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Abstract

This study was conducted to breed a high vitamin By, producer by the fusion of protoplasts between
Bacillus natto and Bacillus megaterium. Auxotrophic mutants of Bacillus natto SH-34 (thr ™ try rif)
and Bacillus megaterium BK-13 (arg ade lys str") which showed high protease activity and production
of vitamin B, respectively, were isolated for the fusion experiment. Protoplasts were induced by
incubating the cells with lysis solution containing 500 pg/m! lysozyme, and the ratio of protoplast and
regeneration formation were ranged from 99% and 67%, respectively. Fusion frequencies of fusants
between Bacillus natto SH-34 and Bacillus megaterium BK-13 were appeared in the ranges of 1.0X10°°
under the treatment of 30% PEG 6000 containing 3% PVP. The fusant, MNF-72 showed the highest
product yield of 7.85 pg/g-cell vitamin By, in production medium. For the improvement of productivity,
the immobilization of fusants with sodium alginate was carried out. In batch and continuous fermenta-
tion systems, the productivity were determined to be 0.58 pg/mi.hr and 0.80 ug/ml.hr vitamin By, under

optimum condition, respectivity.
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tamin By, AAbF3Q) Bacillus megaterium?}+2} %71
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2 A¥o) AM8% Bacillus nattox 57
(KFCC)E %8 Heopigkon, vitamin By, WAktF4al
Bacillus megaterium 1AM 11662 A2 £73dis &
| A Sod 4ol A Hekurol zhzb 2hAiel 2] (Complete
medium ; CM) o)} At L& 5}o] 2}8&3}¢l 1, vitamin By
Aeka FF2 Lactobacillus leichmannii ATCC 7830
& 2Ry 7AYol A Fokto} vitamin By, inoculum me-
dium(Difco Co.)oll AHBEFEste] Alg-sldch

Hix] % 2

B Algel| 2183 wlz= hAefA(Complete me-
dium : CM), # 4w (Minimum medium : MM) ¢} «
A A el Aol AL S 2HAul =) (Regeneration
complete medium ; RCM), =& vitamin B, A44H8
vl 2] (vitamin B,, producing medium : B,PM) & 7%
wWA1e] AL Table 12 o] ZABke] Ab&3hlch
oz YA AL HY FFEL RCMO0T%
agar) P 7+E golel zA) e Kaneko 59 W'l
w2} A zsle] Ab-gsigict
ZRAEMo EY

Bacillus nattod ol o 2 za]slod chil FajdAd
o] & WolFE Awalr] ¢4ste] CMufA|d HH"H‘L
Foe] ZE &AL Casein-Folin ¥l oe} %35}
sn.

e U AMdFe Fa

Ho| 9(MNNG) M2 E & F A& casamino acid
(free vitamin) 1 mg/m/, nucleic acid mixture 10 pg/m/
= okA] 24 streptomycin 100 pg/mi, rifampicin 50 pg
/mi=E A A7 MM A xlefl 2ubated 30T 4 3~
747} ok L o FAE A S Sherman 9 W
o) wie} ofeFe AT FAWAE e FFE £
ssiek.

EEA e Yoa g

Kaneko 5-28] HPe) w2} 427} 5-ab £ afof2]3]
WolZE 1542 %9k 0.3 Unit/m/2] penicillin-GZ A
218} ok BS(buffer sol'n) = 33| A & st x DS(dilution

Table 1. Composition of media (gram per liter)

Ingredient CM¥ MM RCM" SM?® B, ,RM¢
Bacto-beef extract 3 3
Bacto-peptone 5 5
Soy-peptone 3
Tryptone 17
Sucrose 0.1 0.1
Glucose 25
L.-Monosodium 0.05 0.05
glutamate

NaCl 0.005 0.005 5
K,HPO, 2.5
KH,PO, - 12H,0 0.042 0.042
ngSO4 ° 7H¢O
CoCl, - 6H.,0 10 ppm
Sodium succinate 135
Biotin 0.001 0.001 0.001 0001 0.001
Adenine suifate 20 mg
Tryptophane 20 mg
Arginine-HCI 20 mg
Lysine 30 mg
Threonine 200 mg

pH 7.0 7.0 6.5 7.0 7.3

a) CM: Complete medium
by MM : Minimum medium
¢’ RCM : Regeneration complete medium
d) SM : Supplemented medium
) B,PM : Vitamin By, productive medium

gebslo] Eake] LS(lysis sol' n) 2 9 AAE
Az dadHe] e F a3 98EA 10
mi(1X 10° cells/ml) W& EA| A H441+21(4,000 rpm,
10 min, 4C)3F & #AFg b FS(fusion sol’ n) 2 m/ell
setsla o] 7ol 0.1 M CaCl, % 3% PVP& ¥+ 3}t 30%
PEG 600089 2m/E& 7}ato] 30TelA 3027 532
gkt

