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ABSTRACT Isolated protoplasts from ginseng (Panax ginseng C. A. Meyer) callus tissue were cultured in modified

MS media supplemented with various concentrations of dimethylsulfoxide (DMSO). The cell wall regeneration rate

and cell division efficiency of the protoplasts were increased significantly by 1% DMSO treatment. However, there

was no difference in the viability of protoplasts between the DMSO treatment and non-treatment. Transmission

electron microscopy revealed that the microtubules were oriented in parallel manner to the plasmalemma after 3

days of culture in medium with 1% DMSQO. Further, interconnected cellulose microfibrils were observed on the outer

surface of the 3-day-cultured protoplasts by scanning electron microscopy. These structures shown by electron

microscopy were not observed in protoplasts cultured on DMSO-free media. This studies indicates that DMSO

supplemented in culture media seemed to stimulate the cell wall regeneration and cell divisions of protoplasts by

forming microtubule organizing centers (MTOC).
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Agh Wk 7iolA vkt MEHo] A AzEdst
7] wjEol ole} FHF Aol w9 L3 HUANEE AR
HA ook B2 AEY 482 o2RE 23 43dAE
WS wW W 157 ool MEE AEHo] YA
£o] BT EYT} (Horine and Ruesink 1972; Robenek and

Peveling 1977). 3] @¥ (Nicotiana tabacum) {5732 0.
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g oste] X Fejrt HItEEN A XA ol E3)
n4# (microtubles)Eo] FAAMEA MEEHE 442
tAL Slth. olEL 11 F 53] FAAsHA widd vad
A AR 715 2 vABeE ANEATA
A Fgo] JAEGY st o]Ro] YFPAA FLol
F & 43S 7z1tty B384t (Hahne and Hoffmann
1984). A3 wEH v 2FEL 8lA] Yol dimethyl-
sulfoxide (DMSO)E H7Ie2M oA Auidd & Ue
g, o] DMSO7} A7t wiAA mAde AT
tubulin®] microtuble-associated-proteins (MAPs) §lo|%
n A#A0 2 self-assemblyH ol AFHY (Himes et al.
1977; Robinson and Kristen 1982)0) Z£A3}l3 ¢ith o3t
HI1E 23l B AFoME <M (Panax ginseng C. A.
Meyer) el ZA o2 X e 283 LA G v S3hHA
8lx) %ol #7kE DMSOZH 93AAe) AXH AW AT
TG0 MAE G dotRy, dFHA ik AAS
DMSO¢ FEE z4sld Fo24 AFAA ALA
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4~53A 214} (Panax ginseng C. A. Meyer)2] 5 %3
A st =g AyA 23S MSIA|A| A Al)
sl WgAA 2l 2 NS AYAEZ e,

0.5% macerozyme R-10 (Yakult Biochemical Co.)3}
1.5% cellulase “onozuka” R-10 (Yakult Biochemical Co.)
7} A71 2489 10 mLE& 50 mL Erlenmeyer flaskol} 2
I &l Ay 23 1 gS oAl 27~28TollA 3~54]
218 (45~50 rev/min) A At I8 F Aojz] A Eged
A7 100 um pore meshZ #A)17] B1S f4lE2 (100
, 5E gk A5 §48908 AAAZ F, UHA
A AXNEL 0.5 M sucrose £ 5 mLE HEA T
o] 0.5 M mannitol £ 1 mLS FH7}sl oS AR
(100 x g, Syt 4ot e AFAATS oFEelst
At eRed 93 AA = Pasteur pipette S ALl B
& 5 MSulA]9] 1 mg/L 2,4-D, 4 mg/L NAA, 1 mg/L BAP
2 0.4 M mannitolo] F7}E MSujekd o 7 33] fARZ)E
o A3tk YF-A a2 liquid-on-agar Bl ¥H-E o]
S8t A371e] MSujkdo] o2j7kA] FE9] DMSO¢}
0.8% agarg FH7HNZI 434A kAL 27 50 mm
plastic petri disholl 2.5 mL A% gkAl 2o} 23 v}, 4
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AR e BE7ES x 10%10/mLe) 932 FeY 10mLE
HES T parafilmO2 DEFI 25+1CoA guleksld
o) owjoksl AAA AEY A oAF é.xé% 0.1%
cellufluor 2 3087+ F2938F & UV-SpectrophotometerE Ak
&3t 300~400 nm Atolo] g A FFEE SHATH

