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Effect of the Elicit of Microorganism on the Formation of Phloem in
Suspension Cultures of Streptanthus tortus
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ABSTRACT Extracts of Escherichia coli as a elicit were treated to suspension cullures of Streptanthus tostus in
order to observe the effect on the phloem development. By the elicit treatment, cell wall, sieve endoplasmic reticu-

lum (SER) and p-protein were nomnally synthesized, but the stnicture of amyloplast was changed from a round

fomn to irregular and swollen unhalthy form with a tiny starch granular. Oil drops were new synthesized and accu-

mulated in a large oleoplast and proteins were also accumulated in a single membrane. The concentration of

sucrose in the phloem, which was induced during the elicit treatment, was higher than nommally developed phloem

cells. These results suggest that phloem cells might be changed in the nomal cycles of metabolism of lipids,

carbohydrates and proteins to overcome during the eilicit stress.
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AglH AHE F34 Aes AAY pEekd A Ae
A FFels 8% UFE FA Ak A= 2 E A
EEHH X 7FeshH (Cho 1996), ZAW ¢ AZEZHH
TH AHE AEA SAlske AMs) 2he] A9 S
T A me Zo7A ol FAE e FE2E S 2
2 EAR AEA 2} o] 4FHY 72 = YL 7F
Aoz AgAd EMshe A 7153 2t} (Cho 1998).

A AEZERE AR 2EEE e AE e A
= 27| A=8] 2o A AsiebE gl Wy Fybdr) o
B dE Fo] BsjEY, gEAE ARe] %ol 4= S
amyloplastZ 8l ¥, amyloplasts} wEZTjo}s] Hel=
el Ee A 98z w3l Y, sieve element reticulus (SER)
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7} p-protein B0 A2 FAAT (Cho 1996). 573 A Z4
A AR ddEs 2704 dejys @y il T
E|A B 5 9 & apoptosis 2 # # (Tomei and Cope 1991)
# a3 FAkeit} (Cho 1996). 53] AMLe] 2@agos o
oY= apoptosis W2 FEY &AM HAEE 9Hsle
AHGT A ZH Yoll= programmed cell death (PCD)E A}
 af - frAlshe (Cho 1966).

TEolA PCDEAE W0 8 dojye U= AgA 4
w2439 97 B2 /g vad 22w 433 22
T} (Hengartner et al. 1992; Horvitz et al. 1982; Wolf and Ready
1991). %"ﬂ)*%_ PCD & et 2 ‘Q?ﬂ?ﬁ A &
o}k et o] nAEs JUS o, Aes FAYA o
sled hypersensitive response (HR)E v}elhf| ¥, HRE PCDE
ZATAA HEAEY 2 JAE F=g} (Greenberg
et al. 1994),

nAEe] FYel tigk AEH w2 AY 49 A4
A g oA sle A AEA B2 Az 2 A3
¢l WHals FHbstd (Malamy etal. 1992).
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21534 = g 24 v Es T Ay FRHE
E dvE o E v iESY FYS @& AEE o o AEZE
g2 A B3 IAEE ALE O Sitk e vk
7 mAEY AYS Row AAZE F4 ZAEE A0
opie) de Alz] 2 AsetAg] Wilg YoF|HA FRA
2l Walrt FukE Aot A7 e nAE £ elicity] &
HoZ olsk s ok Lo FZA 0 Wil sl
dFd "l glerz B dgds A g <t =
& elicit: LEAFIEE fitEe T2 wils fA3
elicit?] @ HE7|4o dojrhe Ae|H Wals d7aA st
Aok 53 A wdEetl PCDEA0] WY, AE= 9
o] fle AHE A9y 243 55 FHYSIEE (Cho
1996), elicit A 2|2 22 AT ARE Ea} ddshs
T AR prwsE s AdERs #AF S
7} s}k

