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(57) Abstract: The present invention relates to a medium composition for producing botulinum toxin and, more specifically, to a
medium composition for culturing Clostridium sp. strains capable of producing botulinum toxin. When a medium containing vegetable
peptone, glucose, and yeast extracts and not containing animal-derived components according to the present invention is used for
culturing Clostridium botulinum strains, the strain growth rate is increased compared to the existing mediums, and the strains can be
safely cultured due to not containing animal-derived components, thereby increasing the productivity of botulinum toxin.
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o)
i o] A vy
g o] WA RETE H4 AZXE S iR A=
7] & HoF

Bl o BBl B0 AZ2E 98 x| 2A o] #et Ao HEHy
EAE A i SR AEYUS & F59] Mg v A 2B et
o)), B b o] ¥ x| 24 B2 W (wheat) HE 2 95 (pea) WELS L alali=
AR HAE D(H)-ZFEAOA Y FE 2ZHES ¥3lel= 1S EFo g st}
| 47 &

1

524 18 01 o] Fo#] $kUl(Schant, E. J. et al., Microbiol. Rev., 56:80, 1992).

A7 FEAEYUY R & gFEolA ‘rrEH_i NS Ad 54,5 2EY
%i(botuhnum toxin)i= 1 HsH4] EA o ulgt A WA GEH 2] 7714 & o
2 EEY 7 S A4= oF 150kDa A = 0] HA WA S 7EX| AL gl =], A A

SR E oy v 54 A S Ao gl BA R o] Fo A At T3
(Medium) 33| (300kDa)+= 54wl A 3} v] A1 & np 2 FE W vhill 2 2 o
Fo{A a1, F(Large; 450kDa) = & 2 A t(Large-Large; 900kDa) & &3] =
S BEA 7 dnta FE A A AR = dHE qu— A UH(Sugiyama, H.,
Microbiol. Rev., 44:419, 1980). ©] 21 & H] 54 H| gnp=FE W @bl 52 XHH
o A v-& pHE} ZHE Wl T ital] g AR E %5\—3 H3sh= 758 st
74 og oLp/% XJ] o}]\q_'

A7) A= AE ol A EAbEEo] oF 150kDa! shule] E 2 e == A ¢
T, A e el gA o] ZHgolvt EYAlT 2 09 A9 aiA gl o
sho] N eh o 22 728 1/3 ¥ = 9 x| ol A AekE of 2719 T A 91 7 H(L: light
chain)(¥-A}2: 50 kDa) 2 %2 (H: heavy chain)(¥A}3: 100kDa) & 1o It} o
2 Yol Sae v Z2YFE = oo vlg] 2 54 0) A FUHE
T A A = ol FsP Ao R MR AR glon, A4 ME TOE V| sE %
Tt F 3l A (targen)©] = M E 9] -8 A (receptor) 9} A &8t a1 (Park. M.K.
et al., FEMS Microbiol. Lett., 72:243, 1990), St-2 pH(pH4)ol| A AJ )| v} 1} Hb-3-3}
o] Al (channel)-S & A 3F= 7| 52 7FA ™ (Mantecucco, C. et al., TIBS., 18:324,
1993), 74 A = kel 24 & 7FA] a1 ) o] Al A (detergent) & AF-&-3Fo] A 3E ol F 2}
A& Fol ALY, A 713 F (electroporation) 5 2.2 A3 W] U E S ] A4 A
o= 9] ¥4 & el el (Poulain, B. et al., Proc. Natl. Acad. Sci. USA., 85:4090,
1988).
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A7 A= A 25 E S (neuromuscular junction) 2] T A A ATV 2
(cholinergic presynapse)l| A o} A& 271 9] o) A A EA] 2 (exocytosis) S 4] 3l 81
AN FHFE Aoty & 545 Al SA4 o] YEy= o= W
of o] A= oW a4 A4S 7HE Ao Z AZE oA ¢th(Simpson, L. L. ef
al., Ann. Rev. Pharmaeol. Toxicol., 26:427, 1986).

Lol Bha] 7l vhe] o] s, AT W E 2 E YA 24 (metallopeptidase
activity)S 2ta1 9l o 1 7| A2 A LA EA] A AR 53 A] (exocytosis
machinary complex) & ©]F+= ©¢ @2 =<1 A E H | 1l (Synaptobrevin), 21
B 21 (Syntaxin), 25kDa®| A EE 1A @2 (Synaptosomal associated protein of
25kDa)(SNAP25) ‘5ol th 7} o] 545 o] Al 74| @A 5 7 shu & VA=
431 9=, B, D, F % G2 Al EH HNIE, A9} EY -2 SNAP2SE, CE 2 4l
Bag 54 F oA At sle= A AtkBinz, T. et al., J. Biol. Chem.,
265:9153, 1994).

53], el w 54 A2 pH4.0~6.89] & =& BajAlQl Zlo= ¢
A Atk oF 7 o132 pHOll A QEA 3} B]-35 4 dhid o] A 5425 E EF
, L AN 5 o] WA o SAY =, 53] pH 2 257t 45l uet =
ol sk Aoz de A 3l

A7l BEdE S AR A A7 Aol th#FA o] Golstr s B
A = (Bacillus anthracis), 3| 2~ E (Yersinia pestis), 71 915 (smallpox virus) 2} T &]
4t AAEEH Y T2 AEE 5 9= Shol e A REEE 52 FA
A 5o AFgolli= AN A o2 3= QUA ol GRS X A] ek & o] FE FHAL
| AR e s S5S vRA A ¢ Q= Ao g =], ol Y
$F 54 & ol &3t -5 AAA, B A Aepr] B H A vpH] o] A 5A] s o R

195 AL S JenE, avt 35 glon a0 Rie] nEe
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A= Al E-2 v = &l THAllergan)AH2] BOTOX®

A
50 AY AAE A4 54 AR, 242Ee] BOTOX®2] 100 -4 vf

(REYF

o]k oF sngo] AAH HEelw 54 AY 53A, 0.5mg A A A, 2

09mg st YEFOZ AL AF-Ax J 2 AFH, HEA 3101(0.9%
= O]

=3 R

At YEF T d A2 AFE o] &ato] ZAA T & &3 E AF
2 @5 Ipsenike] Dysport®(BE el % 54 FAIsHE A& Sl R~ H <l
R ARSI = FEAEYYR By AY 54 T EY &5
A, ARS8 Aol 0.9% A3 UEF& o] 83Fe] &201%) X Solstice Neurosciences
ARl MyoBloc®(H. 52w 54 BY, I @ ¢H0, A UER, 2 3y
EHE ¥3at= o pH 5.6 A& ) Fol ATt

el = 5 553] 410-13393495 0 A o] Q= HEE]F S4e Ay

m &
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A AAdEo] R EO Atk wabA, A WA F AR Sl s &
fr o o ¥ 3% 3 2] 2 (abnormal prion)©] AL E &l V] FEA di-Eol £F
o HEYE 54 Azl A7 il

o] 3
A A A 8l 4 S (Transmissible Spongiform Encephalopathy: TSE)-2 %] ™ 4|

A ANE Y HAA Ashs dov= dFo HlAd 2174 Agko = BSE(Bovine
Spongiform Encephalopathy, 2~ 3l ¥ A} 5-(33-$-41)), 2~ =1 2l 3] (Scrapie), 71 2 ©]
> E_o}F ¥ (Creutzfeldt-Jacob Disease, CID), Al 2~ E 7k~ E g} 9-Z 2] -AEQ]
7 %] =3 (Gerstmann-Straussler-Scheinker Syndrome), J-F(Kuru), A ¢34 ™ =
Z(Transmissible Mink Encephalopathy), A5 9] " 4~ 2.4 4 ¥ (Chronic Wasting
Disease), 2L %Fo] 3l H /dd F-(Feline Spongiform Encephalopathy) & Ao 2 &=
off ] vkv vl | Al WAl F-2] -9 E1F A (species barrier)S g o] Aol A

i A, S LIS S N s %;l_%%;go]g}]\
oh. R E A S, 5 P o) A 29 ¥ 9 A R4 QR YE] A A
Y 5

A = ¥ 8 3 2] - (abnormal prion)
22 B Ak vjol 2] 229 299 o
G 2 5k o) 2ol 749 A apol k. A
A 2 AT ] L (Prpe)ell AR QAR W 2] L (PrPsc) o] A
2 214 o) o] Holl H4 5]
Ao 7 e+ & ) H(Prusiner SB, Alzheimer Dis Assoc Disord., 3:52-78, 1989).
Dol 2 alE ok & A e A AU A S (A5 A A H A
Transmissible Spongiform Encephalopathy: TSE)2] E A1 74 Bl A A g o2
Q4 2 el e wuzle] b4 Al o R A Qo] ey 5 2ol 2AE.
ool 1 A= W] S A7 AT RE 674 o] ol F54 5ol
Z(akinetic mutism) 2. & o}3lE 4= 9jr}, 1 & FH AHE-& AFgEte] &
oA B Bash B ARAANS kel oS A B S Fold)
S LT DES TR
Ak}, WA, F= -l RS AS-st =l)
|8 75, 827 choFah B A i 714 B2 wolHo| A B 9
| EA) gk
wheb A, TSE 7Hd & WA 8h7] A3l ZHAIQ1 743l & (ell: TSE-Certificated
casein hydrolysate)-& APF(Animal Protein Free medium)-& 1l | o] & 7}s}o] o
ol Qe H REgw 549 Aol AAddvh= 237 B vb lvk(e gkl
T =REF A17-1729251% %), 22, A Sl 7R 28 713 APF i A
A

=T
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[30] = dat A9 o] Dextrin®! APF Hl| %] 2
T ALES S 1HZ, & b=
FEA2EYUY R REdw 79 A

AP 2 2B Y BEdy o
221 0] Glucose®! APF ] x| ¢] A]7+t)d
52

[31] 552 16714 E52 APF ulj x| of AP SR AEduw BEe]w 459
P T ESIE

[32] %= 6 D-optimal Design Experiments®] -3 #2412 el Aoz As Ay s
ol A& 2| 3 S AT U

[33] %= 72 D-optimal Design Results2] A% & d B A8 YeEld Aoz d fAE
2 T N E2 ODsyonn 2 54 559 oFsh ko] A AAAE Hol= A& &<l
o AU

[34] L8 xat HA S YEh Ao, A7 Aol o] A7 gles e 9
=3

[35] % 9% ODsypnn ] B2 A= A8 382 Ykl Lo =, VIF 4L0] 102 94
Ui e E EAEtrE Xl FA7F ¢ 2, Studentized Residuals 2 3} &
F95% AN E rzbol] 3= Al gl = v

[36] 5 102 ODsyn @l T 3F o] = 3 2] (Prediction Formula)< W EF 7l o]t}

[37] % 112 ODsyon ] 5 28 3 22 91 A (Interaction Profiles)-S W EFH o] T}

[38] 5 12+ ODsyopun®] B A& A A2 Hebd 212 VIF ghol 102 H A
il FEoR S5t E Zdlof] F-A7F ¢l 2, Studentized Residuals 2 3} &
T 95% 2N E F1be) 23 = As S 9

[39] L 132 B s gk o A S vER Aot

[40] 54 daag 229d S el slolt)

[41] 5155 2 dkg Ao gk o 5 32 & 79O R ODsyn B 54 555 8
Hl| A 174% Prediction ProfilerE &3l 3= 348 e Al o]t

[42] % 16a 2 % 16bi= Simulator 7] ‘52 ©]-83}¢] factors 2} model noise®l] T 5F<]
random variationS- 5= simulationS- 5000%] 2! A| ¢+ 3 Y in Spec®] ¥ 3 (% 16a)
2 Edge of failure %212 L EF Al o] (%= 16b).

