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Identification of Possibly Regenerative Cells
in Protoplasts Isolated from leaf Tissue*
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Summary

This study carried out to examine the difference in the cell vitality between mesophyll protoplast (MP)
and paraveinal mesophyll protoplast (PVMP) by using urea permeability technique, of Tobacco xanti,
Petunia hybrida “Blue star” and Chrysanthemum morifolium “Baeckwang’.

In addition, the effect of various enzyme solutions and their digestion time the effect of NAA and
Thidiazuron on plantlet regeneration from isolated protoplasts were investigated.

The results of this study are summarized as follows.

1. For the three plants examined, the urea permeability on the tested tissue stripes was relatively

higher in PVMP than in MP by about KS=2.0X10*em/sec.

2. The enzyme mixture of 1.5% cellulase R-10, 1% Driselase, 0.5% Macerozyme R-10, and 0.5%

Pectinase was effective in isolation of PVMP, and the digestion time took 2-4 hours.

3. The callus formation from the isolated protoplasts and the plant regeneration from isolated

protoplasts gave the best results with NAA 2mg/1 and Thiadiazuron 0. 01mg/l.

Forthermore, the results demonstrated that cell devision and plantlet regeneration was better in the
PVMP than in the MP of the same leaf or plant.

We, therefore, conclude that PVM is an excellent experimental material for the callus formation and
regeneration from the isolated protoplasts.

x 2 =28 1990y afY ATz Anl (AT 2lsled A= E
*x 3ol4 Yol ¢} (Dept. of Horticulture, Cheju Univ., Cheju~do, 630-756, Korea)
* % x FFohe Foie
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AF F43EE A3 A8 YdozgE §
ol  ¢AE s Ut o|FE 42 YA
EWe® ¥ & Ak 2y AFIAAY 2E A
TAEEe] 24 1 HFAQ EFQ FFAEy A
Aolldt FFY oAl UL 2 72 dFel g
2E3AEA Aon a2 FoHE A AEME T
4ata e AN 2 Foll iy AW A xo
Helede 23 AR 4EMe =9 A= (Horst,
1990} Fe 27 4gPd4 AEMY =gy
(callus, suspension cultured cells, seedlings) ol
A A HEol okt ARE e 2xz Y
t}(Power e o 1976).

ditzoz FH 2o YL e ALFHE
el Jz2g A4 S¥ol Ay wio] gz 7
o] £37 tid =3 siFsle Aol Aoz Ha
ded 2ol ME Yoz dgL +of3}
£ MEFo] 9o} (Vincent et al 1984). =, Yul
429 dzAollH A Y& shA AEFogy
paraveinal mesophyll Al Z 2] £A)7} #2lslz glo
o (So e o 1989), Yyt F=Ao| o} 2 23
(cotyledon, adventitious roots)2] o]& »}5A %
Yoz drAFdd YA oz WY} o
2 & AFE AE g2l 271 23 slrtolo
+Z3}l3 91+ paraveinal mesophyll Al X2} 85
g YAslz] st dAe JEEYANR Ly
Aol 24 felzn kel Ful, shaol, FTHE o
o2 du}t mesophyll M Ze} wlmsled HZ P4
573 F A8YE vla ¥ slmed A2Ax Uy
2N U] Aoz 4w YE Al & YR d
AN AR Aio] GE45 AT YA
= FAcE T4 vl Yokl A b A

T AdA o Qad d 4 9le g Ay
sed £ d79 2HE 55,
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1. BAME MR FH|

¥4 AE24 Nicoliana tabacum cv Xantig}

Petunia hybrida cv Blue start Z2}§ 10% NaClO
Edol A 1082 ATty WF42 4 8 A9 2
MS 7|2 wixlol] F2} 3} F8)eod 43 Ay $ae
24§ A183)%ld. Chrysanthemun morifolium cv
Baeckwang2 443 wlgoz clojal £7 Alg e
F oA o] 2mAE YRE A& YA slod MR
& AHgstglon] wotdle] =28 Yut who} = Ao
TIEd =g

