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Abstract

This study was designed to breed a high vitamin Be produced by fusants which fused
the protoplast between Bacillus naffo and Bacillus megaterivm.

A bacterial stcain SH—389 was izolated from Chungkookjang and showed a high activity
of protease and stringiness.,

The morphological and physiological properties of strain SH—8% on various media were
carried out according lo Bergey's manual of Systematic Bacteriology and Manual for the
[dentiflication of medical hacteria.

The strain SH=—38% was named as Hacifes natfo SH—89,

To increase the high activity of strains, Bacillus natto SH—89 and Bacillus megaterium
IAM 1166 were mutated and were isolated with pencillin—screening method of 300ug/m
and 400pg/mi N —Methyl—N' = nitro— N = nitrosoguanidine.
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Mutation of Baciflus natte SH—89 and Bacillus Megaterium [AM 1166 showed ratio of
7T2% and 68%, which enhanced about 30% by penicillin screening method.

Auxotrophic mutants of Bacillus natto SH—89=34 (thr—try—rif") and Bacillus megate-
rivr BE—13 (arg—ade—lys—ste’) were isolated among mutants,

Protoplast were induced by being incubated with 500pg/mé lysozyme of lysis solution and
the ratio of protoplast formation and regeneration were ranging from 99% and 67%, res-
pectively.

Fusion frequencies of fusants between Baeillug natto SH—B9—34 and Bacillus megate-
rivm BK =13 showed in the ranges of 1.0 x 10°% under the treatment of 30% PEG 6000
containing 3% PVE

The fusant, MNF—T72 showed the highest productivity of 7.85pg/g—cell vitamin Baz in
the production medium.

The immobilization system of sodium alginate showed the hightest productivity that ba-
tch and continuous fermentor system were produced the 0.58ug/m? + hr and 0.80pg/nf - hr
vitamin Biz under optimum condition.
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Vitamin B8 SISEEESH: REWEE Corynebscterium, Actinobacter, Streptomyces,
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Norcardia, Achromobacter, Propionibacter, Pseudomonas % Bacillus® W& v]4Eo] MR
#a gl dog gaid ggu

1852'd Demain®] Pseodomanas denftriffcrns® vitamin Bio@ EWMGHO R SFF 87 A2
A4 WnE 19683 Demain F5¢ § F5Y $RUAAS Smg/mis] betain®} 4op/nl]
choline & ENT T3 20ug/mes] vitamin B H3481H&& 2xstHan, Marwha §%'&
Propionibacteriom Shermanie] Wi =lel] 005% glutamatest 05% betaind W7o g 5
43ug/nl —medium®] vitamin Br7} MRS HSE @& o 2l

T Kojima $'7'¢& Arthrobacter tumescens® '$Huf 2o MEHFO L Ethyl alcohol 5
ey 370pg/mé2) WES P IAFHE Yongsmithsh Apiraktivongse™ 2 P freudenreichiis
i MRS Wb gl )e]s 4000pg € 2] vitamin BeE Wersi2o), Yongsmithst
Chutima™ = PropionibacteriumAKU 1251F sodium alginate® EISEELE &) batchs]
HpFE dalg ol 1670 ¢ & Waslegd Moty

#H 19749 Kao®™'ef 28] polyethyleneglyeol (PEG) 2 +8§ % @4 #ofo] 3 o]f
o 4ESFY PEez H¥EM $¥e] di olisa flend® YYANEELE T
WY Eoldel RAREA & EoAAGE TTY 3T WAHE oAE HEhEaR,
HYAA7T AGNER P&k FHER 2E TH4 HAS ¢+ 9™,

ol B HFE Bacillus natto B Bacillus megateriom?ts] 33400 21 clE 3 9
ot i o) dRpYo] 822 vitamin B0 2] MRE A =StHE e 4498 HENe
o, A4 g A vEEUE SR

. #¥ 2 H&E

1. ik

2 kel (FAT strain SH— 89 il Y5314 #82 vitamin Bz E42FY
Bacillus megaterium 1AM 11665 B $LE R M4t FRAT M 3ol gaieg=)
{Complete medium : CM) ol AR Eape] AREEE LD, vitamin B FTE dFE2H Lac
tobaciffus leichmannd ATCC TE302 S PR H{loqs] STl vitamin Bz inoculum medium
{Difco Co.)of @Y MWiFele] A28 ch

