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Protein Synthesis during Somatic Embryo Development and Artificial Seed
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To understand the molecular mechanism of hardening process in somatic embryo development and artificial seed
germination in celery (Apium graveolens L), the changes of protein synthesis by ABA or cold treatment at early globular
stage were examined. Protein content and nitrate reductase activity in ABA- or cold-treated somatic embryo and
seedlings were higher than that in untreated ones. The protein content and nitrate reductase activity were more
prominent in somatic embryos than in seedlings. From two-dimensional electrophoresis, several protein spots specific to
ABA or cold treatment were identified: 30 KD, 32 KD, 171 KD, and 205 KD at heart-shaped stage; and 29 KD, 33 KD, 37
KD, 38 KD, 41 KD, 55 KD, 66 KD, and 110 KD at cotyledonary stage were the most specifically synthesized. However
the synthesis of certain polypeptides were repressed at heart-shaped or cotyledonary stage: 42 KD, 44 KD, 59 KD, 64 KD,
101 KD, 104 KD, and 190 KD at heart-shaped stage; and 29 KD and 116 KD at cotyledonary stage. The protein pattern
changes by ABA or cold treatment occurred simultaneously and mainly in acid-soluble proteins during somatic embryo
development and artificial seed germination. Therfore it is suggested that the metabolic changes for adaptation to
environmental change occur during somatic embryo development and the germination and growth of seedling from
embryo.
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Ay M(BEE KB)7F 34 H71= a o g o4
AN EE AEAZ AAEHY ooz deizg
(Lee, 1993: Soh, 1993).

A, AL E 23 G ABAE AHshd A
AT HPAR FEe o FA1 AAEN F4Fol
FAFE o Ammirato, 1983, 1987, 1989; Kamada and Harada,
1979: Soh et al, 1990). eiA] A Eo| 33 ZAAZ A
A Ze 9] PAHE ABA E: A2AE e} FHo] gl AL
2 d8)3 HKitto and Janick, 1985; Jeon et al, 1986). 2]
A 2 a2 YA EE AL =FAZ22H iyl
#5289 4 91.o%(Weiser, 1970; Chen and Gusta, 1982;
Robertson et al, 1987; Perras and Sarhan, 1939), #-&3je]
Fol AEAE= WA ABAY deke] F7tdeH(Daie and
Campbell, 1981). o] 9}z2t-& ABAS} A ZA 2ol 23t A EA]
o WA HE52 Aol AL AAAZAE A
g AYAZAZ S FR3 8] € 4 Qv
azd o]zt FA M AMEu) LA L AEA A
#AA 9 FAYELH 7)o dste] M2 Al vt 9ol
o aguz B d3ae A 2w YA 2 mg/L
ABAE AZtmaA o|4% M E] £ EFo] dxT9
10% wigke 2 ztase] Aol o FARE F2F 7}
A ANENE & ¢ ADE £CY A T2AE¢
AR WA Z2HE AAENS DA E FAR
ek oAy vl FAPAE WFsGon, ofge] o
oA AMEu|S) Holgo] WolxTlo e FAFHA o
¢ 350l A dx2FE7F RS HAF 5 U
(Soh et al, 1990). & AFME o] HA o oiA AHE
ol 12N YR FAES] A FA] WS 2
Aste] BAYEGAQ ofd]ol] 7] stA Al =8y

Mz % Uy
MMz 7= H Hiet

#2|2)(Apium graveolens L) FA-& oA 7lctE 4]
B9 d& 70% olerge] 127 AHAF L sodium
hypochlorite® 10%-7+ ¥ AHtsle FFH4E 343 AF
Foll o 3 mm?e] AHE wHEe] 1 mg/L 24-D7F AH7HR
MS(Murashige and Skoog, 1962)¢] 1% 8HH 3Juj=|el] o
At AeaE 25°C, 2000 ux ¥ 16 Ak FF7]9
ZAAM o 25F FEHNY 28 P2ae 1 mg/l
24-Ds} 02 mg/L kineting A 7}5t MSuj=]of] A o uj ok}
Aok 12 A2 AduiSF 2212 Qoixl wFA A
2% o 50 mgd wel #st FYY AANAF 20 mlY
223 50 ml AAEgAaTe o|Alai 3)A ek k7)ol