2. Urea permeability & 7|&%8 0|2
gt vitality &5

TuE 359 AEMEL 25 712 ImX AR 2om
= Adsle] MERINY ZZE AAH] $ 5o
infiltration§t ¥ Lee £(1989)2 Wi g o) &3}
1000, American Scientific
Product) 22 100umsl =& Aosged o n=
HAL £F ==l A9 2YHL 0.3, 0.5,
0.7M mannitol+CPW Series oo =}z 1024
AHAA ¢35 €94 Peld 21 HE Perfusion
chambero] Y3 0. 7MZ =¥ urea £4¢ Faln
WA 1027 e Ay 87 Ao £4F
#slo] Stadelmann(1966) & E4loll <A sled 2
€ g

B F g F9o] F2 P ELslE paraveinal
cellg¢ 7] $#std& longitudunal
sectiondte] olojzl =AU g Algslgon) oul
mesophyll cellg& d¥o] A9 g+t =x§ A4
pgstedeol (Fig. 1), 13 &£32) 319 HZEF 3
Btod +AF Hslgm 53 VEL AW HFAF
dol =38 B,

vibratome (Series

mesophyll

3. HEAAN U= iy

FA1E 359 A8 2% Woz oW 100
m A9 Z2AME 235 = mesophyll tissues}
paraveinal mesophyll tissue& 7} 194 A 33}
t}g3 o] A, B, CEMoz zalgd RLolo] 3
A2 A YYANE &7

#4a Fed+ mannitol§ 0.3, 0.5 0.7MEY
25 ghgo] 77 1044 stepwise M|y I 13%
(W/V)el Mannitol $efofl Age] = 1 5%9
Cellulase R-10, 1% Cellulase, 0.25%2] Dri-
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Fig. 1. Procedures for micriosectioning using a vibratome. (A) Leaf segments(1.5X1.0m) from the
basal portion of the leaf, 1 above the pstiole attachment point with the lamina: (B)
lamina on both sides of the midvein removed except for 1~2as remnant: (C) leaf segments
placed into incisions of the stryofoam block (2X2cm), with the alignment of the midveins
(Mb) in the center of the block. Total of six leaf sections in the block in sectional view near
the midveins (Mb) showing the placement of the leaf segments inside the stryofoam block.

Lf, leaf segments: St, styrofoam block

selase, 0.025%2] Rhozyme, 0.01%2] Macerozyme
3} 0. 05%2] Pectolyased 243t A CE4oz 3
o} 2359 24 o] A AA U} A3 ¥y
AN e 7E PAsigch(Table 1), 2 &£+ &

; Mb, midvein: BH, blade hloder: Ba lade.

o] Al AYTE 103 W82 3o 30%2 4

2old gzAoz ;b0 cycle/min.) o

wja] 7k iAol i g Ae§ AL
U&d €383+ 80pm nylon meshed AziA 10

Table 1. Suitable combination of enzymes for protoplast isolation

Enzyme Combination

A B C %)
Celluase R-10 1.5 1.0 1.5
Driselase 1.0 0.25 -
Rhozyme - 0.25 -
Macerozyme R-10 0.5 - 0.8
Pectotyase Y-23 in 13%(W/V) mannitol 0.05 0.01 0.05
Suitable for Toabcco leaf mesophyll tissue ++ 4+
Suitable for Tobacco loaf mespphyll PVM? +++
Chrysanthemum leaf mesophyli +++
Chrysanthemum leaf PVM +++
Petunia leaf mesophyll +++
Incubation (hrs.) 6-8 3-6 3-6

z) abbreviation of paraveinal mesophyll tissues sectioned 100u thickness by vibratome.
Asterisk indicates the best result for protoplast isolation.
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»¢2] mannitol buffer medium((.4M mannitol+
2mM CaCl,+0.1%(W/M) bovine serum albumin
(BSA) +5mM N-2-hydroxyethylpiperazine-N-2-
ethane-sulfonic acid (HEPES)-KOH(pH 7.0))2 =2
23 AAEc Jdg dYMoY 53 Qul
mesophyll #-2]¢] ¥¥ A2} paraveinal mesophyll
4y ANE Feishr] %15t Vincent (1984) o ubg
£ o] 83} (Fig. 2).