4 strain SH-89 ¥ Bacillus megaterium 1AM 11662] ##5R4 SR 3 @heg
28 2 BEEle Table 14 Jehgsicg,
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2. Wik W

B Okehe] @A uale st (Complete medium i CM), Hedof=)(Minimum me-
dium ; MM) S IERERY FEdA A 49883104 (Regeneration complete me-
dium : RCM), protease 4A4+E5 2] 849 2{Selected medium : STM) & AHE8iEan, &=

LS
Table 1. List of strains used
Strain Phenotype Source
Strain SH—89 Wild type
B megsterium [AM 1166 Wild type
Lactobacillus feichm =
Wi
annii ATCC 7830 g
Strain SH—89—34 thrtry il Strain SH—89
B. megaterium BK—13 arg " ade " str? B. megaterium [AM 1166
MNF*—T72 thr™try~arg " ade”
fusant
lys~riff—strt =

*MNF—72 is fusant between strain SH—B0—34 and B. megaterium BK— 13

vitamin Byz 484454 = vitamin Bz producing medium : BPM)F ZHeu] =) 8] #HiE# Table
25l o] EMEte AHREEY o2ln gy HEE Y FSERCM0TE agar)2
Kaneko59) HgEe| mgko o] protoplast fusionsl] 4188 7% igEEs] @Me Table 37
ek

1 ¥R

¥ A9 ALE-§ penicillin—G, streptomycin, rifampicin, casamine acid, nucleic acid mix-
ture, vitamin Bzt Sigma Co, WEE, N—Methyl— N'—nitro—N— nitrosoguanidine
(MNNG)&= Aldrich Co.Polyethyleneglycol S000(PEG 6000)# polyvinylpyrrelydone(PVE}
= Wake Colysozyme® Boehringer Mannheim Co.2| B&E AHEStHon] W2F vitamin
Baz % &84 2} vitamin Biz inoculum medium) & vitamin B MM #1=|(vitamin Biy assay
medium) £ Difco Cod&& AHE3HRh

aRs g2 AEE sodium alginate®} Agart Junsei Co.polyacrylamide® Bio—Rad
Cox—carrageenans Sigma Co. B8 AHR39a, 7lefolu]iedl, BRI B AlofEE S
A gl e FRae Welasd AHREHch
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Table 2, Composition of media {gram per liter)

Ingredient CM MM RCM SM STM  Bi:PM
Bacto - beel extract 3 3
Bacto - peptan b 5
Soy - peptone 3
Yeast extract 0.05
Casein
Tryplone 17
Sucrose 01 01
Grlucoss 1
L—Monosadiuvmglutamate 0056 0.05
NaCl 0.005 0.005 5
HzHPﬂ{ 0l L
KHaPOy * 12Ha0 0042 0.042
Mgsoy * THa0 0.02
Callg + 6Ha0) 10ppm
Sedium succinate 135
Biotin Quo01 (L0071 0001 00 0.001 DO
Adenine sulfate Amg
Tryptophane Pt ]
Argimine * HCI Ny 5
Lysine Jihmg
Threonine 200mg

pH 70 7.0 65 7.0 70 73

CM : Complete medium, MM : minimum medium, RCM : Regeneration complete me-
dium, SM 3 Supplemented medium, STD ! Selected Medium, ByjoPM : Vitamin Byo
productive medijum,
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Table 3. Composition of various solutian

Saolution Composition

Buffer solution (BS} QL05M Tris— malate buffer{pH 7.0)

Lysis solution {LS) BS supplemented with 04M sucrose,
0.0IM MgSOy + THgO and 1,000u/né
lysozyme

Dilution solution (DS) Lysis solution excluded lysozyme

Fusion solution (FS) BS(pH 65) supplemented with 04M
sucrose, 001M MgSOy - THoO and 50mdM
EDTA

4, Protease EMED] oM

Wil ASAE RAS) M SWARAE 100 - 1055 Bt protease ‘CEEN
B W3 (Selected medium : STM) o BEEINE o w2248 casein® WMo clear
sone® 9% wlony ¥ diameter?t 71 2 colony® @EaHeic

5. srREmEe] M

SriiEEe] FEE Bk B MES, Bergey's manual of Systemstic Bacteriology™ 3
Manual for the identification of medical bacteria™ 58] YUukizf YWl ma} 44 #Hec)

