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Table 1. Bacterial strains and their characteristics.
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Strain Relevant Source
Characteristics
Flavimonas oryzihabitans
KU 2] Ani' This study
KU 21C Ani~ Cm' Mutant induced
from KU 21
KU 211 Ani* Trp 2
KU 218 Ani', His %
KU 2181 Ani', His ", Sm’ &

Pseudomonas acidovorans K 82

Ani”, Ap", Sm', Rif"

Kang er al(10)

F. onyzihabitans KU21 was isolated from the soil of rice and crop fields around Kyunggi Province. F.
oryzihabitans KU21C~KU2181 were mutant strains induced from KU2! with NTG (N-methyl-N"-nitro-N-
nitroso guanidine). Ani. aniline; Cm. chloramphenicol; Sm, streptomycin: Ap, ampicillin: Rif, riffampicine;

Trp, tryptophan: His. histidine.

T52] ol = nutrient broth(NB)E A}g-38k¢i .
A ] AL glsl = s ) el 2(RRM) 2
<= rich regeneration medium(nutrient broth, 8g ;
casamino acid, 0.05g ; sucrose, 171g: CaCl,, 29
g agar, 15g/l) & 8-t} Tlling(9) 2] si+ &
chia WEA HAAE H 4 e (MRM)E
A8l e glucose. 10.0g i MgSO.+ TH-0, 0.05g :
glutamic acid, 10.0g 5 K;SO,. 1.0g: CaCl,-2H-0.,
2.9¢ : MOPS(0.1 M). 100 m/ 5 sucrose, 200.0g ; agar
15 g/l).

dAA ZAE g AEE 3 H41H AnR
AHERE A2 Al A Al o] FRE L E(Cm)e
100 pg/ml, 2B Erto]A(Sm) 50 pg/m/2] FrL 2
drleted Abg-sbedc.
otz FlEFel Hal U 3

£k A8 2g& 09% NaCl £ [00m/o] w7
250 m/ Eepael] W@ar 30°Cel 4 142 E1F 3
weFA R o, 1A WA S | mig. o)
dE wd "asleR s 3 A A (K.HPO,,
lg s KH:PO,.  1g s MgSO.-7H,0, 04lg; CaCOx,
0.02g 3 F>S04*7H,0, 0.05g 5 aniline, 1.0g ; distilled
water | /)el] FE8le] 30°Col A 157 2lek wjok
(200 rpm/min) &t 5 opdglg vy Yo sk
A FF iAol 22 websbe] 2~3917) w) kst
o el & sk Aehs Feh ojed &5 Hejs)
sich. A=l Algtell didh Sy agroda) et
#vlEE 53 ddd 543 VITEK System(Mac-
Donald Douglus Health System Company)el] 23+
Astebd BAfel we g4 sigich
HEAA MY

Falvimonas<> 7]&2] 132409 824 P4
WHo e dg A Aol olels] Weiss(19)9}
Lee and Lee(11)e] whyie wadslo] AMg-sjgic.

W5 NB 10miol] sb54F Ao & 5 wjokod
0.5 mi& A28 NB v =)ol 2 sl oFale] 580 nmeoll 4
FRE7 08~09 A% s viokslolch wjokel g

8,000 r.p.m(at room tempeature)el] 4 1057 4]
welste] HAEE 2 F AE 0522 02M Tris-
HCI 2kg-A(pH R.0. prewarmed at 37°C) 12.5 m/9]
ErA1Zl 3 1M sucroseE #7102 M Tris-HCI
SHEl(pH 8.0)2- 3 2elstsdch o) Az Aetolo)
0.5% volume(v/v)¢] 0.1 M EDTA(pH 7.6)2} lyso-
zyme(100 yg/mlg 92 % SF4(prewarmed at 37
*O)E 2uf) 3]45ked 37°Col 4] 30571 A 2 uj ofs}od
APAAE AL 99 L8N Ml
(HEE5E 20mM)E A7lsled oA stalzic) g4
As AR+ QYAAE d5a)g)a s dehe
d= 10mM Tris-HCl $H-8-4e]l 20 mM MgCls,
0.5M sucrose 2|3 0.8% BSA”} #7}%l sphero-
plasting bufferis Apg-staic).