%‘——DV”‘D
150 g 10 min 1
_

NG ue—mm debri
Fig.2. Schematic illustration of step gradient for
purification of soybean PVMP, Steps
consisted of (1) a mixture of 1.5ml crude
PVMP suspension in mannitol-buffer
medium (containing 0. 4M mannitol, 2mM
CaCl,, 0.1% BSA and 5mM HEPES-KOH,
pH 7.0) and 4, 5mi sucrose-buffer medium
(containing 0.4M sucrose, 2mM CaCl,,
0.1% BSA, and 5mM HEPES-KOH, pH
7.0), (2) 0.5ml of a mixture of 1.5 parts
mannitol-buffer medium and 2.5 parts
sucrose buffer medium, and (3) 0.5ml
mannitol-NaCl-buffer medium (containing
0. 15M mannitol, 75 mM NaCl, 2mM CaCl
» 0.1% BSA, and 100mM HEPES-KOH,
pH 7.0). After centrifugation at 150xg
for 10min, PVMP banded at the upper
interface while MP and cellular debri
pelleted.

¥l 5% MPE 7] $istod Uuisdel Wy
pellet& 2719 A1YA(L5X10m)o1 27 4mgo)
0.4M sucrose, 2mM CaCl,, 0.1% BSA, 5mM
HEPES-KOH (pH 0.7), 13%(W/V) Dextran T 35-
50(Sigma) $o¥ol H4sjgon] Toje] A7 LYo
A Dextran?} 9.1%2 A¥¥ $4¢ 2a Y-lslzn
4] 1a¢2) mannitol-buffer medium§ A 7}3}< c}.

ololA 300xgel =2 587 €4l LY F AR
% sucrose-dextran® 3} mannitol buffer& A}ojoj
2oid MP# & = gl3lch odolal Ud gy
€ haemocytometer (L :lax, W :lma, D:lm
America Optial, U.S.A) & o] &3} & 94y =
Mo +F YAzl RE M7y Fs 1.5x10°
protoplasts/g S17| 4 3led wloked < 3}edch

sk MSehzl & <183t 9emo) petri dishol
0.6%2 Difco agar& H7lg aMeixgesy 4y
=23 2324 awxine2 & NAAE 0-2. 0mg/l 3
22 22 cytokinin® 2+ Thidiazurong& 0-0. 01
m/l +F22 4f & 4 Asted Jehye 2
2E BAsAY =% BAEE callusy F4 8
© Yool ada} Ao wieksigc

3 9 33

AYA 22 urea permeability§ &A= 7ie L
AEe] AL AAzed s AYY Ygom o
212 glck (Larkin, 1976).

Fig.3~5721¢] Petunia,
Chrysanthemum 2] mesophyll 4| Z 9} paraveinal
mesophyll 4 2o} 412] Urea permeability2] »]z &
3F9 =& 4 golA paraveinal mesophyll 4] X7}
L Aoz Jelgd Y% dz3ola sjrjags

Tobacco zelx

|
’
e
P A
3 R
e
i
H
1
k
£
cell. KS=505 X 10*cm/sec.
» PYM cell. KS=8 14 X 10"cm/sec.
0 ] ; I‘m(ﬂ.)

Fig. 3. Time course of sample graph for urea
permeability in mesophyll cell and
paraveinal mesophyll cell of Tobacoo xamti
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Length of protplasta (micrometric umi)
&

a—a Mesophyll cell. KS=554 X 10°cm/sec.
a-e PYN colt. KS=7.75 X 10%cm/sec.

b J ® %0 120 (min. }

Fig. 4. Time course of sample graph for urea
permeability in mesophyll cell and

paraveinal mesophyll cell of Chrysanthemum
morifolium.

a—a Mesophyll cell KS=5.27 X 10 cm/sec.
o—¢ Parsveinal mesophyl cell,
KS=7.42 X 10"cm/sec.

» L] | 120{min. }

Fig. 5. Time course of sample graph for urea
permeability in mesophyll cell and
paraveinal mesophyll cell of Petunia hybrida
“Blue Star”.

23o) Asel wat ¢4 Fadold WYANE
FAsE MEAe) tacoe A4e Stadelmann
(1966) ¢l o]3ted 3 AHsin oo 53 Ae A
§ T MZEDAE F3Ao| AuiHes ¥
e AL 8AAAA AfelMe AE 2 FYo|
U AEE A% AE whge] o A o
tatipotency®# Zxz Y&& el (Lee et al,
1989) =% So%} Lee(unpublished) 8] Aoz =2

o} 4%¢] populs?] =7 ej} F AN Ygo] ol
%94+ & yrea permeability7} Eche A4l =234
£ cross-sections}e] neutral red2 J4¢ ¥ &
Aol A1 £ midvein %% & paraveinal mesophyll
tissueell 4| 719 Bado] ztsicke AL #9
Azts}t YAz ALE Alrbslz Aot