6. BEFEEH:S ME

BERIEIE & Casein—Folin'fi™e] =t} MEsiaicl &, = f49o g CMAEREW A4
0T, 24A WS EOEY L3R 1nfs) 06% Hammastein casein 2nfE 40T
ol 3083t FEE A7 & 04M Trichloroacetic acid SMPE RS A1A]Al7] obs
Bl oje] 1méel 0.4M Sodium cabonate 5mé 5! Folin phencl reagent Imf2 35T
of A 3027t WS Al# 620nmollA NS MEsYon B4Co)= 2 i 1mi7}
L& 1pgell HEEHS tyrosine& LA BEAE 1 Unit= #5ict
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7. BfE% 2] vitamin Busl i

FHZd SHE vitamin Bieo] MEE HE Fo) HiEMe Sl Estaitl &, vitamin
By AL 8wl Z(BuPMIdlA Dol FAF SmEtte] M2 4EsE 23 Wikt oF 02M =
A (pH45) Sulsh KON(0Gng/nd) 02008 75D Wol 248 40nl &ef 100C A4
T wanEEE g A

aj7|e] 10% metaphosphate 03ndg 78had 0T o4 153 Holitdl o8 HHE S0ed=
#5ich o2 $149%2)(15000rpm, Smin, 0T, Beckman No, J2—21)3e] 4F4E SRS
A=d 20nie Eel IN-NaOHE pH 60°] §4 24 o+ 298 Wt FEo vita-
min BB sl $yoa 35 20§ IN-NaOHE pH 11-128 373 120C
A4 087 sutoclavesdH it b8 pH 602 R 8)o] AP 40wl WEFH vita-
min B A blank® (EE3AEes, vimmin B2 ¥ AT BEEE Fig.1d uhel
H5ich

WORKING CURVE C=K#ABS+E  K=00885 B==00022
+1.200 T

0200
Ca, D)

+ 0004

ol COMC. QL0200 DIV 0,1 0040

Fig. 1 The calibration curve for the determination of vitamin Byg
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B. WftEke] ST RS

CME A A M cfFEH7] 27101 100ells/md} 742 o34 B 20088 8.000rpme 4
7 galEedte BEY o & BSE 28] q¥sian Faks] MNNG(LO0ug/rE) &2
30C o+ 30237 @R o8 BSE 39 N3 FERE B MMAE® A 6
AzHeel N—starvation® A7 oHE penicillin—G #RE(600pg/eé 2 2 30T of4 243HE
AR REE Peec

9. #HFERNE ¥ EAREE] 20

o] JIMNNG) M &2} penicillin—GR 3§ BHS casamino acid{free vitamin) 1mg/mé,
nucleic acid mixture 10pg/m! % W24 streptomycin 100pg/ed, rifampicin S0ug/me =] |
G MMD A A]e] Euhsia] 30T ol 3-TUTE vl EHE o 2YE colonyd Sher-
man’F8] el ofa} EREERE AAdE e BEE TEEEc

10. MEVERS] FERT e

Kaneko$2] w182 ole} 44) 2050 £ o 3k4)7] SREES 15459 0.3 Unit/né=] pe-
nicillin—GE AP ohf BSE 33 A& DS Heieie] Fis] LSE MEHRES ¥4
Ao REEEY BSe T o0 FEEEE 10ni(] ¥ 100cells/mé) #H-E HEAH HYEe]
(4,000rpm, 10min, 4C)8 & WM & FS 2micl HE#n o 7]s] 0IM CaCl: 3 3%
PVPE &3t 30% PEG 600084 20méE 7idle] 30T =14 3087 Bad e

11. ReEERs SR

U & Q48 (4,000rpm. 10min, room temp. }Ee] FSE 28 3@ of FU#
ez #4481z RCMH=H BHE ¥4 T8 RCM0.7%agar) ot MEENS o
Edsta] 847 o 30T g7l 7100 EKsie] 8495 colonys] HEATHE
witsle] §9ETE ¥elsiac

12, Eie] EEk

CMelA] cl =347 22172 B Wedf $4%8(8000rpm, Smin) st HEH
thé BSEA 33 Mgk o BEREike] AHESETE &, 169 2 cell pastes}h 25% sodium
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alginate 500mfE EY+1# 19—26 gauge F4bHEd F4 0OM CaCLE9§ Wol=d @EE
feMdes 2H8HE beadis 0.025M CaCl EFEl AAGH 4T A 1243 MEAH &
fedhe] Algegc)

