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Physiological Characteristics of Fusants by Interspecific
Protoplast Fusion of the Genus Cellulomonas

Bae, Moo and Jung Hwa Lim
Department of Biology, College of Natural Science,
Fhwa Womans Universiry, Seoul, 120-750, Korea

ABSTRACT: In order to investigate physiological characteristics of fusants by interspecific protoplast
fusion of the genus Cellulomonas, protoplasts of Cellulomonas flavigena NCIB 12901 and Celiulo-
monas bibula NCIB 8142 were fused and cell wall regenerated.

To give gene maker, C. bibula was treated with 500 ug/m/ NTG for 1 hr and arginine requiring
auxotrophic mutants were isolated. Protoplasts of the genus Cellulomor:as were obtained by treatment
with 600 ug/ m/ lysozyme, and 0.5 M sorbitol was optimal for osmotic «tabilizer on protoplast forma-
tion. Protoplast fusion was enhanced by 40% PEG(M.W. 6,000) containing 25 mM CaCl, at 30°C for
30 min and fusion frequency between C. bibula and (. flavigena was 5 32 1079, Processes of protoplast
formation, cell wall regeneration and protoplast fusion were observed by scanning electron microscope.

By comparing enzyme activities of cellulase, exocellobiohydrolase. £ -glucosidase of the parent
strains of Cellulomonas with those of their mutants and fusants, fusants with increased enzyme activity
were obtained. By the studies on nutritional requirement, antibiotic resistance, cellulolytic enzyme ac-
tivities, type of peptidoglycan and motility of two mutants and fusants, fusants were proved to be
recombinant of both mutant strains.

KEY WORDS! Protoplast fusion of Cellulomonas.
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2 AFNNe  Cellulomonas flavigena NCIB
12901 (13} C. flavigena 2 <33} g=+zhstr]a-9
A HFbe  Cellulomonas bibula NCIB 8142
(C. bibula 2 °F3)S AHg-3)e}

HiX| o 2SR

2 Aol A Z2) wioke <3t g o) =)<} 2|
afz)e] 248 7)) 5o BE (Kim and Lee, 1985)
o 23 9PAA YHE 9B 23 (Iysis fluid ;
LE)2 9844 348 339 (dilution fluid
DF), 3-8 (fusion fluid; FF) 2 )4 uj=
(RCM)= AR (o1} v, 1986 ; e} =, 1988)o)4]
o} o] AMg-sieict,

=oo|Fe| e

C. bibula F5% 5247 706 500 ug/m!
NTG (N-methyl-N’-nitro-N-nitrosoguanidine)
T 6023 AR oE FHawiAe "gsiz 2000
unit/m/ ¢ penicillin G& H3kx uwjoksled wWo)z
= 53 AT EdWelsE Awsigct
(Gerhardt ef al., 1981 ; Fitzgerald et al, 1975).
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°] 0.02M phosphate buffer(pH7.0)o] &=t}
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mM MgClL,& 235= 10mM phosphate buffer
(pH65) 15mi= 37Cell A 308 whe-Al7l & 1M
Na,CO; 2m! & 93k 400nm o4 FHAEE 27
st5lem, lunit &4 1mi7} 13 Sot PNPG
2} ¥k$-3l 1ymole o] PNP2 frelshe g4
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Table 1. Mutants derived from cellulomonas bibula NCI8

8142 and enzyme activity of mutants

Strains  Nutritional Cellulase Exocellobiohyd- Reducing sug-

requirement (unit/mf) rolase(unit/m/) ar(umole/m{)

Wwild 89 3.15 1582
Mutants
4 Arg” 63 3.51 2838
35 Arg” 84 .24 1431
36 Arg- 115 6.05 3220
38 Arg- 71 3.57 3380
46 Arg” 77 3.27 3059
47 Arg- 59 6.97 2919
54 Arg~ 102 12.86 2673
62 Arg” 62 9.20 3401
100

Relative value of osmotic sensitivity
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Fig. 1. Effect of concentration of osmotic stabilizers on

protoplast formation of Cellulomonas bibula.

®-@ : Mannitol a-—a :sorbitol
m-8 : Sucrose 5
Relative value of osmotic censitivity = A

A: Absorbance when cell suspension treated by lys-
ozyme was diluted in hypertonic solution at the
ratio 1 to S.

B: Absorbance when cell suspension treated by lys-
ozyme was diluted in 0.8% saline solution at the
ratio 1 to 5 for osmotic shock.

B. subtilis 3= 0.0M  sucrose (Schaeffer et al.,
1976) 7} AHESE oA 8= %) v},

A}
h24

[e]

1981

SEEEIE R

na 11T

A ? ghE AR A g Alef ]l
]

+2 (Akamatsu and Sekiguchi,
) C. ﬂamgwm 23 o C.obibula 54 B 99, 9%
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Table 2. Protoplast formation and regeneration

Strain Frequency(%)
C. flavigena 23
99.9
The rate of (Ade- Km")
protoplast fortnation  C. bibula 54 99.9
(Arg- Neo”) '
C. flavigena 23
. 5.56
Regeneration (Ade” Km")
fi C. bibula 54
requency ibu 6.66
(Arg~ Neo”)

.

