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Studies on the Isozyme Patterns Followed by Redifferentiation
Stages of the Pepper(Capsicum annuum L.)
— Changes of isozyme pattern on somatic embryogenesis in cutured pepper cells —

Hyeon Sook Cheong, Hyeon Jin Kong, Gene Sue Park and *Young Hee Kang

Dept. of Genetic Engineering, Chosun Univ., *Dept. of Biology, Younsei Univ.)

ABSTRACT

The physiological changes of somatic embryogenesis in cultured pepper cells (Capsicum annuum L. cv
Shinhong) were investigated. The somatic embryogenesis was induced by cultivating the cellus in hor-

mone-free MS medium.

The peroxidase patterns in the somatic embryogenic cells and the culture medium were revealed
three and two of cathodic and anodic bands by isoelectric focusing respectively. Activity of peroxidase
released into culture medium was 4 times higher than that of 12th day cultured cells. At the heart
stage, the isozyme patterns of the MDH and esterase were found to be changed, which were showed by
starch gel electrophoresis. It means these isozymes can be used as markers for studying somatic

embryogenesis and differentiation.
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AAE WHAAE FrEslds o deEdes glob
ular, heart, torpedo 3ejo} wAE Az, wj3A
< 2Fxd AL FFF auxin & AR
W HEY T ST AEZFENA AEY AR E
32 dtshe 4% =72 AN (6, 7). &
3+ oF=(bipolar) F%(root and shoot apices) &
Ad AAZels AF FAZE F-83H o842 ¢
o fAAeR kA A AEAE 2 A7
o o FAAA T sddke olAHe] ale (8, 9,
10) @& o7 A Fof gk AF7HA] iso-
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ool 7} w3 A] AlZW | peroxidase o wi#] W
of W% peroxidase FAEE FAREY vlw 4
slglov] esterase ¢} malate tA}ol] Foddh= mal-
ate dehydrogenase(MDH) 2] &4 w3}le} 74
E2 EA #H3E ol AHE H3}1] oJH isozyme
o] A2, AsstA wislel] tigt ARE o]4E F 4l
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A g8zt &k

Ad A8 9 Sy

1. Callus = % BEHHRF

32 (Capsicum annuum L. cv sinhong) E2L&
70% ethanol o 5%, 2% sodium hypochlorite 4
Ao 1587t FFe F FaT2 33 AHst =
Ael #=|§ 7t petridish o FFrE AH7}sbod
ALl (28°C ) ol A ol 7Tt WopdA] 1041 3
2 9)g lem AE Z7)E A2t 2.4-D (Img/1) 7}
4715l MS ujR|ol] wjekate] callus & HE3kde
o, =9 callus & AAYH7L £ AL T
0 24 MS A WAe] He F G $(28
C, 110rpm) ol| A el wijofaled WiEAdS
e AER AMg-stach At 13wk Al
FollA WFAE Falr] st 27| DA
2.4-D (1mg/1) 7} 71 MS sj=]ejA] 104 7H4
o2 e W ohs 24-D 7F Aojd A #
T A2 A 28°C, 80rpm ¢ SE= Hehujofs}
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2. Peroxidase & 3l #AMT =3

Peroxidase 845X Grison £(11)¢] L ¢
et AgEpsdch. Az AE 1g(A5%) 3
5mle] 0.066M <4t 94584 (pH 6.0) 7} A5
A7kste] 2z} Apgel A A8 ohg 18,000Xg
ol A 1587 A4t ejsled Aozl FANE 2F5L
Qo2 ket ae FAEE 40mM At 58
A (pH 6.5), 10mM guaiacol 100yl o] ZEAHUE
do] A Hu)E 3ml 2 3l 30°C oA 108 %
ol ¥kg-A)171 t}he 10mM H,0, & A7}sled 470nm
oA g FFT w3} HUFHE B FAER
Aslda, Ae Lowry 5 (12)9] Weeg A
sl et

3. EMH MIIGE U activity staining

=4 A7|ed%e Stegeman I Park ¢ uhy
(13) & A3t 0.1% 2 ampholine & E3%Hal+=
6% acrylamide gel 9™l 10% 2} sucrose 7} 7}
B zE2Y 200 & 5% 9 sucrose 7} Hr}E
0.1% 9] ampholine(pH 3.5-10)& 0] He|gx=
AHA3Ed 100volts ol 4] 1A)7F, 200volts ol 4] 34]
7 ANARY. A eEe 0.IM HPO, &5
Loz 02M NaOH & AMg-3lolz, 544 A
7]9%0] B gel & activity staining 3t iso-
zyme 9} band ¢fAFS- v BA)slgic).