501" n) el

2141%-2](4,000 rpm, 10 min, room temp.)
5o FSi 23 AHFY b TUY Solo g ML,
RCM wf =) Abell kA& A& -?%“41 RCM(0.7% agar)

o ggEAL A ] FHAU b 0T Fe)
o4 T~107 WAR Aeke] FAUA B FURT

4o Prsted §FFE Eeshach

ool 1Mt

F4 9] A3+ sodium alginate, x-carrageenan, agar
9 polyacrylamide & T3t wAZ old3iglen,
v s we Ryu 59 uhgi9o] Fatedch. Beaddl 9]
A 2 x| 4=(Viability index, V.I)¥ bead& sodium tripol-
vphosphate £-91(100 mg/m/) el &34 41# Ringer 4ol
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Fig. 1. Schmatic diagram of continuous vitamin B
tube fermentator

1. Air inlet 5. Reactor

2. Bottle with conc-H,SO4 6. CO; Vent

3. Medium reservoir 7. Circulation pump

4. Peristaltic pump 8. Product reservoir

22 34% & methylene blue M2 HFTE
ZAslgow AR GE wiz] F9 feld FA
4 Haematocytometer& o] £3}o] #H&slsic).
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Mol Fste] Algdsigch
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Vitamine B;,2] MAtM HE

Vitamin B, #4b5ol $9% #58 ¥2¥ 4=
Wold Mg sl 2 wWe|Fel o]F wWHelFE
A7 T fee dAdY ¥ FALASE
olg3le] WHE H3lgE W] vitamin B FAFS
Aeslgdel. &, zbzhel feld A 2 zAs
beadE 30T A 12, 24, 36, 72, 964)73F v o}-5
Q415-21(8,000 rpm, 10 min) 2 FFshe] AelAledse
33] AHg £ cell pasteS FH 52 WPV ozt
%238 t}8 Lactobacillus leichmannii ATCC 7830&
A2l AeFsleich

&4 Y

A4 JFHPE7E WA 2ems) F B o] 45
Azl on F4L& F 494 220w/, FALFE F5
#ZF2l 70~80%5 A3 st A3 Axe] #H3E
x| 5}7] Yated 6cm 7+ 2 stainlessy-2 A8k
of £ L 4 5cme AAFARAAL HA

Table 2. Protease activity and stringiness of the muta-
nts of Bacillus natto

Strain Phenotype Stringiness Protease activity
on SM? (unit/ml)

(Parent)

B. natto Wild type + 95
{Mutant)

B natto SH-17  pro-riff + 135
B. natto SH-23  arg-riff + 127
B natto SH-34  thr-try-rif' + 250
B. natto SH-57 leurif’ + 152
B natto SH-72  lys-met-rif’ + 214
B. natto SH-132 arg-lys-rif’ + 197
B. natto SH-173 ade-rif + 114
B. natto SH-304 leu-thr-riff + 207
B. natto SH-461 lys-thr-rif + 174
B. natto SH-712 met-pro-rif’ + 168
B. natto SH-816 arg-leu-riff + 232
B. natto SH-1214 lys-riff + 149
B. natto SH-1272 try-met-rif’ + 191

a) Minium medium containing auxotrophic material

317 Water pump(Haake-Gelman, type 000-5818) 24

¥le 7] £ 52 30CE §A3l9 e, B,PM$ peristaltic
pump(LKB) 2 sltol A1 58] YA ez 984
A HEE Pstelon Fetar|e Al Fig 13 7
o.

dn ¢ ng

Aoy gl HaFe Fa

Wol(MNNG) M2§t #44 ddavdA44s
8}7) gl8}e] casamino acid(free vitamin) 1 mg/m/, nuc-
leic acid mixture 10 pg/m/ ¥ A2 4] streptomycin
100 pg/ml, rifampicin 50 pg/mi& 77 7 MM =
Aol 2o} P83 22 Sherman 59 vpHWdl oz}
odoke 74 9 GAWAFE Hestacth

Table 20 vtehd upe} o) oA ¥ AW
Nz #elgl F3F F Bacillus natto SH-342] 7% SM
2Rl x| A}el} stringinessZ 3 Ad3l3L threonine, trypto-
phane 2} °4°¢}=B_—?-Hs+ rifampicin W#d5-0]u9], protease
activity7t 7P $-4stlom, stringinessE FA3HA
o= Bacillus natto SH-173 2 Bacillus natto SH-12142]
7% protease activity7} @gtz, HAH oz whal ok
274 T 9 stringiness& ARl W= &5F9 pro-
tease activity’} thd e AL Jehiiich