daEAA ] YA &L osmotic sensitivity$r nutri-
cnt agar Fgul o Agate AAMNEISZ
MEpol A w8 AFEsledc). Osmotic sensitivity
v YA et 2HF) BlEeS 152 Fg
ste] S80nmefl el F4wE ZHsle] HAIMH F o
FAEe digk A4se %E %A5le] osmotic
sensitivity S A8l o}
WA WEY

ARE QA I mie] Hetlo]  fluorescein
diacetate(stock solution. 1 mg m/ "' in acetone) 20
W2} propidium iodine(stock solution, lmg m/ '
in DW) 2u% #71ste] 1087} 98448 oy
A e & F s Fr)der fasigio).

HEFA e MXIHo|ZN pHEt
EDTA%} lysozyme2 Hzlsted AAA|7] Flavi-

monas A¥HAA E§AE 05M sucrose2}t 20 mM
MgCLE 2#3t1 Sl 02 M carcodylate 439
(pH 6.2)e 4] 1% glutaraldehyde® #1743 t}-2
(6), 33 AT F 1% OsO,2 TaAsIgc). 24=
AlEE A A ohg olMECR w48l Epon
o2 ¥wjstgic). Al8E LKB 2088 Ultratome o=
dH-E "wH5o] uranyl acetate®} lead citrate&
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d8l Bal5s 2ARE 3 3755 A sk KU2l
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2 s
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g3 EA% VITEK system(MacDonald Douglus
Health System Company) o 2% A3}&h2 SA4 0
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Table 2. Characteristics of Flavimonas oryzihabitans KU
21.

Test Result

Morphorogy rod
Gram stain —
Mortility +
OF test Oxidative
Growth at 42°C -
Growth at 4°C —
Esculin hydrotysis -
Urease +
Citrate as carbon source +
Malonate +
Tryptophan deaminase -
H,S formation -
Bgalctosidase -
Arginine dehydrolase -
Lysine decarboxylase -
Ornithine decarboxylase -
Acid production from

Lactose -

Maltose -

Sucrose -

Inositol

Adonitol

Rhamnose

Manitol

Rhaffinose

Xylose

Arabinose
Oxidase
Catalase
Flurorescence on King, Medium B
Acetamide hydrolysis

|

N

OF, oxidative and fermentative

HCl 8949 Fxet AHshe ZE 5899
257} o $ Fe3leck TrissHCl 95499 &
€ 02Me] 7b¢ AfAHolgded, & Tris-HCl ¥
Tv Axyute] GARE HHAA o2 A ly-
sozymeo] Jel=FEE 44 AF F 4 oA
5 RIoh AYAAE Aoz YAATE
lysozyme®] FHAFEE 50~100 yg/mio]glom] L

SAF) 434 WA+ EDTA A7l 8
517] Wiol| x=HF EDTAS AMelsle] o 95
AR A3} EDTA ¥Xel& 28 2 alo] & Holx)
skel. AR 2ot Meuyge 37°ColA
ANeshA| @ aaAE & o) 7P Aol
(Table 3).
AgH e AL SHolHEN pE

EDTA¢®} lysozymes A2j3te] WA®  Flavi-
monas®] YFAAE AAHn A2 Fsigd ciFig,
1). F. oryzihabitans®] <1Z2+S 9] 100% AAL
Az A Fute] Hedxle) BiAR A Alapshe Al
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Table 3. Effect of vanous environmental conditions on the spheroplasts formation of F. oryzihabitans.

Lysozyme Osmotic* EDTA Osmotic Tris-HCI Osmotic Temp. Osmotic
(ug/ml) sensitivity(%) (mM) sensitivity(%) (mM) sensitivity(%) O sensitivity(%)
20 42.68 10 84.04 10 61.12 0 S 76.47
50 85.82 20 84.87 20 68.42 usS 82.35
100 85.82 50 69.11 S0 65.63 30 S 7141
150 80.85 80 83.70 100 71.46 US 8235
200 80.95 100 83.16 200 82.58 37 S 61.91
300 7143 200 83.78 300 80.02 uUs 82.82

“, The conversion rate of cells to spheroplasts was assayed by osmotic sensitivity. To detect the osmotic shock,
5 m/ of D.W. was added to 1 m/ of the spheroplast suspension. The light absorption of the samples was

detected at 580 nm.

