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Plant Regeneration and Protein Analysis from Cadmium Resistant Callus of
Tobacco (Nicotiana tabacum cv. BY4)

OH, Seung-Cheol - SOH, Woong-Young - CHO, Duck-Yee' - YANG, Deok-Chun’
Department of Biological Science, Chonbuk National University, Chonju, 560-756, Korea
IDepartment of Biology, Woosuk University Chonbuk, 565-800, Korea
’Korea Ginseng & Tobacco Research Institute, Taejon, 305-345, Korea

ABSTRACT Calli were induced from diploid and haploid tobacco after 4 weeks and maintained on MS medium
with combination of 2.0 mg/L 2,4-D, 0.1 mg/L BAP and 2.0 mg/L kinetin. Suspension cells were screened through
65 um-nylon mesh and 100 um-mesh, then they were smeared on selection medium combined with cadmium and
PFP by using the low melting agarose of 0.8%. After 30days smeared cultures of the medium the cell was treated
with 500 uM and 1000 pM to select the resistant cell line were selected. Plant regeneration was induced from the
selected cell lines on medium with 0.5, 1.5, 2.0 mg/L BAP and on media with combination of auxin and BAP under
500 uM and 1000 pM cadmium. At this time, plant regeneration was achived on cadmium free medium. In case of
haploid, occurred from the cell line which is selected in medium with cadmium and PFP. In case of diploid
regeneration occurred is in the medium with cadmium alone. The plantlet regenerated from cadmium resistant calli
grew well in cadmium 500 uM. Protein pattemn of leaf, root, stem of regenerated plants was analyzed. The quantum
was 6.5188 ug/mg.fr.wt in the leaf of plant, 5.3611 ug/mg.fr.wt in the stem, 3.0213 ug/mg.fr.wt in the root. On the
other hand, 5.9652 ug/mg.fr.wt. in the leaf of control, 3.5974 ug/mg.fr.wt in the stem of the control, 4.3766 ug/mg
fr.wt. in the root of the control. The one dimension bends regenerated from cadmium resistant calli resistant to
cadmium in leaf were 49 involving 198.7KD etc. Disappeared were 4 involving 160.5KD etc. The protein bends
were combinized were 3 involving 83.4KD etc. The bends resistant to cadmium stress in stem were 41 involving
4.3KD etc. Disappeared were 5 involving 114.8KD etc. The protein bends combinized were 6 involving 128.7KD
etc. The bends which had the resistance to cadmium stress in root is 27 in volving 166.9KD etc. The bends which
disappeared were 198.7KD etc. There were 5 involving 83.4KD etc.

Key words: Diploid, haploid, p-fluorophenylalanine, stress
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AES B A= A7) e #7d EAjske o
Yob &l osiA FII] A& AoF YA don F

= AEo IRE 3¢ oY T FoA 53] FFE

249 84S dAsE JES FA @49
(Miyasaka et al. 1989; Zhang and Taylor 1989; Kneer and
Meinhart 1991). °o]&{g FFEE oM FI=ES A EAF
ol BRdax Skom 4 53 Ao AA Utk (Cutler
and Rains 1974; Sugiyama 1991).

AEo] FEH 2E2HUL AF AXU =98 TS
S &% (chelation)dts Tldo] A= =d o] phy-
tochelatin®]2} gt} Phytochelatin® YwHE Q1 327} poly-
{r-glutamyicysteinnyl] glycines®)? F5<& chelate §+ &
AFYZ o)FHr} (Huang and Goldsbrough 1988; Jackson
et al. 1987, 1990).

Somashekaraiah (1992) 52 Y54 &AM AFAAHY 3 F
& ot a2l 2 5350 g AR, A=
< protochlorophyll reductase 9} ¥+-2-3}ed chlorophylla} 5-
aminole-vulinic acid (ALA)E &R E3ty stk
Vallee $} Ulmer (1972)€ 7}E8o} Ca™, Na 3 ¥-gate] 7
ZHo e Fe AAFFART Nk A AR
EAZFHE Y/l 317, RNAY DNAYE Asly
RNAS DNAY 4AH, 723 ¥y& FEITL 3tk
B Zol g AEARANAN F&o AS Vel 717
o thet AF7F stA WP T 9t (Jackson 1990).

