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Characterization of Anionic Peroxidase Induced by
Low Host-Specific Elicitor in Suspension Cultures of Rose (Rosa sp.)

SHIN, Mi-Sun - YANG, Eun-Jin * LEE, In Cheol*
Department of Biology, Taejon University, Taejon, 300-716, Korea. *Corresponding author

Whereas cationic extracellular peroxidases (PODs) were observed in the suspension cultures of rose (Rosa sp. L. cv Pual’ s
scarlet) grown under normal conditions, new anionic isozymes were induced within 24 hr by the treatment of low host-
specific elicitor (10 mg glucan/L media) prepared from yeast cell wall. Prominent anionic (pI 6.1) and cationic POD (pI 8.4)
were purified and characterized to understand the physiological role of the enzymes. Both enzymes were purified (ca. 200
fold) by the ammonium sulfate precipitation, ion exchange chromato- graphy and gel filtration chromatography. The Km
values of the purified anionic POD for ferulic acid and HzO: were 4.64 mM and 0.72 mM, whereas those of the cationic
POD were 1.38 mM and 0.48 mM, respetively. The activity of the anionic POD as NADH oxidase was twice higher than
that of cationic POD. The NADH oxidation in the anionic POD fraction was inhibited by 60% on the addition of 0.1 mM
coniferyl alcohol, while that in the cationic fraction was inhibited by 15%.
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A AbAe] 27} (Keppler et al, 1939: Sutherland, 1991),
Az 242 W3HLange et al, 199), phytoalexin &%
(Dixon, 1986) So] L FR83 Hbgo= odelx Qiok HFE
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| $li= elicitor®e A} B Eol| A 535 ubg-
g % slee 2A] AN} fd 2 9EA
7} chitosane] v} R Re] MEHNA FEH AJEEo|th o
dicitor5-& A} %o} tsle] non-pathogenicdrel = £33
T3 AEo|A glyceollin®] #4-& -Fx23l4H(Hahn and
Albersheimn, 1978), slash pinedl] A A EH o] W38 H 23l

5 (Lesney, 1990) 2 2tgo] =5 FolAle] ¥ elicitor]
long term elfct) $AH-E 201737 ek w0 0 AF
o efA EFFolde] - elicitore] 2]3le] peroxidase
(POD)9] #&Ado] F713tm, £3] apoplasmic PODS] A
2717} doidvie B3] AlAEnl glvh(Lesney, 1990:
Kerby and Somerville, 1992). Apoplasmic POD2] 7]%¢]
stdA e HAAAE E2e A7} glor} cell walld
lignificationol] #eddlti= 2|7 o] 2| ujA o]} Mader and
Amberg-Fisher, 1982: Mader and Fussl, 1982). 222 low-
specific elicitore]] 2]3] =5 apoplasmic POD2] &4 9]
%71 cell wall®] lignificationel] #+3%) 202 o] a5 o] ¢
ot 22y G2 47 FHEL 5F HolAe] 2 elicitor
Wual oli]2} non-pathogenic elicitor G A] A2 wjokr| Fol| A
Z7] W22 A FAAAS FUl7l deldg Heol F vt
9}t Anderson et al, 1991: Schwacke and Hager, 1992). ¢]
A= POD2| 715 o] lignin®| Aot FEA = e
& B Fx Flojvh tfge] &5 Bolyo] Y elicitoro]
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oslei = FAALTL FTlsia e AL AL ©e
3] pathogenol] 93} antipathogenic agent®4¢| ZHuat of
vz} elicitorel] Wjat A5 ¥h-Sof gloiM dubHQl AlsAY