Beadul =) FeiRE(Viability index, V.I)&= bead® sodium tripolyphosphate -§9({100mg/
mi)ol FeiA1# Ringer Sd2o8 4§ o methylene blue BEiEo 2 SHWEEF S48
fow Aibgse] of AFY free cell £ Haematocytometer® |88l A&,

13. Vitamine Bu2] S#H B

Vitamin Bz 4Hg0] 354 (S8 8T 3038 woldl 32F #ala g BREY
ol ¥HolFF St BREEE free cell U1 = T mYAE o)L 5] RE PN
£28] vitamin Biz $3FE A Ak F 24212 free cell ¥ DA} beadE 30T 14 12,
24, 36, 73, 964 HEFE oS A EHA0Mrpm, 10min) E EEHHY salined L2 38
A8 o] eoll paste® HE w9 HHo w2l Lactobaciilus leichmannii ATCC 78308
& 3 3slsEci{Fig 2)

14 s Sy e

A%y AYPRlE Y 2] FelEHE ol WiFAon] WIEE & 24 220,
TEETS T WS T0-80%E e YT BET PEs] St b WH2
= stainlessPf HESEC £¥% DEe] RVARAA(YA Som)E QAL Water
pump (Haake — Gelman, type 000—5618) 2 &7 25§ 30T & @F#3 2 BaPME per-
istaltic pump(LKB)2 stebol My B YB$ ilkos pedNd WS deigen ud
WE?| 4 Ele Fig 3% #c
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Preparation of test culture Preparation of vitamin Bjs standard solution

Vitamin Bpginoculum broth Vilamin Bypassay medium “Difco” i 2.5mé
“Difea” i Smé
= Lactobacillus leich— =—Vitamin By standard stock solution
mannii ATCC 7330 or sample solution : 25af

(vitamin By 0—0.lng}

P‘re-[i:':l:uh:m{al 37T for 19hr)
Washed with saline solution Sterilize(at 121T for Smin)
Ditution( € T=8§3)

Take' up 0.05mé Vitamin Byo standard solution i S5mé

Mixing —1
Incubate(at 37C for 17hr)

Optical density(at G6Dnm )

Fig. 2. Procedure of vitamin Byp microbiological assay for conditioning



Fig. 3. Schematic disgram of continuous vitamin Bys fermentation.

1. Adr inbet 5. Reactor

2. Battle with conc—Hs50y 6. COgVent

3. Medium resersvoir 7. Circulation pump

4. Peristaltic pump B. Product reservoir
. #% % =%

L protease ‘EEEES SR

il AF4E RASe EEdeld gl H4stn STM(Selected medium)f| =W5H
&9 casein §#FEe] $4¢ T8 607 Biele] Fig 4 8 @] STM(Selected medium)
el WEF colony?] diameter2% protease activity?h 71 S8 50 SH-08 HF
ol 1L A
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2 oREmEes] EE

YRAAS 2208 SH-30E 7] £F, FUE 98] Hoie o GGy B4E 25
BHRE Table 459 JEh)Tic)

FHH SH—89¢] Y%A RAL Gram Y49 544 710 VRLBM colls) B
el 08pm 3 3um o|0] Gram @4 A] spores] WIS ellipsoidal 2 4] Bergey's manuale]]
uh2t Bacillus subtiliso] S8l 2o g $1992 v, spores) $14)o 9o Bacillus subrilisss
central 1| W8] 5REFE SH—897 %< M+ terminal® Yeligion (Fig 5),

Fig- 4. Comparision of clear zone of strains

producing protease on STM(Selected medium)
A i Strain SH—89
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Table 4. Comparision of major morphological characteristics of strain SH -89 and Bacilfus
subtilis as reference

Facter SH—89 Bacillus subtilis
Gram staining positive positive
Shape of cell Rod Fod
Width of cell(pm J (L8 0.7—08
Length of cell(pm ) 3 2-3
Spore shape Ellipsoidal Ellipsoidal
Spore position Terminal Central
Motility Active Active

Fig 5. Photograph of strain SH -89 isolatated (x1000)
Bar indicates Jum
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T2l SRR SH—-89 MiEE Hara ¥ Ueda?®) sucrose— glutamatet] 21 ol 4 stringiness®
HAsle AU 33 2lE Fo= Wol Bacillus® 3 Bacillus nattod 2] HBT #2 stri-
nginess Hdqte &8s =9 SH-89c 423, P84 544 o Bacillus subtilise}
w@el D-xylose E#%e] glew, Biotind 8784 F9 apo]F Jehdiiesa(Table
5), M2 2 Bacillus natto® FEE ] Bacillus natto SH—8392 drfEtalek