The rate of proioplast formation = A[iB— X 100 (%)

A number of rrotoplasts
B : number of ¢smotic resistant cells in plate after osmotic
shock

Regeneration frzquency = BKQ x 100 (%)

A number of protoplasts

B : number of regenerated cells on the regeneration medium

C: number of osmotic resistant cells in plate after osmtic
shock

sdal, RCM Fell4 A ‘§”1 Nt O flavigena 23
5. 36" sl C. bibula 54+ 66% 20t} (Table 2),

1A &l e ZH g SEM #33% a
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ol al4l J-e)7) 0‘01” odek s el vlg2 1, 8
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Fig. 2. Scanning electron micrographs.
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D

The photographs were taken magnification of 10,000X

A. Intact cells of Cellulomonas bibula
B. Protoplasted cells of C. bibula
C. Regenerated cells of C. bibula

Table 3. Fusion frequency and reversion frequency of aux-
otrophic mutants

Strains Frequency
Fusion C. flavigena 23 x C. bibula 54 S x 104
frequency (Ade” Km’" x Arg~ Neo”)
Reversion C.flavigena23 (Ade-Km7x 1x 109
frequency ¢ pibula 54 (Arg-Neo) 2 x10-9
Fusion  _ number of regenerated cells on FCM

frequency = number of regenerated cells on RCM

RCM; regeneration complete agar medium

FCM ; regeneration complete agar medium containing anti-
biotics

D. Micrographs of interspecific protoplast fusion.
Fused protoplast after PEG treatment.

Table 4. Genetic stability of fusants

L Colonies on Auxotrophs
Strains cc MM (Segregants %)
Fusant 2 456 455 0.22
4 378 378 0
5 498 498 0
6 408 407 0.25
7 408 402 1.47
8 571 457 19.96
9 497 497 0
11 510 508 0.39
12 749 747 0.27
13 443 442 0.23

CC; complete medium, MM ; minimal medium
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Table 5. Enzyme activity of mutarts and fusaris

Protoplast Fusion of Cellulomonas S 1

Enzyme activity (unit/ mf)

Strains Reducing sugar
Ccllulase Exocellobiohydrolase B g]uctwsi@asc (umole/ mh
Extracellular L\lr(u.ellulal [ntact celt Exiracetlular
Wild
C. flavigena 93 718 3.33 2180
C. bibula 89 318 0.31] 1582
Mutants
C. flavigena 23 0 13.25 6.81 .42 4
C. bibula 54 103 12.86 8.42 (.18 3154
Fusanis
| 0 13.42 7.08 2.00 72
2 16 12.96 8.62 0.40 2231
3 0 14.36 7.01 178 48
4 0 13.11 7.71 3.03 42
5 0 11.60 6.06 2.62 98
6 152 22.55 8.62 0.76 2779
7 0 9.26 6.80 3.61 226
& [} 12.49 5.44 2.69 77
9 188 25.30 15.37 2.21 2926
1o 0 12.32 6.49 305 83
11 105 15.33 12.93 0.36 3124
12 133 18.18 9.37 .21 3556
13 175 22.14 8.80 .31 2614
24 A Table 6. Cellular distribution of §-glucosidase from C. fla-
opdd el Eoldlol, FRH 7zl cel- vigena .3
lulase, exocellobiohydrolase, g-glucosidase &4 - - . -
% F4ste] Table b l clebdfiglel, Cellulase £ Distribution ﬁ-—g-lu,ms'-dése
AT g Nl C Aavigena 238 Eeibio) - : activity tunit/md)
ik b el oo *&3;; K C bibula 54 3= 3 Extracellular 342
ARkl 7L 10300 g 3bal E oMo 188, 1309 175 Intracetlular 113
2oohwslvcl o Bhddo] Zopxl gibAlE ale & (supernatant aft:r sonication)
Wik, Exocellobiolhydrolase ol W8l §-3 6 Intact cel 6.81

W, 9H12 ok e O flavigena Boxlkis 38 C
bibule Wxl= woll Wolq=al Wopmu b= 28l dh4le)
SR A 920 b akrlvl, g-glucosidase €]
Aol Aol ¢)x] 1 =gl ket ok (Stoppok ef
(1/ 1982) C. flavigena 23 e84 gl of7ps =

=

Dl B Table 6 4 %3 intact cell Oﬂ A L ghade)
Btk geglucosidase @) AES] E4:8HA8- of
R T A I e L‘H'P{x- ’"”1’9}‘

Hlg=al o} intact cell o) 4142 WEe) v)alEte] 2
Gl ghadol byl 43bAEE 918 45 gladn),