[43] %172 309 3123t 9 S NORsZE, 4.50¢] 3l 23t= S PARs= 44
&k ob o] o 7k FAL & vhEbdl Slolt

[44] 5182 300l Sl F3H= W95 NORsE, 4.5090 &l 335H= M9 5 PARs® A A
gk o] o g AlS vER Aot

[45] 5= 195= APF W A1 9] Contour Profiler 2 #& WEFH 2 22, NORs(30, ®H37F 4)
9} PARs(4.50, 3t &+ A1) E contour plotol] A 3HS S W], 22 wh5al= H Y <l
S H 5 HojuA] = A& gled = Qo

[46] %2202 APF Wi A1 B 5l 5o A4S vEbd Aot

[47] 5212 APF Wi A8 524 W g8 el Aot

[48]
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[52]

[53]
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o] AXAE A3 A FH

APF 1] %] (Animal Protein Free medium) =/ S 2% 7| & WX tid] S48 &2
2EUE BEYyw a7 AGENREE)S BAoy, 7 A4 ES U
5 FAA7IHEA AAS] TSE 59 29 5-27F gl= a4 AR H7HF 8474
L Sl AA otk H2F, TSE 7 A 7F BoaLEl vl gl 7HAI Q1 7h el = (ol
TSE-Certificated casein hydrolysate)-S APF Wl %] o] & 718l -5 A AA| 7] 2L
=405 ALstal 2l

e, FHAIQL R A E S Rl A FEE e AR SR, THAII S el
Sh-E A e o] ok 0% 5 AFA| ket THAI Q] T & o] 7 APE A
= 4 Hjo} & A (Fetal Bovine Serum, FBS)#} & T &4 AF & R34 += &
Suf, FHAIR] Zhtall = AFA 7 S E Al A Aol M, FRAIQL T el =
e ' il Aol A7 A &AL A=A FES Rk kA o] g

FEAEYU R BEdw 5 ¢
(o]

H

O

H-=FHZLA2L ax 5]
22EAUR HEdw o5 g A 24 &0l 8 .
F =L L (Wheat) = 5 (Pea)oll A =28 =5 vl s, vhst= st = 4
A o 2 F-u) 7}5 & Millipore™ 96174, Millipore™ 93492-500G-F <= ¢l 2.1,
olo] g4 == A& oft},

g o A 7|E MA@ FE - A HAIQD 78l = (Casein
hydrolysate), &5 5% = (Yeast extract) ¥ E| 2. =] 43 9 %] (Thioglycollate
medium) 5 ©] E3H W)X & 2| v| gt} B3k APF Wl X] (Animal Protein Free
medium)#@ & & Fff A S 28 sLA] gF= A& ol v g

B akrgd o o] A A of o] A, TSE-3Z 2] (TSE(Transmissible Spongiform
Encephalopathy)-free)$+ =710l A & F-2ll A+ §lo], Peptone from pea, Wheat
peptone, Peptone from potatoes No. 2, Corn steep solid, Gluten from wheat, Potat

peptone E210, Banana powder, Tomato juice, Malt extractE 3% 3} gt TF 4 &F 2] & 4]

it LA FRAEYU s BEdw o5 BE A o2 ugstr] 9% 4
EA A 5= 95 3= (peptone from pea), & F1=(wheat peptone) 2 3 H]| 0]
E 3= (peptone from potatoes No. 2)-& 313t Al =4 F1E& XA 7| &=
W, ol Ao A R 54 g Rke] %

R =1 AN -
4, 3% 53 &= 4ol et vlef ol HE A EE SR AEdYw REdw o5
Mo E ] 2 e EIE A A WELS 4T WE, W PE D Eelo|E
£l gow syt

B kg of oh& A A] o] of| A, TSE-3Z 2] (TSE(Transmissible Spongiform
Encephalopathy)-free)$F Z71 oA & & F2 A glo], =4 W= &5 =,



WO 2025/100868 PCT/KR2024/017155

[55]

[56]

[57]

rUlfU oX, <)
folr o2t rif

3@ 2 @ oft Ml 4N 1o pE
-2
E‘_>L
X
N
j\g

L H“ﬁgl = UhE A Oﬂoﬂﬁb o] HF AE
| APF i %[ ol| M A}t A -5-9},
0140696°1 71 A & 1l %] (H] 2l o] 7)011*1 A}
9] A4 7 ¥ (growth pattern) 2 = A (toxin) & =5 B uldt = A EH
o 2 A3 F 13 WA 15, 520 2 5 219 VERG vpe} o] Booukg o] w2 9]
B ERs E]QEEEE]‘EETHH“%/\VPO]7374-?:]7\]@

7.1021& YEFHSLAL, 1 9 OD4Lke] 34 Akl 4841 1F I Al el A =
OD540nm7]-5 5636e Q‘E]'LH /\/\——U:] EEAEF/]QE EEEH':; —/1\—9] /\o]'%‘(ﬂul LH
=4 E = g 48A1 gkl Atk Al Aol A 588.8ug(W ¥ 10mL) 418 HHERY
At ghsA, vl ale] 79] wiA] o A9~ 3 13 WA 15, 5= 20 H 5= 2100 YER vle)
dol, 2REAEYUw BHEew o5 vl 28A1%ko] 74 32t Al H ol A ODsupen”F
6.7739= HEIH AL, SEAEYU R BEdw Shd s W 54 55+
o g 48A1 kol Aok Al el A 263.76e( %N 10mL) - HHER o], 2 i o]
m <] o] AR} 54 HE o] 552% AN = 2E gled 4= 9l

Vg o] It E A A ool A 1=, 2 g of wj X o) gkl 58] 10-2022-
014069601 7] Al | v <] o] 224 A3 L-A| 2~HIQl sto]| =R E 2 dfol = dF3&
/e 958 A¥A codl'dd (Dow Coming®)-& F7F= E A 71 24 -9-(4] 2L
ol 1 A 3), E2AEYU R BEdw o9 A4 3 ¥ (growth pattern) 2 54
(toxin) 5 5= Blulst= A& vk L A3 3 13 WA 15, 5220 F
21°) vheRd v} 3ol Ml slef] 1 WA] 3% ODsypny ALC] ¥ X B} Bl HHO 48
AZE & 4 dbd B o] Bk B o) 149 W X] 76.6% AR = A S 1E 4 3

r%ﬂ

i

o
U

o3

=

)

kg o] I T E A A ool A=, 2 g o] vl X ol A b Sl E B/
== HAlste] 5 (Soy) WES A7FstaL, F7H4 08 LA 2~H Gl sto| =2 &
Zolol= A4stE E 78 A A ¢ o HH(Dow Corning®)2 F7F= X3}

AL @ Lol 4 WA 6), ERAEUw BEdw 052 A4 21 (growth
pattern) 2 54 (toxin) & =& H L= A ¥ S 3T 1 A 7 13 WA
15, 5220 R 5= 219 yrebet upe} ko], vl Lol 4 W A] 6<% ODsyn 811 - T8 K.
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C} 3 A 5] whar vl oF 484 %F T =4 Wkl ko] Howlwd WU} 87.0 WA 94.9% A
= AE a3 4=

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Hobgol] oM, AVl ERAEYw By o F 8 A 248
2+5 1 (Peptone from pea), & 3 = (Wheat peptone), 3 E| O] 3 = (Peptone from
poatatoes No. 2), =-> % ] & 3138 E(Corn steep solid), ¥ = &l(Gluten from
wheat), 32 H] o] E 3! (Potato peptone E210), H} L1} %‘Q(Banana powder), EV}&E
Z~(Tomato juice) & W o} F=&E-(Malt extract) = 74 & ol A A&l ¥ = 3hit
ool A= fref WS E3e 4 9l oL, v A sHA = ¢ 3 E (Peptone from
pea), & ¥ E=(Wheat peptone) X 3 E| o] & 3] = (Peptone from poatatoes No. 2), T
S ulFA S = &7 ¥ & (Peptone from pea) 2 & 3:=(Wheat peptone)& £ g

o Ao, ofe g ¥ = A2 of T

A Ao A o A=A FE A EA TS
A2 e of -8 ’\}%% o] gt} o & 2 ECE TR E) S
(Wheat) 22 7B =53 ol & -] 5} o Oé% Ab=E o &
¢ 7 =S A el of Haf) Ab=E o v gk

A7) AEA wl A = ThAIQL el of Half = uh gk et
(partial digest)°l] o] 3l 3 &l X v}, 7] ©hwi 2 of F-3fj+= nlsh2l 5t

]ﬂ‘j/] aaAy, A, dAd B =94
U vbEASHAl= A A & B 7HAIQ Zh R =S mAA g " A
1 0 2 3 4=l 7] 84 A= o) 12kl E (grinding) ©] T
g of ]7‘1/]/“%*3 HE = I 7 2w of A g

Jlm a:)

o X
oo

T

| Ak ERF ol g, =) W] A )9 ofr 4k o 7 o]
EP l Q‘rﬁlﬂ%%ﬂ A A7 B 23Eo] Y= £ = Yol
ol A, A7 AEA FE T2 0.1~10w/v%(1~100g/L) 3! ﬁ%
2 3 4=l o ulgh A S = 0.2~5w/ve(2~50g/L) Y 4= 1AL, O & vk
= 0.5~2wiv%(5~20g/L)Y <= 3§}
o] loj A, g7] E FEe ?J%‘E% 0.1 WA 4.0w/v%(1 WA 40g/L), B} &
21 8HA = 0.45 WA 0.95wiv%(4.5 W A] 9.5¢/L), BFE-A 81 A1 3= 0.48 W] 0.92w/v
%(4.8 WA 9.2g/L), vl &2 8} A = 0.55 W =] 0.85w/v%(5.5 WA 8.5g/L), Tl = vl
A= 0.7wivoe(Tg/L)E <+ 3

o]l QlofA, A7) e %1}%4 shake 0.1 WA 3.5wiv%(1 WA 35¢/L),
v 2 3 = 1.55 WA 2.05w/iv%(15.5 WA 20.5¢/L), B2 81 A1 = 1.58 W A]
2.03w/v%(15.8 WA 20.3g/L), vt A A= 1.65 WA 1.95w/v%(16.5 WA 19.5¢/
L), O v 281 A = 1.8wiv%(18g/L)d 5= U

Hobgof JlojA, AV FRAELUE Ezﬂ* o5 e A 2=
L-A|2H ¢l slol =g S igfol = A3l E W/ = A A S 36K &= 4

2 540w Ft

r
O

!
>
o, =
<1
gi
o,
o
o
o

0

X Jm
o ox M o
i é jo D)
e
rim ML

FFE
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[66] B T A| A of] A, “A 3E A (antifoaming agent)” = E o] A A S YA F] EE Hd
Ao 7 WA= 4L Qv shar, ik WX A e} A S ul A Q] o v 2 ALE-
gt 4 ®S E335t

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]

>
o] E ROAE AW 9, TEAE(A, AL E,
FRALY 9o

Bodbgo]] QlojA, A7) e el g2 0.1 WA 1.5wiv%(1 WA 15g/L), vF5F
215 A= 0.25 WA 1.5w/v%(2.5 WA 15g/L), B2 84 A1 = 1.0w/iv%(10g/L) Y 5=
Ao} ool A = A& of T}

YA Aol A, «A ol gk o g2o] Al oA @A 5 (purine), I 2
1| (pyrimidine) & T} 7] €l (chitin) 52| FAlol HFA ol AL AR £33}
k= 7] s FU1ES ov|sta, ] AAYS | visgEA sk of
o g+4 ¥ = A ot

ok of] glojA], 7] AAYL G F5 5 (Yeast extract), =] F =
(Polypeptone), E #=(Tryptone), ™ o} =& (Malt extract), <
steep liquor), 4=©]=(Soytone)d 5= 1oL, A SHAI = S8 FE5=Y 7 o,
olof g4 ¥ = A& o},

Bk of] loj A, A7] A4 el gek2 0.5 WA 2.0wiv%(5 A 20g/L), BT
215 A1= 0.5 WA L.OwWN%(5 WA 10g/L), vF &2 8 A = 1.0w/v%(10g/L) D 5= 9
O} o]e) ghA ¥ = A& ot

Yot & 2 A A, () A7) A 2 EE o] B8l EEAEY S B
Edws MYt REew 5425 A Y= B 2
HE5AE st GAE e BEYE 549 A

Bodbrgo]] QlojA], V] S # Y] 27 A sk
a1, 7] M S 33 WA 37°Ce] 2ol A ek As 5
71 M 20 WA 4841 KE F ot Al sk A&

2 E,F % E

3

tof
I
o3

328

hy
il
X
1%
@
@]
=
=

;

= HE A,B,C, D,
&

ojsh, AA[ & Fato] ¥ L= U= A A stara gt ol & AA[dl=
QEA s A AR AR, F g o] M TE o' Aol ¢
3 A= Ao A HA] = A2 TR ANA T A 2E 7R el 2
oA Aprg ek Aot
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[77]

[78] AA 1 A=A HE A

[79] 1-1: wj) &Fol] AF-8-3F CYG i A 2] A (T Z=0)

