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Development of a Culture Medium for Growth and
Sporulation of Bacillus polyfermenticus SCD

Kwang-Ho Lee, Kyu-Yong Park, Seong-Mi Kim, Won-Seok Kim' and Hyun-Dong Paik*
Division of Life Sciences, Kyungnam University, ‘R&D Center; Binex Inc.

Bacillus polyfermenticus SCD, which is commonly called a “Bisroot” strain, has been appropriately used for the
treatment of long-term intestinal disorders, since the live strains, in the form of active endospores, can
successfully reach the target intestine. Goal of this study was to develop an industrial medium for growth and
sporulation of B. polyfermenticus SCD. From the results of effect of mixed carbon sources on growth and
sporulation of B. polyfermenticus SCD, glucose 2% and starch 2% was particularly found to be the most effective
for the maximum number of spore production, resulting in spore cells of 4.3 x 10° spores/mL with a sporulation
yield of 91%. For the effect of nitrogen sources, the maximum spore cells of 5.7 x10° spores/mL of B.
polyfermenticus SCD with a sporulation yield of 97% was obtained when B. polyfermenticus SCD was cultivated
in an optimum nitrogen source medium containing 5% soybean flour. A medium involving proper phosphate salt
yielded the maximum number of a spore cells of 6.0 x 10° spores/mL with a sporulation yield of 95%. Finally,
the efficacy of an industrial medium (KH5 medium) on growth and sporulation of B. polyfermenticus SCD was
investigated in jar fermenter. The higher number of viable cells (3.3 x 10" cells/mL) and spore cells (3.0 x 10"
spores/mL) were obtained in 5 L. fermenter when compared with a 500 mL baffle flask cultivation. Thus, KH5
medium developed in this study shows promise as an industrial medium because of higher cells and sporulation

vield.
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B Ao AME3E B. polyfermenticus SCD 45 (F)H}ol
s J)EAdTFAoA] Bkl 3~43]o Az Atiuige
2 ZA3EI9 e, glycerol stockH . E —70°Col|A RES}
Al Working cultures 3tel] 138 Aldju)ste] A3}
Ao}, S X E2= uyptic soy broth(TSB; Difco Laborato-
ries, USA) WX E ARg3lgion Eujodk vizl2e A48
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a9, Aa9 o8|z i 2448 EEste) ARt
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steep liquor), TH¥3-(soybean flour)o] AME-E AT AAE 2
KH,PO,Z ©]-€39.2™, o|u basal mediume (NH,),SO,
0.2%(wiv), CaCl, - 2H,0 0.1%(w/v), MgSO, - TH,O 0.03%
(wiv), MnSO, 0.002%(w/v), CuSO, - SH,0 0.001%(w/v),
ZnS0, + TH,O 0.002%(w/v), FeSO, « TH,O 0.002%(wiv)e) A
oh el Il ko] AFe] DA U=F
antifoam LS-300% Wi Hu9] 1%vivy7E HAE A7tst
of 121°CelA 1587 wiAE FEatspdT?.
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WA S AREEIE o wlY A2 500 mL baffle flask(work-
ing volume: 100 mL)elA] &% 37°C, ZWHEE 180 rpmeE
3] 72A17F Eot AR sty ol FFF(1Tx 10
CFUMmL)E ®|<F 124]17b5k] dglom Ho &4 ofxF
(12x10° CFU/mLy= Hi%F 60717k 73=ket & AATHFig. 1).