BN Bacillus natto SH—89(A, x5,000) ¥ Bacillus megateriuvm IAM 1166(B, x3,000) &
Hado| 2 Aded M2 €| Fig 60 vehfidles, o #52 2F tde g Jehdd,

3. AR i R

S+#k#E: Bacilius natto SH—89 % vitamine BipEEEERE 9212 Bacillus megaterium TAM
116622 3353 22 2 protoplast fusion =1 ¢]4-% genetic marker@® 7] 88 713t
i) olisa gle FHE Wo]ge] N—Methyl—N'—nitro— N — nitrosoguanidine{ MNNG)
& zhzts| EEke] HFFE S00pg/miE 3T incubatorslM 30ET Mejsigicl Held Melx
30T oA 37T wicka] vl (CM)

.
F0kU__ A3000 #0652 10 Ou DONGA

LA LE-N

Fig. 6. Scanning electron microphotograph of Bacillus natte SH—89 and BRacilles megare-
ruvm [AM 1166

A i Bacillus matto SH—89 (x6,000)
B : Bacillus megaterium [AM 1166 (x3,000)
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Table 5. Comparision of physiclogical and biochemical characteristics of strain SH—80 and
Bacillus subtilis as reference

Facter SH—&9 Bacillus subtilis
Utilization of citrate positive positive
Dhiamination of phenylamine negative negative
Mitrate reduced to nifrate positive positive
Formation of indole negative negative
Urease reaction L &
Hydrolysis of casein positive positive
gelatin & &
starch = *

Acd from D— glucose positive positive
L —arabinose & &
D—xylose negative &
[ — manitol positive L]

Growth 4;r pH 6.8, nutrient broth positive positive
pH 5.7, nutnent broth O L3

Growth in NaCl 7% positive positive
10% negative ND*

Growth at 5C negative negative
10t % ' bl

0T positive positive
40C - &

s0C & d

55C negative negative

Biotin require positive &

MD* i no data available
d** : 11—89% of strains are positive
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e EWtht Bikkh (MM)ole £W&7] e 78 BRKS Posise™ Bacilius
natte SH— 38921 A% 300pg/mé, Bacillus megaterium TAM 11662] 39 400ug/a=] MNNG
Hel2 3338w e WAME B AWRE Jshidd(Fig 7).

P BREE Eo]7| il Lederbergs2l "HYe] el Penicillin—G 28 salslcd

R 5L ALHAMMIANM penidllin=l 2] 2 18] S¢wa]fk resting cell2 &
Aapzink FH 8= parental cell® HRMME] HAL|e] Yo Wk BEE =os
Atk ol ol BRES w0]7) 5] Hag penicillin— G2) FE= Fig 87 €25 Baci
flus natto SH—892] 7% 300pg/mt, Bacillue megaterium IAM 11669 Z-R 400ugmie] pe-
nicilling Aoz BRRS $0%MA LR AQ  22ed ol Brevibacterium fla-
vam® Corynebacterium glutamicum® 2 penicillin 52 #d /952 ERsh faE 7
& e
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4, E¥EEHE U ENEtke o8
Wo| HIMNNG) &% penicillin— G2 F5% Mis) 934U & =287 A% -

gaming acid

100 il

80
&
FEOb
=
qﬂl.'.'l-
:

{Fp)

z,l}-

i 1 A 1 1 I
0 100 200 300 400 500 600 100 200 300 400 2S00 604

Conpentration af MNMNG {pg/el]

Fig. 7. Effect of MNNG concentralion on the survival and mutation ratio by Baclles nalto
SH—-89 (A) and Bacllus megaterium [AM 1166 (B)

1 % sunvival ratio
88 & mnutation ratio
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B0 F

Mustaniion rate (3]

f & 4 ik

o] 100 N0 300 400 500

Corcantration of penicilin (pg/mf}
Fig 8. Effect of penicillin treatment on the mutation

