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O OE. ASEBEAEEEESHHAEEEA 1.0 mg/L 2,4 D MS #1572 (ecIM) LR T HREERLHE
AHEHARR, MIERERGEHRES 1.0 mg/L 2,4-D 0.5 mg/L KT # MS #553 (necSM) L4 IEFE.
BT LB A4 T BEAE A 45 40 4R ecIM Fll necSM _E R #BE b8y 5 L. B8 (SOD) % 4 X H IR T 8§ B§ % \BE S
Bl TR ISEE ISR RN, SRERERALE ecIM H necSM FIEFH W EREAGHANBE YL
LB (SODVEHEEF RPN ARG MEERRECENTA S EREZX R KFE L, {E SOD & A8 L X B
BAEY; 5N —FHE,SOD Rl TEARE 4 Xjig W —F R TEF R ; 1 5h, 7€ ecIM Fl necSM L IFFREME
WHAAMBE(ESD R LEERFZE 16~20 REEZRBEHRK.
KR HEE; BESGAHR; FESEAGHR; BEAY S ;BN FTE
FESHES. Q44,6 XERIRISES: A XEHS, 1000-3142(2008)02-0247-04

Changes of superoxide dismutase and estrase
in processes of embryogenic calli induction
of Eustoma grandi florum

LIU Ming-Zhi, CHEN Qin, LIU Xi
( Department of Bioengineering and Enviromental Science, Changsha University, Changsha 410003, China )

Abstract; Embryogenic calli induction of Eustoma grandi florum were carried out when non-embryogenic calli on nec-
SM (MS medium containing 1. 0mg/L 2,4-D and 0. 5mg/L KT) were transferred onto ecIM (MS medium containing
1. 0mg/L 2,4-D). Changes of superoxide dismutase (SOD) activities and isoenzymes and estrase (EST) isoenzymes
in calli of E. grandi florum cultured on ecIM and necSM for different days of cultures have been achieved. Experi-
mental results have been shown that SOD activities in calli of E, grandi florum on ecIM and necSM were low in early
culture times and raised along with increasing days of cultures and maintained a higher level without an evident regu-
larity for the changes of SOD activities,and for SOD isoenzymes there was also a new band of SOD isoenzyme until 4
days of culture;Estrase (EST) isozyme in calluses of E. grandi florum cultured on ecIM and necSM had an distinct
absence in the periods from 16 days to 20 days. ’
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FREARBERERREEN - EAERER
KM EMEYREER+LWT . EHZEFTS
BFE+AVIEZS. BRI WHEBENHREIES
TER KT (Uga %,2004; Okamoto %,2002; Furuya
&£,2000; Yanagida 4§,2004) . 4 ¥ (Mino %,2003)
7L 5 (Deroles 4,1998) H i . BRFERBFEALAL
BAEMTHEREEE S EEA — LR IE (Griesbach
&. Semeniuk,1987; 1% % ,1997; Z B¢ 4,2004) ,{H
BHBRERELAEKBE AREHEEEEAR
REEHRE, ARRERBRE T HEETRERG
HABER FUBEINMTHEEEEEERHBASR
RMEERGARASE LR PN BEAYEALEEE
HEREFTHMEER TEREERREWEL.F
B FTHREARERRENTEEEEEREL,

1 MHE5rF%*

L1 ##
VtEH (Eustoma grandi florum)#F

1.2 A&
L2 1 R H A8 FF5EEREH ARG EK

EHEETREATHEMT L0 mg/L 2,4-D+
0.2 mg/L KT # MS 3% 3£ 3 (Murashige & Skoog,
1962) LS RAERERGAHN, R THEHE
A ERERERGHRRERTETFEE neeSM L,
BEEEEEERGHAEEBRZERERGARESR
3 ecIM(& 1.0 mg/L 2,4-D #9 MS 535
SHEERGHEER. i MSKEFREETH 3N
$,0. 8N AN . B E KB pHEFEZE 5.8,
1.2.2 SOD # MM Z &R L824 SOD B
W & K BT I F & B Giannopolitis & Ries
Q7D FEMUAR#E . 4 BB ecIM 1 necSM
EEFARRPWEBERGHE 1 g A 2 mL
% 1 mmol/L EDTA A 50 mmol/L B BEER 5 K
(pH7. 8), IR BFEE S, 7 4 'CT 13 000 g B>
20 min, EYE W N BB -, F T SOD BE & ¥ 2 47
Keivk. SOD EHWE A NBT Xk R k. LIk
BAREBRAZERMRNBEAIZEXME. UAR
DB, 206 B AR f R B YE 8 NBT St R
MR R RFRER . BEIE M A NBT Stk F L
SONA—EEMRAART, BILELUE 1 mg &
HSOD BRI ERR. TEHERSBUER%