FEEATYL veilie B2 F2§ FHo WHRA
o Aol g HEe 71zte) 249 Rd o}F BuH
v glo}. whek ojo] tig At EETH 2 AN F
23 A7 AFHo, A7 A7F B4 ud FEEF
FEE dFE + 9lon, o oA FAE QAT o
£ EZdx S-&H97F =z Al Eth

ueba B AP olgd FEE dig 48 A3
7N3E olald] g 7IZARE AFITA Gl WA
£ AFEE F}=F, p-fluorophenylalanine & ©=, 2823}
o Y49 47 HPd ATF2RY JISgo] TFER
3 7SRO BEAFT 73 & AUE A EFER
8 A8 AAE FENeH, fFEE AEAE 4 23
(¢, 7], HehEE B7d F g 532 vy £43%

o

o

e
A
o5
g

1 7} 3)

LIRS = S A

e 9wl
AEAlE

2 Ad¥e HEAMEE 24NN FAHZL e =2

(Nicotiana tabaccum L. cv. BY4)8} ohjjeto 2 HE HL %
Aol QJAvC 2R fEE AYAE AL

SfziAc) R U B4

AN FAEHT U oliAle} A gl B Hrt
OE slotE Zhz st 848 (3 g/l)o] A7ke Nakata
8] A] (Nakata and Kurihara 1972)d) XAFst & &% 25+
1C, % 1,900 lux, Z7]= 16/8he] Z2 oA ujotslgth
S B3l FEE REANEY 42 FEFEEE A
A&7 A8 1~3719 LAEAZ o] SR ZE $AF
o] ZANZ L FAAI F AER 9 THL2HE FMAS
[HAY vl A7} o] Hol TS Y F N

T AT HES MSI|EH)A)9) sucrose 30 g/L,
agar 8 g/LE F7/18ka AAZHEEAQ 2,4-DE 0.1,0.5, 1.0,
2.0,40 mg/Le] 52 TEAsGT pH 5.82 23 lx
o st 2% 25+17C, 2% 1,900 lux, F57|= 16/8h 9]
ZhNA F2E FESUCE I F P9 FH2E HJE
A A wAE 2,4-DY FgE A7) BAPS
kinetinZ Zg=g] 3te] AhuFS AAsIG o, el
< AHAE 1,000 um Lol FHAAA AEFY 718 A
A ¢ F AZZAEDL AdeYs 2L FYxAe=E
A sk, MEEXA S 2=, shaking incubatord) A 25 rpm,
2% 25+1CE ufd3i4ch

ME MEFMES 2feh MeHiR| "=

AZPA 2T LS A Al ZE 2.0 mg/L 2,4-D9}
0.1 mg/L BAP7} 47}9 MSHIX|E pH 5.8 o & 7jT
F2 0~2,000 uM2] BEZ FH7}etsl e, p-fluoropheny-
lalanine& 0~200 uM 9] QR FEF I3t & pHE A
3 FEEFS HAEH 7l E 3 p-fluorophenylala-
nine EF AP e A% FEEEE Ao 89
& Fo 138 dHEYsY 25 mL¥ EF3 F low
melting agarose (LMA)E AME-3led 2 mL4 T@s5th

Xt MIZ3} (colony : clump)At

T2k 308 F FAHE colony: FIEE ©GEAE A
olajAQl A% 300 uMoIUL, WAl ¢ 200 uM o) ATk
3232 PFP @A Al = oulA0)l 7% 100 uM , ¥HRA|
2l A% 50 uMoldet. 2 AMelg AMelrola Aud Ax
Foll glojd oA Aol M E FH=F 200 uM
PFP 50 uM<] ZA T, WAl A$- 7l=F 100
uMz} PFP 50 uM 9] Z@AZFol A AxFE A
3tk AEE colonyE 7HEE©] FET (500~2,000 uM)E
H7HE wRo) &7 F 30~40U7 ASAATE As T AE