{O————) : Bacillus natto SH—89
—8 . Facillvs megeterniom [AM 1166

{free vitamin) 1mg/mé, pudeic acid mixture 10pg/me, rifampicin 50pg/ml & ZH2h #7p
MM guzs] £H# colonyE ShermanFe] o] wal HRWELE 3 FREHEER
G¢1¥l #5¢ Bacillus natto SH—B9—342] 7§ SMa A=l siringiness® 4850
threonine, tryptophane®] SRS rifampicinifl 45014, 2500 Unit/mé2 #11 protease
activity7} 2t Y44 stringiness& 94813 8 Bacillus natto SH—89—173 % Bacillus
natto SH—B9—1214%] 4 protease activity”t whehev] o SRERM 752 protease
activity”} Haj¥oe S HES el
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Vitammin Bz $E@NT! Bacillus megaterium 1AM 11668 wHelflMelE ¥sia] SpEd
s ERERT PN stringiness ¥ BuPM4 vitamin Bu{H52 Table 74
Bl sle} o] arginine, adenine, lysine®] #ME-ERE 2o sireptomycined] RS U

EhlE Bacillus megaterium BK— 138 482ugig—cell2 714 $patgich
=7 SMell M stringiness?t 452 8% Bacil—

Tahle 6. Protense activity and stringiness of the mutants of Baedles matto SH=89 isols-

ted
Strain Phenotype Stringiness Protesse activ—
on SM* ity{ Unit/mf)

{parent)
B. natto SH—89 Wild type + 950

{ mutant)
B. natto SH—80~-17 pro il + 1350
B. nstto SH—89—23 arg  nff + 1270
‘B. patto SH—B9—34 thr " try ™ rif’ + 2500
8. natte SH—89—57 lew ™ riff + 1520
B. notto SH=89-72 Iys ~ met ~ rif® + 2140
B. natro SH—89—132 arg” lys™ rill - 1970
B natto SH—B9—1T3 ade ™ rif* = 1140
B. natto SH—B9—304 lew™ the ™ ril® + 2070
B. natto SH—B9—461 lys ™ try " rilf + 1740
B. natto SH—B9-712 met” pro” nff + 2
B. natto SH—B9—E1B arg” len” rift + 2330
B.nafto SH—89-1214 lys™ rif® = 1450
B.natto SH—89-1272  try  met ™ il i 1910

*SM is minimum mediuom containing auxotrophic material
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Table 7. Vitamin Bys prdoductivity of the mutants of B.megaterium 1AM 1166

Strain Phenotype Stringiness  Vitamin By productivity
on SM* Cuglg—eell)
(parental strain)
B. megaterium IAM 1166 Wild type + 395
( mutant)

B.megaterium BK—9  met™ try ™ st + 435
B.megaterium BK=13  arg ade™ lys~ strl = 4.35
B. megaterium BK=55  len ™ stif = 4.0
B.megaterium BK—134  pro~ lys ~strf - 417
B. mejaterivm BK—174 met™ thr™ str’ + 4.59
B. mejaterfum BK—212  ade ™ strf o 398

*SM 5 Minimum medium containing awcotrophic material

its megaterium BK—55 ¥ Bacillus megaterium BK=134%] 3% vitamin B8] {50
ohi whE S Jepdic

5 FMRHMNe BRd e

AEay Y495 5% Wi fHELe lysozyme, zymolase, cellulase™, P—glucuroni-
dease™ 9 mutase™ F2] lytic enzyme®] AREEHojAR glow asmotic stabilizers] Slel4 =
sucroze, sorbitol, mannitol, KCIFo] dvtdez s ¢od & A3E Kaneko 2
dhfiiol mpEl @RS Bacillus natto SH—89—-3M ¥ Bacillus megaterium BK— 13§ 04M
sucrose”’t SHWE LSE protoplast® A%E 9, lysozyme F=] 12 protoplast HHE
Fig. o4 Jepysic

Bacillus natto SH—89—342] A5 300pg/mf, Bacillus megateriumBEK—1320 35 500pp/
ofg] lysozyme # 2|4l 00% o448 protoplast?t FEEEE Gich webs e)siEde Fabe Furuya
B Okanishi®§2 B3she cfis] de)zh glov o] 3 & 3Heo]2 ApmEh

Juayg = Flhintuss 2ol fEde] Ui B | Lyey fajg TES 4

H—-Iﬂ'gl
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Formation of protoplast (350

i i i 1 i

i} 100 200 040 400 B0
Lysozyme concentration {ug/ef)

Fig. 8. Effect of lysogyme concentration on the protoplast formation
Baciflus natto SH—89—34(Thr—Try Rifand Bacillus megaterium BK—13{Arg"
Ade " Lys~Str*) were treated in LS at 30T for 30min

