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Protoplast+= e o}=] A} 0] gl Arefdl] 4 7]
¥ A& (Nicotiana tabacum) 2l % (mesophyll
tissue) .23 e] Rz|slgd o, spheroplast A %
o] A}8-=l Agrobacterium tumefaciens= Ameri-
can Type Culture Collection (USA, ATCC)15955
€ T4 AHE38lsicl. protoplastE2le] A}2% &
44l Cellulase Onozuka RS % Macerozyme R-
10-& Yakult Pharmaceutical Co. Ltd. (Japan) el
A T3¢ 3, lysozymes} polyethleme glycol
(PEG, M. W. 4000) & Sigma®] A E-& 218314
o, AR G L ARA 2o AL5 S5ALGE
& =% AsuslAsE Adddr 199 =
€ AL Aa SFAGE AEsiddet Adxa
u) 73§ Z 3 (thin section)2 Sorvall Ultra-
microtome-3 A}-g38lod ul-E9l.on Hitachi (H-
600) transmission electron microscope® i
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ofstel g 75xgoll4 57 FAE] Fyct
protoplast pellet® 4% (0.5~ 1ml)¢ washing
medium (0.7 M manmtol in MS salts) o] Al

mannitol,
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A4 1047 d4Ee ARAE o sucrosed ¢
ol 542 & o]Fe] 29l protoplastS pas-
teur pipette® FAA#A SoJle] washing
medium®.2 2~33 AT F AP 443
Aot =Y £ 4Fdl A+ protoplastd] Bz A
& #A37] 918 two-step (sequential proce-
dure) ¥ wPy & A}L3}e] protoplast& -Belslgy
c}.
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Agrobacterium®] spheroplast: Hasezawa 5 10)
(1981) 8] W& st Azt Agro-
bacterium tumefac:eﬂs(ATCC 15955)—3— TYul %]
(0.6 % trypton, 0.3% yeast extract) o4 30T
2 A} wjoksdled logarithmic phaseol) 4] 3} A|
carbemciling 500mg/ ¢ 5 A] A 715l 90E 7 o
AepwoF F A3t} Lysozyme8-°4 (0.04%,
lysozyme, 10M EDTA, 10mM Tns, pH 6.0 m
0.4M sorbitol)oll H-ALAlA 30T 4 2 A7k m-
Az} w) A
A2 E A Zsled transmission electron micros-
cope Azl g},

(3) Agrobacterium tumefaciens spheroplast2]
protoplastu] X.9]

Hasezawa % (1981) 199 uldle] weld | F
spheroplastE 4] 4] £ protoplastdd] £ A 7},
10ml Sol Aj&slel] <k 10°7§ 2] protoplaste} ok
10°0 9] spheroplastE® o] 0.5ml %37} A
42 o}-g 522 40% polyethylene glycol (PEG,
M. W. 4000)& wgug Heol=y FFEst
20% HA 4ol 30Co 4 1027 wcubation &
F A5E A0 AL ARAZ wyld =g
% 2] 31 % =}. Polyethylene glycol (PEG)#] 2| % 10
ml®| glycine-NaOH buffer (high pH-ligh Ca?* bu-
ffer, 50mM glycine, 50mM CaCl, in 0.4M man-
nitol, pH 10.5)& 13| ¥ % % buffer 10ml
of AEALAA 30Tol4 20¥7 £ o Az
o7 og Aarsig e},

(4) Electron Microscopy

cubationd}led spheroplastE ztE1

Spheroplast9} incubationgt protoplastE Fuku-
naga 5% (1983)0] N3 one-step Yol 3
A5t gch Y& 2.5ml9 0.2M cacodylate,
pH7.2, 0.3 g sucrose, 2.5ml%] 8 % glutaral-
dehyde, 5ml¢l 4% 05O, &4E A HZ 4o
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(1) 4 29-% protoplast®] g2

One-step}¥] © 2 protoplast® 2] 35t¢-S 7
+ d%Z2A 1gol st 2 X109  o]4rY
protoplast & 3| +& 4 glddcl  two-stepyl o
£ protoplastE £ 37 8 0.5% macerozy-
med | HL o cell wallo] WA= o3}k
A5A £ dolx Ugony (Fig 1), o o
AZLE 1% cellulase® e3¢ = protoplast
7 A= glel. 22 % protoplast= chloroplast
7t AES As Ewe] mEA LExsa Qo4
7% Aoz B (Fig 2),

Fig. 1.

