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To develop cellulase and xylanase-producing strain by protoplast fusion, alkalophilic Bacillus sp.
F204 and K17 were treated with NTG(N-methyl-N '-nitro-N-nitrosoguanidine) and isolated anti-
biotics resistant strains of S20 (Km', Cm") and G70 (Str'). The frequency of protoplast formation
was about 95% when cells of mid-log phase were treated with 200.g/m/ lysozyme at 37°C for 30-45
minutes. Under addition of 0.4-0.5M sodium succinate, 0.5% casamino acid, 1.5% polyvinylpyr-
rolidone, 25mM MgCl, and 50mM CacCl, to the regeneration medium, the regeneration frequency of
Bacillus sp. F204 and K17 was 24.9% and 26.2%, respectively. The fusion frequency was 6.6 x 10 ¢
in the presence of 30% polyethylene glycol 6000 containing S0mM Ca*™ at 45°C for 5 minutes.
Cellulase complex and xylanase activities of fusant were compared with parental strains.
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AA 7} A7l" PY-glucose LA ]| Abol] = 3}e]

Kor. J. Appl. Microbiol. Bioeng.

G271 (37C, 3~4D)ol WUFSGE W veht F
2% ohlvly F32 Asdrh

YA HM % HYQ19)
Aokl 0,1miE 20mie PY-glucosedf#loll A
23l H4FA7] 71 65~6hn)AA =L =
penicillin G0, 3unit/m)& <k 1,542k |3l
A A% (12,000Xg, S5min)sta oA FAEF
SMM $tEgdez 23 A ohg LFEA] &
B A 37ColA 4087 Az sle] AFAAE FA4
A7k, dAEe (8,000Xg, 3min)dled UFAHAE
2L F SMM gt3oioz FHeAFl o o Ak
(1x107 4FAA)S ABE 7| LulRloA] AHGE
%

A

A

I‘

soft agar 5mi®} FZ38k1 37ColAM 4~747k ¥
sted Az AAAZS, dFAA e
AAd 2ol F2UsA LF AHsle] A4 Y
A fefollo] ALFEgtEAS 713 F PY-glucose &
Wz Abol] viebd Z2USLE Wl Aol thek AAAE
Zz 4o WEEE elglor, AdlEE
AL 7| 2ujA Aol Vehd 2140l dE Az 4
FAA 4o W Eg2 epAH

A EMe| ¢

SMMD $oz 2|3 F wHolFo HUFAAE
1:12 98 % 44142 (8,000Xg, 3min)3ted
de APAAE SMM stEglloz A, 9
g 2y 1/10 A5 F9 Fdoz APeAA
SMM $+&-&-allol] =l 309% PEGE = F9] 9/
10 =2 Frisigich, zelx 45CelA 587t A=A
wjokd = PEGE Al 7 3 2 streptomycin %
kanamycin® 50 pg/ml¥ 83k 4L A=)
2 (1,5% agar)oll &4 2AE st A& soft
agar(0,8% agar) 5miZ F&3 3 42CellA 4~74
7F WA A vebd F2U4E A5 3
= A4S Aux (FAH ") Al Hebd F
22U g AL A Yebd 483
A4z FA5H T,

BEagidzol £H

zFg4Mo 2= PY-CMC, xylan, avicel ®X]
Z Aok (45C, 3Y)3 wioklE AR
(10,000 g, 10min)dted =z AAAE ALE3}dct
Fate] FAZA A xylanase, carboxymethyl
cellulase (CMCase) H avicelase 84 50mM
phosphate buffer (pH 6. 8)ell 54l 1% 71 &% =
Z+ 0.8, 0.75, 0.7mist Z=dF4] 0,2, 0.25 0.3