[80] S2AE & H&E9 % Y8 CYG vl A](Casein, Yeast extract and Glucose)
= 2% 7FAI Q1 7F -3l E-(casein hydrolysate)[20g/L], 1% &5. 5% = (yeast
extract)[10g/L], 1% = F 3 2 22 (glucose)[10g/L]E 57 90 mLol| =81 & & &
35 100 mLE BE3a1, REEo1 X1 Hl A1 E 15 mL culture tube©l] 10 mLA #-5-3}
o] Azt 1 &, WA E 121°Col A 3043t autoclave 3t & 7|43 nlj 7] o]
A AV R B

[81] 1-2: W ol AF-&-3+ APF vl =] o] 24

[82] sH7l 12 729 o], 1% a5 % E(yeast extract)[10g/L], 1% 9~ E

[83]

H(Dextrin) & &5 2 2(Glucose)[10g/L]°l, 2% 2l =4 F1& FH A 9&
(Sigma™ C8160-500G, Millipore" 96174, Millipore™ 93492-500G-F, Sigma-Aldrich
™ G5004-500G, Millipore™ 38143-500G, Organotechnie™ 19425, Sigma-Aldrich™
B4032-500G, Sigma-Aldrich™ 17218-500G, Merck™ 1.05391.0500)[10g/L]E 3 7}
gk 5, FARES 90 mLoll 591 ¥ FHE 9 E 100 mLE %531, 7} v A ] pHE
7302 9E . rEo] F w X & 15 mL culture tube®l] 10 mL* ¥-5=8Fo] A Z3}
AT 12, w4 & 121°Col A 304 1T autoclave 3 5 714 Wi rlell A 714
A E A8k

[3E1]
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e 92 & 8 {Dextrin) 10| 10| 10|10 10[10]10]10] 10]
{C-source) R EQ MGlucose)
HE g4 s EA0Y | See WAN Y 10
gr (Com steep) | @
zz; {Qém steep sohdl
commpotnds) #5(Pea) e Y 10
Poptone it peal
¥ EsY e 10
TWheat {Wheat peptone)
gluten) B sy 10
(Gluten from wheat)
Bron ooy ue 10
Fatate) Fuptone from
potatoes No. 2
ZHOIE U2 10
Fotsto peptong
B
HpLpLt HpLbLh @ 10
(Banana) {Banana powder)
gus BOlg s 10
{Tomato) {Tomato juice!
Hop WOt BEE 10
Maly {Malt extract)
oy B8 Zg8 Wil j10]10{ 101010
{N-source) | (Yeast extract]

[84] [3%2]
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(eraw WA E 2 (Dextrin)

Losaures) BEB UM o) W i w1
s R Res PG (S PNM I 0
g {Com steep) | B8
(Plart- {Comn steep solid)
derved .
compoUnds) 5 (Pea) s pe 10
Peptone from pes)
& Bry Eue 10
Wheat {Wheat peptone)
gluten) % ena 10
{Gluten from
wheat)
ZHOE Zejolx g 10
{Potato) iPeptone from

prtatoes Mo 2)

Huois e 1w
{Potato peplone
B2}
BLELE HpLILE B 10
{Bananal {Banana powdet)
Oy BEOESL 10
{Tomatol Tomato wcel
Ok wor #E 8 10
Malt) {(Malt extract)
Bay ER S8 Wl 10j0l10l01010 10

{N-source) | (Yeast extract)

[85] 1-3: SRA2EYUR BEdw o5 uld

[86] 12 329 viA AR 1WA 182 iR 7F Eof 9l % F H (culture tube)
of 20uLe] SFEAEZU R B w2 e & B2l S 4-029-CBB-MF-
2020001)2 F F3ko] 35°Cx1°Coll A B 74 271 0= 20, 24, 28, 4841 {F &2+ 4
] Wl -2 3 A] sampling 31 S TF 1 2, UV spectrophotometers ©]-8-310] 2+ A|
bt} sampling 8t 1l F N 2] ODsyonn #hS 74310 A4E-& 2213131 AL, blank
= W A 2 ST S48 ODsyonn #8S EUIE o 22377 1] 23} o] nlj =] 9]
254 ME FTHS A4S
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[87] 1-4: 4T A3+
[88] AEAFE SRS T 557 AN 18 E, vy 2 E 2 F "l (gluten
from wheat)-> Wl %] ‘B T A 2] AA FZ filtration 37 3 o] o P 4
2t ODsyoun 4k 7801 A9, 2124 FE FHAAA A Qe &, A5 HUE

[89]  [3E3]

|
|a2e2mean ||| w|w0]0|wo] | |
# A Gl 0O e
f5Pea) | B5 QR 10 10
Paptone bom peal
bR L 10 10
a ®us
{Wheat | (Wheat peptone)
gluten)
BHOE I HUUR BE 0 10
Potata)l | Peptone Fom potatoss No. 2}
BHOR B8 W 10
Patito peptone £210)
L Lo 8 10 W
Tomatel | Dormato jice)
o oL BEE 10 10
{hdaly) Ml wntract)
BE 250 W0 10 W 10 W 0 0 W 1D
{¥enst extract)

[90] 339 WA AR 1 A 129 vl A R 270 ] s E=t vEA(CYG Al AN S 2 A
2k} sampling F W G €] ODsynn 442 SASHA LR 4), ZF M A1 9] ¥h4A <
(Dextrin 5= Gluccose)2] A ZFHE ODsyonn 4k L8 ZE B 03 TR 4).

[91]  [3E4]
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[92]

[93]

[94]
[95]

[96]

1 18730 | 23500 |32304 |3.2722

2 18599 | 21685 |25121 |4.0037

3 14141 | 15862 |20204 | 24978

4 14811 | 20080 | 23678 | 26301

5 10544 | 11912 | 13145 | 0.8669

6 11858 | 16250 |1.8331 | 1.4966

7 22260 | 3.0544 |37671 |4.0443

8 23389 | 32501 | 36515 | 26177

9 15869 | 19006 | 19675 | 2.0508

10 12805 | 1.2364 | 11067 |1.8789

11 09147 | 10896 |1.1602 |[1.3564

12 1083 | 14444 | 16242 | 05030

CA=2 1 | 20069 | 28093 |30028 |23717

OEZ 2 | 11039 | 16976 | 20191 | 22898

1A, F4H E 40 YR vk} o] ob L S H o E fHf dWa AR
AL 2,3,7,8 9N FEA R AT S ATES Hol = sl R &
1= AT

e, 5,9, ZeolE o AR BAF 4B AES AT e, B
Ao 2 FFALAE AL HIA] 7,8 X 97}, Al AE-NS AFES wl#] 1,2 2
3R 57 =2 AAEES Hol= Ao FAHIY. 53], fi2 AT

A e RE NS ALEE A 20] 4 FF 7% F 4sAIbo] LA R e
FAIE BGL(E 4), o] &= 3 N YA 3G AbE EE QA A AAA T
Aol denZ Ao BAYeRA FFALAE AR Slo] A7HE A

o =7 ZAH )
1- 5. EE_‘:I/]_L,: F._i A
MH4WH?$Q%%@%%%EﬂwﬂLL&ZSQwﬂ%i%@é
AT} 7] & 7ol A = A ] 1

bm

%

28,
=2 f Sk A 3= 7] 1% 59 £ THICH guideline, Q2(R1)).

£ 3|4 31 96 well plate2] ZF welloll ¥-<=3FaL 164 31 o] R A FH )
PlateQ] W&ES A A8k ZF welloll blocking &< -8- ¥-23}¢] blocking A 71 3,
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[97]

[98]

[99]

[100
[101
[102
[103

— e e

wash buffer® plate £ 33| Al 2] &} t}. T=F L | A S 3413} triplicate =
2} wellell ¥-=3Fo] HE-3-A1 71 3 wash buffer 2 plateE 33| A| 2 3151t} 12} 84
8] A 8-S 7} wellol] ¥-38F0] HE-g-A| 71 3 wash buffer 2 plate S 33] A & 8}$]
). 2} &bA) 8 A] B lS ZF wellol] F-78Fe] BES A 71 & wash bufferfﬁ plate &
33| M & 3F ). Substrate & NS 2} wellol] W3kl 22 A 71 2 Z) wellol] stop
solutions &F5to] REg-& G A A Z T} 450-540 nm o] 3ol A FFEE SH
sk
[3E5]

)

4=t FtMel | EFER22 | 178260 200077
CYG)
1 RS 117168 | 6676.7
2 ® Hagd 42944 57035
3 ZEjolE 147322 99458
7 s 207752 117729
8 2 EFILA | 51358 174154
9 ZHOIE 14440.7 | 16602.9
1A, 350 vERd upe) o] S A T RS b FE OB Y SR %
UTH S FA A S AFEA GRS R 2FFAE ARG A 9
S Ao AE-S AN HMIA R Y U 52 o= FRIYQla, 24
Eus REYw 479 5A& A A GAdORE SRIAE AL
sk Zlo] o] Ak Ao 2 gly it
AAlel 19 A3 A& F3teto], HE4 <A *—‘1%*3 WE FHEA, F

1= (Peptone from pea), & ¥

1 =(Wheat peptone) 'L 3 B o] & ] = (Peptone from
potatoes No.2)E 374 2 &4

HES A8,

A

oL

94

2-1: NHH JHE,] H] )\12 ucﬂé

Ao 1-4 2 15004 HEA 02 A8 A EAL S HE TR 37FA 9
H] &8 A Asl7] 95te], IMPE] Custom Design-s ©]-8-3F2] Response$! ODsyonm
k2 3 o] o= BlaL, Factor®! 2l =7 H = 37FA o] Hl&-& 2% ol W & A7
sEoth HEH AAl o] 1-1 B 129 TUsH, BG4 H AR FE=22 1% ¥ &
2 A3 a1, v A 271 duplicate 2 F 3 5F TH(5 1; Peptone 1: 9+ F &=
Peptone 2: & F|{=; Peptone 3: ZH o] E F| &),

/\1/\] oﬂ 2: NHH rﬂlggl ng A
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[104]

[105]

[106]

[107]
[108]

[109]

[110]

Design Evaluations 9131 Power Analysis

16

PCT/KR2024/017155

2 Fraction of Design Space Plot& £+

213} TH(% 2; Peptone 1: $HF F|<=; Peptone 2: & 1<Z; Peptone 3: X H| o] & 3

Custom Designe 52l &2 224 5= vl&ol ©E ODsyom 448 2 & H A
o] F 6 Zal, 7 2o E g @R F 54 FRE S0 4 g
Lof] 71313 th(Peptone 1: ¢ 3 ; Peptone 2: & ¥ =; Peptone 3: X E| o] E ]
=).
[3%6]

i -

- " Peptone 1 Peptone 2 Peptone 3 OD540nm

: 1 iy 20 ¢ *

: 2 10 0 10 ‘

¢ 3 20 1w 0 .

! 4 10 o i #

: 5 f i 20 *

: 6 o 19 g b

* 7 0 & O ®

’ 8 20 20 0 :

: 9 0 20 20 .

! i 0 20 10 '

: il 40 a 20 ’

! 12 20 g O '

: 13 20 0 2 .

! 14 0 28 0 *

: 15 et o] 10 *

: 16 4 o 20 .

2-2: W Fell AR-8-& APF v A o] 24

7] 7 o, o nA 1% FFA (Glucose)[lOg/L] 1% 5.5 3
% & (yeast extract)[ 10g/L] Oﬂ 2% A=A F % T HI 3E S [10g/L]E H7Fs +,
FAEF 90 mLoll =521 3] & 100 mLE t,'l—%ﬂ_ TE X A E 15
mL culture tube®l] 10 mLA +~ 0}04 Azl th 1 3, Ml A& 121°Cell A 303
2t autoclave g 5 7|4 vl kel A @714 BEl = A ST

[3£7]

sas EAR AR R R R R IR EROER (A RLER R 10
EEOBEBE 0 000 00 W0 W el
pRgE WO 000 0 i nle e e
@ us 000 0 By B
SEROIERE 0 00 0 12000 10 10 e 20 e

2-3: FRAEYU R BEdw 59 M
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[111]

[112]
[113]

[114]

[115]
[116]

% 7] W)X 3 1A 169] WA 7 Eof 9Lz W% e 20pLe] FE 2
2% HEE 5 (e 27 e 5 4-029-CBB-MF-2020001)$ 7 &3}
o] 35°Cx1°Coll A & 714 271 0= 20, 24, 28, 484 7F F9F A A| vl g s A
sampling 3} $1TF. 1 %, UV spectrophotometerE ©]-83}o] Z2F A[Fa}T} sampling $F
W %) 2] 0Dy, h2 27 5F0] 4482 215511, blanki= 1] W) 4] 2 39}
o}, 24 & Dy #& EOIZ Wl 0] 224 HE ] U7} ] &2 AR,

2-4: T AAE

3279 A A 1WA 169] A A o] ZF Al Zkrkt} sampling 3 1l F 2 €]
OD540nm#k-& 54 8F 1 AL(3E 8), 2 vl A 2] A ZFeE ODsypn 2 L2 5 H] L5}
ATHE 5).