DR G-250 ¥£ (Bradford, 1976), SOD [& T.K§
Bk #1 SOD [6] T 8§ % ¥ 4t 4 2 8 Beauchamp &
Fridovich(1971) ¥,

1.2.3. EST B =854 EST HEBH &40
EUAE ecIM 1 necSM #% 55 AN R R ¥ 8 P A5 A5 4
21 ghnA 2 mL TBE $#2B# (0. 1 mol/L Tris,0. 1
mol/L HNO,,0. 1 mol/L EDTA) , 7F Jk /& B &k Py 1t
RS K, IHEBLL 12 000 r/min, 4 CE L 5
min, B b 7E B AE 0 BE BS ML IR WA F o Kk 4 7.
EST B ¥k B 3t 66, 4 S5 56 5% R 3 2 58 9 Tk R o
BEE vk B AT K. WA 2. 5%, IR 7. 5%,
AR Z P A pHS. 3 8 HCI-H 2R E i, B i
H2mA/FE., BIKTEEHETEREBRE. REARA
FEERZRMR- R RR YA ZRTRE.

2 GHRAM

2.1 BERGALFSTNERERGALQHER

EXREES, REBETEENFHMT R
P/ RA/NB R T 1.0 mg/L 2,4-D+0. 2 mg/
L KT # 2.0 mg/L BA+0.1 mg/L NAA #§ MS &
FRE: FIEFF S RAMEE R LA G AR T
Bi. FERXPIMIEFEE EIMEER 5 F B A A
AR, AHBARE RN 100%., BEBERGASR
B E necSM FHRIFFR, XM AHALIRE
BYR, BAGN, FEEERGHAR. SLEHF
BLERAGAAEBRES 1.0 mg/L BA+0.2 mg/L
NAAW MS EFELBESAEFSUABERLE
(B, "ESERELERGALER, B &
necSM F#REFWERERGALHEBE ecIM
%, THPMEILE ecIM FHRT HRRE
SERFHREESGARE D, HER4G4A8
ERAEARHE, RERGALEEFER 9. 4%,
MERZEERGHEREEBZE ecIM L4
Feat, R HS M TREXEEAGALSRE.
2.2S0D AHREITHEN

EREAHGALTE ecIM M necSM F P35 5EE
FHEEEEFREE M, K AEEAS BT E
1 fR, 3 SOD \EH Nk 2 fin, ERMEFRE L
FHEENTEEEQSEES 10 X35 12 REfA
HER.MXSAGHAMNEREERIMHX, BN
ABSEYHEHRGHEAYES I0RFFL 12X
EARBEBREKRNEE.
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F1 FEERGARTE ecM M necSM LHTHAMFRARSREL (B, mg/mL)
Table 1 Changes of soluble proteins of Eustoma grandiflorum calli on ecIM and necSM
BHERE 3% 3% X ¥ Days of culture (d)
Media 2 4 6 8 10 12 14 16 18 20 22 24
ecIM 0.91 0.93 1.00 1.13 1.25 1.24 1.17 1.16 1.11 1.01 0.90 0. 87
necSM 0. 89 0.90 0.92 0,94 1.15 0.93 0. 90 0.88 0.87 0.78 0.72 0.70
2 EHERGHARLE ecM F necSM LAY SOD FEM T (L. /mg protein)
Table 2 Changes of SOD activities of Eustoma grandi florum calli on ecIM and necSM
BHE 3 3% X # Days of culture (d)
Media 2 4 6 8 10 12 14 16 18 20 22 24
ecIM 0.82 1.10 1.87 3.14 2.70 2.53 2.71 2.97 3.05 3.27 3. 60 4,32
necSM 0.87 1.13 1.94 3.65 2.93 2.90 3.12 3.30 3. 69 4,03 4.66 4,34

0 12 14 16 18 20 22 24

A1l HFHEAHGALETE ecIM Ml necSM
L #y SOD & tE R 3% 57 R B A4k
Fig.1 Changes of SOD activities of Eustoma
grandi florum calli on ecIM and necSM
after different days of culture

MNE2EY, BHEAHALN SOD FHHEAE
ecIM Fi necSM kAR fL M AR, BIEE R EH
SOD EHEIK.F 6 XKEEHZBEHAR.E 8 X
ABRE- REMMTREE XFEAE,$H 22 X6t
SOD WX Bl f B 1H, 55 24 X SOD {HEHESE 22
KRR BREFEREKEL. BRI BT
EEF BN FERAEAGEHLNTE necSM EHE L
) SOD 15 th HFE ecIM 3E % EHE .