A 90 rpmez Hehwjokslglet o5 Wik £ FE3=
King £(1974) 9 Fujimura®l Komamine(1979)¢] ul¥]-&
FE&sk ek o 1097 vkl AAE A AEINE
180 pm @ 0 pme] 2L A2 AN 24-D F3
Thi A A AN ERE F= S T3 27 FIHe) A
7] AAEej2] dF+ ABA(0S mg/L) 9 A4 C)& 72
AlZE Mg F d2e 2 ZAA st wAA
7 E ARE AF 8k

SIZER M % ot

24719 A Ev)= 2% sodium alginate VI (Sigma
Chemical Co, USA) €94 AH A7 & 44 50 mM
CaClgHo] Hol=e| 1027 WHAl71 22X 474 e
S AT o] AFTFAE A& dT5E A4 d7
A $oll ¥ ol F Tk

Ciul X

CHAZ] = al Xat

oo

M

WA 7R -80°Cell FARES AR 1 g& U F
2oz AAALFAN AN olAFue] $2 buffr
(2% ampholine pH 3.5-10, 2% Nonidet P-40, 5% 2-
mercaptoethanol, 10 xg/mL leupeptin, 10 gg/mL a-
macroglobulin) & g 32(O'farrell, 1975) Al2-o)|A 30 ¥+ A
AXNZAS o} 5& 13000xgE 1087 WA Eelshd A2 4
AL A Ao Y3 10% TCA(trichloroactic acid)E
7hste] B eFell Al 2087 AA s 13000xg2 1072
£CAA QAR JAES 01 N A EEF S0l
A A Bradford]o] whe} A aks}edoHBradford, 1976).
old] EFEAEZE AYA dFRIS ARSI

A

MIgsS

22181 A7)195 5 At A Y] 85 M 84F 7}st
of ALgstae 22081 A7) F-E OFarrell(1975) WHH<
ol aA L0 2 st AHE-ERe U A (first dimen-
sion)-> W7 113 mmx9% mmo] fe2A S AHE-3le
29 ampholine (pH 35-10), 85 M &4, 2% NP-40& ¥3+
8 10% polyacrylamide gel& AM4-3}9ich. AHEHE 44
Fo 5 pgolg) T electrode bufferE A S5 02 M
NaOH, %=l 0.1 M HiPO+Z AHg-3te] 200 VellA] 30%
Zh 700 VOlA 3217 BAE Pech. FHel B IEF
(iso-electric focusing) -2 80 #M tris-HCI(pH 6.8), 1%
SDS, 2% 2-mercaptoethanol® SDS #&ls}glc}. o 24
(second dimension)el] §lelA] SDS-PAGE(Sodium dodecyl
sulfate polyacrylamide gel electrophoresis)= 10-20%2] %%



T AL ARgste) SDS AMeld IEFAZ HEAA 9F
At olwje) ArjgEsEAL A 1w 0 mAY) AFE
12037+ ©J 53} BPB(bromophenol blue)Xl o] AE¢] 5-10
mmA = WL 7x 35A 3 o] running buffer2 A
= 0192 M Trs-HCl(pH 68), 01% SDSE Ar4-3}gich A
7193 %0] & SDS-PAGEE 10% TCAo|A 2087+ #A
AA Ag T A e e Sgges
Ax e ste] 40 rpmo2 1087 ABAF 5870 2494
319 5H(Cho et al, 1993). g aF SHT2 A3l &
AAA 01% zAro.2 AR A ZHH(Daiichi Chemical Co.,
Ltd, Japan).

ZABEEL BN EF

A7) A 7o AFeF 1 g€ 01 M phosphate buffer
(pH 75), 002 M KNOs, 5% propanolZ ¥ 5 ml W59 4]
QAN F 5o AN 3T FEARS. of
S 1% sulfanilamide2} 0.02 % N-1-naphthyl-ethylene
diamine HCIE 03 ml W0 447 o 0% Fo 254
£ 93 540 oM FFE=E 543} NaNOz EFFA
22 I AABPERY FHE FAHHAR (Jaworski,
1971).