3t8]

1 Taz2407 |60792 |66708 |7625%
2 29021 | 31707 | 37849 | 45212
3 43292 | 55489 |67432 |5.4707
4 23007 | 26335 |36120 |3.9954
5 3.3414 | 44627 | 48113 | 45013
6 22590 | 28932 37034 |3.1049
7 0.2857 | 01835 |1.1849 06199
8 42728 | 6.7621 81035 | 47047
9 42576 | 42045 |54406 |5.8829
10 33709 | 37021 |51411 | 43266
11 51641 | 56140 |66381 |22498
12 3.7988 | 47715 | 59342 | 4.2629
13 53545 | 51057 | 65547 |20944
14 28511 | 33602 |37440 |4.6341
15 48876 | 34032 |Sseas | 52539
16 22215 | 28578 |27791 | 38910

2-5: 218 ] 2}l (Design of Experiment, DoE) 2 I} -4
F 79 WA AR 1WA 169] vl Aol thefl, 7IE SRAEYU R BEdw A
Aol 12} Fu)F A EQT 24X ) ©f ODsyonn A4S A1 0l] AR AL, AFE 7]
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o 545 3| et E, 54 vl Ao 48| 7k o] ELISA S4 415 A3
S H(H9), ol & ENE IMPE ol &ate] T4 o2 datE E4 5kl
[117]  [3%9]

4. = ODat  Toxinat

T " Pea Wheat  Potato  24hr 48hr
1 10 0 0 BOTOY 40412
2 10 o 10 31707 seresl
3 20 10 0 554885 - 648873
4 10 0 0 26335 445183
5 10 0 20 446265 443772
6 0 10 0 289315 3912
7 i 0 0 018351 16783
8 0 0 0 BI6M 567134
9 o 20 200 40045 198486
10 0 20 W 302 341524
1 2 20 20 5561395 345026
12 20 0 0 4TS 500998
13 20 0 20 510565 490234
14 a 20 0 336015 203714
15 20 10 10 34032 351539
16 o 0 2028578 Ismu

[118] [ A8 Fel A3 A1 o] D-optimalQl Al o] 22l
2A H3E8 = slol ¥ A= 6).
[119] A 5 8™ 54 (Scatterplot matrix analysis)©ll W2 W, correlation 4L0] B
0.75 ol 8t & oF gk A aaA & el o, XA (9, E, EH o] E)ZFRAE 0
of] 7}7}-&- UH—% oFst AT A o] B2 interaction= $1 3L, Y H 52(ODsugnm, Toxin
%%9} Y ¥, 3%} ODsonn #h> 55 oF8F o] AaAaA & B
7), b2} H-2 (Outlier analysis)= 5-3f 213 A 3}o] o] 4

(@]
o
=
@]
@]
=
=
oo
=,
o
=
N
@

[120]  2-6: 2] &4

[121] A=A Jg_]g eS8 u:}t OD540nm 2k w2 7543 HE O 2 fit model S ¥
SFA T 22l Jeast square S ©]-8-3}1] effect leverage W2 0.2 = ¢35} 5] 1,
response surface ‘jo“jé o2 XH5E LAl # 4o ds AEsh] 98 R
square 2k RMSE 3k &7 312 3131, effect summary 9} effect test®] p-value 4%

& QT FofstA &S @& A AEE AT

[122] 4%4 o= g3t wdlo] VIF gt gelat A}, 1 4k 108 UX &1 153

O = EASEE R modeloll A1 7F $l= Aol GQlE o, 2bat FAe A 2 A&
o] #olefl & 15 ¥-3E 31 studentized residuals A 3ol A B 95% A F -3 F

of 5= Aol FAH ATHE9).

[123]  Effect test 235 3l modelell & F&F= F+=
2 o] modeldl] P& VA= AR FE

11 odel% 0}04
ODs00 Nl T 3F ol = T2 (prediction formula)-S 7-3}F 5] 2.1 (%=

0), Main effects <}

[u—
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[124]

[125]
[126]

[127]

[128]

[129]

[130]

Interaction profiles-& A3 & A3} k59 L o] & Wa}
o] o} v x] AR el = Az 2F-g-o] gli= Blo] FJAE AT 11).
[3210]

iﬁf‘fm T&m . .

‘ ; Sumwf ..
%ufm : npmm OF Squam FRatle Prob s F
,?M = 1 1 18476398 - 428410
WM&? 1 1ooa2520622 IALZE U0
Potato 1 1 0147585 03231 Dsos
?&*?m ; 1 I 0B9RTIS 38232 026
Poa Wheat 1 1 07E9E3R 17292 023s
Wheat'Wiheat 1 i 0170263 03728 05639
Pea'Potato 1 1 2003438 aA3Bey DUBLL
W%wat’*?ofm 1 1o 227290 - ABTe  QORI2
Potato' Fotato oY o 20aeust . 44443 0079

2-7: A AIBA] HE 2o uE =4 v sk B /H

ELISA ¥4 A3 & ul& O 2 fit model2 5~ H 3} At} 222 least square S ©]
83} effect leverage 2] 0.2 5= #3819 ™ response surface HH 02 X 4~
£ A3 T & A 9] models A Bl 3H7] 9130 R square 4k RMSE #k-& 37 31
2151, effect summary 2} effect test2] p-valuegh= &<l F Fol oA &2 &S 2
Al &FRA T

A o7 gt wdlo] VIF 42 8135 Ax}, 1 31o] 10% WA a1 58
O 2 EASEE modeldl] F A 7F $li= Aol EAE LA, 2hx) Ao 7 A&

o] 9o}l & 15 ¥-3E 5} studentized residuals 2 3} 7\1 L Pr 95% 21 & -3k <t
of 33+ = Zlo] FelH ATHE 12).

Effect test 2 3E Z-3l modelol] & Q&S = AAES G2l A} o5
7} Zdllof] {of gk kS v A= Ao = iy it 11
ODs400 Nl TH3F ol = T2 (prediction formula)-S- -3} 31 2.1 (% 13), Main effects <}
Interaction profiles-& A3 & A3} k59 L Ho]| & Wi}t Lol &E L3528
o] ot v ] QAR = A5 2F-g-o] §li= Flo] 1 E I Th( 14).
[3E11]

LA

Effect Tests =~ = .
. :-”f;%mﬂ" f
Source  Nparm | Squares  F Ratio
Pea ;f‘ 1 ; 3&32&363bé 155150
Wheat 1 1 160839298 01742
Potato 1 1 107423198 11634
Pea*Pea 1 1 239492040 25936
Whaat*%ea;t' 1 1433487782 DABBS
Pea‘Potato 1 1 151433498 16400
Wheat'Potato 1 1 940936814 10190

2-8: Robust Optimization
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[131]

[132]

[133]

[134]

[135]

[140]

Z} Hk-g-x]of] thale] 4= gk o = T2 (prediction formula)-S- U} & 0. 2 2] 4 &t
ODsypun®t H Y] 54 555 A& 7 A= vlA] =& Z<18t7] 93, Profiler
£ 0] -&-3}¢] Robust optimization =718 &1 8}t A A Wl &F 3%
%ke] 75, exponential phase & A SPHA] Al T F-o] A &4 0 & 4
A3 el & A A sk, ufhelA] | exponential phase W ol A At & 918 & 4 M 32
557} ODsyonn %k 3 ©178 7 013F1 ol A, = H e A & v'% 2 2 ODsyoun AL
& Match target: 55 A sto] A4 2712 @A TH 54 559 A9, 71
2 5L 545 AAsE 248 3] 98l ELISA #ko] Maximize! A
A3kt 5 kg0 th&to] desirability S 2 th 313 H24]S 533 Ax}, ¢
ol WRkE ARgsh= Alo] ER1E L, o] F FA ol A= ZH| | EE Al 9]t
(& 15).

Simulator 7] 5 & ©| £3}°] factors2} model noise®l] t3}e] random variation-
1 simulation-g 50003 2 Al gk 2(X= 16a), simulation 2 I} & Edge of failure
analysisE -3l YJEFA AT} 50008 5 1718 Al €] 3Fal= §H&-X] 7F 25 spec
limittel] E0] 2= o] ZIH ATH: 16b).

AAst 29 AxE A7 A8l 2 AW-=9 6-8H 9(acceptable ranges) S T
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[DEScRIPTION]
[Invention Titlel

MEDIUM COMPOSITION FOR PREPARING BOTULINUM TOXIN

[Technical Field]

[1] The present invention relates to a medium composition
for production of botulinum toxin, and more specifically, to
a medium composition for culturing Clostridium sp. strains
capable of producing botulinum toxin. The medium composition
of the present invention is characterized by containing plant
peptones, including wheat peptone and peptone from pea, D-
(+) —glucose, and yeast extract.

[2]

[Background Art]

[3] A variety of Clostridium sp. strains that secrete
neurotoxins have been discovered since the 1890s, and
characterization of toxins secreted from these strains has
been conducted for the past 70 years (Schant, E. J. et al.,
Microbiol. Rev., 56:80, 1992).

[4] Neurotoxins derived from the Clostridium sp. strains,
that is, botulinum toxins, are classified into seven types
(types A to G) depending on their serological properties.
FEach of the toxins has a toxin protein having a size of about
150 kDa and naturally contains a complex of several non-toxic

proteins. A medium complex (300 kDa) is composed of a toxin



protein and a non-toxic non-hemagglutinin protein, and a
large complex (450 kDa) and a large-large complex (900 kDa)
are composed of the medium complex bound to hemagglutinin
(Sugiyama, H., Microbiol. Rev., 44:419, 1980). Such non-toxic
hemagglutinin proteins are known to function to protect the
toxin from low pH and various proteases in the intestines.

[5] The toxin 1s synthesized as a single polypeptide
having a molecular weight of about 150 kDa in cells, and then
is cleaved, at a position 1/3 from the N-terminal end, by
the action of intracellular protease or treatment with an
artificial enzyme such as trypsin into two units: a light
chain (L; molecular weight: 50 kDa) and a heavy chain (H;
molecular weight: 100 kDa). The cleaved toxin has greatly
increased toxicity compared to the single polypeptide. The
two units are linked to each other by a disulfide bond and
have different functions. The heavy chain binds to a receptor
of a target cell (Park. M. K. et al., FEMS Microbiol.
Lett., 72:243, 1990) and functions to interact with a
biomembrane at low pH (pH 4) to form a channel (Mantecucco,
C. et al., TIBS., 18:324, 1993), and the 1light chain has
pharmacological activity, and interferes with the secretion
of a neurotransmitter when cells have Dbeen permeabilized
using a detergent or the light chain has been introduced into
cells by, for example, electroporation (Poulain, B. et

al., Proc. Natl. Acad. Sci. USA., 85:4090, 1988).



[6] The toxin inhibits the exocytosis of acetylcholine

at the cholinergic presynapse of a neuromuscular junction,

causing asthenia. It has been believed that treatment with a
very small amount of the toxin exhibits toxicity, suggesting
that the toxin has any enzymatic activity (Simpson, L. L. et
al., Ann. Rev. Pharmaeol. Toxicol., 26:427, 198606).

[7] According to a recent report, the toxin has

metallopeptidase activity, and its substrate is composed of
synaptobrevin, syntaxin, a synaptosomal associated protein
of 25 kDa (SNAP25) and the like, which are the unit proteins

of an exocytosis machinery complex. Each type of toxin uses

one of the above-described three proteins as its substrate,

and it is known that type B, D, F and G toxins cleave
synaptobrevin at a specific site, type A and E toxins cleave
SNAP25 at a specific site, and type C toxin cleaves syntaxin
at a specific site (Binz, T. et al., J. Biol. Chem., 265:9153,
1994) .

[8] Particularly, type A botulinum toxin is known to be
soluble in a dilute aqueous solution at a pH of 4.0 to 6.8.