s
EAZAMe 7]ge] 31% 7FeAdE Hel F3 gl (Allan
and Fluhr, 1997). A1 5H| EojjA] gAARAS] A2 PODo
Sjshe] NADHE| Ak 128 Feld A9% & olenh
(Elstner and Heupel, 1976: Mader and Amberg-Fisher, 1982)
NADH2| AH3} %2 Sojsis PODS| AAel} 4l
7ol dsted e Ao Uil wh ¢lot. Mader9t Amberg-
Fisher (1982)% wlof% oA Eol A} NADH oxidations &
)&= PODE A A3}e] o] POD7} lignificatione] Fhois}:=
POD3} &F4dAe) Aol of& 7Aog B3 v} 9lon},
o] NADH-dependent POD7} elicitore]] ¢]dle] $-EEoj=
AP FA7E AAE vk Aok A F-Ee AE2 vig
e °] PODY] isozymeS X835} L total activity7}
o)$ =& ¥uk ohgl, W§-#9 POD7} 8 7|A=R
3= monophenol =2 polyphenol oxidase®] A4S 7] )
o], elicitore] 2]8F NADH oxidase®] % 7]2H& d-13}
9 olelgs T otk & ATABLS 55 Sol4lo] ¥
clicitorel] €] 3t AlE-¢] u}L kAl Tt o FE s}
, An) wj ok E7} v A &3 POD isozymed X
, B5o] elicitor7} Foi ¥l An] wfFH 2wl 2] o] A
apoplasmic POD$} FH-5 = A 2% isozymee] %
AsTh e Ee B dTeAt o] 42e dcior
‘ﬁ‘ 5]“ POD7} 71&2] PODse} 4742 A=A 7
WS Aolek 71dslal of F4F Felsted
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AZojA] A}-&8L Aw|(Rosa sp. L. cv Paul's scarlet) 2] wj
AT ¥)F Okdaboma 3L HZ el n] H58 Ao
2 1 mg/L NAA9L 01 mg/L kinetin o] 383 MPR ujA]
(Nesius et al, 1972)efl 4] frz|3tgict. o] WA E£E TLT
ZA0l AA wizl 80 mLE Y2 250 mL flaske] A Fek
05 g A= AES F 14 A2 Ao wjeFspas 5
Y HE A PIES A8 AZE LA NFE
2°C, & Aeiell A A"l wi k(120 rpm) Fch

Elicitore| =& 2! £0§

&3 EBolX o]l F2 elicitor: SigmaAlelA F4E &9
(Saccharomyces cerevisiae) % ethanol AW o2 1] £
ARE FZ3% F(Schmacher et al, 1987: Hahn and

Albersheim, 1978), Dubois Z(1956)2] ¥}®]{ 2 & total glucan
S Qe 1 ook Sxase Ad w59 @

g ok EE T Abelo) A stainless steel sieve (70um)E
ofste] A xel wWiAE FElste] ROk WX 10 mg
glucan/L8] % %2 elicitors ¢ F 150 mL% 500 mL
flaskel] ol A1E 16 g& A HEs A+5 APFE 3,
elicitors 2] 8bA] k3l whes] wix|eh HEE A HE
AS AZFE A5k ol A7) AA 22614 UAZ A
gk ¥ A E 75t POD Fejoll AHg-8hoint.

Peroxidase2| & =& 2! isozyme £

POD9] A &2 40 mM Na-phosphate buffer (pH
50), 10 mM guaiacolz} T4 (01 mLE £3sle] 30°Col
A] 5%-7F preincubationdt F 10 mM H2028 & 7}slo o] ub
2o F}% W3S 436 nm (Beckman DU 68)o| A &3]
sl o]u} extinction coefficient= 255 mM-lem-12.2 A Al
&3} (Rodgers et al, 1993). Elicitors Folsle] 2447} )
SHAIZL AR T2} elicitors FojdhA ¢bal whd] A HES
W2, 223 AAHes AAste wETe wMAE £
3 ¥ 25% ammonium sulfateZ e sle] 18000g2 20%-7¢
AR sty 21 AFEYL 9] 0% ammonium sulfate 1
FgAors uhge] 22 x7oE YA sl AME
ook AHES 4% 5 mM Na-phosphate buffer (pH
6.0)ol] falisted FUt AFGHol 24A17F FMAA FA
A 271459 *h“mi gk A 71935 Stegeman®} Park
(1979)9] W& 3 sked 3% ampholine (pH 3-10)& -
3= 6% acrylamide gel-& AME8}9c) oF=4al 0 2= (0]
M HPOs, &Z8&alo2 002 M NaOHEZ Abssbe] 150
Vol M 1A]7E, 400 Vel A} 4A412F H7]<3538 ¥ PODE 714
Eolx o2 ofMalodrl Specific staining2 1% guaiacol,
02% Ho02:& #-f3l= 50 mM Na-phosphate buffer (pH
60)ol gele H7F 30°Coll A 10-15%-7F MAjs] #etslo] Wt
AAZAT Ea AEE lading 34 e A M7 @
gl 1 om 7bA 02 AHelslod 1 mLe] 50 mM KCleoj| 244]
7+ @7t ¥ F pHE ZA31e] gelo] pH gradient 3445
2Apsholeh

