production of B. thuringiensis by continuous fed-batch culture.

Fermentation kinetic parameters 84 gglucose/h Gradient Toeding
50 g/L glucose 50 g/L glucose 100 g/L glucose
Xm (g-cell/L) 40.3 41.5 66.0
Yy (g-cee/g-glucose consumed) 0.81 0.83 0.66
P (g-cell/L - h) 1.92 224 3.88
Maximum viable cell number (X 10" cells/mL) 8.95 9.37 13.0
Maximum spore number (X 10” spores/mL) 1.55 8.33 1.14
Sporulation ratio (%) 17.3 88.9 8.8
Pyore (X 10" spores/L - h) 0.25 1.74 0.17
Spore yield (X 10" spores/g-glucose consumed) 0.31 1.67 0.11

Xm: Maximum cell concentration(g-cell/L}
Yy Cell mass yield(g-cell/g-glucose consumed)
Pear: Volumetric cell productivity(g-cell/L « h)

Sporulation ratio: Maximum spore number/maximum viable cell number X100 (%)

Popore: Volumetric spore productivity(spore/L - h)
Spore yield: spores/g-glucose consumed)
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Figure 5. Profiles of cell and glucose concentration, viable cell and spore
numbers during a intermittent fed-batch culture for the final glucose
concentration of 50 g/L. The arrow indicates the start of medium feeding.
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Figyre 6. Profiles of cell and glucose concentration, viable cell and spore
number during a intermittent fed-batch culture for the final glucose
concentration of 100 g/L. The arrow indicates the start of medium
feeding.
spores/mLe} ZAE A& F giglow, ojn) EA AL 241
x10" spores/L - h&4 Kang S(12)0] A% ujokadel glucose %
EZ7F 100 gLel Aol de AFXEE 726 gL Brhe o7t
FE @s 92 F ey A9 A4S Kang F(12)0] &4
& 2.77x10" spores/L « o] BI8] oFzF wkokh. v} IFBC W
He glicose =7} 2~5 gL odl7F & wijuith glucose FEE
Aatol oAH A F5E WAE HE)e FHEEoF Fo=
AEE] i oz 2-o] folakA ke EAK0] itk
B.

Ve f71450] AAHAN pH} VolAT, wjeFalel glucose
7 AY 32 A o] T adom o]g5)
ol pH/E 4SETH). DA pH %] 45 FEuA
feeding A2 SHol AT FRIAAFE 444 Hge] B
ATE A% WFA gheose FEI} 10 gLk HES ke
A9 SARYG AYADE 1) WA AP T3 glLe]
FEE 9% 5 08, AES HAHe] 332 gl -h 2
FBC el sla 128 Z7bskek Ao AE AlE 4E
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Figure 7. Profiles of cell and glucose concentration, viable cell and spore
numbers during a pH-stat® fed-bach culture for the final glucose
concentration of 100 g/L. The arrow indicates the start of medium
feeding.
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Table 2. Cell and spore production of B. thuringiensis by IFBC.

Korean J. Biotechnol. Bioeng., Vol. 15, No. 3

IFBC pH-stat (100g/L glucose)
Fermentation kinetic parameters
50g/L glucose 100g/L glucose a b
Xm (g-cell/L) 4.1 762 73.0 79.7
Yys (g-cell/g-glucose consumed) 0.84 0.76 0.73 0.80
Pear (g-cell/L - h) 1.83 2.63 332 3.07
Maximum viable cell number (X 10” cells/mL) 5.18 15.0 15.2 13.8
Maximum spore (X 10” spores/mL) 5.03 12.8 133 135
Sporulation ratio (%) 97.0 85.3 88.0 97.8
Papore (X 10" spores/L - h) 0.95 241 2.89 2.81
Spore yield (x 10" spores/g-glucose consumed) 1.00 1.28 1.33 1.35
a: The increase of pH was used the indicator of medium feeding.
b: The decrease of pH was used the indicator of medium feeding
cell retention culture WHHE 0] o] ¥x AL 97.8% o]tk

§3le] 822 glLo] ATFEEE
£ Kang 5(14)9 ZAzpoie vHlmdsich o A& AX &
138%10"° cellymLEZA A thife] TAZ AFF o] 135

10 spores/mL«] ZAE dglon, AFH glucosed] ThEk 3
5828 1.35x10" spores/g-glucoseZ A4 THZ G714 Hj ok:ol
W S SasAn. FAY A 94 281x10"
spores/L - h=x] pH-state]] o3t §7}2) wjk FHo] % ¥
Al Q1o W SFEtETh By pHestat WOl ofjt
S Wk % ulR e F90] pH control modeo] <3
AEo7 =APuF Hjoko] H|:W 7}1:}0}111, =5 FHiARA L
ceramic filter system7+-& 1‘1——’;‘—#‘{] P27 2o glvy. Eg 7
/] Zolo] A7} 4R guitt o] FARE wf$- waA A
A7l 7heska wokdel glucose FEE ¢ 2 gl AER

dAA FAH AT
IFBCWHe| 93 AP2AEL Table 2 o vehhgied,

pH -state] AL 70 g/Lolake] TRE AXe =& AAA, 1w

I 90% o %i W A7 Wel

B. thuringiensis®] 1% ¥A}
E%EH B u) pH-stat HPY

F A3l

—yL:EO

EER gy

Bacillus thuringiensis® A EFFo T ol&&7] Ysjxs 31
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