9 Z4o| W@ FEE 500 uMe) A2 TE At
MUS FIES HEY BRIARSE ASHNNRE

FFEEo] ZFE (500~2,000 uM)ZE H7HE wjA]el|A] A3}
H AXFE 71X BAP &5, BAPS IAA, NAA, TAA X
A8, 183 FtEEo] H7tE BAP ©E, BAPS [AA,
NAA7} 232 El MsujAld A3t EBAE fEsly
2k sk

CHA H| A

Je A FAE WA ok g AEHAZEEY QW
AEAE ¢, &7], P2 BT ¥ 800 mgy Wy AAF
A28 FEAAMNAAM e F82E2 #F3t A2l F OFarrell
buffer (O'Farrell 1975)& #7}sle] A2o|A 30&7F w
A} o122 15,000 pmOE 1057 AAEAA Aae
33 ¥ Bradford "y (1977)22 oA AF3
t}. &3 SDS-PAGEE ¢35l Laemmli buffer (Laemmii
1970), 80 mM Tris-HCl (pH 6.8), 1% SDS, 5% B-mercap-
toethanol) & @olA 387k 100CellA SDS &) 8t5ich E2
AL 12% acrylamide 1.5 M Tris-Hcl (pH 8.8), 1% sodium
dodecyi sulfate, 1.5% ammonium persulfate (AMPS),
TEMEDE %3l T 55 4L 4% acrylamide 80
mM Tris-HCl, 1% SDS, 1.5% AMPS, TEMED=Z =3tA]7]

Sample

< liquid nitrogen

Homogenize / mortar and pestle
Resulting power

¢« O’Farrell Buffer

Incubate / Room temperature for 30min
L
Centrifuge / 15,000 rpm for 10 min
l l
sup ppt
< Quantification of protein

One Dimensional SDS-PAGE

¢« Laemmli buffer, SDS treatment

«— 8.5M urea

ABS Check

Figure 1. Schematic representation of sample extraction method for
one dimentional electrophoresis and quantification of protein.

4

JIEE AMehy Etf gai{so] MEH XY X A 24 - 9

T NEE 47 5 ug AHAsA Gl A Gel
calibration& A&} markerE ARSI A7|F o] Eut
SDS-PAGEE 10% TCAE 2087} &g 3AA7 =
SEAH o ® FA ) (Figure. 1).

Zda o n&
FIEST} PFPXEA| KEMAMEF Mt

FIEE A Al olMiAle Mol Al glojd HetAs)s
E (MIC; Minimum Inhibition Concentration)+< 300 uM 3}
PFP= 100 uM °|eH, 1 o) SEAZTME Ads
A ggrod, grA G4 FIEE AAl At sEE 200
UM PFP= 50 uMo|lom, uizt7kN &2 1 o) 49 IF%
oAM= A7t FAHA Aodth ©olE JHEEF PFPE X
APt A AP MEFE omAlE Cd7 200 uM
+PFP 50 uM A2 7ol A, ¥k=3= Cd™ 100 uM +PFP 50
UM Aol A AdE NEFE Qs o 2 X2l
oAl Nk HEREE 7b2} Fl=F 500, 1,000, 2,000 pM2)
FER AT FERAGYNETE ALAHT T 54
= ZARIRE W, 7IEE AGAAS @ ukpA] 2 olulR)&-2)

28] Beoll= 47 l=gS) F20) SNEFE AT
Aok AXFHLE FIEACh

fu DY

rlo i

7YEE3 PFP7L ©5 WA 282 | Adux]dq A
TE AYAE HEAAY FEAE $HE u, ouA) <
ZAole Aol vlEiA AERAAYe] Ekor w9
7A5ole 7Fego] A7HE wiRoiAE AEA Y AP A
dolitz] edotth

oAl 7ol AeJA} PFP 100 uMol| A g 23

FTEEO] TEEY 500 uMoilM 737 3 2] B4
}332, Cd™ 300 uM, PFP 50 uM =} Cd™ 200 uMo)
S 22 HHeE AAEL ol F=Fol
A7 AgFelAe A AEAANAY] dolyx] PR
FIEEo] A7F HA 4L BAP 1.5 mg/L, 2.0 mg/lL J18 7
BAP 1.5 mg/L9} NAA 0.5 mg/L9] XA FolAE A&
Aol Lol Cd™ 300 uMeA] 24HE AL M E7} A
Edads 958 37204 sixlA] o Hx A3
T AEAA Yol dojwto} PFP7F A7HE Al Folxe A
& AE doifx] gF9kr) (Table 1).