Extracellular peroxidase2| purification

o} Z2F2] extracellular POD Z¢j|A] prominentl cationic
POD (pI 84)¢] He]x= %% ammonium sulfate ¥ %
A Qe DuAe ERee 1247 AE FAT §
Carboxydomethyl-Sepharose LP chromatography (2.5 x 10
ecm)2 A A3} Equilibrium buffer—“— 002 M Na-acetate
buffer (pH 5.0)2 3lgew £&2 002 M-08 M Na-
acetate buffer (pH 50)¢] linear gTadlenti et 72



fraction®] volume2 3 mLZ &}9}.2n, PODE| 34 o] 7%
=2 fraction& F.o} Amicon Centriconplus 102 o|-&3}e] %
%38} %, gol filtration chromatography$| A 8.2 s}tk Gel
filtration chromatography® Sephadex G-75 (15 x 100 em)&
Abg-stgd om 02 M NaClg &8-43t= 50 mM Tris  buffer
(pH 705)2 £Zslddel. £% 4%+ 12 mL/hro]gl
fraction volume2- ¢F 3 mLe|¢jth PODE] #Alo] 71A =
= 3915 Fsled oA & W FFebe] AHE-aR o) Elicitor
ol g} wjort-o] wixlE A HrjedEsl A AE
718t anionic isozyme (pl 6.1)-& ¥-&]3}7] 1]6]-04 uj
ammonium sulfate #2]¢]] 2]s] H%& 3 ¥ Econo
-LP (Bio-rad, Biologic) anionic exchange chromatography
A2 2 sl A28 loadingdt ¥ 10 mM Tris buffer
(pH 75) 8.
A2AZ 3 005 M NaClg %
buffer (pH 75)& £&31¢10m 2} fraction volume2- 3 mL
o3t} NaCl gradient Aol|A] £-3&% 2B Zox PODe| %
9 M £as 1o A0 HHes wAT F
filtration®] A 8.2 3slelo}t. Gel filtrationS of 232 cationic
PODE #eldd wje} S4g £71128 A gslgich

N2 g rle
m
“ mi—lm—’

.

fo

23] M)A shod cationic isozyme?] affinity S %
ek 2% mM Tris-HCl

Gel filtration chromatography®] 2|3} Hz}efF ZAA L F
2 o] elution volume/void volume (Ve/Vo) A =9} -z}
2ko] log Zholl dlsled ®F AL AL
] POD2] Ve/VoZ #Atste] Hajeks F
R aleke. SDS-polyacrylamide A 7]935 Aol A o}A] &l F
9} 2., cross-contamination?] 7}FsAE 2ALE Y BE A
A= F F& PODe Z4&F 7]Hd] o3 kinetic:2 caffeic
acid, ferulic acid, guaiacol, 233 Hz0zell w3}l A A3}
o} 2t 7)Ae) 258 274 &3} 5 mM Na-acetate
buffer (pH 50) 8} 50 pL2] A NK-E E3sled 30°Col|A] HE-
7} preincubationdt ¥ 10 mM H025 #H7}sle] & 1 mLr}b
A 8 F ferulic acid¥ 310 nmoJA{(e=16 mM-lem-l),
caffeic acid= 315 nmefA{(e=135 mM-lem!) &3}
(Rodgers et al, 1993), guaiacol-& 436 nmei| ] &3 %2 W3}
2 2xsl9ioh Ho022) A$el= 10 mM guaiacolS oxygen
acceptor®. 3ked FHE HIHET FAs A A
least squares methodo]] ™} Lineweaver-Burk plotol] linear
fittingg} ¥ Km3} VmaxZ A Abs}slo

Rgl®l §49 NADH A3} 342 Mader®} Amberg-
Fishero] utwl(1982)& &&3ted ZA shodeh 02 mM
NADH, 20 mM MnClk, 20 mM dichlorophenolS ¥3}3}=
50 mM Na-Acetate buffer (pH 5.0)¢] fA4 NS o
(& X9 1 mL) 882 Al2A17] § Spectrophotometer 340
nmejl A 10%7ke] F3= WS ZAsdo oW 34 4
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£l 622 mMlomle 2 sled AbsbE]:= NADHO] kS 4

Abateint. Coniferyl alcoholell 218 PODe] NADH Alz) b

2 A= A7 A9 whgdlel] (.1 mM coniferyl alcohol 2

247].3‘]- _‘f_ :g‘_ioﬂ o 1.:‘04 0:!/\] 10= 7\ %%Ligl wWas =

A sle] A Absldet.