SEEEEEEE E S S R

flavigena & m
) I

(cell suspenswn hefore somuanon)

o] é“'H] el e e U 3 wE oo
- NeFe) Tl g bl <),

Peptldoglycan 2| amino acid type

Cellulomonas % -2 peptidoglycan 2] oju)
kel alan ne-glutamic acid-ornithine-alan
ine o] slal AR ornithine + vH tetrapeptide
A alanine & o1 Hal 4= interbridge & (

& aspartic acid# 2 50 el

lulomonas 721 TR RS glutamic acid &
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Fig. 3. Two dimensional chromatograms of amino acids of
cell wall peptidoglycan of mutants and fusants
CfA23: C. flavigena 23, CbR54: C. bibula 54, 4: Fu-
sant 4, 6: Fusant 6, 7; Fusant 7, Au: Authentic, A:
Alanine, G: Glutamic acid, D: Aspartic acid
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I el EHel ol &5 3 3l th(Schleifer and
Kandler, 1972, Stackerbrandt and Kandler,
1979 Keddie and Johns, 1972), TLCel 2J3) o}
el RS A3 A3 3 ey pRe
Aspartic acid & ztx slel C. flavigena 23 235
& wa2a 34 642 glutarnic acidhe 2w
Ul C. bibula 544 w23 glc}(Table 7, Fig.
3).

AlEsts MAE

oAl §3tAle) DNA ¥2¢ Burtond
(Gerhardt et al, 1981)¢] wa}t FAM}R o
(Table 8) 3412l DNA ke tja 2718 A
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Table 7. Cell well amino acid analysis for mutants and

fusants
Amino acid present
in cell walls Peptidogly-
Strains can type
Alanine Glutamic Aspartic
acid acid
Mutants
C. flavigena23 + + + D-Asp
C. bibula 54 + + - D-Glu
Fusants
4 + + + D-Asp
5 + + - D-Glu
7 + + D-Asp

D-Asp: D-Aspartic acid, D-Glu: D—Glutémic acid

C. flavigena 152 -+5*4°] 913 (Rocasa and
Cummins, 1977) C. bibula = $-54o1 vk, #3
Aol el M $EAAE Fabslar 18] 2aFFQl F
Eqe| Tkl 2bel7) 9liz BAA iAo 545
#l2akgic) (Table 9). §3H4lis dokaFAx 84

1
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Table 8. DNA contents in murants and fusants
Strains DNA contents Relative DNA
(fg/ cell) contents
C. flavigena 23 18.3 1.15
C. bibula 54 15.9 1.00
Fusant 1 19.0 1.19
2 15.8 0.99
3 19.9 1.25
4 19.5 1.23
5 18.5 1.16
6 16.8 1.06
7 17.1 1.07
8 19.1 1.20
9 15.9 1.00
10 16.5 1.04
11 17.9 1.13
13 18.7 1.18

DNA contents were determined in balanced growth at 30°C
in rich medium

Bl el sl Ajxl AN A9l 3o W2k zj & peptidoglycan type <= C. flavigena 23 -5 wpein}
gralelar gt o Fas cellulase &A@ 5L Cobitula 54 F b2y A w2}
Table 9. Genetic and cytological charactenization of mutants and fusanis
. antibiotic )
. nutritional . cellu ase peptidog- .
strains ) resistance : mouility
requirement Km Neo {unit. m/) lycan type
Mutants
C. flavigena 23 Ade Arg! R S ) D-Asp
C. bibula 54 Ade * Arg S R 103 D-Glu +
Fusants
4 Ade* Arg* R ) D-Asp +
6 Ade* Arg*t R 152 D-Glu t
7 Adc Argt R R ) D-Asp 4
Km; Kanamicin, Neo; Neomyun R; Resistant, S; Sensitive
H oo
‘J*?ri‘;‘ FaG - Uiz Cellulomonas flavigena NCIB 12901 # Cellulomonas tibula NCIB 8142 2] &7k 913211 §-% :°'
sk s1eSE] 92§ BAS 24l C obibula °l LA lysozyme (600 pg/ml)E 643 Hilsto] giglon],
“ﬂﬂﬂli 0.5M sorbitol ] ﬂ‘i"]‘}ii LA AYEL 6, 0dvh. AHAA FEL 25mM La(,lla FEehs 40% PE(;

(M.W. 6000)&

30Cel - 307k Melghe2 afsfedar C. bzbula-ﬂ C. flavigena @) % &3 5x 10708 Ldgadq) g4 o

A AT FRIEL FAR AR o faksgct, Cellulase, exocel]oblohydrolase B-glucosidase ¥l 2718 %

FAE Ak, mdFot §3A S dFed,
2 wElde

a']-/\‘ljil] q] H oA

i;l’“

AE AR, &5 5 ulaEle A wate) XH
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