2 Petri dishe] JFAF o)Fo= 23 @7rzl F €

SRS B} Sreptanthus tortus W< 1% NaOCLZ 10
7h E7g & 2@ SFEE 3 AlFe & 25T daelA
547F dolrZth (Cho 1987), 2ol FAEEHE AES
HEZAA Smm A7) 2 dHLZ A2 F MS (Murashige and
Skoog 1962) 7| ¥ ®]¢l| 4 mg/L 2,4-D2} 0.1 mg/L NAAZ} &
8 WA ol&epe SbolM AEiF FEAFAT 29
A 5 g2 MS 71 2¥R)e]th 2 me/l24-D, 0.1 mg/l. NAA
s} 1 mg/Lkinetin®] T8 APES YA kefell A AMF-E
A AT

H

Rl

HHSEM| 01| elicite] 2|

Nutrient agar cultures]) 4| vl 28 Escherichia coli strain 23725
stock cultureZHE 1mlS g7d 234 A= &7 &
2 AT 2500 ipmoll A 2087 EAEY s AedS
Wy FA pellets A28t o] A85 33 w515t
979 E5E WA E cell density S 1x10°mL7} 5= 2
Z9t}. Sonicator= pelletS 70% ethanol 2 A= 8 T}3 34
g 1AEE 20%A 927 63 sonications A 5l ol
-5 A%t} (French pressures] 4 15,00 pound per square inch
oA ml). E& 39+ clean bench <bell A TR EGiTE ANE
FeujAe ) AedAS F7) 45 autoclaver} dEH 100
L W Fle] PR o 1mLE FUAIT, H27 WA E
Sg2 BRET R 25T GaolH 30 pmoE &
Sof F90. RE ARE 37 W2 492 5 YES 22t

%R0 FET} 2AE

FolZl A7bel| 2R F AE 1 g5 Al fitration 4|71 &
F7F AAE WAZE AFReEch nle FHe 0% ey
= 1mLE 93 5 5o s 60TeA 147 <
1449l FFE FEsHTh 20,000 pmell 4 1087 gHE
3 & 4TS BT 24T A 20T A B}t
Aeh2 Yan Handel (1968) ¥hd ¢1 anthrone A)2pe)| 25 H
SE vk 0d-2 ZHE 273 F2A HEeA SHE
Zolth

i

o oop K of

=

SRR

el AE 1gS 25mM g4 9459 pHEMSZE &
M &g & 5% glutar aldehyde E 2474 233} h AR HE
A= E7 A8 sje)E &4l 5% glutar aldehyde 7}
e oA 2417 IF AR £, 25 mM A4 EF 25
of (pH6M2 = 33, ZF+= 23] AF3 v 2% 0SO,2
1A)7F 302 AFstE, 7Y S50 33, T/HTE 23
AFeEth & AEFA = HEYE dAFLE dEeA A
A 3} T} 2% uranyl acetate Z 30 A 2|5 & 10% o E ~
95% op =] Tk T2 E SAFh 100% o ELE 33
Ashe 213 &8 A ES Spur'splastic® Z X¢E &
thelolZz= 2Z 10 um F7|E 23tk 948 uranylacetate
2} lead citrate Z )% HA}H T} (Cho 1988).
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Elicit7h Af&Ao] 0[5/ g

=9 0] 7} Wit Arahidopsis 215 9| avirulent MA-&
&= #AEA 719, HR Z730] Yelhd 1 9 oo ZEEH7 =
HHoZ FAEY, 2+ AF 2] wild type Yol virulent |44
5 AFEAFIHE AA T 7p2 AAE FyFe ion linkage
7b ¥ E) Y, chlorosis E2de] Jebdoh 28y 84 =74
upeb wild 25 Yo A% avindent WA =S FHAIF|HE, 1
o ol fje] A EFA} BAde] dbAET (Greenberg et al. 1994),
ZAWF AL Ho & ¥E, F2A AEZB v ARFA
7} 2EdLY o dulsit} (Cho 1996). T2 EE AML7}
BesE T AEAAT Bow e Pz 42EH
ey} dojd A2 F53) AN GEAFY elicits: A
2ol Wslsl= F2F B st Feure 12 elicit7} §le=
AR Aol A AAER e R FEE AFAEEE AER S
= p-protein©] B3 1AW Ao QI ME HAE AME