4. Esterase & % @AM &3

Coppens ¢} Gillis (14) 2] wbel w2} A& 1g3
16.7% sucrose ¢} 8.3% ascorbate (pH 7.4) 4
5ml 2 FA3H3 oke 15000Xg oA 587F 94
Eojgle] AAAE g tgde A3y

5. Esterase 2| Starch gel Electrophoresis

Everett (15) 5o W& AMS-3le] gel o4&
225mM Tris, 3.1mM Citrate, 9.5mM Borate,
2mM LiOH (pH 8.3) 2 A3} electrode §-94-2-
190mM Borate, 2mM LiOH 2 %A slgon] 124
%(w/v) 9 starch gel & AME3le] 4T oA
300volts & 6417} &9} AR3}gct.

6. MDH & 4 M= &3
Ochoa (16) vh& Al A& 1gw 0.06M
Tris-citrate $+38-% (pH 7.0)3 A QALE- H7}s)
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o 2xpApiel A A skeE oS- 10,000X g o4 30
7 (4C) fAEEEI dojal NS xa4dd
o2 xgstgoen, A4uke-Ne 0.22 M NaOH,
0.4 uM oxaloacetic acid, 150 uM <JAFkE-4-o8 (pH
7.4) o] ojuw AM2-3} oxaloacetic acid = 0.IN
NaOH 2 pH 7.00] sjA) A&ste] ALe-s}4r}.

7. MDH 2] Starch gel Electrophoresis

Starch gel A7])°35-& esterase ¢} 7o) Everett
(15)ub-& A}8-3}¢12 0 continuous buffer syst-
em & o]8-3}s] 300volts oA A7 3}tct.

Az g 22

1. Peroxidase 8= &3

Peroxidase = 129 43} £3}o d3g A4
7} e FL B Fo R AEY 24 19,
713 28 A7 Fol webA] okt 48 Bel
ok shol=dl ol2dt AN A A Aol ok
A28} vl W& peroxidase AL ZAlste] Hlm
439}

Fig. 1 -& Al®Y peroxidase A7 w3 &
wjx)2 W9 peroxidase 4 YehAA LR v
A A XM= globular )4 heart 3o = A3}
se A 7 & B4R F1E Rgen
torpedo 9] w7} vebd w7tz F£E3] Fr}814
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Fig. 1. Changes of peroxidase activity in the
embryogenic pepper suspension cul-
tured cells and culture medium.
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21, o]Fel= vk A= AR 2. Wl
A fxuRlo] wEE peroxidase A& wjek7|7H
of vlAsle] Frlslglen] Aidoz ATy 3}
Azl vla] 3-4u] o] & FAL Bc)
olg|gt & wsh= AATAT dxsi AR
el Z|3HEsl, el kA ES Z)E B3)e)
‘Shamout” 2 A =] wiF callus 2] wj3 Al A} perox-
idase &4 Fvkdtthe B (17)9} Ax)sta ¢l
355 vl shte BAoz JiFd. w3
G, FE S o8] Bu(18, 19)94 Jelytkol
v E oA peroxidase & o Uz]7} BL3dt &
75l 2zt WAL wEE, WEE peroxidase
o] @4%7h= AlEY peroxidase 9] 4 F7}E
oJujgltl= Nomura $-(20) 9] w9}l dx)abgdc).

2. Peroxidase 2] EMA r|ds &
Fig. 2 = 2AdA o wle} v T2 HE 254

Fig. 2. Isoelectric focusing of peroxidase in em-
bryogenic pepper suspension cultured
cells.

C,, 2 3: Cathodic band number.

Ay, 5 3: Anodic band number.

Lane 1:0 day, 2:4th day, 3:7th day,
4:10th day, 5:12th day

Lane M : marker
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Fig. 3. Isoelectric points of peroxidase in the
embryogenic pepper suspension cul-
tured cells. (ampholine, pH 3-10)

Fig.4. Changes of peroxidase pattern on diff-
erentiation stage in embryogenic pep-
per suspesion cultured medium.