CHHziol Maf
E4o] 7 B chAleA] chujlo) xjeko

albuming % & A2 dto Lowry H(1951), 32

Bradford (1976)¢] #h-& o] &-3tef FAsloict

Elicitor0i] 2|3} peroxidase isozyme?| Hig}

A ikl Au|H e A7 uE PODS #HA W
e ofw 7108 Apgsheiistel ahel cepat e
vhebyd e (Kwon and Lee, 1996). 713 duld o
POD#} 7]Alel guaiacold AHE-ste] ZAg 7§ guaiacol
oxidase® A POD®| AL A wioF F 49 FE F7hs}
7] AlAste 99 AxelAM AW A o] vebd& HEA3 vl
olth. Zel=a 3 Al A= PODE] 4o %_

Ash A g F 59 A £
Agaiglel Bl 44 £A54 52 aiﬁwﬂom gl
u A EY A E

isoelectricfocusing@} specific staining©. 2. extracellular POD¢]
isozyme patterngd FARF A3} cationic POD (pl 84)7} F
£ 59 222 #A#H¢cHFigwe 1). Extracellular POD2
isozyme pattern- wjoFEl Ao Fof we} u)$ ks,
B Ao dAA G isozymes FHEvhe ETE
vlasled M zlw] wjoki| T w4t isozyme patterns

ammonium sulfate2 F & &} of

pHO 123 Figure 1. TIsozymes of extracellular
peroxidases in suspension cultures of
rose with or without elicitor
treatment. Each tube was loaded
with same volume of total protein
solution prepared from 1 L media by
ammonium sulfate precipitation.
After isoelectrofocusing electrophoresis,
-pl61 gels were stained with 1% guaiacol
and 02% hydrogen peroxide. Lane 1,
control media from normal culture:
Lane 2, media from cultures
incubated without elicitor: Lane 3,
media from cultures incubated with
elicitor.

-pl84

pH3
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HoF T glc) o] E Ao AL An) wjjofA] E2

POD isozyme F-A o] ©}& 2AlEof v]a] 8T wh&3}7]

ol dejal Aze £x Qo HF: F AR} 7|9
L

AZE A il ok oot isonymes] o]
dojr}a] k& Aol x 7] 4 ook E2TFEA Wik
22 cicitorE MelalA] g2 vl e A 2Este] 24
A7+ wieFat 7 cationic PODS] #HAd o] v Folx|= 7
o2 FAFHAG o] A= A Al R wiR]e] g3 4
EUEb o) =2 AR A A7) Aol WEE
= extracellular POD2S] %27} =2 Ao 7198 4 ¢k
a2} isozyme pattern W 3}7} ¢l A2E vepdel ub
ool elicitorE Foi8l 7ol cationic PODe A%
4 Z7bshe ot w3l pl 619} 5.22] anionic POD2] band7}
AEA AFFHA e 53] pl 619 isozymeo| HAEA F
23 band2 Jebgeh ookt POD isozyme?] 7]%o] o 3}
M obA = AMEHA e Al wh gleh ey peanuto]
G w2l SolM AEH 46l Bolstel cell clongation
%243 POD7} cationicgt AJA-E zh= vbwof(Zheng and
VanHuystee, 1991), pathogene] o3l dfo] 7)zte] QR E o}
@&l PODY: anionicdtc} R1Eo(Perrey et al, 1989:
Zheng and VanHuystee, 1992) n]Fo] ¥, Zn|x| FojA
elicitor®] Fofof] 28] =¥ anionic isozyme?] 7]%o
cationic POD &} Afo| & 7lgAd o] v $- Fopal Sty

Peroxidasel| £2|

Elicitor-induced anionic POD<}  ©} 7<) cationic POD2)
2A4%AH EAY z}o]E otolRr] ¢35} prominent bandE
EHHT 9= pl 849} pl 61 POD2 B2]E A xstgir)h
Cationic POD¥= d) 7oA & vjx]E ammonium sulfate
Z x%3le] CM-sepharose LP chromatography S 42838l 2
2} 5 7§9] POD &4 peakE H& 4 JHAE A48}

2 k&) 2 FME NaCl 5= 06 Me]A PODY 24
o] 7} ¥& fractiong 9121, o] fractiond Fo} %3t

¥ Sephadex G75 gel filtration 2] A|8% 3}gdt}. Gel
filtration chromatography S %38}led 84-93 mL E-FollA wte)

Table 1. Purification of cationic extracellular peroxidase from

suspension cultures of rose. Peroxidase activity was measured with
10 mM guaiacol and 10 mM H202.