Osmotic sensitivity was detected as percent decrease in turbidity. S, shaking; US, unshaking.

Fig. 1. 7hin section of EDTA-lysozyme treated sphe-
roplast of F. oryzihabitans KUZ21T.

E7MA] 1 AE7) ohefsigdnt. )3mte] hHE] A
AR ok AEutel wolgle HEHE E colid]
HAAQ2), P alcalifacience® LFAA(3) 283
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A& Aog nlFol gFute] 100% A=A ok
ol fite] dojutr thut AAE Ax+= §3HEol
Qg A Aoz gzhsdch
HEAH | oMt x4

HAYAAE A A7ty Bus of=|rb#| sg
EHEF(I8) 2 7HAe diste] olEe] F oryzi-
habitans2] P AA wAe JFE ARSI
(Table 4). Al 3ol s AHEAAR
2 AHEHT gl 05M sucrose £93 FHTE
212 3S o 02M CaCl, 02M MgCl,
Sofe] LA kgl Pt EpA elglc) B
QAN F oorpzihabitans®] QI AAS A3}
217171 $)sled Q=] 0.5 M sucrose?}t 20 mM
CaClLs &4 AHrlsted Alg-dldck CaChLd #H7}
&7 ¢doks wEoh AR CaCl s 7S
o) A}P-go] ek 35wl Zr}sldtiTable 5). A Alul
#lol gelating A 1FozH AAgo] of7t Zr}al

oldet el

Table 4. Stability of spheroplasts in various solution.

Solution Optical density*
D.W. 0.02
0.5 M Sucrose 0.23
0.02 M CaCl, 0.23
0.001 M CaCl, 0.17
0.02 M MgCl, 023
0.001 M MgCl, 0.17
001 M KCI 0.04
0.01 M NacCl 0.03
001 M Lysine 0.0t
0.01 M NH,(1 0.04
Control 0.24

“To investegate spheroplasts stability, spheroplast
samples (1 m/) were added to 5 m/ of the solution
indicated and then detected optical density at 580
nm.

"Normal cell (I m/) was added to D.W. 5 m/ and
then optical density was detected.

AL LHEAA AT Mo AMEEHE SEAo
BSA(bovine serum albumine)& #Hr}stezx o
HAA L AAE 45w As Fd 5 A a2y
A4 2le] 3 BSAE AH7KF AgTel o] A4
£2 BSAZ #Arlelx] @9te wet Ao e &3
e #Ai= BSAZE d3AA A A
FrHeR Hagh JFEAZ AFEE Aol oz
A2 Yen, A, 282 371 A
4 AF A7) wAEHE AR A AR A
AlA Fw oHE BARA g Y-S A
.
HAYEA S YEH

B Qe e 08% BSAS YA shFeld)
27} 3ty olRo| F oryzihabitans KU21 59 ¢
A PEHo dvht & 7)9E sh=x% FDA
(fluorescein diacetate) A o2 FxAls}gich

FDA ®2h= (433uhg 2f-2o] Fos}x|qh 4
ool UHAA AEo AT esteraseol] oI5he]
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Table 5. £ffect of BSA. gelatin, and divalent-cation on the regeneration of Flavimonas spheroplasts.

Concentration of BSA

None 0.1% 0.5% 0.8% 1.0%
RRM “1.02X107 221 X107 3.80X 107 443X 10° 443X 10’
RRM+20 mM CaCl, 357X 301X 107 4.42x107 S52x1y 572X 10
RRM+0.5% Gelatin 1.23X 107 4.55x107 4.07 X107 6.32 X107 6.23 X107
RRM+1.0% BSA 112X 107 1.48 < 107 2.90 <107 507X 107 6.80 < 10’
“regenerated cell number.
1
80 \D
5 % N\ \D
2 [ \
% 40 |+ \ ln]
20} -\
- a

Fig. 2. The FDA staining of Flavimonas spheroplasts
10 assess spheroplasts viability.
Viable spheroplasts had a green fluorescence
(A) and non-viable spheroplasts were red (B).