O i Bacillus natto SH—B9—34
—8 : Becilus megaleniun BE— 14

o2 qEH 48 AbEEE osmotic stabilizers] 2R+ w2 FERe] 2 FERET AU
5 Ekel] (BES csmotic stabilizer2¥E Kaneko ¥ wEMe] i} sodium succinated
RCMed el el f¥dss Mo vale J48 FMEEsiaec(Fig 10) 0.5M s
dinm succinate® ®7HELE 07% agar® 4499 RCMoR PR819E 9 Bacillus natteSH—
BY—341= 67%, Bacillus megateriumBK— 132 65% = 7y &2 MERL =, o=



osmotic stabilizer=) % %ol o] Akamatsu 5% Kaneko 592 Basle githt & 5
W ool e BR8] RSl dd YelEsid

6. Btirbes] 8

WREE Baciflus narto SH-88-34 ¥ Hacillus megwterivm BK=132 Ba&Al9)7] 94,
#dE A4l 0% PEG 60008 @562 Al s o #8432 de2 3% polyvin-
yipyrrolidone(PYP) & H7t &-5&=s] 890 5% Table a3} o}

PEG 6000 ©5o2 AMEA TYIEE LOX10622 2& Ago|gien} 3% PVPE
FmTezd FUNEE 1.0X10772 2 ot Aaalglc ae Hlso e FHuleqd G
HEl A ol BHR

100

8O

a0+

Regeneration ratol %)

20

e ¥ i 1 L i i
o 0.2 0.3 04 0.6 0.6

Concantraten of Ma—suecinated M)

Fig. 10. Effect of Na—Succinate concentration on the regeneration
O i Baeillug natto SH—-89—-34
®—@® : Bacillus megaterivm BEK—13
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Table 8. Fusion frequency between B natte SH—B9—34 and B megateriumBK—13

Cross Fusion frequency
(strerilv)
B.natto SH—89—34 With 30% PEGS000 With 30% PEG&000
Cthr=try ~rif" +3%PVP*
X
B.megaterium BEK—13 . -
(argade~lys™str") i B 1510

* Polyvinylpyrrolydans

8 genetic marker2] #jolof 7|14k Fog AlEEc

a3 SR MeEE 85T Tl OIE genetic marker® FEF HRE Table 09 Yoh B
cillus natte SH—B9—34%} Bacillus megaterivm BK—13713] BT g4 44 =z
fel delid A& 9F9ed, vria 463 UFFY o= #92 phenotyped 712}
H8UE A2gle] Yol om wcl ofsige] ¥k A=Yt Bo] vehie Aa
U AZPN S G2 E5k ERTERERES] A9 04y A dE Bl wde e
Mol <)ol He g HrhEc),

T FHA 2% stringiness W viamin BEe] 4444 PES #EBE Table 109 T
oo, Viamin BEgd4bgo] £+ @a&H MNF-25 MNF-72, MNF-101, MNF—1623
WEstl olF MNF-7271 7.85ug/g—cell®] vitamin BUE £iEsie] 713 949 BEit=
i)

7. MR EE

mitE EELY & 2 g9ie 438 #ete] polyacrylamide, agar, x—carrageenan
sodium alginateoll vitamin B24&E] Fold MEHY MNF-728 @@L bead#
BuPMol of# 20 19 (k32 Soomd gutEelezds 30, 2447 9eoke o8 wm
F 88 vitamin BB WES FATH= Table 118 P}
25% sodium alginate® TY8Eb] vitamin Biog] A83g 299 BE 82up/g—celld] ¥
2 iR 22 Y& polyacrylamide 3 agars| 29t BEL @M Mt vitamin Bu2l 4
Hel Soy k—carrageenan®] F9- sodium alginatest 2 Alo|PE g} ole L-
glutamic acidd-3e] slo] MR EELEA «—carrageenanc| sodivm alginate .th $-5=3hH
CHe M oWl dlelrl gloixv E EEdME @Rk A 450 8] 25994 cell pastes)
REYLEZM whole cell®] 84 =els} pgFpal S7le] 28 vitamin B 4H4o] el
Hom Yy

= 8y =



Table 8, Fusant formation by protoplast between Baatto SH—E8—=34(thr~try " rif*) and B
megaterium BE=13 (arg~ade " lys~st)

Strain Arg Ade Lys Thr Try Str Rif  Noof colony

{parental strain)

B. natto SH=89-34 + #: + = = 3 E =

B megaterivm BE - 13 = — + & R 5 =
{ fusnat)