Fraction Total protein Total activity Specific activity Recovery Fold

(rg) (mmol/min)  (mmol/min/ (%)
mg protein)
Crude media 40,350 762 19 1000 10
Ammonium 11,276 497 44 5.2 23
sulfate
CM-sepharose ®.1 83 02 105 475

SephadexG75 46 18 3913 24 2068

Table 2. Purification of anionic extracellular - peroxidase from
suspension cultures of rose treated with elicitor. Activity was
measured with 10 mM guaiacol and 10 mM H20:

Fraction Total protein Total activity Specific activity Recovery Fold

(pg) (mmol/min)  (mmol/min/ (%)
mg protein)
Crude media 94,180 2243 24 100.0 1.0
Ammonium 20,376 1189 58 530 24
sulfate
CM-sepharose 57.0 76 1333 34 555
SephadexG75 29 13 4482 06 187.6
s Figure 2. Estimation of
molecular  weight  of
peroxidaseisozymes by
S Sephadex G75 gl fitraction
: | chromatography. 1, bovine
® senm albumin (66000): 2,
-t .

carbonic anhydrase (20000):
3 cytocdwome C (12400):
4, aprotinin (6,500) :5,
cationic peroxidase (pl 84):
. 6, anlonic peroxidase
12 16 20  (plal).

Ve/Vo

% PODS| peck® 91 & 91900 A B ool pl 84
POD2 % 39482 24% <1 purification fold:= 205w)
A 29 (Table 1). pl 612 PODE AHA 37| H3}te]
elicitorZ 2 ]3F wjof7-2] A S ammonium sulfate® =<
3} Econo Q-LP system¢] A]8.E 393t} Anion exchange
chromatography A}ell 4 POD &A1 2 void volumeo] A =%
ke A A F 7He] POD peakE @A}
B AAEA ). o] FolA A4Z2| major peakd] FH &
o} F&3 F YA Sephadex G75 gel filtration?] A|B.&
sgjom, 99-102 mLe] 23e]A chelst PODE| peakE <)

9iot. Anionic POD2] A 22 AN 3|9 06%
93 31 purification foldx= 1854 A x4t} pl 61 PODY 34
o] Y& olf= ZHAAIAGE Arell Al Zelsl v} o]
isozyme®] EAo] A}wE] w2 ubdel, wi$ 2 A9
cationic POD7} wak &z)8}7] witole} A7tEdn. 18
1} purification folde= ¥ F£4 5F v]53 7ko8 &AHa
2 FeldA Ao &AL Adat Ao|rt glvta ﬂqﬂ?i
SHTable 2). & A@fA F21d F PODS| FApeF gel
filtration Atel] A= pI 84 7} <F 28 kD, pl 612 oF 22 kDi
=59 HFigure 2). ®=3 SDS-PAGEAAM T ZHzF 29
kD& 23 kD A ke w+e band® 9 oM Figare 3). -4
el Ao Helu) oA 2l extracellular PODE
30-40 kD9] monomergt X 3 (Narita et al, 1995: Kerby
and Sormerville, 1902)& w]Fo] Hw B Ado] Aol



Figure 3. SDS-polyacrylamide
gel of peroxidase-containing
fractions eluted from sephadex

L G75 gel filtration. Gel was
66+ = stained by silver staining
39 method. Lane 1, molecular
26 » . weight marker: Lane 2, total
‘ proteins in media: Lane 3,
cationic peroxidase: Lane 4,
65 anionic peroxidase.