A7 A st EE H3AE YEshs), of
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2A "ok 249 g3 ae wsiue
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A7bect o)ejzre Ax= Illing9) 2 ARsls
<23k llling(9) 5-& 239 1% BSAS #H7}
Fo =M Streptomyces LHAA 7} Ao 4] 621717}
A A¥AA L 75% Ao} Y AL DY v}
Qe Z8jE2 B Aydsde 9844S g4
Folle 9¥dA SFded 08% BSAES 7t
ARSIt e B AdeA ARgd 3§ A4
Al JstH FFAAN 80%7} AHeolA] 4417

% 2 e
W fd rfo

12 3 a4 5 & 7 8 9 10
time(h)

Fig. 3. Comparision of the loss of spheroplast viability
in spheroplasting solution with (1) and without
m) 08% BSA

Spheroplasts of F. oryzihabitans KU21 lost
viability quite rapidly when held in sphe-
roplasting solution at room tempera- ture.
Addition of 08% BSA to spheroplasting
solution improved the stabilization of
spheroplasts over extended period (4~6 hr)
and thus improved regeneration frequencies.

7HA A EA St ot oy o Yrue
W) el A 2 A PAA AR AP gRE BT
HebRle dskel 3 A e g 9¥A
Ao Az zh Ao | Aol 2] g Aol 2
ZkelE Rolal gldl(Table 6), o] o)== opd
A2 o £v] ATE ALstelel & oot
Kinetics of spheroplasts regeneration
YEAAE AYAEdE= e Brij-58et 2
non-ionic detergentel ¢ =7gk4,7) AL
43ty Flavimonas Q¥AA7} AAH=w Hele
A7+& %481k, EDTA-lysozyme WPHo2 413
AAE YA 3 At 3] Mste] 2 AYu) =)ol
Esiich ol & 30°ColAM wiekstw A 147k b
Ao2 1mi®] 01% Brij-58& ZAl2~#A overlay
¥ o] Aeid Ak MEe] A =% ke
WYAA = Brij-58e] 2HAE A$ FolWelA
S22 Brij-58e @ uRAdS dAEHE Ae o
HAA S Axe] ANYEE Ao gzt 4 g)
o} ol2i gt W 22 Flavimonas 4@ AA 7} QA H =
A7V EH3 A3 F oryzihabitans KU21 98%
A= top plating 3% 647 o]FHe] A= ] A

Ll

549}

o5



Vol 31, 1983

Table 6. Eifect of regeneration technique on regene-
ration of F. oryzihabitans spheroplasts.

EDTA- Spheroplast’  Regeneration frequency (%)
lysozyme ormation - -
incubation  frequency spreading overlayed' embedding?
time (min) (%)
30 90.10 2.82% 3.80% 3.72%
60 99.92 0.47% 1.13% 1.34%
90 99.98 0.01% 0.68% 0.52%

“, Spheroplast formation frequency was determined
with the following equation, 100X [(No. of input cell-
No. of OR cell)]/(No. of input cell).

", Frequency of regeneration was determined with the
following equation RF (%)=100X[(No. of regenc-
rated cell-No. of OR cell)]/(No. of input cell).

‘. Spheroplast suspension was mixed in a test tube
with the melted soft agar at 40°C and poured onto
the surface of rich regeneration medium.

*. Spheroplast suspension was placed on the surface
of rich regeneration medium and then the melted
soft agar at 40°C was poured and mixed with
spheroplasts on the agar plate.