PFP 100 uM X2]7oA Aurglol 48 B8~ Cd™
500 uM 3} BAP 783 IAA7} 71 ZANAE a2 &
F48 YeRl ey Cd™ 1,000 uMo) H7HE BAPS} TAA
7b H7bE AgdAde Axe] Ade] AxERy 2%

N e
Jo
bt
[«0
‘..

b
_>14_‘,
I
i
2
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Table 1. Various color of cadmium resistance callus* cultured on
the regeneration medium.

Cd™ conc. Plant growth Selected Cell Lines
(UM) regulators (mg/L) P100  Cd300 P50 Cd200
- BAPO.5 - G Gr G
- BAP 1.5 - GG  G@)° YG
- BAP 2.0 - - G(17) G
500 BAP 1.5 NAAOS - G(7) -
500 BAP 0.5 - G - -
500 BAP15 - G GG GrG
500 BAPO.1 IAA 0.01 Gr GrG Gr
500 BAPO.5 IAA 005 YG G G
500 BAP15 IAA 0.15 YG YG GrG
500 BAP15 NAAOS - GG YG
1,000 BAP 0.5 - PY Y _
1,000 BAP 1.5 - PY Y Y
1,000 BAPO.1 IAA 001 YG YG -
1,000 BAPO0.5 IAA 0.05 YG YG -
1,000 BAP 1.5 IAA 0.15 Y Y -
1,000 BAP 1.5 NAAOS - Gr GG

Gr : Gray GIG : Gray Green G : Green

YG : Yellow Green Y : Yellow PY : Pale Yellow

a : Number of shoots derived from callus after 6 weeks
* : callus was derived from leaf of diploid plant.

AR AECR NBA ANES YA Btk TdY

Cd™ 1,000 uM3+ BAP @=x28 X2 el e AE7t A
AE 3 &3 Ayt FRoH, MEY AL T 7ht
Stk

Cd™ 300 uM HE 7oA AE R F=Fol HrkE x|
15% M v zE adt AEAA Y] doiwt 12
I A AEANA FrE AHAE AEANYE RS
Hﬂg} up7HA 2 BAP 20 mg/Lo| M} Bl&dt TACR o

2o]-t} Cd™ 500 uM 3} BAP ©=, BAPS TAAE %234
glgk A FelA 499 A2 WA 40|} 224

HaliE Hade] A48 HA02 epton &1l ¥
A3 Ad AP Aoz s Aol ZNHAYT. 12)T

Cd™ 1,000 uM3} BAP ©%, BAPS} IAAS 2328 A
7ol g4 ABelas ARl AZd A2 HAR
2 AFAelA g Yepfdch 18y BAP 1.5
mg/L 2t NAA 0.5 mg/LolME 4W =48 Yepli7| 2 3}
ALt o] AT FA g2 AZskT

7FEE 3 PFP7E 23A g8 M elA Addd AL o
Al FtEROl A7HEA & BAP GEolA U Cd™ 500 uM,
1,000 uM 1213 BAPS} IAA 7} Z3AFE Agpris
AEAA Y] dojubA] epshet ojmj el Ao ML A
2 Cd™ 500 pM 9] 9ol JlolNE QAR o waoE
sAdo] AL 49E B & AU}, Cd™ 1,000 uM
H7HE Aol Ne Ao mad o g Ax e} Qo] PR