=4

Hdd A34AE dAEestd 22 ts 04 M manni-
tolo] HA7FE 2.5% glutaraldehyde - 2% paraformaldehyde
g9)02 AN INZ ATEE F 0.1 M phosphate
buffer (pH 6.8) &0 2 2027} 33 AAaIch AHR )
E= A7) buffer2 99 1% osmium tetroxide £H O 7
ALA 3242 FIPANFAY FaF0] S8 AEE V]
buffer2 2057} 33] MHs}7 ¢ % 1 mm’ 37)¢] 1% agar
block-g THEo] ethanol A5 =402 E4AAA propy-
lene oxideZ X33t vl Araldite-Epoxy resing %, ¥
&Rt} Epon AHL /2 Z4S AFE8ld Sorvall ultrami-
crotomel. 2 Aottt FAE AHE 0.05% toluidine
blueE2 FMale Fstdv|ho s ARG o, F24 HH
£ ¥ 3} uranyl acetate 9} lead citrate 2 o] =g the- &
HAAEE 7 (JEM 120 CXIVASID)S. 2 80 kVoljA] 33
2YadT TARAUI G BRL Slelas A7) Bar) B
¢ AEE 9] (Whattman No.1)o] &2 N-amylacetate
2 ABAA COE o83 IAA AXVZ AZAZAL F
ol kA Scotch tapeE Bo|X 1 ¢ AS7} Bo] 9
T AFAE FERAZTE F3E A2 SHel silver paint
= mounting st} 3ol H&H A E= ion spotterd] ¥
¥ gold-paladium & 2 o] 2FFA|H FARARER 7 (JEOL
EM-ASID-4D) ¢ 2 40 kVol|A] 23, Zadsigich
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i Aex ZACZRE Edt dHAAE widux| o
DMSOE 0%l X EE 8%71A] 11719 Ad1z APs &
2% wix|oll A wiksttk DMSOE #H7behA| ok iAo
A 24A17F Fob w98 AAE F2 AEe 48EA)
(Figure 1A)9} A< AR tlfEo] 189 AIXHE
S AT v 3~4Y T A BYo] douprlE= gyt
HIEE 7% oWl (Figure 2) B ol/de] A&l &2
FHEA] Gk T3 AERE T AER FA) 9

AR FEETE E718 4T $ AlxFe] o]F3}
o 2708 MEZ UHRE BE el Foldate] ol
2= A tFigure 1B). Z18jy iAol I7be DMSOS &
TVt EoldaE MEEPo] Azt ZUtEHTE 1% FEolA
MEEE N7} o 27%2 HUXE YepL 1%50 o
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Figure 1. Light micrographs of cualtured protoplast. A, Protoplasts
isolated from callus cells, X 320; B, Budding division after 3~4
ddys of culture, X 320; C, Elongated protoplasts after 1 day of
culture, X 320; D, First cell division after 3~4 days of culture, X
320; E, Secondary cell division after 5~6 days of culture, X 600; F,
Cell colony formed from protoplasts after 2 weeks of culture, X
100; G, Minute microcalli formed from cell colony after 5 weeks of
culture; H, Fluorescence micrograph of an elongated protoplast
regenerating the cell wall after 1~2 days of culture, X 320.

B2 219 2% o] FRAME AMERLC] A3 T
=2t} (Figure 2). 1% DMSOE 718t wixlo A 19 E<F
foket 4R EAE deolu AA 2738 FeHE e
(Figure 1C) 3 BE& wjek 3~42 Fof (Figure 1D), 23} &