+ <+ += - e R B 12

- - - + + R 4 9

+ + + 4+ 4+ R R 39

- + 4 = sl R E T

+ = - + + R R 15

+ + + + = R R a3

R * Resistant, § 7 Sensitive

Table 10. Stringiness and vitamin Byy productivity of fusants

Strain Stringinesa on SM*% Vit Byz productivity
(/g —cell)

MNF*—25 + 5325

MNF—T72 + TA5

MNF- 101 = 499

MNF - 156 i 6,82

MNF-162 g 517

*Fusant between B.natte SH— 89— 34{thr~try~ril") and B. megaterium BK=13{arg~ade
~lys™ ste’)
**Minimum medium containing auxstrophic material
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8. Vitamin B8] FfEH:

Vieamin Br#4hde] #Hold BABMNF—728 o8-8 free cells¥sl 3 HMEELE
ol §#te] batch4]d} AHAWaEe] WENS HEY W3k Fig 113 2o
Free cells®] 3§, 33 oAt 8417128 Vet e colits) WA Ao o

vitamin

Table 11. Vitamin By production of whele cells immobilized in various matrices

Concentration of matrix (%) Production on
for immobilization whote cells{pg/g)
Sodium alginate 25 B2
Polyacrylamide 7.0 59
Agar 15 6.3
k— Carrageenan a5 7

B4t &8 @i, BEL F92% batchd WM AR 724U oF2E free
cells® o] Hazog pibst: Atoldled ol beadds) £Es 2 M3 T
Ao g Hdog AL

oy pugETd o@ A4 CAE batchd] Rt vitamin Bu4bAdo] sojiden, 72
A7t ] 9EA] 0B0ug/mE - hrd) W& &8 JEh o

=7 free cells®] 735 BRAFAITRE] FATle] wel didgel F&59 Thsle He G
B Ate] Ao o YA e s gddtte 49U 2230 beadt2] HEASF R WY
#49 free cells o1 31014 patch42] AF 724170 P&APE 09644 0042 Fdaba
oul |44 HEY AL w6ATNA bead | FEAF B free cellsTE 095 1 10Fce-
lgfml 2 vhedded,

ol o #EHE Yongsmith ¥ Chutima™?t Propionibacterivmarl AKU 12518 sodium
alginate® N5 She batchs| FEFE WEEF o 033pg/mé - hr2| vitamin BpdE YNEF
2% ERRcl WolR Bacillus nartoSH—89—34% Bacillus megaterium BK—13% B&
B MNF—728 o/ 8% K 4¥aed I8 52 &85 9§ + o

- BE -
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v.E )

Vitamin Bp®l £E1%E8 £°)7] st ¥ 3EE SH-89% vitamin Bn SES®
B= 9213 Bacillus megaterium IAM 1166 T5-743] protoplast fusion® @55}

Aol M Eeldh 25 SH—89% Bergey's manual®l —i% Rubdh Biwshik«] oz 4
- [P &9 Bacillus natto SH—802 &H35d

el g4 Eo17) Y8l Bacillus natto SH—89 9 Bacillus megaterium IAM 116659
#2} 300pgol 9 400pg €] N—Methyl—N'— nitro— N — nitrosoguanidine ( MNNG) #1 2] &
W9 ¥ penicillin 3% 6}9& o BRE2 72% 2 8% 24 Penicillin—screening®l 2]5
¢ =YW= WMRE 8 eldglcl

Hely ajelel o+ o] Y genetic marker=2¥ thr- try ™ rif$] Bacillus natio
SH—89—34 ¥ arg™ ade™ lys~ str'®] genetic marker& 713 Bacillus megatecium BK—138
SegEsaT

Pratoplast fusion2- e317] #)3le] s0Ougmi2] lysozyme® 2] A] protoplast formation ra-
tio®} Regeneration ration= 93% W 67% & JeEhiodd,

Blo| S Bacilles natte SH— 89— 34 % Becillus megaterium BK— 1370 3% PVPE Eme
HNEPEGE protoplast fusionS W&E-E o FHUEE L0X1075F vieRd 2o

M MNF—72E vitamin B 4448 Riiels 7.85pg/mis] & 4448 Hehfislan,
B & MNF=72% sodium alginates BIE(EE &) batch® 9 A&4dig dabs o
TeAl e 0.5Bpg/mf + hr R 0.80pg/nf - hredl vitamin Bird SEEHG
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