Vol. 16, No. 4
mliE &3] 50CH ArgzolA zH4 10, 10,
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o] D-xylose, D-glucose (CMCase, avicelase)s A
#slsicl, xylanase®] EAYE uM D-xylose/
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Bacillus sp, K17#H°]5(G70)< streptomycinel]
WAL et 2 Bacillus sp. F204(S20)&
chloramphenicol, kanamycinoll WAeo] 9lglon,
reversion 5+ 4~5X10"% AE & €@ Yo} g
FAA §EE A AY marker® AHEslEd A

shehn eke ol W o,

A #d A Mo HHxA

AFAA P4 2 A HAzA dxzE F4A
o wiekAlzh, AEIAAAY FE Y xx,
lysozyme®l A (A3}, %=, pH, €x)9} 72 =
719 & q=H/AE & 4 i,
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Table 1. Antibiotic characteristics of Bacillus sp. K 17
and Bacillus sp. F 204 mutant

. Antibiotics Reversion
Strains

Cm Am Str Pen Km Tc frequency

G700 - - + - - - 4x10-8

S20 + - - - + - 5x10-8

Cm; Chlor‘amph/enicol (15 ug/ml), Am; Ampicillin (30
ug/ml), Str; Streptomycin (50 1g/m)), Pen; Penicillin (30
#g/md), Km; Kanamycin (50 4g/ml), Tc; Tetracycline
(12 ug/m)

+ ; resistance, - ; sensitive

277

A171Q0 H-FA7] 7] (13)ol st
. HEAA A4 AEEE
ALF-alolA A 2 4 KCI sorbitol % sucrose A&7k
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Fig. 1. Effect of concentration of sucrose on the pro-
toplast frequency.
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Table 2, Effect of concentration.(a) and treatment time
(b) of lysozyme on the protoplast formation.and regene-
ration.frequency

(a)

Lysozyme concentration(ug/m/)
100 150 200 250 300
K17 862 949 97 99 99

Frequency(%) Strains

Py F204 75 92 95 99 09
R K17 26 23 21 169 139
t F204 24 22 195 153 12

®)

Treatment time(min)
306 45 70 90

K17 87 93 975 99 99
F204 8 94 953 99 99
K17 251 227 20 165 14.7
F204 23 21 162 143 125

*Pg: Protoplast formation frequency
**Ps: Regeneration frequency

Frequency(%) Strains 20

Pst*

R¢

b)2 LA 4 9 AL I sl B
o K172 45%, F204& 30%-°] Antsigon] cia
23212, 16, 17)9 Bacillus%9 7%= A= 5
~50% Atelger) &4 FE W EAo) oje)a
oF7k Aolq 1 E ),

Sodium succinate S=2| Y&

G 718l lo) H718 sodium succinated) 5
=7t 4YAA Aol vixE oJ3e AP Aok
Fig.2% Z <k Bacillus sp, F204% 0.4M,
Bacilius sp, K172 0,5M sodium succinate® 3
7S o 24 23, 25.1% A=t Gotz =
(17, 19, 20) & Bacillus subtilss, Staphylococci 3
Brevibacterium  flavum®] 3% 0.5M sodium
succinate7} A3tk B3slgend, 29 ®ax
(11, 13, 21) &9 ZAzle} vimste] Bl Fx & o4
2 vkg Aol eut A FHE ok Abols)

et

" o

271 Yoize Mrl&n}

LFAA Aol wlxe 271 ool AE
MgCL ¢ CaCLE 25mM, 50mM, 100mM F=7}
A AL Ao o8 A3, Table 374 72+
o}, Table 3o vlebd e} o] K17 #3%& CaCl,
Ert MgCl7t &#delglen 25mM 7M1+ 1,9
o] /M5 BgEd CaCl, 50mMe %HE A 7)4

Kor. J. Appl. Microbiol. Biveng.

