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Ao AREE AiX9 T/ 2 XA S ZA complete
medium(CM)2 3% trypticase soy broth(TSB, pH 7.0)&
minimal medium(MM)2 1% glucose, 0.1% (NH.).SO., 0.3%
KH,PO,, 0.4% Na,HPO,- 12H,0, 0.05% NaCl, 0.05% MgSO.-
7H,0, 0.1 pg/ml biotin(pH 6.5) 2 MMoj| Z+ S¢dHo|Z9]
SFE4-& H7}3 supplementary medium(SM)S- AHE-31S)
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YA Y. Bacillus subtilis K-19] WHo|FZ2 Ao g 3l ook
o73FE VI FFE T SR 0)F WolFIt &
Tohe deeTAT A WAl i A9 A
Table 17} 2T}, B. subtilis mutantE-S GmoA] UjAl, Km
o= 7+4&, B. coagulans mutantE-> Kmol J4, Gm
o ZA8E Zke colonyE Adwste] &8l ol & F
T FAA WFE Ao Al dg HxA s
I (minimal inhibition concentration, MIC):= B. subtilis 3 0]
FE2 Gm 400 pg/mio] A, Kmol dsiA= 25 pgmiel ¥
T A A% 75819 al B. coagulans®] W ol5E Km 400
pg/mlof Al GmE 50 pg/mlE =7 AH 7153t 0% &
& AgA] o5 F FAAE 71 100 pgmiH H7t & §

FAG AHEBrA
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2 A 20T QA= DA YTk? £ Gram B4
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glycineo] X|3kgto2n MxEu o] Fx7} Al AY &3
3] eFslrivka gl ATk wEA ol& EAb7t dFAHA
P A& viXE FEE oo Bkt

B. subtilis SM-22] 7% penicillin G 1.0 unit/m/Z B.
coagulans CM-12= penicillin G 0.3 unit/m/9} glycine 0.5%
EEAE g7 719 HoE T W AZPER 4344

Table 1. Selection of auxotrophs and antibiotic resistant strains
from B. subtilis K-1 and B. coagulans strains

Strains Phenotype Source strain

. coagulans CM-12 Km" coagulans KCCM 11721
. coagulans CM-24 Km" coagulans KCCM 12669
Gm®: Gentamycin resistance to 100 pg/m/ and kanamycin sensitivity to
25 pg/ml.
Km": Kanamycin resistance to 100 pg/ml and gentamycin sensitivity to
50 pg/ml.

B. subtilis SM-2 Arg™, Gm" B. subtilis K-1 (wild type)
B. subtilis SM-10 His™, Gm® B. subtilis K-1 (wild type)
B. subtilis SM-13 His™, Asp™, Gm" B. subtilis K-1 (wild type)
B. subtilis SM-21 Ile”, Gm* B. subtilis K-1 (wild type)
B
B