B F ek gl Aol delx] PFP 50 uM
M A AEFE FF=go] EE] 500 uMell A 73t
A AEANY 2A02 LAL Cd™ 200 uM, PFP 50
pM3} Cd™ 100 uMo] Z§HE A 2 PHoZ AN
&t ol Fh=Fo] A7HR M TtolMe A AEAAHY
] olo_h,},;q OL‘}}Z]U]' FtE 0| A7F HA 0}% BAP 0.5,
1.5,2.0 mg/L 18] BAP 1.5 mg/L9} NAA 0.5 mg/L9] %
& x| oA AZAAYo] Lolgtrh Cd™ 200 uMoA A
g 2 oAk 2] AEAAAgC] dojuAl G
FJ*—H“‘ 402 o] AHg Fio| Firh
A E PP 50 uM A2 oA Aldtslo] Sl A~
BAP =, BAP9} NAA AP s AR A&
xﬂ«l AEA AN o] dolte =29 Aejirt o] At
283 ¢d™ 500 uM, 1,000 uM7} BAPGE, BAPS} 1AA,
NAAZF Z8A 2 Atolre Ade] dAZ Az
W 34 43 el 2 vFels A%l ARHE B¢
£ Yeisich
Cd™ 100 uM A2 FollA Agsle) Z4E AzrE 34
% 54 e, Ae 43 @A gtk Cd7 500
UMz BAP @5, BAPS} IAAS ZFAE 3 Aol &
A8 2L QAR 547 a9 S48 Jepily, uzt
7KE Cd™ 1,000 uM 3} BAP ©5, BAPS} IAAS 234
g At 48 AHLe Aol A NZE
A9l 22 A4S JYeplidlen o] AT A AL Azxst
Ak
7FEE3 PFP7} A Ed AgTolA Adg dejie
FFEgo] A7t HA 2 2PN HEA FEg AEA
Aol dojsttt. T8y A} AEA A FEE HHAE
AEAZE AYAHE 7ol v7EAI 2 BAP 2.0 mg/L
ol Ao} Hsgt ZA0Z o]FoHTh
Cd™ 500 uM, 1,000 uM 123 BAP9} IAA7} 2§z
g AgelMe AEAAgel doluA] &gttt o] wel A
gl 2o AL gAE Cd™ 500 uM & 73-$ol] glolME i)
2 0T IAY o] e ZA¢E § 7 UL,
Cd"™ 1,000 uMo] F7te HpolMEs aFAa} Jud =
Aol Uehty Axo Aol FAHE A¢E B F AT
(Table 2).
olgA A AEAEL Uikt fresh @8-S Ve
At ol PG 5o F2T A fo Aus
2XE =3 p-fluorophenylalanine”} Zgx2)g A g
TFolA Adg AeAE 2 A AREstth ol frEls)
o] dojd AYEAES shtsht #eElstd (Figure.
2A) A A A AZHE v (Figure. 2B) 20
ojFde AGAEANZ Agte AL FETL FF AU
(Figure. 2C). 18] &<¢to7 AwR® Ak EA M
A7 2719 o] ol AMwe FEF F7F AN Y

(Figure. 2D) 2| ZA| AW E 2 EA M= I85F Ao Az

=

°



Table 2. Various color of cadmium resistance callus* cultured on
the regeneration medium.

Cd"™ conc. Plant growth Selected Cell Lines
(uM)  regulators(mg/l) P50 Cd200 P50 Cd100
- BAPOS - G4 Gr G4
- BAP1S - Y Gr YG
- BAP20 - GQ - G@7)
500 BAP15 NAAOS G - -
500 BAPOS - G G G
500 BAP15 - Y G YG
500 BAPO.I IAA 001 Gr  GiG -
500 BAPOS IAA 005 Gr  GIG -
500 BAPL5 IAA 015 Gr GiG Gr
500 BAPL5S NAAOS GG - -
1,000  BAPO.S - - PY _
1,000 BAP15 - YG  YG YG
1,000 BAPO. 1AA 001 GG GG GG
1,000 BAPOS 1AA 005 G GG G
1000 BAPLS IAA 015 -  YG -
1,000 BAPL5 NAAOS GG - -

Gr : Gray GrG : Gray Green G : Green

YG : Yellow Green Y : Yellow PY : Pale Yellow

a : Number of shoots derived from callus after 6 weeks
* : callus was derived from leaf of diploid plant.