8w

Regeneration frequency (%)
&

o
o

—

"0z 03 04 05 06

Concentration of Na-succinate (M)
Fig. 2. Effect of concentration of sodium succinate on
the regeneration frequency.
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ol F204& MgCLXt} CaCl, #7}7} Znd o)yl on
50mM H7ME 1,349 =712 ellgdn, E3
25mM MgClLot EFA7E ¢ 2%+ o 2ule o
S A5 Qo 27 kel Mrlaate] wigt
A2 ZASA w82 v} glovt Tabor, Okamoto
% (22, 23)2 <ol osmotic stability % plasma
expander® &%, Rogers 5 (13)& &3] Mgt
o} &2} ZA2 ATPasest 22 dissociable enzyme
o £47 =t9] fragmentation AL §atdled =t

L
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8
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Fig. 3. Effect of concentration of casamino acid on the

regeneration frequency.
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Table 3. Effect of di-Cation on the protoplast regeneration of Bacillus sp. K17 and Bacillus sp. F204

Regeneration
Di-cation added to Bacillus sp. K17 Bacillus sp. F204
RPYmedium Colony Relative Colony Relative
MgClz(mM) CaClz(mM) No./ml value (%) No./ml value (%)
- — 1.5x% 108 100 3.0%10° 100
25 - 2.9x108 193 3.1x10° 103
50 - 2.3%x106 153 35%x10° 117
100 - 1.6x108 106 3.2x105 106
— 25 1.6 x106 106 3.8x10° 127
— 50 2.7x108 180 3.9%105 130
— 100 1.7x 108 113 3.3x10° 110
25 25 1.8x106 120 3.7x10% 123
25 50 3.1x 1086 207 5.9%10° 197
25 100 1.3x 106 86 2.8x105 93
50 25 2.0x108 133 3.4x10° 113
50 50 1.9x 106 127 3.4x10° 113
50 100 2.2x 106 147 2.7x 105 90.
100 25 2.1%x106 140 3.5x105 117
100 50 2.2x108 147 4.0x10° 133
100 100 1.4x106 96 3.0x105 100
o} Ete) ofF Z edgke] glvhe BnF & wix 9
o},
Casamino acid®] ¥7}&2} g
Casamino acid® plasma expander2 AL 7] E‘ 25+
Eauljalol] A A9 APAA Aol Ao 3 E,
e 32 (24)7) lems Hrlsle casamino acid &
o $xol W 4P A Ad: Fig3 2  § 20
o}, Bacillus sp. F 2049 Bacillus sp. K17 ¥ & g
F 2% 0.5%% H71E # g £ 848 o 5
ehigtel, ool AANEE A7 23,6, 25.9% & 1|
gich, 8 casamino acide] o] ¥AeAE o [
Aulb Akamatsu 5 (24)& &A" 4FAA 7 1

v g AANA Ty Ax2e) A% o ALY
Z7F & kA<l Azoiabe] B43E FAAR A
otz 23 uh gloh,

Polyvinylpyrrolidone(PVP)2| H7t& 2t

WAL 7| 2ejR)ell AH7isle PVP 557t 433
A Aol vz FFE =AbEle £ A, Fig 4
ol A9} 7o) F FF BE AAo] A Hler aF
1.5% <2 =7} /b4 £ £3& e PVP
£ casamino acid®t €l£¥ AFHE el
plasma expandere]™ Akamatsu %-(24)-2 Bacillus
subtilis®] 7350 PVPE A& vz 9] gelatino]

0.5 1.0 1.5 20 2.5
Concentration polyvinylpyrrolidone (%)
Fig. 4. Effect of concentration of polyvinylpyrrolidone
on the regeneration frequency.

©; Bactllus sp. K17
o Bacillus sp. F204

4 serum Aol EAA o2 HAY 4 Yo =
@ PVP7} AlZolAl $71%0) 2 A%2 4 Y=g
22474 Zohe 228 Y o Yok

HEHA ol olX= PEGY J&
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PEGS] ¥4%, ¥= o A=zl e 484
A §%e) A8 ole] HI(25)F u} YA,
FASAL obd walA oAl e Adoldh, U