=gl Elaflo| AdEF
wA gu|AEL E3] B polyfermenticus SCD9| & &

48
o
£ 47
|
[V
e 416
g I
8 15 =
o
o 44
o
o
o 413
°
3 {2
H
o
S 41
. ) L 0
0 10 0 40 50 80 70 80

Fermentation time (h)

Fig. 1. Cell growth and spore production by B. polyfermenticus
SCD in 500 mL baffle flask fermentation with TSB medium.
Symbols: - O -; viable cells(CFU/mL), - @ -; spore cells(CFU/mL),
-H -; pH.
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Table 1. Effect of various mixed carbon concentration on cell growth and spore production by B. polyfermenticus SCD

Mixed carbon Residual glucose

Maximum number Maximum number

Sporulation Fermentation time

concentration (%) Final pH conc. (g/L) Of((\;?Ubl/emCSIS Oﬁcs%/enfil)ls (%) ®
Glsll;;’sﬁ % Z)) + 8.0 ND 47x10° 43x10° 91 72
Glsut?r);? ZZ i 8.4 3.95 24% 10° 23x10° 96 72
Glslica?iﬁ ; ZZ ¥ 50 13.6 3.8 10° 3.0x 10° 79 72
Clucosed %o r 45 13.9 3.8 107 7.0% 10° 18 72
ng;’zg? Z‘; + 45 150 3.5% 10° 23% 10° 6.6 72

ND: Not detected.

Table 2. Effect of various soybean flour concentration on cell growth and spore production by B. polyfermenticus SCD

Soybean flour

Maximum number Maximum number

concentration Final pH Residual glucose of viable cells of spore cells Sporulation Fermentation time
(%) conc. (¢/L.) (CFU/mL) (CFU/mL) (%) ®
1 44 ND 9.5x 10° 3.2x10° 63 60
2 72 ND 1.1x10° 3.0x 107 27 60
3 42 ND 3.6x10° 4.1 x10° >100 60
4 4.7 ND 39x 10° 45x10° >100 60
5 4.8 ND 59x10° 57%x10° 97 60
6 - 88 ND 44 % 10° 3.0x 10° 68 60
7 9.0 ND 55%10° 33%1¢° 60 60

ND: Not detected.

AYoR Iyt o] ¢, o] ¥ g g
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Table 3. Effect of various potassium phosphate concentration on cell growth and spore production by B. polyfermenticus SCD

Maximum number Maximum number

PZﬁzggft}ilgsp(%e Final pH Reilg::l (%ose of viable cells of spore cells SpoE;tl;z)ltlon Fermengt)lon time
) (CFU/mL) CFU/mL)
0.1 48 ND 2.8 x 10° 1.0x 10° 35 60
0.3 8.8 ND 3.6x 108 42x 10 11 60
0.5 8.8 ND 43 x 10° 34x10° 79 60
0.7 87 ND 54x10° 5.0%10° 92 60
1.0 84 ND 6.3x 10° 6.0x 10° 95 60
1.2 8.1 ND 45x 10° 44x%10° 97 60
1.5 7.7 ND 43 % 10° 39x10° 90 60

ND: Not detected.

Log viable & spore cells (CFU/mL), pH
Glucose conc. (g/L)
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Fig. 2. Cell growth and spore production by B. polyfermenticus
SCD in 500 mL baffle flask fermentation with KHS medium.
Symbols: - O -; viable cells(CFU/mL), - @ -; spore cells(CFU/mL),
-l -; pH, -A -; glucose concentration(g/L).

T

T 2%+ AR 2% 7IRE ko] AAEgen A9
2o w2 Fo] A9l pH HIE ©42Y AP wiztrt
A2 Z7 A TH(Table 2).

Bacillus® 459 9ol Ex9] 8L wETel A,
G Ag B FrdY #HrE F49 pH, A9E wid
=, 23 Qg Fol oM E e Be AoR
LA JYu®, B Ao olxe FAL Fusls]
slod QlAbYel Fwo wE WHIE AESYY. 2 o=
o1atde] ko] F a3k FAARC] H7| w7 = Jrh,
KHPO,E it oz AME3lglom, Zizhel wjgulA] 2ol
KH,PO,% Tx& gasty 71 ¥ #& HEdd 724
ZHE}t RS 3 AT, KH POt 1%(wiv) 7t &
2e W HW E2FF63x10° CFUML)S Aol
(6.0x 10° CFUML)E YeERIRZL o} EZAHEL 95%= e}
ot olEFAHLS KHPOt 12%2 24EYE W 97%=
71 =AUl 59 GALELFTL 1L0%E 24
R YET 29k7] wiEe HA AE FERE 1.0%E A
A th(Table 3). |92 Aa= QY BEE &
FOZA F4s} olxF 1A olXFPA Lol UAHFHeR F
71 & JYPIT Qikdo] ofxz o] FAJWL ole} 7