S14T} (Figure. 2). 8 A4 EA S A5 7ol 2
£ A AR WRY) 27 o2 i} dojin A%
AAYE ABANME HAY 12 folT e walrt o
o o & AT 7IHeIN Aol F& Helrel AEA

E AEEle] XEJ &7 At o572 ARA o7 A}
© A& 32 £ AT (Figure. 2F).

7FEE% PFPol i) 2EHAE whe ki) 283 o
ZTEAN LB RS 9] ok k] 2189 Q) 27, #e
= "?"131‘3}04 S A RS v EA ST 584 T o)
k2 BradfordH o2 Hekstgy, 21 %‘%“% AAE

Figure 2. Plant regeneration and acclimatization from cadmium
resistant calli. A; Plant regeneration from cadmium resistant calli, B
C; plantlet on rooting medium, D; Normal diploid plantlet, E;
Haploid plant, F; Plant acclimatized in pot.

TISE K B WaiAo| MR KA o DT 2A - ]

HI

Aol 2 37 BETFECRE ERou} Wajd glojr

= =
22 BEs UERIcE B E MERAS Laemmli HH O
2 YAkel SDS-PAGES 93l9id 2% Td Wize &
FENARE, Akl M=, 48 e ksl vl
=

T4 A e AEHAS 2L AEAY YoM
T 6.5188 ug/mg fr.wt., 271914 & 5.3611 ug/mg.fr.wt. 2 o)
Z79] 9 5.9652 pg/mg.fr.wt., 7] 3.5974 pg/mg.fr.wt. BT}
EUT 2EHAE wol YAE AEA ReolA 3.0213
ug/mg frwt. 2 2721 Bl 4.3766 ug/mg.fr.wt. Bt
T W3t} (Figure 3). QoA ] g Wi== 7)o F ~EF
ol st} WAool gle A9 FF DE wEs 1987
KD % 49717} vepgth 2Eg 27 <lsted Algtn Wice
160.5KD & 47], 49 g o= 834 KD £ 37099
r,]. %7]0]]/\-] 1:]-11321 M= 7].1:\:! }\Ea}/\oﬂ EHo}Oil ]_,H)v]
o] A= A F% A W= 43KDS 41707 Yelhg,
ARK WEE 1148 KD § 5700)gick =8 s ox &
W W= 1287 KDG 6707F Vel Belels wd
WMEs 7lEw 2EH 20 i) go) sl A 3% ¢
WA W= 1669 KD 5 2770, Alekdl wi=E 198.7 KDo)
AL, 83.4KD 5 5719 Dl wiT s} Jehdt} (Figure 4).

71=E -3 p-fluorophenylalanine 3 @&, Z3tajelste] Al
SHAN FE MIO)NN AFH AXFE Adsidch A
HE NEFE 7Y TFEe] FHEge) AR Ao
A AN F A ES 0] Bl H °km& zyz} 500 uM A
g7 Ao gRE AEAAAe] # 54213} A EA A A&

R HrhHA G Aol dolgton, oAl 7
Sols TR USAA QU AT, BEA 2
o FHC g PFP ZHAA A A EFOIN A 2AA

Aol ddojitt}. Choist Lee (1987)2 #)Z#)¢] glyphosate 2]
Aggd A2FE A, Kim# Chaes gule] oy #3HA
AEFE Adsl Qsﬂlzﬂ‘g% B oy gy 2y

ToAlA AREHT YT AT AEAR Y I BT

=
& vlep Aol

\,
a9

n w
\ \

-
¢

Protein content (ug/mg.fr.wt)

.
L]

7

- ESEESIRIeNe

o
|

Organs of haploid plant

Figure 3. Comparison of protein content between leaf, stem and
root of stressed plant and normal plant.



12 - Korean J. Plant Tissue Culture

KD) |
(205) .i,:

116} 1
97.4 |

66

451

29

Figure 4. SDS-PAGE electrophoretic pattern of protein extract
various tissue. M; Marker, A, C, E; leaf, stem and root of normal
plant, B, D, F; leaf, stem and root of stressed plant.