2tsted 11A)17071=] 719] 80%2] ZH"E | o]Feixrt
(Fig. 4). 1213 F orvzihabitans® Q34 A) P&
overlaying el 713 axp=olglom A P& 3.8
%elgltiTable 6).
HyAH B
‘“ﬂlﬂ AR ofokeTAS F3bA AdS ¢3
FrAA AR 2 AH-8}7] 938 F oorvzikabitans KU21
4 NTG Helsle] Belwlo]5g 912y, o3 Zu)
YA FFE Y3 A *}Jlﬁ}MEHTable 1).
+¢(fusogenic agent) 2. 40% PEG()O()()-Jr CaCly e
AHEBRe] Aol A 1087 g 3 FyAte] A
T oole AR AelA g4 §3AE A
& o recombinants?] A& 20X107°~3.6X
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Fig. 4. Spheroplast regeneration as measured by
insensitivity to Brij-58.
Spheroplasts  are  senitive to nonionic
detergents such as Brij-58, whereas intact cells
are not. Suitable dilution of the spheroplast
suspension was spread on plates of rich
regeneration media and incubated at 30°C.
At 1 h intervals for 12 h. sets of four plates
were overlayed with 1 m/ of 0.1% Brij-58 in
D.W. and reincubated at 30°C overnight.

The loss of sensitivity of spheroplasts to

Brij-58 was taken to indicate regeneration.
and the kinetics of this loss was taken to
regeneration  time. (®). regeneration of
Fseudomonas acidovorans K82 spheroplasts:
(C). regeneration of Flavimonas oryzihabitans
KU21 spheroplasts.

10 )95 A4 el o8 AaE FHASe
Folloll & A< °“4‘3P°3EHTable 7). 1 ¥ o

TollA G805 Flavimonas2] 98 X‘zﬂ S35 whyle
01—146]- Oz—]x]_ Zﬂigt}.z_“e OJT?T 9‘11__ E3+1—1 Bl
Holzbal Azbgvh mlebd o]E wpgto R opdal
T Flavimonasst oh2 w2 q)7ate] 19
AA 3 Bl JEsl A wakE shgEe ¥ s
SHo) B} el a thopg #55 puatoiy
At FAsoir odd AodsHe stshoy)

“
o
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Table 7. Properties of recombinants produced by spheroplast fusion of F. oryzihabitans.

Fusion Phenotype Selection  Frequency of No. of Colonies growing in
marker recombinants tested selective medium
formation colonies Cm Sm  Cm+Sm MM
F. oryzihabitans Cm'
KU21C
X Cm'Sm’ 36X10°° 100 100 100 100
F. oryzihabitans Sm’
KU2181 His
F. orvzihabitans Trp
KU211 .
X prototrophs 20X107° 100 100
F. oryzihabitans His

KU218
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ABSTRACT: Spheroplast Formation, Regeneration and Fusion of Flavimonas oryzihabitans KU
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The optimal conditions for the formation. the regeneration, and the spheroplast fusion
of Flavimonas oryzihabitans spheroplasts were investigated. Cells were transformed to
spheroplasts effectively by treatment of 0.5% volume (v/v) of 0.1 M EDTA and 100 ug/ml
lysozyme at 37°C for 30 min without shaking. Magnesium chloride and calcium chloride
were effective on the stabilization of spheroplasts. and 20 mM calcium chloride in the
rich regeneration medium improve the yield of regenerants as much as 3.5-fold. Addition
of 0.8% bovine serium albumine (BSA) in dilution buffer for spheraplast formation improved
the stabilization of spheroplasts over extended periods (4~6 hr) at room temperature, and
thus increased the yield of recombinants to 4.5-fold. The spheroplast formation frequency
and regeneration frequency of F. oryzihabitans strain was 90.10% and 3.80%, respectively.
The first regenerated cell of F. oryzihabitans spheroplasts were appeared 6 hours after plating.
By 11 hours after plating, 80% of spheroplasts were regenerated on the rich regeneration
medium containing 0.5 M sucrose. The intraspecific spheroplast fusion of £ orvzikabitans
was carried out and the properties of obtained fusants were investigated. Formation of fusion
products was effective when the Flavimonas spheroplast mixture was treated with 40%(w/v)
PEG6000 and 20 mM CacCl; for 10 min at room temperature. and the formation of frequency
of recombinants were 20X 10 °~36X 107" All tested recombinant clones were very stable
on further propagation.
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