HEH FHe|= sieve endoplasmic reticulum (SER)E0] 32
ok AEe] Elgle amyloplastE 3 wEEC ol £
o Eok2 32 99t Elicitr}h ArbE AEST iAo A4
AF AZdAT A7 FEE9, AE FAE AR AE
g FHe] SER0] M=o gl= AL AAEH0E {29 A}

Az Fdstitt (Figure 2). 221 elicit?} H7bd wj=]
A Fr® AR R E £ oleoplast <Ml oilo] 7153 =
Axo] o 250 AEHAE wodd DA e wWE
7} dojdr). =, 215l o} chilling ~Ed|~F FH phospho-
lipid &} FX=r} 5458 7hb

5}, free fatty acid (free FA) 2] &

Figure 1. The initation of phleem cells on 10 days after cultures of
Strepranthus tornis. New cell wall was surrounded by sieve endo-
plasmic reticulum {(SER). Bar = 0.38 zon. A, apyloplast; pp, p-protein;
arow, SER.

Figure 2. Developing phloem cells in the present of elicit on 10
daysafter cultures of strepianthus forfus. The oleoplast was filled
with a drop of oils. Protein was accumulated in a single membrane.
Amylopast with a tiny starch granular was irregular and swollen,
unhalthy form. Bar = 0.50 tom. O, oleoplast; A, amyloplast; M, mito-
chondria; F, protein, arrow, SER.
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=7 Z=h = BAlel A 4449 antioxidant, a-tocopherol 3}
ascorbic acid®] %7} Z7pdt) ) E2EE chillings] o3t
Az} 37471 99t} (Senarama et al. 1988). Chilling A~ E#)|
A5 A AEd = ethyleneo] AB4+=] 7, phospholipid &} gly-
colipid & A sk EX 8R4 271 2H4-5 ¥, phospho-
lipase DY &4 %7} £71 o (Parkin and Kuo 1989). 92 =
Aujok HEZMT sugar-starvation SEHAS FH, wj okl
of| ethylene®] 44] = 7, ethylene- phospholipase D2 4%
= =771t} (Lee et al. 1998). Phospholipase®] Z7= A4
o o] E5|E 2]u]5}0, phospholipid2] Esije= A Z e
free FA2] = X2} phospholic acid® TEZ F7HA 21t}
(Senaratna et al. 1988). AFEAH E AT elicite] HHE2-S)hed
phospholipid S E3)3}] free FAS oleoplaste] 48471 A
o2 AzkEc) AH7} AEGAS Bow AEYA TR
A9 glo) A TR A D2 el fdes
Aoz} B0z o sl @ Hpe 2 Aok

=7 APEAZ A amyloplastghe] = FHEo] Bo] 7
ol SR T ol (Figure 1), elicit A 2] g APF-A|
o| = amyloplast®] Foko] Eqtasly FZof &2 =4S
FE A7eA 2 Az 2 gklE AR FHA S35
99 ¥, M EFZCFol= oleoplast 39 ¢ WA 9t}
(Figure 2). AMF-A| S Shelli= APFA|Z 9 Sl 57kDal?] -
amylase 7} A 3h (Wang et al. 1995), o}l elicit?] 2] 5}
A B-amylase®] ZA8E AR-S B3A1A 233 diAlRE
= TA}ES A0, vEEEols AET AW g

718 Ao g Az

FEh= wejdo] AR lad (Figure 2), A8 of
freezeS 2] 5MH, acid phosphatase?} 7= 2, o] Sejz&
JEeo] AAHAY E= G dFEo] Slof D] Fi
= £z 471t} (Moriyasu and Ohsumi 1996). &8 NaCl, freeze
2} ABA9| 2]s)]A f=9 antistress T 9] osmoting patho-
genesisrelated S A3 d]& HA}ebs (Singh et al. 1989),
endochitinases, endo-£-1,3-glucanaes, osmoting 3 F-4)slt}
(Hon etal. 1995). 2EWH A A doldy] SHE opmpe &
2a% SlESs EajAA ofn Ao Z2HE HAg 2L
S-S ket 088 Ao =E st