& ok 5~6% Folf BAEUC} (Figure 1E). WY oF 25
= Wt SR AEFFo] AFEHULH (Figure 1F), §H2
Z T 7158 microcallis= Wik oF 5 Fo FAEUTH
(Figure 1G). &3 1% DMSOE #7tst ujA] oA 124 F
ob wiokd Wy T AE e dFZEAE 0.1%
cellufluor® &3QA3515-S o) DMSOE #7}shA] & Wi
Aol A e AFAA e 2 WS B> FFE vehd
o] Mxzeol AMHAAUSE & & AT (Figure 1H). 7z}
Ao M 3¢ Fok vty YFAR 9] MEEAES A A
DMSO #7H+-¥1 #7kd DMSO srohk= #Agle] o
Rl HiA|oA oF 83~88% 2] &S Uehlo] (Figure 3),
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Figure 2. Cell division efficiency after 3-4 days culture of
protoplasts in medium with various concentrations of DMSO.
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Figure 3. Protoplast viability after 3-4 days culture of protoplasts in
medium with various concentrations of DMSO.
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Figure 4. Cell wall regeneration after 3-4 days of cultured
protoplast in medium with various concentrations of DMSO.
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Figure 5. Comparison of fluorescing absorbance among callus,
isolated and cultured protoplasts. A, Calli cells; B, Freshly isolated
protoplasts (IP) and 3-day cultured protoplasts (CP) in medium with
1% DMSO.
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Figure 6. Transmission (A) and Scanning (B-D) electron
micrographs of cultured protoplast. A, Microtubules (Mt) parallel to
plasmalemma (P1), X 20,000; B, An isolated protoplast shows the
smooth surface of protoplast, X 3,000; C, Protoplast after 1 day of
culture. The surface of protoplast is covered with short fibrils (F),
X 20,000; D, Protoplast after 3-4 days of culture. The protoplast
surface is covered with net-work formed fibrils, X 80,000.

AAEo) ok 62%¢] W, 1% DMSO7E 7H8 HjAlel el
AN EL F 83% 2 =A YERETE (Figure 4).

A AEet Bl 25 A432A 9 7F wiA]olA 3
Zob vta AFAAE 0.1% cellufluorZ FFF st
UV-spectrophotometerE ©]-43F microfluorometryol] 23}
o zZhzte] FAEE FA% A, Hels A2 cellufluord
AN F54A 365 nmol A Ao peakE WEHH W
(Figure 5A), £2) #%] ARZAGIAE Asl 832 57
oko} 365 nmol|A4] ©o|# s peakr} VERGR] ¥kt) (Figure
5B). ¥ 1% DMSO7} H7bd viAollA 3 &<t ujd
AYAAANME Aen AZ} B wEHAS o FFF] A=

o tha a7t oy B2 AT} A fale el
9] FALE Jehlo] 365 nmoA peak7t WERTE (Figure
5B).

AZAA wjekuiAle] 1% DMSOE 37t 3 52
g3 YPAANE FHAEANF o2 BANAE 1 7|
(microtubule)o] AEFAT TAHe| HPo T wjFE o
o] FFH AT} (Figure 6A). Td FAPHARAR 7o &
3 Az, e 35 98AA = 492 0| obF A
A F o] A ¢k whHo| (Figure 6B) WSk 1Y Foll= 7}
Lokt fibrilgo) 92w gHe) A=) YA (Figure
6C) wjkA ko] ZAerE AR} fibrild] o) WolA A
o] 23t fibrilEx QA= o] thHE FAsh= Aol HFFHAU
t} (Figure 6D).

—-—

oxe P *
[V o T A=)

]