Table 12 2% Z4 §olof iy A8 =49 ¥y
A JdE Ase AA Az Azl diF AAE
ehd Aolch pef, 2}, s olel 4 PVMe] H
Lot Agdoly F& U@ 4AE Bolx Yleod
Yol AFAR A7E 2~4213F ol o] FoiZict ¥
o, selo] MPs} 33}, = F ool 4 MPS] 7ol
A ztzt B3} Cglio] B LA ¥A el
Zoll AP APE 1~227 A =Lk UYAA
28 9% 243 249 A4 2qel Al @
& dFAEe] 42 o AAEE L2tz e,
Watt 5(1974) ¢ dele] dzalofA ddd ¥y
AE A7) Astede 49 FHuUc) 283 AHE 4
£ ARAes 283 Fzsla oo 1%
Meicelasegte 2 & 24|17 Weol oA 4¥AME
AR 4 oz sgch sFUet Afelx
Ford-Logans} Sink(1988) & ¥ &AM §¢& #HY
HazA =¥ o|ge 444 Z=sha 0.5%4
Macerozyme 3} 3%} Cellulase Onozuka R-103} 7
£ Ea zlo] FAY E3E iAo Lajol Astsl
£ 274 2~5217 £ 2.¥ ) Blgich Fate] A gl
Eubd sz e Ao AQL ofyAA A
A7l Al 1%2] Macerozymed 3%2]
Cellulases] =%Yoo} HAsH &3] 0. 1mMe CaCl,
o A7tz & AAF 9¥ + Ao+ Horst
(1990) &} A= Aold + o

ojale] AAE FYs v dul MPe| Aol ¥
ol ehd A olof Driselase$} Rhozymeo] 7}
Aoz Agsle] L 9 GEUYANE A4
¥ 4 e A4S AW & oled, oY A
& Frearson ¥ (1973) 3} Potrykus$} Durand (1972)
o] AYolAist A s Fe FHel 4w YAl
= 7 AES A= Aol ch22 ¢4 % A& Y4
7} 247} opzAl vepd 4= Qloke A€ 43k
& 3 midvein F# o} &3l PMe| 3 Sl el
29} ulamsied pectinel o]l ¥7 W
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(Handro et. al, 1973)
pectinase®] A} o} 2u}tgc)

Table 2+ ool <dAlZoj4 L8 MPs
PYMPz}e| callus f2fet 4 M el g eha
Al dubd oz MPol4 ot PVMPol 4 g
Z3E Jellz 9leo E3 cytokining] YdFeos
4| Thidiazuron2| A 2|7} (. 01mg/12 NAAS} £&%
& callus®] 719 4EM AAPo) Y53 &7
¥ 7l ez Jehdo,

Table 3+ ate] ZA¢24 Gulg} olalsja)z
callus #71& = 4 M9 AUEFL WofsiA
uelpe] o] =4 olA Y embryoid Aelgtg BAY

233 @& 359

T Aed AUYe w]gE NAA 2mg/i+
Thidiazuron 0. 01mg/l A& Fef 4] 10~30%] 43§
vebdc

Horst (1990) ¢} Langhan % (1977) € virus free 7§
Mo glezA Fe] YN wioke ANY o
ozt A o] wiakstod A gAo|x Zalctn 3
Fzet L A7 AoE a4 4o PVMPE o4
2.2 ¢ Thidiazurone} M| Esjo] oigt EWe o3
7} ol folAed Az Ave] gidus £ 4 g
t}. Petunia®] 9o} = MPHt}E PVMP 4] %
Y callusfrist 4gM HAEE poln Yy
(Table 4).

Table 2. Callus initiation and plant regeneration from different combination of plant growth

regulators in tobacco protoplasts

Growth regulator (mg/1)

Callus initiation (%)

Plant regeneration

NAA Thidiazuron PVMY) Meso. 2 PVM Meso.
0 0. 005 0 0 0-10 0-10
0.010 10~30 0 10-30 0-10

0.5 0 2040 0-10 0 0
0. 005 20-60 10-20 20-40 0-10
0.010 20-60 20-40 20-40 0-20

2.0 0 60-70 0 0 0
0. 005 60-85 10-30 30-60 0-10
0.010 60-100 10-30 40-70 0-20

y) Paraveinal mesophyll protoplasts
z) Mesophyll protoplasts

Each value is the frequency range from 10 replications.
Protoplasts per petri dish are about 1.5x10* protoplast/g cell.