Elicitof| 2|t Y2l Hat

Chilling A~ =2 (Senaratna et al. 1988), sugar-starvation -~
Ed| (Lee et al. 1998)3) NaCl, freeze 8} pathogen (Singh et
al. 1989) A~ B¢/ B2 ethylene2 4445} phospholipase &}
acid phosphataseZ =3} 2@} G tia)} 2 2
A8 wEIAA 22d2e dge,

HEgAS AFOINE olFF 4FL DA} BYDY
TEgen} 298 g A0E QWAE FeiA Yok
A2 FE2A A Fd AFS o Ezkd EAg 23
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Table 1. Change of sucrose concentration in the induced phloem cells during the phloem development by edding of 1 mL elicit in the medium
of suspension culturres of Strepthanties torfus. Blicit was prepared from Escherichia coli.

Sucrose concentration of phloem cells {mele/ml. packed cell)

Days of culture
0 6 10 15 20
— elicit 031+0.16 067+0.12 0.54 047 1124037 0.34+044
+ elicit 031+0.16 0521023 1.31+0.26 1.104+0.25 0.69+0.36
= Azs9 go) due EAsh) 2999 @UEs 92 ogoal

=R @btk (Cho 1998). ol 22 AEZEZHE APHEAEE
dasle o 3 2R AR, AR vkl A
Z Fxdt} (Cho 1998). £8F AJEAZegt Zast= -
amylase (Wang et al. 1995)= Ao o277 =48 AS
sk T2 FACF Aok AR waEt 24 AEY
of EAlsle By The AEFE oFe A dEs A2
A e SRS AgseA 4§ ot AE e
AL o7 i ool 288 425 gt} (Cho 1992).
A AZe AFFTHAE 7] o 6dThe] AEAE
7 B2= ST} (Cho 1996). AMEA 2of] EAsh= AR 5
£ elictE A8 AFAE A 527} E0) (Table 1). 27
gk 109 o] 5B elict H2E APTAEY HeEbrt
7F R Bk I ol AHA RS 2713Ee] =
=7 fZo]t} (Data not shown). 2154 ol = 4 2&
o2 AE BERelA A5 4 she AP loading H
A%k, ZAM G A 2oHe dFFE TE5E 5 AZUA
s sk (Cho 1998) A4l loading 4712 &o]
0|7} 91 th Figure 2¢] 4 amyloplast Qhel] =38 HED] Tk
7F HZTs} v s A d - B A0 E u]Fo] BHol AEY
2 AZE 98] F2d AxdA AEAEZ ddsi==<t
SEH AL B2 AEZE HES T4 AA dEE A
AR Axde] S2ANAA AEZE Bisle Ao = FAHg

H g

Streptanthus tortus Bk A Eel|A F2E HEZZHE AN
7} irdsl= A7|o] Escherichia coli 25 (elicitys 5}
of AMe] dhgd| m|AE AE Ao Elicit AE]d] 2
s} M EH, sieve endoplasmiic reticulum (SER) 3} p-protein
AR oz FAA=G oY, AL AR gramlarg 7F7 amylo-
plast= 9 B8y HZ0|22 A7sA] 23 2ok
o2 FE7F "8G o Ol 922 A2 FA = oleoplast
Skl =4 =5Y, d 2 single membrane hel] =2 =it}
ElicitZ fxd AHAZRM A8 Fos AA2=z 2
25t APEAEZRT 5 Zgth AMEAEE elicit A~EH A
el 24, BrslEd 9 hAlE HEkshe elicit 22
d 2o thgkele BdES AE Peke Ao = Azbein
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