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medium(MM)2 1% glucose, 0.1% (NH,).S0,, 0.3% KH,PO,,
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Table 1. Effect of PEG type on the fusion frequency of
protoplast from B. subtilis SM-2 and B. coagulans CM-12

PEG Molecular weight

Fusion frequency

None 35x%x10°®
4,000 48x10°°
6,000 62x107¢
8,000 1.3x10°°

Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days. Protoplasts of two
strains were fused in fusion fluid (FF) supplemented with different molecular
weight of PEG for 10min at 37°C.

Table 2. Effect of PEG concentration on the fusion frequency
of protoplast from B. subtilis SM-2 and B. coagulans CM-12
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Table 3. Effect of PEG treatment periods on the fusion
frequency of B. subtilis SM-2 and B. coagulans CM-12

PEG treatment time (min) Fusion frequency (%)

0 1.0x10°
5 ' 6.0%x107°
10 55%10"°
15 2.8x10°
20 7.2%x1077
30 33%x10°®

Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days. Protoplasts of two
strains was fused in FF supplemented with 33% of PEG (Mw. 6,000) for
different reaction times at 37°C.

Table 4. Effect of PVP concentration on fusion frequency of
protoplast from B. subtilis SM-2 and B. coagulans CM-12

PEG (Mw. 6,000) concentration (%) Fusion frequency

PVP concentration (%) Fusion frequency

0 1.3%x1078 0 6.3x10°¢
11 73%x10°% 0.5 8.1x10°°
22 1.1x107° 1.0 12x10°°
33 5.7%x10°° 2.0 53x10°¢
44 13x10°¢ 3.0 12x1077
55 1.5%x1077 4.0 53%x107®

Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days. Protoplasts of two
strains were fused in FF supplemented with various concentration of
PEG (Mw. 6,000) for 10 min at 37°C.

Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days. Protoplasts of two
strains was fused in FF supplemented with 33% of PEG (Mw. 6,000)
and various concentrations of PVP for 5 min at 37°C.
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Table 5. Effect of CaCl, concentration on fusion frequency of
protoplast from B. subtilis SM-2 and B. coagulans CM-12

CaCl, concentration (mM) Fusion frequency

0 8.5%x107°

5 92x%x107°
10 43%107°
30 3.8%x10°°
50 3.0x107°
100 6.5x107°

Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days. Protoplasts of two
strains were fused in fusion fluid supplemented with 33% of PEG (Mw.
6,000), 1% PVP and various CaCl, concentration for 5 min at 37°C.
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Table 6. Comparison of selection method for fusion frequency
of protoplast from B. subtilis and B. coagulans

Fusion frequency

Fusants

Direct? Indirect®
FSC0212 46%10°° 8.0x107°
FSC0223 48%107° 3.0x107’
FSC1012 9.1x10°° 23%x107°
FSC1023 3.6x10°° 651077
FSC1312 1.1x107° 7.2x1077
FSC1323 25%x107° 6.8x1077
FSC2112 -1.8x1077 83%x1077
FSC2123 3.6x107° 6.7x10°°

Culture time (days) 3 7

“Fusants were overlaid on to non-selection medium (RGM) and selection
medium (FSM) and incubated at 37°C for 3~4 days.

“Fusants were spreaded on to non-selection medium and incubated 37°C
for 4~5 day and transferred to selection medium (FSM) by replica and
incubated for 3~4 days at 37°C.

Protoplasts of two strains was fused in FF supplemented with 33% of
PEG (Mw. 6,000 and 1% of PVP for 5 min at 37°C.

Table 7. Genetic stability of the fusants

Colony No. Colony No. Segregated

Fusants on CM agar on antibiotics  colony Sc?greganolrg

medium (% 107) medium (x107)  No. Vil (%)
FSC0212 245 242 3 1.2
FSC1012 338 334 4 12
FSC1312 278 269 9 32
FSC2112 187 178 9 48
FSC0223 333 320 13 39
FSC1023 221 209 12 54
FSC1323 288 274 14 0.1
FSC2123 112 105 7 6.3
YSegregation yield (%) = No. of segregated colony

No. of colony on CM plate
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SC-1312%= & 1857\ #5+% isoleucineo] 3-5-F MMujx]
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F§Y oo 3 BFo 2 DNATHS 2450} »
E}E‘r/ﬂ 7§ (Table 8)8t G-l o] &4 B. subtilis SM-
29} B. coagulans CM-122] DNAE RS =A% A=
Table 99} 2t} Al Al ¥ DNAZHE2 A2 =27]7} 2
51, Bacillus%:3 o] WAZAE FYoe FEE 243
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Table 8. Genetic characteristics of fusants derived from mutants
of B. subtilis and B. coagulans