Vitamin By, AAWFF<) Bacillus megaterium 1AM
11662 Wold A& sl Felgh wolF9 d%S8
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Table 3. Vitamin B, production of the mutants of B.
megaterium 1AM 1166

Stringiness Vitamin By,

Strain Phenotype  onSM®  production
(ug/g-cell)
(Parental strain)
B. megaterium 1AM1166  Wild type + 3.95
(mutant)
B. megaterium BK-9  met-try-str' + 4.35
B. megaterium BK-13  arg-ade-lys-str" + 482
B. megaterium BK-55 leu-str* - 4.04
B. megaterium BK-134 pro-lys-str’ - 417
B. megaterium BK-174 met-thr-str' + 4.59
B. megaterium BK-212 ade-str” + 3.98

a) Minimum medium containing auxotrophic material

TAl, kAW A, stringiness @ B ;PMel 4 vitamin By,
A Ab5-g Table 3ol veldl upe} 7Fo] arginine, adenine,
lysined] <3¢k 342 7}Ao streptomycinol| A&
vre}ll = Bacillus megaterium BK-13-& 4.82 ug/g-cell2
74 2kt

w3t SMellA stringiness7t A=A ¢+ Bacillus
megaterium BK-55 R Bacillus megaterium BK-134%]
7% vitamin B9 A4bso] @& AIE Jehldot

HEHA o "o 58

AFAA Y PA3L 93 Ay S8l d e lysozyme,
zymolase, cellulase''®, B-glucuronidase'® % mutase®’
59 AEELs] favl g glew, AHFs
kAo 9le) 4 % sucrose, sorbitol, mannitol, KCl $-0]
dutzo 2 gEm glovt B <A+ Kaneko 59
2] wa} lysozymeS Al-&-ated wWolF Bacillus
natto SH-34 2 Bacillus megaterium BK-13-2 04 M su-
crose7} 2 LSE L AAE FAAFHE o, lysoz-
yme Fxo wE AYAA AL Fig 29} 3Fe] et
ok

Bacillus natto SH-342] 73-% 300 pg/m/ml, Bacillus
megaterium BK-132] 73-$- 500 pg/ml 9] lysozyme 2] 4|
9% o] kel A YAt olg FE Ade
Furuya®, Okanishi’® %9 ¥yl thi9] o]z}
slont oje ol W Apo]2 A Hrh

A A AGAE] D] Axdo] Uy =
v A Lol M Felg kAR AF Bl HEy
A Aell AHG-E= AMESE Qb A9} F7ol aet R Eo
A debAs gk & Aol AR AR A
2% Kaneko 59 W Wel| we} sodium succinated
RCMell #7lstsd& o] dddde] Aol vzl <
g8 FAbsled Fig 3¢ vlehfiglom, 0.5M sodium su-

100}
®
g
-y 75}
]
©
&
-
© 50
3
°
-
]
3
L
° 25
e
1 " 1 1 i
0 100 200 300 400 500
Lysozyme concentration ( pg/ml)

Fig. 2. Effect of lysozyme concentration on the protop-
last formation Bacillus natto SH-34(thr tryrif’) and
Bacillus  megaterium
BK-13(arg~ade"lys rif") were treated in LS at 30T for
30 min.
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Table 4. Fusion frequency between B.natto SH-34 and
B.megaterium BK-13

Table 6. Stringiness and vitamin By, production of fu-
sants

Fusion frequency

Vitamin B); production

Cross (st rif) Strain Stringiness on SM® (ug/g-cell)
B. natto SH-34 30%PFG6000  30%PEG6000 MNF»-25 + 525
(thr-try-rif’) containing 3%PVP* MNEF-72 + 7.85
X MNF-101 - 499
B. megaterium BK-13 1.0x10°¢ 10x10°* MNF-156 + 6.82
(arg~ade"lysstr) MNF-162 + 5.17

a) polyvinylpyrrolydone

Table 5. Fusanmt formation by protoplast between B.
natte SH-34(thr try rif) and B.megaterium BK-13
(arg~ade~str")

Strain Arg Ade Lys Thr Try Str Rif No.of colony
(Parental strain)
BnattoSH34 + + + — — S R» +
B. megaterium - — — + + R S -
K-13 (Fusant)

+ 4 + - - R R 12
- - - + + R R 9
+ + + + + R R 39
- + + - - R R 7
4+ - - + + RR 15
+ + + + - R R 3

a) Sensitive

b) Resistant

el Astehe tha Aolsteitt.