Intact mesophyll cells 1solated by treat-

ment with 0.5% Macerozyme Onozuka
R-10 i 0.7 M manmtol containng MS
salts, pH 5.8, for 2hrs at 30°C. The
middle lamella layers were digested by
the enzyme and the cells were hberated
from the leaf tissue (400 X).

Fig.2. Protoplasts 1solated by direct (one-step)
procedure: leaf tissue was treated with
1 % Cellulase Onozuka RS, 0.5% Mace-
rozyme R-10 1n 0.7M manmtol contamng
MS salts, pH 5.6, for 3 hrs at 30C
(400X).

(2) Agrobacterium tumefaciens spheroplast2]
Az

3t Al carbenicilling wf ofuf =)ol Yx| ko
spheroplastst A 8] wkE el x| 2okt o] 2t
Ab-2- Agrobacterium tumefaciens A27740 A & 3
ZE 9 gt carbemeiln ¥ lysozyme 2 2] 3
9i5-3-2] bacterias} outer membraneo] HHz
2 AlA S spheroplast® wWstget(Fig. 3)
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Fig.3. Observation of bacterial spheroplasts.
Note that the outer membrane fragments

were released forming membrane vesicles

(20,000X)

(3) spheroplast®] protoplasty] &9
Polyethylene glycol (PEG)ell 2l&] %% sp-
heroplast?} protoplast4}o]2] 13229 szt
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Ao (Fig. 4~7) 2754l o 4= protoplast
membraneol] spheroplast7} whgls] F sty
(Fig. 4), A1zko]l 7Zshgtell =24 protoplast?]
membrane¢] 84} 513} 5 &]ol| spheroplast?} pro-
toplast®] A T4 WH 2 T9lsle Aoz ity
sich (Fig. 5~6). Polyethylene glycol (PEG)
2] 2] & high pH-high Ca®* (glycine-NaOH buffer)
2 z2)sted 2027F imcubationA] 71 thg A=

uj7d e 2 aAste]l £91% spheroplast?] W 3E

— A3 - T8 - oAd —

=
Z 4319 el Protoplast®] 423 Wia =9

spheroplasty M2 A XL FZ7F 513 Hol x| =

Ao s Ych(Fig 7).

Fig.4

Fig.6 A spheroplast taken up nto protoplast
(10,000X ) .M: protoplast membrane,
S: spheroplast
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Imtial stage of spheroplast uptake. A g Fpy
spheroplast 1s seen adhering to the pro-
toplast membrane (10,000X) .

M : protoplast membrane, S:spheroplast

oYY SRR el
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Fig 7 Later stages of spheroplast uptake after
high pH-high Ca?* treatment. The lower
picture shows the protoplast membrane
vesicle entrapping the spheroplast. Note

Intermediate stage of spheroplast upta- that the engulfed spheroplasts lose their

ke (10,000X) M: protoplast membrane, cell ntegrity (20,000X).

S:spheroplast M: protoplast membrane, S: spheroplast
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Ity7} woixis Re ¢e A ¥
A2 5l protoplast+ chloroplast’} L2 A 2238}
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Protoplast?] Fzlof] A}&=+= T 49 =
£ Yoty Y two-stepdy 2 2 F proto-
plast® 22|38led A Gt 0.5%2] macerozy-
med 2 2519¢ = 25229 mddle lamel-
la (pectind 2) 7} 43}l 4 cell wallo] 2138}
A5 EEEge (Fig 1),

protoplast9] ¥ 2|+ two-

chloroplast 7}
A viab-
ek & Al

yeld 9%

AZE 1% cellulase® 2] 2]3 224 protopladt
7} mbEolAl= AL AAslgdom, One-step b
deoe2 gelgt As "o E zolsk gdd
4524 190 tisley F4£LH4-E 10mlo] At
o] =& § AL g4 M & L3}EH A
£53 9] 4Bl AL B4 A4 S gl