Table 3. Callus initiation and plant regeneration from different combination of plant growth
regulators in chrysanthemum protoplasts

Growth regulator (mg/1)

Callus initiation (%)

Plant regeneration

NAA Thidiazuron PVM Meso. PVM Meso.
0 0. 005 0-20 0 0 0
0.010 0-30 0 0 0
0.5 0 20-40 0 0 0
0. 005 40-60 0-10 0 0
0.010 40-60 0-10 0-20 0
2.0 0 20~-40 0-10 0 0
0. 005 30-50 0-10 0-10 0
0.010 50-80 0-20 10-30 0
See table 2.
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Table 4. Callus initiation and plant reqeneration from different combination of plant growth

regulators in Petunia protoplasts

Growth regulator (ng/1)

Callus initiation (%)

Plant regeneration

NAA Thidiazuron PVM Meso. PVM Meso.
0 0. 005 0-10 0 0-10 0
0.010 0-30 0 0-20 0
0.5 0 30-50 0 0 0
0.005 0-20 0-20 0-10 0-5
0.010 10-30 0-20 0-30 0
2.0 0 40-60 10-30 0-10 0
0. 005 60-80 20-40 10-30 0-20
0.010 60-80 20-40 10-50 0-20
See table 2.

Hayward$} Power(1975) 222 Power 3 (1976)
L HAFUels g5 AZTFHE AT ¥yA
A FYele €44 ]88 4 s 22 o2 LH
g 43AAE Y58 ¢ Yz 2¥5=9 awxin®
o] Zajsloll 42 callus §71 2485 cytokining] #
Zholl oigh A EAM Aol Hajo] B uF w} Ycf

o|4ke] A ell4] & of Thidiazuron®] ¥ 7} A3~}
Edoledl 2 F7Al cytokining 2419 & gl g
42707 sl 37] el AEAlgo] gA goelet
Al sle) Yoz Aol o2l A goll i Ay o
71 go] Faislojo} sllch £ FA1F 3FH A
g4 F3 PVMP7} MP Y.t} callus #7]vF 4] &4
AW gel Eola 3l A}J4A-L urea permeability &
A Azt dHEn Uxn WolHFH) HAdMME §
gdeuv gd9e BEA, MZAe] WEE FolA
chloroplaste] <ko] Hale] 20%uigt A5 vlel] &
sl ozl ethEx] Palta(1978) ] A=kel o]
FDAY neutral red 22 A Ao 4] Yl =
L AE P47} o3 R AUE FHEGn ¥
+ U

Vincent 5-(1984) & ol 5] ol odeojzl MPo}
PVMPAI 2§ wlaste FAolA MPE ¢4l
ik ool 4 F 3l Ml Zojz PVMPE A4
dA MPojl 4] 48 F2F 239 oJ4] ARas
Ze d4¢gE didan ¢ s gl

ol ol ehd 2E AY AE FHN & o
Jzag AR2 slod YA Y& Ado] B3
dFo) glojds sl dyAM] g0 o}

>

HMivte g Fo Azt Foie tAd A4
£ dF Aol pralal viet do] A4
] B AZXFo] PVMPale Apdlell o ztsled Faj
o= devriz #Fslo] nlA £z 57| Ae] si7]5]
o midvein &4 z2& Fefaoz FshA A
spojol EAslenl A7 Azt A =it A
28+ vlold

L
=

£

o

A g

2 o F#+ Tobacco xanti, Petunia hybrida “Blue
star” 283 Chrysanthemum moifolium “Bar-
kwang”-& F4lsled Q=3 $ele mesophyll
protoplast 2} paraveinal mesophyll protoplasts7}2]
AT $4L& =257 #3le] urea permeability§
3319} o} Mesophyll tissue$} Paraveinal
mesophyll tissueol| 4 €Y AH YL s A4F &
4 AMelg A3 A7k @A, e 4 AN
e A Aol 4 NAA9 Thidiazuron®| &
& z4shgc

dold Az ogat Ao

1. A% Yol ¥ urea permeability 23L& &

Alg 3F A g2 PVMPolA 2% KS=2.0X10
Sm/sec. L7t MPRT} & Aoz el
o}

2. BEAZe) AefgE 1.5% Cellulase R-10, 1%
0.5% Macerozyme R-10 z28]=n
0.05% Pectolyase E¥ ez} PVMPe Y&

Driselase,

-55~



a4

Rk

ol $E3Ig2 FAABE 2~44] 7ol T}

3. J2YYM= 2e9 Callus §719F Al g A
Aol NAA 2ppm+ Thidiazuron 0.0lppm A
gFold s} gigeo zAydey
PVMPol 4 9454 A3§ Jehugich

2 =

Ford-Logan, J. and K. C. Sink, 1988. Plantlet
regeneration from protoplasts of Petunia
alpicola, Hort. si, 23 :393-395.