Medium (No. of colony)

RGM MM
+Km, Gm MM (+aa)’ CM+Gm CM+Km

Fusants

B. subtilis SM-2

-, Gm"
(arg % m) + - +(arg)® + +
2)
B. coagulans CM-12 (58 © (152 (158 (158)
(Km®)
B. subtilis SM-10
his~, Gm"
(his « ™) + - +(his)” + +
B. coagulans CM-12 (125) © a0 @25 (12)
(Km®)
B. subtilis SM-13
(his™, asp”, Gm") asp)”
x 85 © i(his))l) 185) (185
B. coagulans CM-12 (185) © (178) (185) (185)
(Km®)
B. subtilis SM-21
ile”, Gm"
@ % m) + +(ile)” + +
B. coagulans CM-12 (141) © (130 (37 (138)
(Km*)

YEach amino acid was added 20 pg/ml in MM.
2All values in parentheses are number of colony grown on each media.

Table 9. DNA contents in fusant and parent strains

Strains Contents of DNA (mg/10’ cells)
FSC0212 2.944+0.74
FSC1012 2.41+0.60
FSC1312 1.97+0.57
FSC2112 1.78+0.33
B. subtilis SM-2 1.13+0.78
B. coagulans CM-12 1.084:0.55

Parent and fusant strains were cultured CM broth for 12 hours at 37°C.
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Fig. 1. Transmission electron microscopy of B. subtilis SM-2(A)
and B. coagulans CM-12(B)(X12,000). CW: Cell wall, VC:
Vegetative cell, SP: Spore




Biopolymer AJ4H4d Bacillus% F5-9) AF4Y3 $859 AZHA 17

- = _ " ] o
Fig. 2. Transmission electron microscopy of releasing stage for
protoplast formation of B. subtilis SM-2(A) and B. coagulans
CM-12(B)(<10,000). CW: Cell wall, VC: Vegetative cell, SP:
Spore, P: Protoplast, GC: Ghost cell, CM: Cell membrane, DB:
Division band, N: Nuclear region.
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Fig. 3. Transmission electron microscopy of fusion stage of B.
subtilis SM-2 and B. coagulans CM-12 protoplast. (A); contact
stage(X 10,000), (B); fusion stage(X 15,000), CW: Cell wall, VC:
Vegetative cell, SP: Spore, P: Protoplast, GC: Ghost cell, CM:
Cell membrane, DB: Division band, N: Nuclear region, FP: Fusion
performing cell, RGC: Regeneration cell, FC: Fusant cell.

Fig. 4. Transmission electron microscopy of regenerated cell
after protoplast fusion of B. subtilis SM-2 and B. coagulans
CM-12(<10,000). CW: Cell wall, VC: Vegetative cell, SP: Spore,
P: Protoplast, GC: Ghost cell, CM: Cell membrane, DB: Division
band, N: Nuclear region, V: Vesicle.
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Cell fusion and fusants characterization of Bacillus strains producing biopolymer

Seong-Ho Kim and Moo-Hyun Yim(Department of Food Science & Technology, Tae-Gu University, Kyungsan,
712-714, Korea)

Abstract : To improve biopolymer productivity and properties of Bacillus strains, protoplast fusion was performed
between biopolymer producing Bacillus subtilis K-1 and lactose utilizing Bacillus coagulans. The results were as
follows; Protoplasts mixed in fusion fluid containing 33% PEG 6000, 1% PVP and 10 mM CaCl, were reacted for
5 min at 37°C and then centrifused protoplasts were directly overlaid on the selective media containing 100 pg/m/
antibiotics and incubated for 3 days. At this conditions, the frequency of protoplast fusion was gencrally in the
range of 4.6x107° to 1.8X 107 in ratio. Segregation ratio was observed between 1 to 6% indicating genetic
stability of all the fusants. Fusants growth were also observed on the media contained amino acid and antibiotics as
required marked materials. DNA contents of the selected fusants were 1.6 to 2.7 times more than that of parent
strains. With observation by TEM microscopy, spherical protoplasts were first released from the swollen parental
cells and then contracted to fuse in the process of fusion. And fused cells were observed representative vesicle.
Originally, the parental cells were observed as in the morphology of thick-walled and double membrane-
surrounded rod shape with TEM microscopy.

Key words : Bacillus subtilis, biopolymer, protoplast, cell regeneration
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