= 713 E gelrl $1gelsdc

Gram-g-4 8} X okital Agrobacterium tumefa-
ciens 2] peptidoglycan®-& A3} gkl
w2} A outer membraneo] XA o7 Hlﬂﬂ O‘]
vesicles #F4dh= A& AT £+ gl 3
@ A outer membrane?] ty-Eo] A AEF o]
protoplast] @ Mol ZAE Ut (Fig 3).

A F72 2y o F25-L spheroplast®®
hposome 2 0] fusiono| o}ulg} endocytosisol]
] protoplast WX 2 E¢=clam g}, 2
Aol 4= £ % spheroplast’t membraneT %
9] cell ntegnty® HaAz Lojwel= RS 3
g+ e (Fie 7).
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of 4FH o2 AL3gct gor Y odF
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2 of

Polyethylene glycol (PEG)x 2o &3 Agro-
bacterium tumefaciens spheroplast®} 1% 3%
protoplast®] A& A8-8 ooF35ls] ¢ste, T4
A utyg o7 Bzt o 298 protoplast®} car-
bemcillin @ lysozyme2| X 2|d] 23] A X2 Ag-
robacterium tumefaciens ATCC 15955 sphero-
41o] A polyethylene glycol (PEG) % high
pH-high Ca** buffer® 22|38 ¥ A 5EF 33y
A=zlsdn] A o2 Azt A3

plast&

spheroplast= &
7l wkA ol A protoplast membraneel] B3I, 4]
7rol 73sbgdel] wlg}l endocytosiso] &l&) proto-
plaste] A =zd WE2 =g og, AR 1
B A (cell integnity) 7} s}= 5 o] A= AL =a
¢+ Agdeh oleld A Az 2He sphero-
polyethylene glycol (PEG)ell 23] proto-
plastt§ ¥ 2 endocytosis®H ] IS & 5 9lgic).

plast+
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Cytological Study of the Introduction of Agrobacterium

tumefaciens Spheroplasts into Nicotiana tabacum Protoplasts

Jung Hye Kim, Yong Bum Koo, and Ki Yung Lee

Department of Biochemistry
College of Medicine, Yeungnam University

Taegu, Korea

Agrobacterium tumefaciens induces cancerous growths called crown galls at wound sites on
dicotyledonous plants. A large plasmid called T: plasmid 1s responsible for wirulence. Upon tum-
or mduction, part of the plasmd, termed T-DNA, becomes integrated into plant genome and
1ts genetic sequences are expressed. These properties allow Ti plasmids to be used as  gene
vectors m plants. Several in viiro methods for the transfer of Ti1 plasmd nto plant cell
have been developed. One of them 1s the treatment of bacterial spheroplasts and plant proto-
plasts mixture with polyethylene glycol that 1s generally used as fusogen in cell-to-cell fusion.
Several workers mvestigated the interaction of bacterial spheroplasts with plant protoplasts
in the presence of polyethylene glycol and suggested that the interaction is not fusion but en-
docytosis.

In this report we observed the nteraction of Agrobacterium tumefaciens spheroplasts with

Nicotiana tabacum protoplasts by electron microscope.

Agrobacterium tumefaciens spheroplasts and Nicotiana tabacum protoplasts were prepared and
mixed in the presence of polyethylene glycol and high pH-high Ca®* buffer. Then the interaction
of the spheroplasts with the protoplasts was exmined by transmission electron microscope.

After the treatment of polyethylene glycol the spheroplasts adhered to the surface of  the
protoplasts and then they were engulfed by the protoplasts. After the mgh pH-high Ca?* buffer
treatment the engulfed spheroplasts lost their cell integrity. No fusion process was observed.

Thus all these observations suggest that the introduction process of Agrobacterium tumefaci-
ens spheroplasts into Nicotiana tabacum protoplasts with the aid of polyethylene glycol 1s end-

ocytosis.