Wo|3 Bacillus natto SH-34 2 Bacillus megaterium

& §EA1917] A3, 8% 31412 30% PEG 6000
+ HE22 AMEEelE de FERSAE d#A 3%
polyvinylpyrrolidone(PVP) & #A7}519l-& wfe] §3nl
%+ Table 49} 7t}

PEG 60008 ¢=o2 ApE4] g3les 1.0X10 °
o8 o Azko|glov} 3% PVPE A7tz 7
s 1.0X107502 o Abssigich ey dAH
22 g3Es) e AteodEd] o) Wo|F9 genetic
marker?] z}olel 7lalgt zio = ALg )

a2l #2% §38F 85FFo) HE genetic mar-
kerE xAMgF A= Table 59 #c). Bacillus natto SH-
342} Bacillus megaterium BK-13712] 34 5 43
AWA A zgho] Yot 7L 395 o, oA 465+

%9 o] 39| phenotyped 71X AV Bbx g
Azgo] dofrd RoE H<lch

g8 F3Alol 21&) stringiness % vitamin B2 A

e ARZ A3 Table 63 Zow, vitamin By

a) Minimum medium containing auxotrophic material
b) Fusant between Bacillus natto SH-34(thr ™ try " rif") and
Bacillus megaterium BK-13(arg™ade” lysstr)

Table 7. Vitamin B;; production of whole cells immobi-
lized in various matrices

Wet cell Concentration of matrix  Production on
(g) for immobilization(%) whole cells(ug/g)
0.5 Sodium alginate 2.5 8.2
0.5 Polyacrylaimde 70 5.9
0.5 Agar 15 6.3
0.5 k-Carrageenan 25 7.7

Ay ikdel 4 § ‘@—’F MNF-25, MNF-72, MNF-101,

MNF-162&8 A E" stelal o] ZF, MNF-727} 7.85 ug/g-
cell?] vitamin B2 E’&E}“l 71 3t 5= o
1237 e=0

A2l N8|

TAE 1A = qle A9 AHE 93k polya-
crylamide, agar, x-carrageenan % sodium alginateol|
vitamin By, A4bse] Hoid §§5< MNF-728 23
3117} beadE B,PMel} &l 20: 19 v]&E 500 m/
Arzbageb s A6l A 30T, 24217t Aledujelkdt ok A S
FZsto] vitamin BpE &3’ A= Table 73} 3ok
25% sodium alginate® A 3}sle] vitamin B} A
e 24 A 82ug/gcelld) & FEE 22
u}al polyacrylamide 2 agerell 2}% A3} gl M
vitamin Bj,@) AAteFe] Fgrov} k-carrageenan®] 7§
sodium alginate®} & 2o} M2 ¢it}. ol L-glutamic
acid A Atell 9lo} T A3 A k-carrageenan®] so-
dium alginate Bt} $-8lgicte Ba® el zjolr} 9l
AT & Aol M LA 2HA) 45T o)A cell pa-
ste?} £330 24 whole cell®] &4 st} Ald-F2
Z7}oll o3l vitamin B2 AAte] word Aoz Az
L=

Vitamin B;,2| MAtM HE
Vitamin B,, A4tAde] #old $35 MNF-72& °]
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Slel A 3|EAS] g T2A17hel] M ER T 096014
0942 sl on) A5 HEe AL 9641774
bead] #&A+ ¢ feld FAs 095 H 1xX10°
cells/m/ 2 viepytc}

o)e} & ZA3}E= Yongsmith 2 Chutima'® 7} Propio-
nibactertum arl AKU 1251& sodium alginate 2 14 3}
3lo] batch4] W& & 8-S o 0.33 ug/ml.hre] vitamin
Big 9958 2y Axpyc} wolF Bacillus natto
SH-34%} Bacillus megaterium BK-132] F&F<
MNF-72& o] &3 A4 waesd % ¥ 788
& 4 Uik
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Vitamin B9} A& F0|7] 43t Bacillus na-
ttos} vitamin By, AATFZE 42iA Bacillus megate-
rium 1AM 1166 #5-7+e] E7% {&lzl;‘q] +3e Ax
stoich el Xejol o #AJo] 3t genetic
marker 24 thr try rif'¢l Bacillus natto SH-34 %
arg "ade " lys “str'®] genetic marker& 7}% Bacillus me-
gaterium BK-13-¢ Balslodc) 48AA & sty
#ste] 500 ug/mi lysozyme A4l LFAA HXEH
AEEE 9% 2 67%F Feblisict. wielF Bacillus
natto SH-34 2 Bacillus megaterium BK-137tel] 1.0X
1077 Jebdidcel. §3F MNF-72+ vitamin By, A
AHE- iAol A 7.85 pg/mie] F& A4S e
), §3%5F MNF-72% sodium alginate2 1235 &}
EA 9 dga Ha g Pulds o 72417kl 0.58
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