TR

Wofgel Aere o 4FFFH 1 R4 $I 9%
AL gy 2k2 A ESo] AWHA FAA v AHME
WA AYart RAFH ol AaE AY W
Fate] AMNEE fFEstglch AT 27 FHuA
7lo] ABA E: AeAE sl wjokat ARE LAY
Hez o84 A 8 SA A3, AAYW 2719
oA dteFe 05 mg/L ABA A 2)Ao= 407 mg/g fr wt

Table 1. The soluble protein content in somatic embryos and
seedlings from artificial seed after ABA or cold treatment at early
globular stage for 72 hrs

Protein content (mg/g fr wt)2

Treatment

heart-shaped  cotyledonary seedlings
Control 104 + 038 424 +£ 047 560 = 031
ABA(05mg/L) 407 £ 054 658 + 072 874 + 0B
Cold(4°C) 714 £ 072 721 £ 078 732 + 04

a + SE. of five measurements.
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Figure 1. Two-dimensional electrophoretograms of soluble proteins
in heart-shaped embryo after ABA or cold treatment at early
globular stage for 72 h. Proteins were focused in the pH range of
10.0(left) to 35(right). A: control, B: ABA treatment, C: cold
treatment, IEF: isoelectric focusing(basic toward acidic), SDS:
Sodium dodecyl sulfate, Molecular weight is indicated in kD.
Arrows(«) and empty arrow heads(<l) denote proteins induced
and repressed by ABA or cold treatment. Numbers in box

indicates proteins showing prominent change.
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Figure 2. Two-dimensional electrophoretograms of soluble proteins
in cotyledonary stage embryo after ABA or cold treatment at early
globular stage for 72 h. Proteins were focused in the pH range of
10.0(left) to 35(right). A: control, B; ABA treatment, C: cold
treatment, IEF; isoelectric focusing(basic toward acidic), SDS:
Sodium dodecyl sulfate, Molecular weight is indicated in kD.
Arrows(«—) and empty arrow heads(<]) denote proteins induced
and repressed by ABA or cold treatment. Numbers in box

indicates proteins showing prominent change.

Figure 3. Two-dimensional electrophoretograms of soluble proteins
in seedlings germinated from the aritificial seed after ABA or cold
treatment at early globular stage for 72 h. Proteins were focused
in the pH range of 35(left) to 100(right). A: control, B: ABA
treatment, C: cold treatment, IEF: isoelectric focusing(basic toward
acicic), SDS: Sodium dodecyl sulfate, Molecular weight is indicated
in kD. Amows(—) and empty arrow heads(<l) denote proteins
induced, increased and decreased by ABA or cold treatment.

Numbers in box indicates proteins showing prominent change.

Table 3. Nitrate reductase activity(NRA) in somatic embryos and
seedling from artificial seed after ABA or cold treatment at globular
stage.

NRA (p#mole NOz'/ g fr wt / hr)

Treatment

heart-shaped  cotyledonary seedling
Control 100 £ 023 092 +£ 030 035 = 027
ABA(0.5mg/L) 129 + 036 100 + 027 040 + 021
Cold(4° C) 123 + 0.3 180 + 052 045 + 025

a + SE. of five measurements.
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Table 2. Changes of major protein pattemns extracted from heart-shaped and cotyledonary embryo and seedling germinated from artificial seed
of Apium graveolens after ABA or cold treatment at early globular stage for 72 h.

Stages Spot No2 KD pH Control ABA Cold Regulation
8 30 47 -b +++ ++ induced
9 32 52 - 4t ++ induced
3 171 73 - + + induced
heart-shaped 35 205 55 - ++ + induced
18 42 53 - - repressed
19 4 54 - - repressed
25 o4 6.7 +++ - - repressed
2 59 65 +++ - - repressed
30 101 53 + - - repressed
31 104 52 + - - repressed
3 190 58 +++ - - repressed
3 29 7.0 - + ++ induced
5 33 53 - -+ - induced
10 3 55 - + ++ induced
12 37 55 - + 4 induced
14 3 6.2 - ++ ++ induced
cotyle-donary 15 41 6.2 - - + induced
24 55 50 - 4 ++ induced
26 66 6.9 - ++ 44 induced
29 110 46 - + ++ induced
2 29 53 ++ - - repressed
32 116 42 + - - repressed
4 28 73 - ot - induced
1 27 50 + ot + increased
seedling 19 4 47 ++ ++ ++ increased
20 45 54 + ++ + increased
12 37 54 . + decreased

a Spots designation corresponds to that in Figures 1 to 3.

b 1+ : Presence, induction or increase, - ; absence or repression.

g3 £°C AT A 714 mg/g fr wiEA 2T L
04 mg/g fr wtel] wls] ¥A Jebdon H2A27t ABAA
goll wsled 1754% o ¥A Jebgh w3 A9 7w
2T A 424 mg/g fr wt, ABAXE]A] 658 mg/g fr wt
9 Aexe]A 721 mg/g fr wt2A HE2F7E o A el
B3 A EE 22 AdFo|9]eHTable 1). 134 = 7-9}
ABA 2| Foll Al tgre] A 7]7} Aol mjetr] by
Agsro] F/HEUA TN A2A M MR F7E B
o] A ookt