W

AA g3ols PEG ¥x%2 1,000~6,000 #4917}

F2 o|&=H <=, PEG 1,500, 4,000, 6,000%
30% == st =S 24HE A3 Fig, 5ol
vebd wlel Zke| PEG 6,0000] ©}2& ®2H(21, 26)

o) A%she Yo SIS B dehge, ol
F30l @t AolshAAT A¥AR AL B
ARod e g FHulssl Yolal Aez gzsd
22 PEG v=& o FFolxet mharixlz
B FAEFe] 4¥AA FNAE 30~40%elA
?ﬂ"ﬂiﬂ =3, 20% °lste] AFEset 50% ol
FTEAE A7 dYFAA e LAFA A
etz SHNLA Aoy Ao AAReh
g PEG AlA7he 587 A2 o 6x10-02
ed veplglen] Azke] ZojAld wel §

Zadle A%E HoFEd o+ PEGE
gtof] we} A&7t multiple fusion
AN =7} Zhadhe] §3hul

)

)

Lo fo oo | oo ox o e

oy

Fusion frequency (x 10-%)
D s N WD~

lll

1500 4000 6000 10 20 30 40 50 2 5 10 15 20

PEG (MW) PEG 6000 (%) Reaction time(min)

Fig. 5. Effect of MW, concentration and reaction time
of PEG on the protoplast fusion frequency.
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Ca**e| ol &3

Losy 5 (27)& 27} ol Hrle §34
v} hexagonal phase® AL &Adctn ¥ vyl
o =3 Hoopwood 5 (28)< whdASA AL
7t A& FUMIA Fohn 2askgdch §¢EA
Aql PEGe] ®zZAQ] Catte] 52 EolFzo gy
TEEE A FrlEden, s0mM H7H4) 6,
2x107%9] F¥H=E el (Fig. 6).

2

SHF My

olae] zAA ode APAAE §IF A4
30<y PEGS} 45Coll A 587F A ejdt & okalr} &4
A AL AdulRloll F&sto] wikAgl AR §3
HEE 6.2%10°%I3len 5 T vlad 5428
Aol ¥ #FE HEF A3E Table 49 2},
REFe} §HF7IY 4TS vlmsle] B A

Fusion frequency (x 10-6)

1 A L 1 1

20 30 40 50
Concentration of Cat+ (mM)

Fig. 6. Effet of Ca** concentration on the protoplast
fusion frequency.

60

Table 4. Fusion frequency and extracellular enzyme activity of fusants

Enzyme activity (units/ml)

Strains

Fusion frequency

Xylanase CMCase Avicelase
Parental strains
Bacillus sp. K17 9.09 - -
Bacillus sp. F204 39 120 221
Fusants
BFK 27 9.8 115 216
68 84 94 154 6.2x 106
107 9.1 80 201
184 8.0 108 174




Vol. 16, No. 4

F§FE CMCase®t avicelase® =ZfFEdc) okzh
gotowd, xylanase™ Bacillus sp. F204 Bt} &
234 o] 2] oA &9t Bacillus sp. K17 Brohe
7} B BAEAL B aEln §RF A
2]d wjokshdl EA3 fAA kA AEE AL

Agatag gk,
2 o

392 Bacillus sp. F 2049y Bacillus sp. K
177kl AFAA] §3lol| 23 cellulases}t xylanase
Al AAksbe TFE AEE] Hstel & 7
ol 500 ug/ml NTGE el & kaﬂw{ﬂﬂ%ol%
A S20(Kn% Cu"# G70(Strr) < +]siaict,
FAA g2 TAE NFFA7] FrA Hﬂ%
stod 200 pg/m/ lysozyme o & 37°CollA 30-45%-7F
A2l skdg vl ok 959, AMuiAlel 0.4-0.5M
sodium succinate, 0,5% casamino acid, 1,5%
polvinylpyrrolidone, 25mM MgCl, % 50 mM
CaCl,& #7822 Bacillus sp. F 2049} Bacillus
sp. K179 A& 247 24,9%, 26.2%%dch 50
mM Ca**2& 3713 30%9 PEG 6, 000848 45C

i

ol 5¥7 FPAAeRH 6,2X107° HIER &
FE dolr}, cellulase, xylanase % avicelases A
Al e S vladlgcl

Fulol el 5 AFATe] Y¥oln Algte)
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