HRE ARG ALTE eclM M necSM EFHHE iE
FARREUE,H SOD R TREHBIKINAE 2 fram. M
B2EH, AR IERERL 2~¢ XEB . XF
—% SOD [ TE§# , K& TR A, ik
HIWT BN Cu, Zn-SOD, FETFHMEF. EH 6 X
FEHI T — KA SOD & TEFHEH , M3 # W]
8825 Mn-SOD &, Fe-SOD, Bi & & TR &S, 5 &
FETHEES, ZERA, AHARFEARRLEK
BfE, ST EM TR M, FR T H K SOD [F THF=

&% SOD A TR A B 5 MM AE KR R AMEAR K.

2dE 2dN 4dE 4dN 6dE 6dN 10dE 10dN 14dE 14dN 18dE 18dN

A2 EEUAGHASEERGHEERR
B3 K ¥ SOD 6] T BTk
Fig.2 Changes of SOD isoenzyme of Eustoma
grandiflorum calli after different days of culture

d. X% E.RERGAS: N. B aGAL. TH.
d:days of culture; E:enbryogenic calli; N:non-
embryogenic calli. The same below.

2.3 EST R I &S

WA G HSE ecIM Fl necSM F PR
EMERREBHRKLE 3. NE3IFH EHF 16
~20 Rot, AEFWMERE LWERERGARD
EST R LS ENBEHEL, BEF 24728
Kot TESES i £, A FEFAENHEK
EST B LRGBS, EWm Mk HRE L ESTH
TEEHF IR, X FEPH ESTRIHETHNEESR
BHEAMERZTREAEX.
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B H A 40 B A (Del Rlo %,2003), thit &4 T
(Gomez %, 2004), H BLFF 9 SOD [F L B§ 1% 74,
SOD it A 8. EMLEHE MR KA
R & & B A, SOD & A B (Ganesan %%,
2004) . FEMMMA{RAIMRAE # SOD T E (Mathieu
%,2006), 7EM 2R AH M) UK LB 95X F & B, Cu, Zn-
SOD T A s H 4 &, T Fe-SOD # Mn-
SOD X th B F B B 4 % 1 19 44 4 5 (Libik 4,
2005), XibgE R R, SOD 5 40 i 43 4k A 44 40
MBI RA K., RELEMBEEEFEFHFIEFREL,SOD
BEHES 6 RELAHARIFAE KRG, KiEH
FE, HHAMEARERMREEDR, Sty

12dE 12dN 16dE 16dN 20dE 20dN 24dE 24dN 28dE 28dN 32dE 32dN 36dE 36dN

B3 FRHEAHHEAE ecIM Hl necSM L
BEAR X WERE R TR
Fig.3 Changes of EST isoenzyme of Eustoma
grandi florum calli after different days of culture

RMFER¥m., H—nFE, BHIATHK SOD [F L
BT , [7) RS 5 34 m , 8 SOD &t 4k 3 72 — 4
BE/KFE L, SOD FEH 5 T LB E—
B, MERRERFNER, RRAELLAFHIER
ELEAMHEAKE 2,4-D, B FKEY 4
¥ HAARIEEN S, XM ELARGES. i,
S g NI b B I = 3 SR DR NI
PRAR R LR DR . BESh, B F B 37 B A 2
K REEHRE, HRA AN EEELEEEN
B9 B B SR, X 2R T 3K SOD I HE B 36
AR Fi SOD Al TEERY R K., WA LR BFR 4
RE,SODEUHEAKFAIHBSKEYESGULSESIH
THBHMARE, BERARBREENIREE
W B LA R 8% B R A B SRR TE A, SOD R B A &
EFER AFBEH—SBRATR,
3.2 EEEE LB R

BREE (estrase) BRIAN BB IZABIEH—2£
B EEYPRMEES, BESARILE XY

B (Balen %§,2003) . TEfLArfLt BB b, BRAG U4
TEEGHF , AT HE R B 2 4k RO AR B B (BT 55, 1994) , R
z*:*ﬁﬂ{:‘ﬁ‘féjjHﬂ“ﬂ‘éﬁ&lﬂlﬁ&%#ﬁ&"(@ﬁ%ﬁ%,
1999 3K B 4% ,2003) . AZHWED, EFHAIEE
EE UaGHRALERBSE 16~20 XAt, BiEER T
By B, WRTE LS ER B A LB BoR 10 &
ARG, MBS ERE, ExH
EFEAERE L AGHARANEREERR, #A
THEAKY. BATEXHEHABRAITAE-EL
SRR E AN 2, TR B AR S — bk R B
{EEZ B ME . TN B X R SR AR 4L, BRETR
MR AR, ME N IRE A KR R LR
HWRBES . TRRSHREER X,

S 230K
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