Z7) 73wl A]7]q] ABA B A& 247 g o
< A5’ C)S 8 AR 30 KD(pH 47, spot
No. 8), 32 KD(pH 52, spot No. 9), 171 KD(pH 7.3, spot

No. 34) 2 205 KD(pH 55, spot No. )5 4749 A
§Ao] =5 (Table 2 ¥ Figure 1) Hbgde] 5709 oA
A o] AA)=cHTable 2 2 Figure 1: spot No. 18, 19,
25, 30, 31).

ABA P A&E A7 AEE o ks st 4
oA AGAIZW A ME 97 A FA o] FEHYX
(Table 2 % Figure 2; spot No. 3, 5 10, 12, 14, 15, 24, 26,
29), 27h9) SR FA el AAFHHTable 2 2 Figure
2. spot No. 2, 32). =38 33 KD(pH 53, spot No. 5)9] &
WAle ABAX ] TFol|Ajgte] utslA FAHALH 41
KD(pH 62, spot No. 15)¢] wt#jzal& z)-e-xj2| Alel A} v}
e}ytoh(Table 2 2 Figure 2).
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Z7] Fu) A)7]ell 7227k ABA 2 A E 3o A
AR &R ANEARE G4 FES A ATFR
ERE wold §A]EAE ABA A FdAgt 28 KD
(pH 7.3, spot No. 4)¢] @ Ado] A 3(Table 2 ¢
Figure 3), 27 KD(pH 5.0, spot No. 1), 4 KD(pH 47, spot
No. 19) ¢ 45 KD(pH 54, spot No. 20)¢] =il §hAl o
ABA H2A] FElH3cHTable 2 ¥ Figure 3). 221}
WA ololM AA A A= e F AMEW
71 Aok ABA 2 H2A2E A g 2T
A WA /EE B 30 KD(pH 47, spot No. 8)2] ¢t
WA AAY A7)ole FAHA 2 AGA 7] ol Fel
=591 A %H(Figures 1-3: o) 59 KD(pH 65, spot No. 27)
¢} 190 KD(pH 53, spot No. 33)= A= 1H(Table 2 %
Figure 1). 110 KD(pH 46, spot No. 29)¢] w¥§a].& AME
W A7) gE T QJFFAY deol A EeAE
velhgA] gpomz A Lo 5o A dyAE F
% g oh(Figures 1-3).

g, AAxue] 27] F3u) A)7]e] ABA £ A2A
g F uA dAE AARYELRY FHE SH G
(Table 3). HAHNO3)E oFAAHNO2) 2.2 YA 7]& A
Al i) AL ABA =E A2A Tt 2T
ula] AR A7)A ot A delkde. 2y i
o] o A5l A7 AzF ELBAYL 2T 9
o]ME 092 aM/g fr wto]dX ALA e FolME 180
M NOvg fr wtgA] 2T u|3te] 1957%2] A&
eiglel. 23id debfAl Bl lelAE W=, ABA %
ALA el FAgle] 1 BAo] iR

LI

=72} ABAX | TFol M= A ghafe] AM ZujA
7130 FAZA o Fx9 A 3o W bl
2 AMEH A7)d o #AsA el (Table 1-4, Fig
1-3). o gzt W3l= AAEW A7]d H2g 24, 73
23lol AAY Aol YdojU gl Ho] HEA L
2 245 AAA A ghefe] ABA Ex A2AE
2 ZHHe AL FE AT A7)6E AARLELE
gAo] Z7HHE A dAR A ol Zs
 AAAY R e FAo] FopxmE ofdAre 2 HEY ¢
2otz aa GAFAeR oejAe Aoz AW
ot 27] 73] Al7]e] ABA 9 A2AE & F A
F& shH YA fETFol vlate] oF 447 AAHS]
o7t A AAZ AHAYEHSoh et al, 190). 18] o]
472 AR f2e ALY fx, d¥o A
FAAA, A4, e 39 5 obF DA £33 W

7} dejubed o] Wiz MAAV|EEE Y A3
BolA 9gthTable 2). o)gZ-E& FA}L HAI} 3
Fubshe MG FE] ABe]7] wlFel YA 7 b
o] el Yehte A2 Holvh U] Afdx AeAE
Foll 88 A o] dot o} A= IR
AL BolA otr}(Perras and Sarhn, 1989). 18|22 o]
e dF Al §4, AL =x Fde ARAA
52 E(ABA) o]y} A2x719 AN Hgslee H3
8l g A}at4-2] w3tz A} 8 ¥ ol(Robertson et al, 1987).