It is known that a stable non-toxic protein is separated from
neurotoxin at a pH of about 7 or higher, and as a result,

the toxicity 1is gradually lost. Particularly, it is known
that the toxicity decreases as pH and temperature increase.

[9] Botulinum toxin is fatal to humans even in small

amounts and is easy to produce in large amounts. Thus, it



constitutes four major bio-terror weapons together
with Bacillus anthracis, Yersinia pestis, and smallpox virus.
However, it has been found that, when type A botulinum toxin

is injected at a dose that does not systematically affect

the human body, it can paralyze local muscle around the
injection site. Based on this characteristic, type A
botulinum toxin can be used in a wide range of applications,

including wrinkle removing agents, agents for treating
spastic hemiplegia and cerebral palsy, etc. Thus, the demand
for type A botulinum toxin has increased, and studies on

methods of producing botulinum toxin so as to satisfy the

demand have been actively conducted.

[10] A current typical commercial product is BOTOX® (a
purified neurotoxin complex of type A botulinum toxin) that

is commercially available from Allergan, Inc., USA. A 100-
unit vial of BOTOX® is composed of about 5 ng of a purified
type A botulinum toxin complex, 0.5 mg of human serum albumin,
and 0.9 mg of sodium chloride, is provided in a vacuum-dried
form, and is reconstituted using sterile saline without a
preservative (injection of 0.9% sodium chloride). Other
commercial products include Dysport® (a Clostridium
botulinum type A toxin-hemagglutinin complex which has
lactose and human serum albumin 1in a pharmaceutical
composition containing botulinum toxin and is reconstituted

using 0.9% sodium chloride before use) that is commercially



available from Ipsen Ltd., UK, MyoBloc® (an injectable
solution with a pH of about 5.6 comprising botulinum type B

toxin, human serum albumin, sodium succinate, and sodium
chloride) that 1is commercially available from Solstice

Neurosciences, Inc.

[11] A medium for culturing a Clostridium botulinum strain,
which 1is generally used in a method for production of

botulinum toxin as disclosed in Korean Patent No. 10-1339349,

contains animal-derived components. Thus, 1if an animal-
derived abnormal prion known as an agent that causes

transmissible spongiform encephalopathy is contained in the

animal components due to contamination, it poses problems in

a process for producing botulinum toxin.

[12] Transmissible spongiform encephalopathy (TSE) is a

type of a neurodegenerative disorder —causing serious

degeneration of neurons, and examples thereof includes bovine

spongiform encephalopathy (BSE), Scrapie, Creutzfeldt-Jakob
disease (CJD), Gerstmann-Straussler-Scheinker syndrome, Kuru,
transmissible mink encephalopathy, chronic wasting disease,

feline spongiform encephalopathy, etc., which affect humans

and animals. It was reported that BSE crosses the species

barrier and affects even humans.

[13] The agent that causes transmissible spongiform
encephalopathy is characterized in that it is non-immunogenic

and has a long incubation period. From post-mortem analysis



of the brains of cattle infected with bovine spongiform
encephalopathy, 1t can be seen that a unique pattern of
spongiform vacuoles was formed in the brain due to the
destruction of neurons and the deposition of abnormal protein
fibers.

[14] The pathogen believed to be the cause of
transmissible spongiform encephalopathy 1is an infectious
protein called an abnormal prion. Unlike regular viruses that
require nucleic acids, the abnormal prion is an infectious
particle composed only of protein and containing no nucleic
acid. Regarding TSE, it is known that, when an abnormal prion
(PrPsc) that is an infectious particle binds to a normal
prion (PrPc), it 1is converted to a pathogenic prion which
then accumulates in the brain (Prusiner SB, Alzheimer Dis
Assoc Disord., 3:52-78, 1989).

[15] Creutzfeldt-Jakob disease is a rare
neurodegenerative disorder of human transmissible spongiform
encephalopathy (TSE) where the transmissible agent 1is
apparently an abnormal isoform of a prion protein. An
individual with Creutzfeldt-Jacob disease can deteriorate
from apparent perfect health to akinetic mutism within six
months. Thus, when a pharmaceutical composition containing a
biologic, such as botulinum toxin, obtained using animal-
derived products, there is a risk of developing a prion-

mediated disease such as Creutzfeldt-Jakob disease. Thus, if



a pharmaceutical composition is prepared using stock produced
using animal-derived components, there is a risk that the

patient will receive various pathogens or infectious agents.

[16] Accordingly, it has been reported that adding a
casein hydrolysate (e.qg., TSE-certificated casein
hydrolysate) to an animal protein-free (APF) medium to

prevent TSE infection improves the growth rate of strains
and the production of botulinum toxin (Korean Patent No. 17-
1729251, etc.). However, since the APF medium to which the
casein hydrolysate has been added still contains casein,
which is an animal-derived component, research is needed to
achieve high growth rates and high toxin production of
Clostridium botulinum strains in APF medium that does not
contain animal-derived components.

[17] Accordingly, the present inventors have made
extensive efforts to develop a medium that contains plant
peptones causing no risk of TSE infection when culturing
Clostridium botulinum strains and does not contain animal-
derived components in order to prevent the risk of prion-
mediated disease as described above, and as a result, have
found that the medium can improve the growth rate of
Clostridium botulinum strains and the toxin production of
the strains compared to conventional media, thereby
completing the present invention.

[18]



[Disclosurel

[Technical Probleml]

[19] An object of the present invention is to provide a
medium composition for culturing Clostridium botulinum
strains that does not contain animal-derived components.
[20] Another object of the present invention is to provide
a method of improving the production of botulinum toxin by
culturing Clostridium botulinum in the above-described
medium composition.

[21]

[Technical Solution]

[22] To achieve the above objects, the present invention
provides a medium composition for culturing Clostridium
botulinum strains, which contains plant peptones, including
wheat peptone and peptone from pea, D-(+)-glucose, and yeast
extract, and does not contain animal-derived components.
[23] The present invention also provides a method for
producing botulinum toxin, comprising steps of: (a) producing
botulinum toxin by culturing Clostridium botulinum using the
medium composition; and (b) recovering the produced botulinum
toxin.

[24]

[aAdvantageous effects]

[25] When the medium according to the present invention,

which contains plant peptones, glucose, and yeast extract



and does not contain animal-derived components, 1is used to
culture Clostridium botulinum strains, the medium may
increase the growth rate of the strains compared to
conventional media, and increase the production of botulinum
toxin by culturing the strain in a safe manner because it
does not contain animal-derived components.

[26]

[Description of Drawings]

[27] FIG. 1 shows a JMP custom design to determine the
appropriate proportion of plant peptones using three plant
peptones (peptone from pea, wheat peptone, and peptone from
potatoes No. 2) as factors and an ODs4onm value of 3 or higher
as a response.

[28] FIG. 2 shows the results of design evaluation by
power analysis of the custom design and the fraction of
design space plot.

[29] FIG. 3 shows media containing APF medium components.
[30] FIG. 4a is a graph showing the results of measuring
the growth rate of a Clostridium botulinum strain over time
in APF media containing dextrin as a carbon source, and FIG.
4b is a graph showing the results of measuring the growth
rate of a Clostridium botulinum strain over time in APF media

containing glucose as a carbon source.



[31] FIG. 5 is a graph showing the results of measuring
the growth rate of a Clostridium botulinum strain over time
in 16 different types of APF media.

[32] FIG. 6 shows distribution analysis of D-optimal
design experiments, and it can be seen that the experimental
results are generally evenly distributed.

[33] FIG. 7 shows scatterplot matrix analysis of D-optimal
design results, and it can be seen that wheat peptone and
peptone from pea have a weak positive correlation with ODs40onm
and toxin concentration.

[34] FIG. 8 shows the results of outlier analysis, and it
can be seen that there are no outliers in the experimental
results.

[35] FIG. 9 shows the process for establishing a model of
OD540pm, and it can be seen that the VIF value does not exceed
10 and is at level 1, suggesting that there is no problem
with the model, and that all studentized residuals results

are included in the 95% confidence interval.

[36] FIG. 10 shows the prediction formula for ODssonm.
[37] FIG. 11 shows the interaction profiles of ODs4onm.
[38] FIG. 12 shows the process for establishing a model

of 0OD540nm, and it can be seen that the VIF wvalue does not
exceed 10 and 1is at level 1, suggesting that there is no
problem with the model, and that all studentized residuals

results are included in the 95% confidence interval.
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[39] FIG. 13 shows the prediction formula for toxin

concentration.
[40] FIG. 14 shows interaction profiles.
[41] FIG. 15 shows the process of finding medium

conditions for ODssonm and toxin concentration using a
Prediction Profiler based on the prediction formula for each
response value.

[42] FIGS. 16a and 16b show the distribution of Y in Spec
(FIG. 16a) and edge of failure analysis (FIG. 16b) after
performing 5,000 simulations as a function of the random
variation in the factors and model noise using the simulator
function.

[43] FIG. 17 shows the analysis of pea capability with
the range corresponding to 30 set as NORs and the range
corresponding to 4.50 set as PARs.

[44] FIG. 18 shows the analysis of wheat capability with
the range corresponding to 30 set as NORs and the range
corresponding to 4.50 set as PARs.

[45] FIG. 19 shows the contour profiler results of the
APF medium, and it can be seen that, when NORs (30, red line)
and PARs (4.50, blue line) were plotted on a contour plot,
they did not exceed the white range, which 1is the range
satisfying the model.

[46] FIG. 20 shows the growth curve of a botulinum strain

in each APF medium.
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[47] FIG. 21 shows the level of toxin expression for each
APF medium.

[48]

[Best Model]

[49] Although an animal protein-free (APF) medium
composition exhibited an improved growth rate of Clostridium
botulinum strains compared to conventional media, there is a
need to add medium components that further improve the growth
rate of the strains without the risk of infection such as
TSE infection. Recently, a casein hydrolysate (e.g., TSE-
certificated casein hydrolysate) that has not been reported
to cause TSE infection has been added to APF medium to grow
strains and produce toxins.

[50] However, casein hydrolysate is a component extracted
from milk, and casein accounts for about 80% of the total
protein contained in milk. Although APF medium containing
casein hydrolysate does not contain animal-derived
components such as fetal Dbovine serum (FBS), casein
hydrolysate itself is an animal-derived component, and thus
there 1s a need for a highly safe medium for culturing
Clostridium botulinum strains, which contains plant peptones
without containing animal-derived components such as casein
hydrolysate.

[51] Accordingly, 1in one aspect, the present invention

relates to a medium composition for culturing Clostridium
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botulinum strains, which contains plant peptones, including
wheat peptone and peptone from pea, D-(+)-glucose, and yeast
extract, and does not contain animal-derived components. Here,
“plant peptone” means peptone extracted from wheat or pea,
and preferably may be commercially available Millipore™ 96174,
or Millipore™ 93492-500G-F, without being limited thereto.
[52] In the present invention, the term "conventional
medium" refers to a medium containing casein hydrolysate,
yeast extract, and thioglycolate medium, which are animal-
derived components. Additionally, the term "animal protein-
free (APF) medium" refers to a medium not containing animal-
derived proteins.

[53] In one example of the present invention, APF media
were prepared containing various plant-based medium
ingredients, including peptone from pea, wheat peptone,
peptone from potatoes No. 2, corn steep solid, gluten from
wheat, potato peptone E210, banana powder, tomato juice, and
malt extract, without animal-derived components, under
transmissible spongiform encephalopathy (TSE) —free
conditions, and the growth rates and toxin expression levels
of the strain in the media were compared. As a result, it
could be confirmed that the plant-derived medium components
for efficiently culturing the Clostridium botulinum strain
included peptone from pea, wheat peptone, and peptone from

potatoes No. 2, and in this case, it was confirmed that the
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growth and toxin expression of the strain were excellent.
Finally, as shown in Tables 4 and 5 below and FIG. 4, it was
determined that the plant peptones contained in the final
selected medium composition for culturing the Clostridium
botulinum strain were peptone from pea, wheat peptone, and
potato peptone.