L

Qi An zHozRy T AFHEAE DMSO7H
H7HE A @2 wjA 9} oJ2) 714] FE2] DMSO7 #H7be ui
A A wfekst A3t 1% DMSO7E A7He wiA7r A EA
vkl mll¢- E3HF o]tk 53] wjz]e] A7He DMSOE ¢
RAA ) NEH A T&I HEZEE NEE Folv AL
2 Yeiytth. DMSO7E A7 A 42 ui|olA ke 438
AR o] AEE AL oF 62%RoH, AEZREE Rles oF
T%=Z w5 ket wiHel] 1% DMSO7F H7Hd vl ol A
uiokel AsAA o] MEy AP oF 3% AEFE
e 9 27%% =7 Ueisth olEst Aa= Qi Aels
LHAAE vk o wjxe] H7bE 1% DMSO7F Al X
AAE LA ] MEEES FHNI|e A2 Azt
9 wjAo] F7HE DMSO2 fFu FEoks Aslel A
o] B wiR)ol|A] wika AFAA ] M EZATL oF 83~88%
2 & Aole HAFA FUrh oA DMSO7F AdZA
Hj A} M ESA o= E2 AEE 7AA ddeS vE L
Atk ZH WA 3Y F migE dYFFAE 0.1%
cellufluorZ @Aste] FFan|gor A&sigE | T3
Arol= 2ol7t YeRstth 3] DMSO7F H7bsA] & vl
ANA T 1% DMSO7F H7he uix]ell A vk A3 2A)
= 52 FF5E Yehl Ut (data not shown). o|23t 23
£ HjAlel H7bE DMSO7F 8 AdA o] Al2d Al 34
Aol &35 YePd ZA2E A4EY, o] dydA &2 7
4 & FAAMSA WEE nl2@dEC] DMSO9 ofsf FAHH
oz AMIHA WEAN AEY FA& FAAY AL
A8t (Marchant 1979; Lloyd et al. 1979; Robinson and
Engelborghs 1982). 01218 AME vlikd LFAA A A
AE A zEo k) Blinkage group S ZHeE AEY B
AZyg dHgats A7+ REE AAsY FA UG
(Galbraith 1981). DMSO7} A7}5]®] 9 ulz|oj| A ul ke
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S 9k, 1% DMSO7 A7 vl Aol A wl ke
M= AEH AL MEEYE Wt 25 52 A
Fo] Hol, DMSOE A2|ata] &2 wix|elA A4d Al X
< AEH] BES dogA Eabe AlEE A (pseudo-
wall)¢l A0 7 WA} (Meyer and Abel 1975). o] 93
A9 MEY QA AEEG2e] BA Qo] HEH A
Aol NEEE A3 dF xziolgke AFHIL (Schilde-
Rentschler 1977)%} fAFSE 2 fo]th

1% DMSO7} H74E wi|ol A whkd A8 AAS

Adn|F o7 AAGE W viEC] dFAY X
Fo 2 wigH Qe o] AFHAEH), vlie] WP
A 2o AAE M EZHY microfibrile] ek} A x]E= A
o2 R»yEc} (Palevitz and Hepler 1976; Palevitz 1981).
o) a3 AEY A dAE o7 dEAEe s B
P59+ (Marchant 1979; Marchant and Hines 1979;
Lloyd et al. 1979), ¢]52 DMSOol| 23] v]i#HAAEL
(microtubule organizing center, MTOC)9] A4 o] {5
3, o)5 MTOCEZHE self-assembly® mATSo] A¥H
A 829 cellulose microfibrils &) &} v o] FH o
2 Aoty 43t

FAAE N Ao 2 Aad widE 4¥AA Y] 1 ¥

A microfibrile] GAFA o] A28 AE-<l celluloseE FA
Hol A=A E ZARE A3}, AH A AES} vlaste] o F3F
o] ArollE tha ztol7t 1ot A f-AMgE peak & VER
of %A AT AT L JEOZ THH0] LS o
T AATE wigE el S AdFAA ] HHeA FAgH
fibrilo] celluloseAd &0 =2 Fof 9J&©] HI (Nagata and
Yamaki 1973)¥ o], g v Z AFAANE wjgst
A W Zlol= Y9¥EA) 2 #HE polymerg FAdst
o7 Azb wjgr)Zke] Aol el uhe A/FH Aol
cellulose chaine] FA =% So] HAHJTH (Asamizu et al.
1977). 2l J&LEAAE wdst9E Wt (Herth and
Meyer 1977), =5 Fo| deSAE AFEAANE vt
£ u} (Klein and Delmer 1979), 482 A2l FTHo 3Ajg
fibrilo] celluloseZ A= A5S EIF A77F €l 3l
of £ APAAE AR5l F4L Tk
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1% (Panax ginseng C. A. Meyer) &~ 230 ZHE
228 Y93AAE DMSO7L 0% A 8%71A] A8 714 &
=2 A7be A8AA WA (I mg/l 24-D, 4 mg/L
NAA, | mg/L. BAP, 0.4 M mannitol ¥ 0.8% agar7} @7}
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T= ok 7%t whH), 1% DMSO7F H7bd =)ol A
e Ao My AW EH AZREGNEE 72t oF
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AL iAol A7 DMS0Y 54 sEoh= #4
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DMSO7F 71 wiAellA] 39 F<t Migs d3AAE F
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L Qe wAZEe] TAHA £ PP BHdE
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3 Sl Aol FAAAEV)E s #EHITL DMSOsE A
7FE A b wi Rl A ke Ay AA A= ol A
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