ABASH A 2A gl % A2 Bl PHFE m
RUAE AAZ BYA)o BE EAE HelT glow
AR Alele e F JA7E Fe] dojtx
(Table 2) A}g7] A]7]o]= 33 KD(pH 53, spot No. 5) ¥
41 KD(pH 62, spot No. 15) gtajdule] 23 Ywz|&=
Zzbo] Wizlslr] 4] E A)7]el& 28 KD(pH 7.3, spot No.
4) o] ABAXE| AR FAH T A AN &
A=A F3teHTable 2). o] ¢}zto] ABA 9 A 2Azle] 2
g AR wWstel] dAAHA FAEE Holx A
A&e AEAE ARE 3 AY AFddAE vepdx ¢l
on A H&37] A% A ABA AFAEAE #
HFx Aoz Hel}(Chen et al, 1983: Keith and
Mckersie, 1986; Robertson et al, 1987). =3t A E-2] A $E
A HAF Wiy FAHAME Wi EH ABAALelo] &
A3k dfAde] HRelvhQuatrano, 1987). & AqeA o]z}
4 A7)l o7 AL Az AM T LAY Fol
o] FAlo| FAHAY AAHE AAZ WIS B
on o5 whiAle] FE A Aol A FAF
4 oot ol 94zte Aste] FAL A H-Z(Table 2:
Figure 1, 2) FA3AlA FEA S = AP Y
Ao P4 9 945 B #3320 (Quatrano et al,
1983), olwjell Wz} ABAFFEo] 7k Folxch ==
AAZES Ao PAGA T2E(ABA)S A
A 71zl dg 437 A ERERe A A5 &
Aep-g 2AseY FAA Auie|E AXE F AL
7] Lot

2T DAAER & o AR A 7)o Fiol
vehd iAol A7) o] Fo vehtA] = At A
AE) S FEo AAY DAz ¥o|w(Figures 1-2:
spot No. 27, 33), A A Zu) DA Fof] F3o| viepd A
o] elFFEate] dtolfAlE Al7]|o) AA FHa™ A
(Figures 1-3: spot No. 28) o] sh¥ialo] MM Ewj by o
Q& FAHE Aoz Haoh ojehe AL UeA
= g3 w} 9] 1 Walker-Simmons, 1987) oAM= A
AEu) Aol g So] iAol Fejd up gloEE
(Sung and Okimoto, 1981) ¢]e] dj#lA]= dAys+4el #4
A4 B AFselel & Ao AR Do

olo
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Aeje](Apium graveolens L.)2] AAXw) 24 2 QFF
Ap elol] QlojA BALEL 7AHE o 37 Ystd
ABA 2 A.gxzel| o3 Azl A9 dTE
TP dNAGFH AR RS FYEE ABA ¥
AA Y ANE R FAEL A=A g Ao
Hgte] 53] A oMo AAEN DY o oS 29
o 23 71952 ABA 9 ALAee] sl AR
uj A]7]ol A= 30 KD, 32 KD, 171 KD 2 205 KD ©
s} 24 A7) we A 29 KD, 33 KD, 37 KD, 38 KD,
41 KD, 55 KD, 66 KD ¢ 110 KD shjdo] A= o]
o} w3 AAYuje| A= 42 KD, 4 KD, 59 KD, 64 KD,
101 KD, 104 KD 9 190 KD¢] shjalz} ateAl7]o A=
29 KD 9 116 KD9] o] A=t A 2] 24
Y QIFFEA ol SlelM ABA I A e oA 2
WA o] FAHNAAY JAHE Zo] FAle] dolyton
F2 A AAM Wi} dojde}. ojgpL A
AMZ BARA NN T AAEN ol 2] E2
AR M Szl H8817] g datate Wit
dolu}e A2 A

At Al

2ATE 1804E TRV A4 fA3R9T4A 9
Qo] 2 o) FoiFom, AR AT 24
o, H94, 247, A8S GG 2o APz
Jaled A8 Eahaa ek

o 8 2 ¥
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