[54] In another example of the present invention, APF
media were prepared containing peptone from pea, wheat
peptone, and potato peptone at various compositional ratios
without animal-derived components under transmissible
spongiform encephalopathy (TSE)-free conditions, and the
growth rates and toxin expression levels of the strain in
the media were compared. As a result, it could be confirmed
that the medium composition for efficiently culturing the
Clostridium botulinum strain contained at least one plant
peptone selected from the group consisting of wheat peptone
and peptone from pea, in addition to a carbon source (e.g.,
glucose) and a nitrogen source (e.g., yeast extract), and in
this case, the growth and toxin expression of the strain were
excellent. Finally, as shown in Tables 8 to 12 below and
FIGS. 5 to 19, the contents of plant peptones in the final
selected medium composition for culturing the Clostridium
botulinum strain were 18 g/L of peptone from pea and 7 g/L

of wheat peptone.
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[55] In another example of the present invention, an
experiment was conducted to compare the growth pattern and
toxin concentration of the Clostridium botulinum strain
between when grown in an APF medium containing the final
selected plant peptone of the present invention and when
grown in a medium (Comparative Example 7) described in Korean
Patent Application Publication 10-2022-0140696, which was
published prior to the present invention. As a result, as
shown in Tables 13 to 15 below and FIGS. 20 and 21, in the
case of the medium of the present invention, the ODsionm value
was 7.1021 after 28 hours of culture of the Clostridium
botulinum strain, and then the OD value gradually decreased,
the ODs4onm value was 5.5636 after 48 hours, and the toxin
concentration in the supernatant of Clostridium botulinum
toxin was 588.8 pg (10 mL of culture medium) after 48 hours
of culture. Meanwhile, as shown in Tables 13 to 15 below and
FIGS. 20 and 21, in the case of the medium of Comparative
Example 7, the ODssonm value was 6.7739 after 28 hours of
culture of the Clostridium botulinum strain, and the toxin
concentration in the supernatant of Clostridium botulinum
toxin was 263.7 pg (10 mL of culture medium) after 48 hours
of culture, suggesting the toxin expression level decreased
by 55.2% compared to that in the case of the medium of the

present invention.
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[56] In another embodiment of the present invention, an
experiment was conducted to compare the growth pattern and
toxin concentration of the Clostridium botulinum strain
between the medium of the present invention and media
(Comparative Examples 1 to 3) further containing L-cysteine
hydrochloride monohydrate and/or medical antifoam C emulsion
(Dow Corning®), which are/is the compositional component (s)
of the medium described 1in Korean Patent Application
Publication No. 10-2022-0140696, in addition to the medium
of the present invention. As a result, as shown in Tables 13
to 15 below and FIGS. 20 and 21, it can be confirmed that,
in the case of Comparative Examples 1 to 3, the ODssonm value
was lower than that in the medium of the present invention,
and the toxin expression level after 48 hours of culture
decreased by 14.9 to 76.6% compared to that in the medium of
the present invention.

[57] In another example of the present invention, an
experiment was conducted to compare the growth pattern and
toxin concentration of the C(Clostridium botulinum strain
between the medium of the present invention and media
(Comparative Examples 4 to 6) containing soy peptone in place
of peptone from pea and/or wheat peptone in the medium of
the present invention and further containing L-cysteine

hydrochloride monohydrate and medical antifoam C emulsion

(Dow Corning®). As a result, as shown in Tables 13 to 15

16



below and FIGS. 20 and 21, it can be confirmed that, in the
case of Comparative Examples 4 to 6, the ODsionm value was
significantly lower than that in the medium of the present
invention, and the toxin expression level after 48 hours of
culture decreased by 87.0 to 94.9% compared to that in the
medium of the present invention.

[58] In the present invention, the medium composition for
culturing Clostridium botulinum strains may contain at least
one plant-derived component selected from the group
consisting of peptone from pea, wheat peptone, peptone from
potatoes No. 2, corn steep solid, gluten from wheat, potato
peptone E210, banana powder, tomato juice, and malt extract,
preferably may contain peptone from pea, wheat peptone, and
peptone from potatoes No. 2, and more preferably may contain
peptone from pea and wheat peptone, without being limited
thereto.

[59] As used herein, the term “plant peptone” or “plant
hydrolysate” refer to the digestion products of proteins
obtained from plants. For example, wheat peptone (wheat
hydrolysate) refers to the product obtained by digesting the
total protein obtained from wheat. Also, “casein hydrolysate”
refers to the digestion product of casein protein.

[60] The digestion of the plant protein or casein protein
is preferably carried out by partial digestion. The digestion

of the protein is preferably carried out by acid treatment,
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base treatment, enzyme treatment, high-pressure treatment,

heat treatment, or physical treatment, and more preferably,

the plant peptone or casein hydrolysate may be enzyme-treated.
The physical treatment is, for example, grinding.

[61] The plant peptone or casein hydrolysate 1in the
present invention is a partial degradation product of protein,
and i1s in the form of a mixture containing not only amino
acids as single molecules but also peptides composed of
several to tens of amino acids and whole protein molecules.

[62] In the present invention, the content of the plant
peptones may be 0.1 to 10 w/v% (1 to 100 g/L), preferably
0.2 to 5 w/v% (2 to 50 g/L), more preferably 0.5 to 2 w/v%

(5 to 20 g/L).

[63] In the present invention, the content of the wheat
peptone may be 0.1 to 4.0 w/v% (1 to 40 g/L), preferably 0.45

to 0.95 w/v% (4.5 to 9.5 g/L), preferably 0.48 to 0.92 w/v%
(4.8 to 9.2 g/L), preferably 0.55 to 0.85 w/v% (5.5 to 8.5

g/L), more preferably 0.7 w/v% (7 g/L).

[64] In the present invention, the content of the pea
peptone may be 0.1 to 3.5 w/v% (1 to 35 g/L), preferably 1.55
to 2.05 w/v% (15.5 to 20.5 g/L), preferably 1.58 to 2.03 w/v%
(15.8 to 20.3 g/L), preferably 1.65 to 1.95 w/v% (16.5 to
19.5 g/L), more preferably 1.8 w/v% (18 g/L).

[65] In the present invention, the medium composition for

culturing Clostridium botulinum strains may not contain L-
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cysteine hydrochloride monohydrate and/or an antifoaming
agent.

[66] As used herein, the term “antifoaming agent” means a
substance that completely or partially prevents the formation
of foam and is used interchangeably with Y“foam-preventing
agent”. The antifoaming agent may include a medical
antifoaming agent (Dow Corning®), without being limited
thereto.

[67] In the present invention, the medium composition for
culturing Clostridium botulinum strains may contain a carbon

source and a nitrogen source.

[68] In the present invention, the carbon source may be a
monosaccharide (e.g., glucose, fructose, etc.), a
disaccharide (e.g., maltose, sucrose, etc.), an
oligosaccharide, a polysaccharide (e.g., dextrin,

cyclodextrin, starch, etc.), or a sugar alcohol (e.qg.,
xylitol, sorbitol, erythritol, etc.), preferably D-(+)-
glucose, without being limited thereto.

[69] In the present invention, the content of the carbon
source may be 0.1 to 1.5 w/v% (1 to 15 g/L), preferably 0.25
to 1.5 w/v% (2.5 to 15 g/L), preferably 1.0 w/v% (10 g/L),
without being limited thereto.

[70] As used herein, the term “nitrogen source” means an
organic or 1inorganic substance containing nitrogen atoms

essential for the synthesis of proteins, purines, pyrimidines,
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and polysaccharide chitin in the growth of strains. The
nitrogen source is preferably yeast extract, without being
limited thereto.

[71] In the present invention, the nitrogen source may be
yeast extract, polypeptone, tryptone, malt extract, corn
steep liquor, or soytone, preferably yeast extract, without
being limited thereto.

[72] In the present invention, the content of the nitrogen
source may be 0.5 to 2.0 w/v% (5 to 20 g/L), preferably 0.5
to 1.0 w/v% (5 to 10 g/L), preferably 1.0 w/v% (10 g/L),
without being limited thereto.

[73] In another aspect, the present invention relates to
a method for producing botulinum toxin, comprising steps of:
(a) producing botulinum toxin by culturing Clostridium
botulinum using the medium composition; and (b) recovering
the produced botulinum toxin.

[74] In the present invention, the culturing may Dbe
performed under anaerobic conditions, the culturing may be
performed under temperature conditions of 33°C to 37°C, the
culturing may be performed for 20 to 48 hours, and the toxin
may be selected from the group consisting of botulinum toxins
A, B, C, D, E, F and G.

[75]

[76] Hereinafter, the present invention will be described

in more detail through examples. These examples are intended
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only to illustrate the present invention, and it will be
obvious to those skilled in the art that the scope of the
present invention is not to be construed as being limited by

these examples.

[77]

[78] Example 1: Selection of plant peptones

[79] 1-1: Composition of CYG medium used for culture
(control)

[80] CYG medium (casein, yeast extract and glucose) for

culturing Clostridium botulinum was prepared by dissolving
2% casein hydrolysate [20 g/L], 1% yeast extract [10 g/L],
and 1% glucose [10 g/L] in 90 mL of distilled water, adjusting
the final volume to 100 mL, and dispensing 10-mL aliquots of
the prepared medium into 15-mL culture tubes. Thereafter,
the medium was autoclaved at 121°C for 30 minutes and then
kept under anaerobic conditions in an anaerobic incubator.
[81] 1-2: Compositions of APF media used for culture

[82] As shown in Tables 1 and 2 below, 9 types of 2% plant
peptone candidates (Sigma™ C8160-500G, Millipore™ 96174,
Millipore™ 93492-500G-F, Sigma-Aldrich™ G5004-500¢G,
Millipore™ 38143-500G, Organotechnie™ 19425, Sigma-Aldrich™
B4032-500G, Sigma-Aldrich™ 17218-500G, and Merck™
1.05391.0500) [10 g/L] were each added to 1% yeast extract
[10 g/L] and 1% dextrin or glucose [10 g/L], and then

dissolved in 90 mL of water for injection. Then, the final
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volume was adjusted to 100 mL, and the pH of each medium was
adjusted to 7.3. Then, 10-mL aligquots of the prepared media
were dispensed into 15-mL culture tubes, respectively.
Thereafter, the media were autoclaved at 121°C for 30 minutes

and kept under anaerobic conditions in an anaerobic incubator.

[83] [Table 1]
Category Medium (g/L) 1 2 3 4 5 6 7 8 9
Carbon source Dextrin 10 10 10 10 10 10 10 10 10
Glucose
Plant-derived Corn Corn 10
components steep steep solid
Pea Peptone 10
from pea
Wheat Wheat 10
gluten peptone
Gluten 10
from
wheat
Potato Peotone 10
from
potatoes
No. 2
Potato 10
peptone
E210
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Banana Banana 10
powder
Tomato Tomato 10
juice
Malt Malt 10
extract
Nitrogen source | Yeast extract 10 10 10 10 10 10 10 10 10
[84] [Table 2]
Category Medium (g/L) 10 11 12 13 14 15 16 17 18
Carbon source Dextrin 10 10 10 10 10 10 10 10 10
Glucose
Plant-derived Corn Corn 10
components steep steep
solid
Pea Peptone 10
from
pea
Wheat | Wheat 10
gluten | peptone
Gluten 10
from
wheat
Potato | Peotone 10
from
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potatoes
No. 2
Potato 10
peptone
E210
Banana | Banana 10
powder
Tomato | Tomato 10
juice
Malt Malt 10
extract
Nitrogen source Yeast extract 10 10 10 10 10 10 10 10 10
[85] 1-3: Culture of Clostridium botulinum strain
[86] Culture tubes containing medium compositions 1 to 18

shown in Tables 1 and 2 above were inoculated with 20 pL of
Clostridium botulinum (Korea Center for Disease Control and
Prevention, control No. 4-029-CBB-MF-2020001), and samples
were taken while the strain was stationary-cultured under
anaerobic conditions at 35°C+1°C for 20, 24, 28, and 48 hours.
Thereafter, the growth rate of the strain was determined by
measuring the ODssonm value of the culture sampled at each
time using a UV spectrophotometer, and the culture medium
was used as a blank. Based on the measured ODssomm value, plant
peptone candidates for the medium were selected by comparison

with the control.
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[87] 1-4: Strain growth rate

[88] Among the plant peptone candidates, corn extract
solid, banana powder, and gluten from wheat were excluded
from the plant peptone candidates because they formed
precipitates after sterilization of the media, making it
difficult to perform the filtration process and accurately
measure the ODsionm value. The medium compositions containing

the plant peptone candidates are shown in Table 3 below.