Ci, 2 3: Cathodic band number.
Ay, 2 :Anodic band number.
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AL 223l N FW peroxidase isozyme S
dolR 72} TAA A7|9ES 3o activity stain-
ing & Zejt}. wjeF 104 pH 7.1 9 A, band
7F AFA Jebta(Fig. 3), vk 1294 torpedo
‘%_}’74]9] H]}EOI]A‘] Cy, Cy Ay, A, A;F F8 band
7} 25 3 AR Hol 7 & 84S e
Wi Q8-S A7|9F AddAx #3385 Ut

Fig. 4 & wjA]ol] w25 peroxidase & 34 A
719453 ZAzeld) $ 5719 58 band 7} #AEFS]
A, 7+ band ¢ pH 3+ 3.3, 4.7, 6.0, 7.1, 7.6 ¢]
alth(Fig. 5). ti4-3-2] 1521504 peroxidase &
WA o) wle} 24 =iy deix shew(2l), @
wloll A 7]#AFAlo] AAF = F4F peroxidase 9|
23} band 9 71 Wslsly o)ejgt wWol= HelA
ol Wizle} WAZ FAZ} olrhe X (22) g
Mo} peroxidase = 1% vloFA X9 w3A FA
A e A islel] whE Aed diajel 7eA A8
3 AR ALgE oA}
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Fig. 5. Isoelectric points of peroxidase in the
embryogenic pepper suspension cul-
tured medium.

3. Esterase isozyme At

Fig. 6 & esterase o] ¥-3}50]4 o) tfgt 2
# o B2 Yol yx} WAYAHE esterase T F
Z3}e] £33 starch gel A7|9% ApAlelH, Fig.
7 & AHA ] ok esterase o HAGAS) W3}
Z b Aolr}. wlek 4ol A ] gt
74 wok 7URE &Ao] Frste] wig 10de=
E48Ao] F43] F7lslgded o= Fig. 7 9 st-
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arch gel A7|FFA T HAhGA o] olilol ot
2} band 9] % F71gE #A¥ 5

Esterase = Al8-9] FA1Fo| 4] 132 marker
(15) o|mf ZAE wjofel A= widAJA] marker
2 zol=]g)w 19844 Chibbar 5(22)& FZAHE
w3 Adell fegk MS wiA]el] wiofste] wje] A <
Al ule} esterase o] A& FAlste] AME w3y
A2 marker & ¥ (23)3 v} g}

4. Malate dehydrogenase 8= & isozyme 24t

Fig. 8 & MDH ¢ #484& vehd 7o A
wRo g gAgAo] g Holgow ujo} 7]7ke]
3L a2l Mz Fassck. 2y Tdedl=
MDH #&4e] ta F7lshe 73] Yeldtet, ol
= Fig. 9 9] starch gel A7]dFAAAE &g
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Fig. 6. Changes of esterase activity in embryo-
genic pepper suspension cultured cells.

Fig. 7. Starch gel electrophoretic patterns of es-
terase in embryogenic pepper suspen-
sion cultured cells.

Ai: Anodic band 1
A.: Anodic band 2
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5 olgden, AME w4 3 heart stage oA
NADP*7} NADPH 2 A#sdA CO, £38 &
A5t 917) w-Foll (24)MDH A K9] 2718 v
o2jz} J7hee). wg MDH 7} dubgos e g
e B9l AL oA E7t malate & Aol 53
AF1B2A AFAZ o3l AEF-AT AEHY
< A Y71(25) wHEelgta AREY, S
9} Az o) Bzlel wjekA]7)e] @2 MDH iso-
zyme 9 W3} ool i X7 (26, 27) 7 v|Fo]
¥ o) MDH isozyme }ibo] AAME wpialol wle}
kg 5 QS-S AR
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Fig. 8. Malate dehydrogenase activity in embry-
ogenic pepper suspension cultured cells.

Fig. 9.Starch gel electrophoretic pattern of
Malate dehydrogenase in embryogenic
pepper suspension cultured cells.

A, : Anodic band !
A:: Anodic band 2
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F-E AAHE vy Ao) & peroxidase, esterase @
MDH ¢ &4 gl 7454 wWss wm L4351y
A 253l a2 Az, st ql wsts goln g
It =

23 9 HHolA F5E7 callus & 32 80| 7}
A 942 MS dAm R A ANEE FEatole
o wje} 7dA peroxidase, esterase, MDH ¢] &4
gA4o] 71 A Yebdoen E3] peroxidase ¢
=L wF 1298 AZdel B8 W2 wEg
A9 Ao 4u] AR Egkr}. o]elzte] AL
G Ae) wE isozyme o] BAE Bl H7]dEH of
Ao Wiy A3 AAe AFehed 48 A
o2 AEH.
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