J. B. Power,

The isolation,

and E. C.

culture and

Frearson, E. M.,
Kocking, 1973.
regeneration of Petunia leaf protoplasts, Der.
Biol, 33 :130-137.

Handro, W., P. S. Rav, and H. Harada., 1973
A historical study of the development buds,
roots, and embryo in organ cultures of Petunia
inflata, R. Fries Ann. Bot 37 : 817-821.

Hayward, C. and ]. B. Power, 1975. Plant
production from leaf protoplasts of Petunia
parodii, Plant Sci Lett. 4 : 407-410.

Horst, R. K, 1990. Chrysanthemun. 319-336.
In: (eds : Amirato, P. V., D, A, Evar_ls., w.
R. Sharp, and Y. Yanmada). Handbook of
Plant cell cuiture. McGraw-Hill, Inc. U.S, A.

Langhans, R. W., R. K. Horst, and E. D.
Earle, 1977. Disease free plants via tissue
culture propagation, Hort Sc 12 : 149-150.

Lankin, P. J., 1976. Purification and viability
deteminations of plant Protoplasts, Planta(Berl. ),
128 : 213-216.

Lee-Stadelman, O. Y., S. W. Lee, W. P.
Hackett and P. E. Reed, 1989. The formation
of adventitious buds in vitro micro-cross sec-
tion of hybrid populus leaf midveins, Plant Sd ,
61 : 263-272.

ZAEMo2 aNE o JzAg oy 4
WA ol oM dF49 YPo| ¥ MPR
e A A Yol MEYA ] 7Y PVM a9 =3
¥ AAdHoz UgslA AYAEE o) g3 £4
¥ AaE Zldg + AR

X

Palta, J. P., J. Levitt, and Ed. J. Stadelman,
1978, Plant viability assay, Crobiokgy. 15 : 249-
255.

Potrykus, I 1972. Callus
formation from single protoplasts of Petunia,
Nature. New Biol , 237-287.

Power, J. B., E. M. Frearson, D. George, P,
K. Evans, S. F. Berry, C. Hayward and E. C.
Cooking, 1976. The
regeneration of leaf protoplasts in the genus
Petunia, Plant Sa. Lett., 7 :51-55.

So. . S., 1. S. Chung, and O. Y. Lee-
Stadelman, 1989. Re-evaluation of FDA as a
vital staining for plant cells, Suptrop. Agric
Cheju Nat. Umiv., 6 : 49-58.

Stadelman, Ed. J., 1966. Evaluation of turgidity,
plasmolysis, and deplasmolysis of plant cells,
143-216. In: (ed. : Prescott, D.M) Methods in
cell physiology, Vol.2. New York : Academic

and J. Durand,

ioslation, culture and

press, 425.

Vincent, R. F., S. B. Ku. Maurice, and V. A.
Wittenbach,
paraveinal mesophyll protoplasts from Soybean
leaves, Plant Sci Let. 36: 181-186.

Watts, J. W., F. Motoyolshi, and Jament M.
King, 1974. Problems associated the production

1984. Isolation of mesophyll and

of stable protoplasts of cells of Tobacco
Mesophyll, Ann. Bot., 38; 667-671.

-56-



|eutareted pue  (}48() sjsejdojoid ||A4dosau O UOSLIedwod "(Jybra seddn) syseidojoid [|Aydosa
!

0008q0 | Woly abe}s Juawdo|aaap snoLe

§
{
H
3

A

YNo Ul syjuows ¢ Jape (3ybu)sisejdojoud (jAydosaw

12| 1addn) eiunjad wouy sjsejdojoud ||Aydosaul

|jeulaseIe

|eulase.ed

d |eoI1dk |

‘1 8je|d

_57_



	Summary
	서론
	재료 및 방법
	결과 및 고찰
	적요
	<참고문헌>