B.
B.
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Fig. 1. Effect of penicillin G and glycine on the protoplast for-
mation and regeneration frequency. Intact cells of B. subtilis
SM-2 (1 unit/m/ of penicillin G) and B. coagulans CM-12 (0.3
unit/m/ penicillin G and 0.5% glycine solution) were treated in
MMYE medium for different time, respectively. DF containing
lysozyme (100 pg/ml) were treated to the cells for 30 min at
37°C for protoplast formation (PF) and regeneration frequency
(RF). Regeneration was performed by pourplating the protoplast
of two strains on RCM (TSB medium containing 0.5 M sodium
succinate) and incubated for 72 hours at 37°C. B—M: SM-2 (PF),
A—A: CM-12 (PF), O—: SM-2 (RF), A—A: CM-12 (RF).
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Fig. 2. Effect of lysozyme on the protoplast formation and
regeneration frequency of B. subtilis SM-2. Intact cells of B.
subtilis SM-2 were treated with 1 unit/m/ of penicillin G in MMYE
medium for 1.5 hours. DF containing various concentration of
lysozyme were treated to the cells for different time at 37°C for
protoplast formation (PF) and regeneration frequency (RF). Re-
generation was performed by pourplating the protoplast of two
strains on RCM (TSB medium containing 0.5 M sodium succinate)
and incubated for 72 hours at 37°C. Control was treated only 1.0
unit/m/ penicillin G solution without lysozyme. »—s: control (PF),
B—M: 25 png/ml (PF), A—A: 50 pg/m/ (PF), ®—@: 100 pg/ml
(PF), @—@: 200 pg/m! (PF), +—+: control (RF), O—: 25 pg/
ml (RF), A—/A: 50 pg/ml (RF), O—O: 100 pg/m! (RF), O—:
200 pg/m! (RF).
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Fig. 3. Effect of lysozyme on the protoplast formation and
regeneration frequency of B. coagulans CM-12. Intact cells of
B. coagulans CM-12 were treated with 0.3 unit/m! penicillin G
and 0.5% glycine mixture in MMYE medium for 1 hours. DF
containing various concentration of lysozyme were treated to the
cells for different time at 37°C for protoplast formation (PF) and
regeneration frequency (RF). Regeneration was performed by pour-
plating the protoplast of two strains on RCM (TSB medium
containing 0.5 M sodium succinate) and incubated for 72hours at
37°C. Control was treated only 0.3 unit/m/ penicillin G and 0.5%
glycine mixture solution without lysozyme. *—x: control (PF),
H—M: 100 pg/m! (PF), A—aA: 200 pg/m! (PF), @—@: 300
pg/m/ (PF), &—&: 500 pg/m! (PF), +—-: control{ RF), O—{:
100 pg/mi (RF), A—A: 200 pg/m/ (RF), O—C: 300 pg/ml
(RF), &—0: 500 pg/mi (RF).
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Fig. 4. Effect of osmotic stabilizer on the protoplast formation
and regeneration frequency of B. subtilis SM-2. Intact cells of B.
subtilis SM-2 were treated with 1.0 unit/m/ penicillin G in MMYE
medium for 1hours. DF containing 25 pg/m!/ lysozyme were treated
to the cells for 40 min at 37°C for protoplast formation (PF) and
regeneration (RF). Various osmotic stabilizer 0.5 M was added in
DF with lysozyme. Regeneration was performed by pourplating the
protoplast of two strains on RCM (TSB medium containing 0.5 M
sodium succinate) and incubated for 72 hours at 37°C.
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Fig. 5. Effect of osmotic stabilizer on the protoplast formation
and regeneration frequency of B. coagulans CM-12. Intact cells
of B. coagulans CM-12 were treated with 0.3 unit/m/ penicillin G
and 0.5% glycine in MMYE medium for 1.5 hours. DF containing
300 pg/! lysozyme were treated to the cells for 30 min at 37°C for
protoplast formation and regeneration frequency. Various osmotic
stabilizer 0.5 M was added in DF with lysozyme. Regeneration
was performed by pourplating the protoplast of two strains on
RCM (TSB medium containing 0.5 M sodium succinate) and
incubated for 7Zhours at 37°C.
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Fig. 6. Effect of osmetic stabilizer concentration on the pro-
toplast formation and regeneration frequency. Sucrose and
lactose as osmotic stabilizers were added in DF with lysozyme for
protoplast formation (PF) and regeneration frequency (RF) after
lysis of B. subtilis SM-2 and B. coagulans CM-12, respectively.
Regeneration was performed by pourplating the protoplast of two
strains on RCM (TSB medium containing 0.5 M sodium succinate)
and incubated for 72hours at 37°C. B—M: SM-2 (PF), A—A:
CM-12 (PF), O—: SM-2 (RF), A—A: CM-12 (RF).

VA &L AP oY dAR 1.0 MR A3}
Ak AAEE 05 Moo sEollE FAY AL B
o 0.5 M o] 9] ARt HAlE Q38 A Y8 A3
£ BE3th %, B. coagulans CM-12¢] 73%- lactose 0.6 Moj|
A AFEEA A L] 90.7%01 03 AL 21%Z viE}
U AR 2A 7P AT = 22, lactose
FE7F 0.5 M3} 0.6 MollA] 90%0]/de] AFAA FH&S
Bou 1 9e] FEoA 0% Z FAEe] PAast
I AAEL 04 M~0.7 MAtolol A ebgste] B. subtilis
SM-20]| 18] F=of 2 FFS 2 BE Aoz vephgr)
HIFEA Aol AT ARAZA Bo| o] 45 & sucrose
© wdstn " 4FAAY FA B Aoz
B gh”

THA i X)L AM=QY OPNK| Q) Bk

AL vl H7tEE AT dFAZA AL HE 1
F5e B3 98 AL 712MRAQ TSBY| #71ste B.
subtilis SM-2¢} B. coagulans CM-129] AAAEL 2R3 2
¥} Fig. 73 2t} B. subtilis SM-29} B. coagulans CM-12
T @5 0.5 M9 sucrose S H713 3971 A Lol B2
Ao g velyttt. B, subtilis SM-29) sucrose 0.5 MS- 7}
3 A9 3.5%9 ABEE Ve A, sodium succinate S
A7VSIAE Wx vy GA-go] Ego 19 AAE
2 2 37t ge Ao velhgth B. coagulans CM-12
TF+ 0.5 M9 sucroseE 713 A9 5.8%, 0.5 M9
lactoseE- A71%F AL 4.1%=E vER gAlE AQAEe] =
9k31 sodium succinate:= B. subtilis SM-29} H]<%:3t 2.2%9]
A Aol ATt

~ w S [
T T T T

Regeneration frequency (%)

[
¥

suc. sob. lac. KCl Na(l S.S.