AAE AEA e ofF FHE ARH AEIHAE
U AEAETE Yo Mo e, e rted o
St A AEAZEE did {3 HAENIAE
vl FFEH AEHAE ol AAE AEA A3 F7]9)
Me 2EG2E B 32 AEAET £84 gude g
FE Edou BeloMe wde] AEE vehligich TR
FHAAME 2EHAE B2 A EAY YA 834KD § 3
M, Z71e) = 128.7 KD & 67), BaloM= 834KD £ 5
el o]l eSS & 4 AU o)FA FI=E AE
2o oal FA4E TR Q272 AES vEA) AE
e Aot ASE ¢ F AR olg BFH= Gupta}
Goldsbrough (1990)2] B9} XAt o] 5L 715 E A
A D9 GA A4S aAFen, EE A2 o
Zo] YA Ag Ik o|FA =5 AEH AR
H A8 @A 7ied deAA gnen, ojzd oy
Feo] HgZ Aoz Wt AASE ¢ F AR ¢
2 o]gdt A7t Feisofor & Aoy, o7 o]t M
WHoZ AR A EAE ofeldllA ¢3AA WolA HEH
% Hysjol & Aoz ALg¥rh %3 Chaleff$} Carlson
(1975)2 orliqt FAHAG] 9atd 23 A=l S7)st
=t olHF AE2 553 FEohunite] A3 AH
A opn|ip ko] ulge] Wl AAEY YA YA
deke ¥ HEFAAE 2l g3 235 HYEIY
I#y Reish (1981)2 dHHAME dEILU-E Q) A4k
e AL EA7E Ao M wiE] QU o olu] At H]E

)

|

— O

o] Stk BIE REY NEFAME Tde ghEko| Z7}
HAoW BE A EA M ALEA] g3 Yk

FIEE# p-fluorophenylalanine®] 2Ed 2o 2)sle] &
T AEAe 4 A E ghd e 4R HE e 3}
olxdo] UL HOE o3 A+ MEL A, Asle
les vgoE o] F3 ook 3, o] g WHS EA
Hol Ak g 3-8 E FAIE 4 AL AlgETh

q 2

2l (Nicotiana tabacum cv. BY4)9] 22 Nakatat]=]d]|
el MEANES FEALT, WA} oA o)
YHAO2HE 0.5 mg/L 24-D7} A7H8 MS WA 27
28 FESGTh oPIAS WA LS WY 47 F
2.0 mg/L 2,4-D9} 0.1 mg/L BAP, 2.0 mg/L Kinetino] 2%
A2E MSZ|2uiR]olA Aldiejl 2 AejgS AAEA
o @Ei e AIESS 100 umet 65 ume) UAE PO
A& A 0.8% low melting agarose S AHE-sld 71=F-3} PFP
7b 299 ddbiRle] =dsigth 22wl 309 ¥ IAE
AP NEFE Agste Z3N717) 8 Ft=ES 500
LM} 1,000 uM & H2)8 TR 500 uMo A A EZE A
ok A’ AEFE 05, 1.5, 2.0 mg/L BAP ¢5 ¥
500 uM 3%} 1,000 uM 9] F1=Eo| A71E BAPS} auxin®] 2
ATl HEA ABE FEsIATh oldf A EA AP
FIEEol H7ISA 82 AelgelA dojgton, oAl A
Solle 7IEF dEAEA] AdE AEFA, wEAQ] A5
ANE FFEFF PFP /A YA Al AEFoA A& A
Aol Loyttt A2 Aol AT Ft=F 500 uM 2] A&
Adstel AEAE AYAFAL, AYE AEAY W E7 &
ree gy £35 EHIATE R2FENE 2EHAE
WA ol gt A EAE AME-EATH

Bradford'}'§ 22 FFe3L, 1 FF2 AAE A=A
o)A 6.5188 ug/mg.fr.wt., Z7]o)A 53611 ug/mg.fr.wt.,
malo Ay 3.0213 pg/mg.fr.wt. o)tk v o2 Yo
M 5.9652 ug/mg.fr.wt., Z7)914 3.5974 ug/mg.fr.wt., 5
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