[89] [Table 3]
Medium (g/L) 1 2 3 4 5 6 7 8 9 10 | 11 12
Dextrin 10 10 10 10 10 10
Glucose 10 10 10 |10 10 10
Pea Peptone 10 10
from pea
Wheat Wheat 10 10
gluten peptone
Potato Peptone 10 10
from
potatoes
No. 2
Potato 10 10
peptone
E210
Tomato | Tomato 10 10
juice
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Malt

Malt

extract

10

10

Yeast extract 10 10

10

10

10

10

10

10

10

10

10

10

[90]

The ODs4onm values of cultures sampled at each time

point for medium compositions 1 to 12 shown in Table 3 above

and two control media

and the graphs of the ODssomm

(dextrin or glucose)

(CYG media)

were measured

(FIG. 4).
[91] [Table 4]
AMedinm ODs40um value over time
20hr 24hr 28hr 48hr
1 1.8730 2.3500 3.2304 3.2722
2 1.8599 2.1685 2.5121 4,0037
3 1.4141 1.5862 2.0204 24978
4 1.4811 2.0280 2.3678 2630
5 1.0544 1.1912 1.3145 0.8669
& 1.1858 1.6250 1.831 1.4966
7 2.2260 3.0544 37671 4.0443
8 2.3389 3.2501 36515 26177
9 1.5869 1.9006 1.9675 2.0508
10 1.2805 1.2364 1.1067 1.8789
11 0.9147 1.0896 11602 1.3564
12 1.0836 1.4444 1.6244 0.5030
Control1 | 2.0969 2.8093 3.0028 2317
Control 2 1.1039 1.6976 2.0191 2.2898
[92] As a result,

it was

(Table 4),

as shown 1n Table 4 above and FIG.

values of the carbon source

of each medium over time were compared

4,

confirmed that the strain showed high growth rates
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commonly in media 1, 2, 3, 7, 8 and 9 containing components
derived from pea, wheat, and potato.

[93] In addition, it was confirmed that, even when the
same plant peptones derived from pea, wheat, and potato were
used, the strain showed higher growth rates in media 7, 8
and 9 containing glucose as a carbon source than in media 1,
2 and 3 containing dextrin. In particular, it was confirmed
that, in the case of wheat-derived components, the strain
tended to grow even after 48 hours after inoculation in
medium 2 containing dextrin (FIG. 4). This growth trend may
unnecessarily delay the production time of the stock solution
in the future, suggesting that using glucose as a carbon
source for the medium is suitable.

[94] 1-5: Botulinum toxin concentration

[95] The amounts of toxin protein in media 1, 2, 3, 7, 8,
and 9, which showed high growth rates of the strain in
Examples 1-4, were measured. Since previous studies recover
toxins during the death phase, toxin concentrations were
measured by the ELISA method for the quantitative analysis
of botulinum toxin type A culture medium at 28 and 48 hours,
which are the latter parts of the culture, and the results
are shown in Table 5 below (ICH guideline, Q2(R1)).

[96] Antitoxin was diluted and dispensed into each well
of a 96-well plate, which was then coated for 16 hours or

more. The contents of the plate were removed, each well was
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blocked with blocking solution, and then the plate was washed
three times with wash buffer. The standard and the culture
were diluted and dispensed into each well in triplicate, and
the plate was incubated and then washed three times with wash
buffer. Primary antibody dilution solution was dispensed into
each well, and the plate was incubated and then washed three
times with wash buffer. Substrate solution was dispensed into
each well and incubated, and then stop solution was dispensed
into each well to stop the reaction. Absorbance was measured

at wavelengths of 450 to 540 nm.

[97] [Table 5]
Medium Plant-/animal- Carbon source Toxin concentration (ng/mL)
derived 28 hr 48 hr
component
Control (CYG) Casein Glucose 17826.0 20007.7
1 Pea Dextrin 11716.8 6676.7
2 Wheat 4294 .4 5703.5
3 Potato 14732.2 9945.9
7 Pea Glucose 20775.2 11772.9
8 Wheat 5135.8 17415.1
9 Potato 14440.7 16602.9
[98] As a result, as shown in Table 5 above, the toxin

expression levels were highest in the order of pea, potato,
and wheat. In addition, it was confirmed that, when the same

plant peptones were used, the toxin expression levels in the
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media containing glucose as the carbon source were higher
than those in the medium containing dextrin, and that using
glucose as the carbon source for the medium for producing

toxin from the Clostridium botulinum strain was more suitable.

[99] Based on the experimental results of Example 1, three
plant peptones were selected as final plant ©peptone
candidates: peptone from pea, wheat peptone, and potato
peptone (peptone from potatoes No. 2).

[100]

[101] Example 2: Selection of proportion of plant peptones
[102] 2-1: Method for selection of proportion of plant
peptones

[103] In order to select the proportion of the three final
plant peptone candidates finally selected in Examples 1-4
and 1-5, a JMP custom design was used to set the ODssonm value
as a response to 3 or higher and the proportion of the three
plant peptones as factors to 2% or less. In addition, in the
same manner as 1in Examples 1-1 and 1-2, the proportion of
each of the carbon source and the yeast extract was fixed at
1% and the experiment was conducted in duplicate per medium
condition (FIG. 1; Peptone 1: peptone from pea; Peptone 2:
wheat peptone; Peptone 3: potato peptone).

[104] For design evaluation, power analysis was performed

and the fraction of design space plot was examined (FIG. 2;
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Peptone 1: peptone from pea; Peptone 2: wheat peptone;
Peptone 3: potato peptone).

[105] The experimental design for ODssonm values according
to the proportion of plant peptones obtained through custom
design is shown in Table 6 below, and the toxin concentration
after the completion of culture under each condition was
measured and added to the analysis items (Peptone 1: peptone

from pea; Peptone 2: wheat peptone; Peptone 3: potato

peptone) .

[106] [Table 6]

- ~ Peptone 1 Peptone 2 Peptone 3  OD540nm
1 10 20 0 .
2 10 0 10 .
3 20 10 0 .
4 10 0 0 .
5 10 10 20 .
6 0 10 0 .
7 0 0 0 .
8 20 20 0 .
g 0 20 20 .
10 0 20 10 .
1 20 20 20 .
12 20 0 0 .
13 20 0 20 .
14 0 20 0 .
15 20 10 10 .
16 0 0 20 .

[107] 2-2: Compositions of APF media used for culture

[108] As shown in Table 7 below, to 1% glucose [10 g/L] as
a carbon source and 1% yeast extract [10 g/L], 2% three plant
peptones [10 g/L] were added. Each of the mixtures was
dissolved in 90 mL of water for injection, and the final

volume was adjusted to 100 mL. 10-mL aliquots of the prepared
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media were then dispensed into 15-mL culture tubes,
respectively. Thereafter, the media were autoclaved at 121°C
for 30 minutes and then kept under anaerobic conditions in
an anaerobic incubator.

[109] [Table 7]

Medium composition (g/L)

1 2 3 4 5 6 7 8 9 10 {11 |12 |13 |14 |15 | 16

Carbon |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10 |10

source

Yeast 10 |10 |10 |10 |10 |10 |10 (10 |10 |10 (10 |10 |10 |10 |10 |10

extract

Peptone | 10 [ 10 |20 |10 |10 | O 0 20 | 0O 0 20 {20 (20 |O 20 | O
from

pea

Wheat |20 |0 10 |0 10 |10 | O 20 (20 (20 [20 [ O 0 20 {10 | O

peptone

Potato 0 10 | O 0 20 |0 0 0 20 {10 |20 | O 20 | O 10 | 20

peptone

[110] 2-3: Culture of Clostridium botulinum strain

[111] Culture tubes containing medium compositions 1 to 16
shown 1in Table 7 above were inoculated with 20 uL of
Clostridium botulinum (Korea Center for Disease Control and
Prevention, control No. 4-029-CBB-MF-2020001), and samples
were taken while the strain was stationary-cultured under

anaerobic conditions at 35°C+1°C for 20, 24, 28, and 48 hours.
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Thereafter, the growth rate of the strain was determined by
measuring the ODsionm value of the culture sampled at each
time using a UV spectrophotometer, and the culture medium
was used as a blank. Based on the measured ODssonm value, plant
peptone candidates for the medium were selected by comparison
with the control. Based on the measured ODsionm value, the
proportion of addition of plant peptones for the medium was
selected.

[112] 2-4: Strain growth rate

[113] The ODssonm values of the cultures sampled at each
time point for medium compositions 1 to 16 shown in Table 7
above were measured (Table 8), and the graphs of the ODssonmn
values over time for each medium were compared (FIG. 5).

[114] [Table 8]
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Medium ODs40nm value over time
20hr 24hr 28hr 48hr

1 4.2407 6.0792 6.6703 7.6256
2 29021 3.1707 3.7849 45212
3 4.3292 £.5489 6.7432 51707
4 2.3007 2.6335 3.6120 3.9954
5 3.3414 44627 48113 4.5013
6 2.2590 2.8932 3.7034 3.1049
7 0.2857 0.1835 1.1349 0.6199
8 4.2728 6.7621 8.1035 47047
9 4.2576 4.2045 5.4406 5.8829
10 3.3709 37021 5.1411 4.3286
" 5.1641 5.6140 6.6381 2.2498
12 3.7988 4.7715 589342 4.2649
13 5.3545 5.1057 6.5547 20944
14 28511 3.3602 3.7440 4.6341
15 48876 3.4032 5.8843 5.2539
16 2.2215 2.8578 2773 1.8910

[115] 2-5: Analysis of results of Design of Experiment (DoE)
[116] For medium compositions 1 to 16 shown in Table 7
above, the ODssonn value at 24 hours, which is the primary
seed culture time in previous studies on Clostridium
botulinum, was used for analysis, and since the toxin is
recovered during the death phase, the amount of toxin protein,
the value measured by ELISA at 48 hours were used for the
amount of toxin protein (Table 9). Based on these values,

the results were statistically analyzed using JMP.
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[117] [Table 9]

4 ~. ODat  Toxin at
v F Pea Wheat Potato 24hr 48hr
1 10 20 0 6.0792 42041.2
2 10 0 10 3.1707 56296.2
3 20 10 0 5.54885 64887.3
4 10 0 0 2.6335 445183
5 10 10 20 446265 443772
6 0 10 0 289315 35791.2
7 0 0 0 0.18351 16783
8 20 20 0 6.7621 567134
9 0 20 20 4.2045 198486
10 0 20 10 3.7021 341524
11 20 20 20 561395 345926
12 20 0 0 47715 50099.6
13 20 0 20 5.10565 490234
14 0 20 0 3.36015 203714
15 20 10 10 34032 351539
16 0 0 20 2.8578 253831

[118] Through distribution analysis of the results for each
condition as shown in Table 9 above, it was confirmed that
the experimental design was D-optimal and that the
experimental results were generally evenly distributed (FIG.
6) .

[119] According to scatterplot matrix analysis, all
correlation values were 0.75 or lower, indicating a weak
correlation. The R values between the X variables (pea, wheat,
and potato) were <close to 0, indicating a very weak
correlation, so there was no interaction. It was confirmed
that there was a weak positive correlation between the Y
variables (ODssonm, and toxin concentration), between pea and

the Y variable, and between wheat and the ODsionm value (FIG.
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7). Outlier analysis confirmed that there were no outliers
in the experimental results (FIG. 8).

[120] 2-6: Analysis of ODssonm value depending on type of
plant peptone

[121] A fit model was established based on the results of
analysis of ODssonm Vvalue depending on the type of plant
peptone. The model was established by the effect leverage
method using least squares, and the X variables were analyzed
using the response surface method. To select the optimal
model, the R-squared value and RMSE value were considered
together, and after checking effect summary and the p-value
of effect test, terms that were not significant were deleted.
[122] As a result of checking the VIF value of the optimal
established model, it was confirmed that the value did not
exceed 10 and was at level 1, suggesting that there was no
problem with the model. In residual analysis, 1t was
confirmed that points were evenly distributed up and down
and all studentized residuals results were included in the
95% confidence interval (FIG. 9).

[123] As a result of identifying the factors that
significantly affect the model through the effect test
results, it was found that pea and wheat had an effect on
the model (Table 10). A prediction formula for ODssonm was
obtained using this model (FIG. 10). As a result of examining

the main effects and interaction profiles, it was confirmed
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that there were interactions between pea and potato, and
between wheat and potato, but there were no interactions

between the other factors (FIG. 11).