Osmotic stabilizer
Fig. 7. Effect of osmotic stabilizers in RGM on the regeneration
frequency. Protoplasts were regenerated in RGM supplemented with
0.5 M of various osmotic stabilizer. *Suc.: Sucrose, Sor.: Sorbitol,
Lac.: Lactose, S.S: Sodium succinate. (3: SM-2, &: CM-12.
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Fig. 8. Effect of sucrose in RGM on the regemeration fre-
quency. Protoplasts were regenerated in RGM supplemented with
various sucrose concentration as osmotic stabilizer. l-—M: SM-2,
A—aA: CM-12.
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Fig. 9. Effect of casamino acid in RGM on the regeneration

frequency. Protoplasts were regenerated in RGM supplemented

with 0.5 M sucrose and various casamino acid concentration.
H—W: SM-2, A—a: CM-12.
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Fig. 10. Effect of PVP, dextran and gelatin in RGM on the
regeneration frequency. Protoplasts were regenerated in RGM
supplemented with 0.5 M sucrose and 0.7% casamino acid and
various PVP, dextran and gelatin concentration. Ml—M: PVP
(SM-2), A—A: gelatin (SM-2), @—@: dextran (SM-2), —:
PVP (CM-12), A—A\: gelatin (CM-12), O—C: dextran (CM-12).
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Table 2. Effect of Ca* and Mg” ion on regeneration frequency
of B. subtilis SM-2 and B. coagulans CM-12

Regeneration frequency (%)

MgCl, CaCl,

B. subtilis B. coalgulans
(mM) (@M) SM-2 CM-12

- - 43 8.4
25 - 4.0 83
50 - 38 89
100 - 3.6 8.1
- 25 4.6 9.0
- 50 49 9.2
- 100 31 88
25 25 52 10.2
25 50 4.9 10.3
25 100 5.0 9.9
50 25 4.7 9.0
50 50 33 . 74
50 100 42 7.6
100 25 2.7 6.8
100 50 1.7 6.3
100 100 1.2 5.8

Protoplast were regenerated in RGM supplemented with 0.5 M sucrose,
0.7% casamino acid, 1% PVP and different concentration of CaCl, and/or
MgCl,.
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o £ M AAEo] oy CaCle] IF=E 7t
D5E 03]2] APEL 243 25 mMo] AT =g
B. coagulans CM-12% B. subtilis SM-29} v]5:3t 338 B
o] 25 mMA EF A7 AL 10.2%, MgCL 25 mM3}
CaCl, 50 mM &3 H7HA] 103%2 A vls3 4AeS
VER AT

Ca™1} Mg™o]29] A7} Eie ol Fol2o] AHFUA
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AR Aol S v AL viR| solid
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Table 3. Effect of plating method and agar concentration on
the regeneration frequency of B. subtilis SM-2 and B. coagulans
CM-12

Regeneration frequency (%)

RGM medium
(solid agar, %)

Overlay medium

(soft agar, %) B. subtilis B. coagulans

SM-2 CM-12
= RGM (1.5%) 2.1 49
- RGM (1.8%) 2.3 4.6
-9 RGM (2.0%) 19 42
RGM (0.3%)” RGM (1.5%) 48 9.3
RGM (0.4%) RGM (1.5%) 5.1 10.3
RGM (0.5%)? RGM (1.5%) 49 10.1
RGM (0.6%)” RGM (1.5%) 4.7 9.9
RGM (0.7%)? RGM (1.5%) 4.6 9.8
RGM (0.8%)” RGM (1.5%) 43 8.6

YSpread plating method.

PPour plating method.

Protoplasts were spreaded on to RGM without soft agar and were overlaid
on to RGM with soft agar medium.

elygth. ojuje] AL B. subtilis SM-2¢] -9, 5.1%, B.
coagulans CM-12 10.3%%3t}.
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Protoplast Formation and Regeneration 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 Bacillus strains producing biopolymer, conditions for protoplast formation and regeneration
were investigated in biopolymer producing Bacillus subtilis K-1 and lactose utilizing Bacillus coagulans. Bacillus
subtilis K-1 mutant (SM-2) and Bacillus coagulans mutants (CM-12) were marked auxotrophic and antibiotics-
resistant (SM-2) and an antibiotics-resistant mutants, respectively. To formate protoplasts derived from the mutants,
conditions were established as follows. For B. subtilis mutant SM-2, its culture in mid-logarithmic phase was
added with penicillin G (1.0 unit/m/) and further reacted for 1.5 hr. Cells were collected and then treated in lysis
fluid (pH 7.0) containing 0.4 M sucrose and lysozyme (25 ug/m/) for 40 min at 37°C. Protoplast formation was
very successful (99.6%) and the ratio of cell wall regeneration was 2.4%. For Bacillus coagulans mutant CM-12,
its mid-logarithmic phase culture was treated with penicillin G (0.3 unit/m/) and glycine (0.5%) for 1hr. Cells were
collected and then resuspended in lysis buffer (pH 7.0) containing 0.6 M lactose and lysozyme (300 pg/mi) for 30
min at 37°C. Protoplast formation was also successful (90.8%) and cell wall regeneration ratio was similar to SM-2
(2.2%). To improve regeneration frequency, regeneration medium was obtained as followed condition,. Cell wall
regeneration was improved 2-4 folds with 5.1% for B. subtilis SM-2 and 10.3% for B. coagulans CM-12 when
protoplasts mixed with soft top agar(0.4%) was overlaid onto trypticase soy broth medium containing 0.4 M
sucrose, 0.7% casamino acid, 1% PVP, 25 mM MgCl,, 25 mM CaClL, and 1.5% agar.

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