do X rfo off
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Fig. 3. pH 7.0-controlled batch fermentaion of B. polyfermenticus
SCD in 5 L jar fermenter with KHS medium.

Symbols: - O -; viable cells(CFU/mL), - @ -; spore cells(CFU/mL),
-l -; pH, - A -; glucose concentration(g/L).

A FA% olF F23% AREA FEFrhs AL B
F= Aozt A

wEbx] B A 2P AAF e B polyfer-
menticus SCD2] BI& ZHESA 7] AW S5 &
HolELE 24T ARE Y 7P e AMEE B
9l MiARAS B a7 HF AYE wixNE AAsAX
KH5 WA 2 Hysigon, 7 24L& thiad 2ok 712 W)
A AP RE TEY 2%+ AR 2%, LYo ZE
FE 5% 123l 4tE-S KHPO, 1%°13t.

WS xoMe| HiRt

E A7 E 53] B. polyfermenticus SCDO thgt FHA o] 4t
A& wiRIel KHS WiAE F3a, Eekaa FRAA Y v
kA &L 500 mL baffle flaskolA B. polyfermenticus SCDE
vjkslel Al Fa<ret BAOIESTE Bl HESITHFE. 2).

AFAL FE 5L FEZA Z)EH wjg 2]
A HjekE 4AAlsle) KHS vl FdTet BAotETE
Bt Fig. 3). AFHOZ 500mL baffle flaskell] TSB
v 9} KH5 HiA|o)M e Aatds Blag A 56 F7HE
S 4 UL, 5 L 2EoNN SIS P 5
vl AAbAgo] g RoZ IRIEAUTKTable 4). 2 E7E
23| B. polyfermenticus SCD] @JolE AJ4hg 93k KHS
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Table 4. Comparison of cell growth and spore production by B. polyfermenticus SCD

Maximum number Maximum number

F % . . . . P
meﬁgﬁggt;?;m Final pH of spore cells of spore cells Spox(*t;la)mon Fennen(t?lt)lon time Sp((;rf;fé:/ducnv)x ty
(CFU/mL) (CFU/mL) ¢ pores/mL/h
TSB medium in 500 s . .
ml baffle flask 79 1710 1210 7 60 20% 10
KHS medium in 500 o o 3
ml baffle flask 84 6.3x10 6.0 10 95 60 1.0 10
KH5 mediumin 5L 10 0 .
jar fermenter 7.0+0.1 32x10 3.0x%x10 94 60 5.0x 10
- - Microbiol. 29: 313-316 (1999)
WX = o] &8-F FxETo s AA L [z Xe]
‘H _] = J gstel wigiee] ¥ X]———o e S QO ZoH, 7. Kailasapathy, K. and Chin, J. Survival and therapeutic potential of
P LRz WY 2AES Es}o:] s =4 probiotic organisms with reference to Lactobacillus acidophilus
F v dA37F Hedoy Az and Bifidobacterium spp. Immunol. Cell Biol. 78: 80-88 (2000).
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AL 5= e ol EPAEL 95%F I 5 L YER
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E71% 1vvm, ZHFEE 450 pm, pH 7.0+ 0.12 250 3
24 ujke AAe 43 A S35 3.3%x 10 CFU/mL
£ H3om A FAoLESFE 3.0x10° CFUMmLS e}
WA, olE B 94%E UERAITE ojdlf ol A4k
£ 5% 10° spores/mL/ho] ST
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