[124] [Table 10]

Effect Tests
Sum of

Source Nparm DF Squares F Ratio Prob > F
Pea 1 1 19476398 426410
Wheat 1 1 12520822 274122 01
Potato 1 1 0147585 03231 05904
Pea'Pea 1 1 0695719 15232 02633
Pea*Wheat 1 1 0789833 17292 0.2365
Wheat*Wheat 1 1. 0170263 03728 05639
Pea*Potato 1 1 2003438 43863 00811
Wheat*Potato 1 1 2272906 49762 00672
Potato*Potato 1 1 2029966 44443 0.079%

[125] 2-7: Analysis of toxin expression level depending on
type of plant peptone

[126] A fit model was established based on the results of
ELTISA. The model was established by the effect leverage
method using least squares, and the X variables were analyzed
using the response surface method. To select the optimal
model, the R-squared value and RMSE value were considered
together, and after checking effect summary and the p-value
of effect test, terms that were not significant were deleted.
[127] As a result of checking the VIF value of the optimal
established model, it was confirmed that the wvalue did not
exceed 10 and was at level 1, suggesting that there was no
problem with the model. In residual analysis, it was

confirmed that points were evenly distributed up and down
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and all studentized residuals results were included in the
95% confidence interval (FIG. 12).

[128] As a result of identifying the factors that
significantly affect the model through the effect test
results, it was found that pea had an effect on the model
(Table 11). A prediction formula for ODssonm was obtained using
this model (FIG. 13). As a result of examining the main
effects and interaction profiles, it was confirmed that there
were interactions between pea and potato, and between wheat
and potato, but there were no interactions between the other

factors (FIG. 14).

[129] [Table 11]
Effect Tests
Sum of

Source Nparm DF Squares F Ratio Prob > F
Pea 1 1 1432636114 155150 0004
Wheat 1 1 160839298 01742 06874
Potato 1 1 107423198 11634 03122
Pea*Pea 1 1 239492040 25936 0.1460
Wheat*Wheat 1 1 433487782 04695 0.5126
Pea*Potato 1 1 151433498 16400 0.2362
Wheat*Potato 1 1 940936814 10190 0.3423

[130] 2-8: Robust optimization

[131] Based on the prediction formula established for each
response value, robust optimization conditions were
identified wusing a profiler to determine the medium
conditions that can obtain the appropriate ODsionm and the
maximum toxin concentration. In the actual culture process,

for the ODssonm value, a cell state 1s selected that can
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continue to grow after passage while maintaining the
exponential phase. Therefore, as the minimum cell
concentration for passage in the exponential phase was at an
ODs4onm value of 3 to 7, the appropriate conditions were
explored by setting the ODssonn value to a match target of 5
based on the established model formula. For the toxin
concentration, the ELISA value was set to maximum value to
find the composition that produces the highest concentration
of toxin. As a result of performing an analysis to maximize
desirability for the two response wvalues, the use of only
pea and wheat was determined, and potato was excluded from
subsequent analyses (FIG. 15).

[132] After performing 5,000 simulations as a function of
the random variation in the factors and model noise using
the simulator function (FIG. 16a), the simulation results
were presented through edge of failure analysis. It was
confirmed that all response values fell within the spec limit
except for one case out of 5,000 (FIG. 16Db).

[133] To obtain results under appropriate conditions, the
acceptable ranges for each component were determined. The
range corresponding to 30 was set as NORs (a range
representing 99.7% of the actual result distribution), and
the range corresponding to 4.50 was set as PARs (FIGS. 17
and 18). Based on this, the determined acceptable ranges for

each component are shown in Table 12 below.
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[134] [Table 12]

Component (g/L) Set point NORs (30) PARs (4.50)

Peptone from pea 18 g/L 16.5t0 19.5 15.8t0 20.3

Wheat peptone 7 g/L 5.5t08.5 4.8109.2

[135] For the convenience of the operator upon application

to the actual process, the set point was 18 g/L for peptone
from pea and 7 g/L for wheat peptone. As a result of plotting
NORs (30, red line) and PARs (4.50, blue line) on a contour
plot to find the range satisfying the model, it was confirmed
that NORs and PARs did not exceed the white range satisfying
the process conditions, suggesting that the NORs and PARs
set by this test and statistical analysis were suitable (FIG.
19).

[136]

[137] Example 3: Comparative measurement of absorbance and
toxin expression level for APF media

[138] 3-1: Compositions of media used for culture

[139] To APF medium for culturing Clostridium botulinum,
peptone from pea and wheat peptone were added in amounts
selected 1in Examples 2-8, and D-(+)-glucose as a carbon
source and yeast extract as a nitrogen source were added in
amounts identical to those in Examples 1-2.

[140] Meanwhile, to determine the effect of L-cysteine

hydrochloride monohydrate or antifoaming agent emulsion on

the APF medium, 0.2 g/L L-cysteine hydrochloride monohydrate

39



and/or 0.24 g/L medical antifoam C emulsion (Dow Corning®)
was added to the APF medium. In addition, to determine the
effect of soy peptone on the APF medium, 18 g/L soy peptone
was added instead of the pea peptone and/or wheat peptone of
the APF medium, and additionally, 0.2 g/L L-cysteine
hydrochloride monohydrate and 0.24 g/L medical antifoam C
emulsion (Dow Corning®) were added.

[141] 10-mL aliquots of the media were dispensed into 15-
mL culture tubes, respectively. Thereafter, the media were
autoclaved at 121°C for 30 minutes and then kept under
anaerobic conditions in an anaerobic incubator. The APF media
for culturing Clostridium botulinum and the specific

compositions of the media are shown in Table 13 below.

[142] [Table 13]
Component APF Comp. Comp. Comp. Comp. Comp. Comp. Comp.
(g/L) medium | Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7
Peptone 10 10 10 10 - - - -
from pea
Wheat 7 7 7 7 - 7 7 20
peptone
Yeast 10 10 10 10 10 10 10 20
extract
D-(+)- 10 10 10 10 10 10 10 10
glucose
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Soy - - - - 10 10 10
peptone
L-cysteine - 0.2 - 0.2 - - 0.2 0.2
HCI
Antifoam - - 0.24 0.24 - - 0.24 0.24
C emulsion
[143] 3-2: Culture of Clostridium botulinum strain
[144] Culture tubes containing the media shown in Table 13

were inoculated with 20 uL of Clostridium botulinum
Center for Disease Control and Prevention,

029-CBB-MF-2020001),

was

control No.

(Korea

4 —

and samples were taken while the strain

stationary-cultured

under

anaerobic

conditions

at

35°C+1°C for 20, 24, 28, and 48 hours. Thereafter, the growth
rate of the strain was determined by measuring the ODssomm

value of the culture sampled at each time using a UV

spectrophotometer, and the culture medium was used as a blank.

[145] 3-3: Strain growth rate and toxin expression level
[146] The ODs4onm value of the cultures sampled at each time

for the media shown in Table 13 above and the toxin expression

levels after 48 hours of culture were measured (Tables 14
and 15, and FIGS. 20 and 21).
[147] [Table 14]
APF Comp. Comp. Comp. Comp. Comp. Comp. Comp.
medium | Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7
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OD at20 | 4.0474 3.7144 1.7721 3.9557 2.2205 2.8330 1.7535 3.7871
hr
ODat24 | 5.9563 5.3636 2.0319 5.6034 2.9668 3.4903 2.7539 5.4549
hr
ODat28 | 7.1021 6.2576 1.7567 7.1667 3.5252 4.2801 3.2109 6.7739
hr
OD at48 | 4.5636 5.3044 1.5032 4.5062 4.4182 5.3889 3.7297 7.8900
hr
Toxin 588.8 452.1 137.9 501.1 75.2 76.4 30.1 263.7
(ng) at 48
hr
Toxin - -23.2 -76.6 -14.3 -87.2 -87.0 -94.9 -55.2
expression
(%)
compared
to control
[148] [Table 15]
Measured Average value | Culture (mL) | Toxin amount
value (ng/mL) (ng)
APF medium Tube 1 46894.1 58880.0 10 588.8
Tube 2 70867.4
Comparative Tube 1 51505.6 45208.9 10 452.1
Example 1 Tube 2 38912.1
Comparative Tube 1 13052.2 13972.6 10 137.9
Example 2 Tube 2 14533.0
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Comparative Tube 1 57599.9 50110.8 10 501.1
Example 3 Tube 2 42621.6

Comparative Tube 1 6196.3 7522.7 10 75.2
Example 4 Tube 2 8849.1

Comparative Tube 1 7051.5 7644.9 10 76.4
Example 5 Tube 2 8238.4

Comparative Tube 1 2696.2 3012.2 10 30.1
Example 6 Tube 2 33283

Comparative Tube 1 29852.4 26366.1 10 263.7
Example 7

[149] As a result, as shown in Table 14 above and FIGS. 20
and 21, it was confirmed that, when Clostridium botulinum
was cultured in the APF medium of the present invention, the
growth of APF was best at 20 to 28 hours, and the level of
toxin expression was highest at 48 hours after the growth of
the strain.

[150] Meanwhile, it was confirmed that, in the cases of
Comparative Example 1, in which only L-cysteine HCI
monohydrate was added to the APF medium of the present
invention, Comparative Example 2, 1in which only medical
antifoam C emulsion was added to the APF medium of the present
invention, and Comparative Example 3, in which L-cysteine
HC1 monohydrate and medical antifoam C emulsion were added
to the APF medium of the present invention, strain growth

was lower than that in the APF medium of the present invention,
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and the levels of toxin expression decreased by 23.2%, 76.6%,
and 14.9%, respectively. Accordingly, 1t can be confirmed
that, even 1f L-cysteine HCl1 monohydrate and/or medical
antifoam C emulsion are added to the APF medium composition
of the present invention, strain growth and toxin expression
in the APF medium composition of the present invention are
excellent.

[151] Meanwhile, it was confirmed that, in the cases of
Comparative Example 4, in which soy peptone in place of
peptone from pea and wheat peptone was added to the APF
medium of the present invention, Comparative Example 5, in
which soy peptone in place of peptone from pea was added to
the APF medium of the present invention, Comparative Example
6, 1in which soy peptone in place of peptone from pea was
added to the APF medium of the present invention and
additionally L-cysteine HC1l monohydrate and medical antifoam
C emulsion were added, and Comparative Example 7, which has
the same composition as that in Korean Patent Application
Publication No. 10-2022-0140696, strain growth was lower than
that in the APF medium of the present invention, and the
levels of toxin expression decreased by 87.2%, 87.0%, 94.9%,
and 55.2%, respectively. Accordingly, considering that the
time required to reach the death phase where the toxin can

be recovered is expected to be 72 hours or more, it can be
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confirmed that strain growth and toxin expression in the APF

medium composition of the present invention are excellent.
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[craTMS]

[cClaim 1] A medium composition for culturing
Clostridium botulinum strains, comprising: plant peptones,
including wheat peptone and peptone from pea; D-(+)-glucose;

and yeast extract.

[claim 2] The medium composition according to claim 1,

not comprising an animal-derived component.

[claim 3] The medium composition according to claim 2,

wherein the animal-derived component is casein hydrolysate.

[Claim 4] The medium composition according to claim 1,

wherein a content of the wheat peptone is 0.1 to 4.0 w/v%.

[claim 5] The medium composition according to claim 1,

wherein a content of the peptone from pea is 0.1 to 3.5 w/v%.
[Claim 6] The medium composition according to claim 1,
wherein contents of the D-(+)-glucose and the yeast extract

are each 0.005 to 2 w/v%.

[claim 7]
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A method for producing botulinum toxin, comprising
steps of:

(a) producing botulinum toxin by culturing Clostridium
botulinum using the medium composition according to any one
of claims 1 to 6; and

(b) recovering the produced botulinum toxin.

[Claim 8] The method according to claim 7, wherein the

culturing is performed under anaerobic conditions.

[Claim 9] The method according to claim 7, wherein the
culturing is performed under temperature conditions of 33°C

to 37°C.

[Claim 10] The method according to claim 7, wherein the

culturing is performed for 20 to 48 hours.

[Claim 11] The method according to claim 7, wherein the

toxin 1is selected from the group consisting of botulinum

toxins A, B, C, D, E, F and G.
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[ABSTRACT]

The present invention relates to a medium composition
for producing botulinum toxin and, more specifically, to a
medium composition for culturing Clostridium sp. strains
capable of producing botulinum toxin. When a medium
containing vegetable peptone, glucose, and yeast extracts
and not containing animal-derived components according to
the present invention 1is wused for culturing Clostridium
botulinum strains, the strain growth rate 1is increased
compared to the existing mediums, and the strains can be
safely cultured due to not <containing animal-derived
components, thereby increasing the productivity of botulinum

toxin.
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< = Profiler
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Growth curve by APF medium
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Toxin level for APF medium
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