14~ o

40130 pl 84 PODE 4] A $ATE 27 315
121} anionic isozyme-2- 0] B} ok7t
Ae2 2AHA,

7120 cH

rok

 urey

Fe2d 7 POD isozyme®] E 7}A] 714-o|| chgh ub$AE
2438 A3 10 mM H02E oxidantZ 3}¢] guaiacol, ferulic
acid, caffeic acid FXxd] il vl £5= F §4 F 5
Al A= el Michaelis-Menten 3ej& A ovH AR A
A8}A] 9F&). Lineweaver-Burk plote]l ¢]8}ed zt 7]Aef o
3 Km# VmaxE £A & 23, guaiacold pl 842 A%
Kme| 74 mM, Vmax* 11.3 #mol/min¢] ¢ pl 6.1 isozyme
< Km 86 mM, Vmax 92 mmol/minZ vyeh} T F A7k
Actat Apelzt gdsich 18t ferulic acid®] A-$ole F &
A Alolo] Aladst xbo]AH S Hel:d pl 84= Kme] 14
mM, Vmax?} 167 pmol/minel ®bmle] pl 61¢] 79
Km 48, Vmax 912 AAE g A& alSAEe] 27] A
A7) glel ME W 22 apoplasmic ferulic acid?] = =of
dateirl w3d v} gk ey 2 A 25d 2
#Hukg v 3sld pl 84 POD: #F23 monolignolgl
coniferyl alcohol®] AFEA Ol ferulic acid®] Alzwig o &
& 4 AdwS HedFH, pl 612 o] 2|3t HHEo] “\1“’:]57}
AdALE Ud5g BT Aot 28y F B4 B
FollAl = & lignin A1l A EAQl caffeic acidel]
gk vh-gA o] ferulic acide]l ®]s|A{: wj- W& 71o2 e}
wJi=d], o] A= caffeic acid’} monolignol &A1Y AT &
FARER] 7],:,:]5;_} Hy POD°ﬂ /]'5]. Z]z\jz—l ] )\].;} H]____o_ le]
= k8-S onmslg) 8 guaiacold reductant E hed
He028) 5icof gt b &x0] Wizl F &4 AlodA
oJuglE Aol E Ho]il gle], pl 84 isozymed] Km2 048
mM, Vmax: 478 gmol/minel vlde] pl 612 ZAGdl=
Z+zF 072 mM, 206 pmol/min® 2 v}elydt}(Table 3). o]
F 84 FolA pl 84 isozyme®] HoOzel| o3} affinity7} 2vl
AE ¥4 HoFoh wide] F £F9 PODelA &5
= NADH oxidaseZA]2] A2 Table 40 vIehd wjs} 72
of Wi Aojst AHE X FL 9. Cationic POD2} 7
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Table 3. Kinetic prameters of purified anionic and cationic
peroxidases to several substrates,

Cationic peroxidase Anionic perxiase

Substrate

Vmax Km Vmax Km
(pmol/min)  (mM) (#mol/min) (mM)
Caffeic acid 40 137 1.6 17.1
Ferulic acid 167 14 91 438
Guaiacol 113 74 9.2 8.6
H202 473 05 206 0.7

Table 4. Effect of 0.1 mM coniferyl alcohol on NADH oxidation
catalyzed by cationic and anionic peroxidases.

Fractio NADH oxidation(#mol/min/ tein
raction Oxi #mol/min/mg protein) % of inhibition
“coniferyl *coniferyl
Cationic peroxidase 32 2.7 16
Anionic peroxidase 7.6 33 57

$- NADH A3} 842 32 mmol/min/mg protein A £& 2
AFE! wbo) elicitore] )8} $E3 anionic POD] 7%=
76 mmol/min/mg protein®. 2 v}eji} 2v] o)A} =2 ML
RodF 1 9lgieh PODe| 23 NADH 4A}3} ¥ %% natural
monolignolg] coniferyl alcoholo]] 2]3}ed ZAA Aol A W
= 707 48 9)cHMader and fussl, 1982). % A1 & o] A]
anionic POD¥ 0.1 mM coniferyl alcohol®] #7}e <)
NADH A3} &A o] ok 60% A= GAFH = vl cationic
isozyme-& ¢ 15% A= ZAE g o]# 8 A= cationic
POD7} H2029] ®-3]E %3} phenolic compound®} Al3-E
Za] 3= ulmoe], elicitore] ¢]3] %5 anionic POD=
NADH 4b3h5 B8t Ho029] Aol Foid 4 o5& Hod
FI gl

Blictors] o 4129 %7] Moy 4158 H0ne) 4
Al defitthe 424 ool 9 TN 234 o) o
A, a1 9¥8x AsA
HEE 9l 21H(Allan and Fhlhn 1997) o] A+ A5
HB £F EolMeo] &L elicitord] A QoA 7ot
(Keppler et al, 1989: Sutherland, 1991). 28j= & & A&l
A= S5 Bo|Ao] w2 elicitord] diFledME A Ee
apoplasmel| X Hz2029] A4 o] 27|13 Adete 714
£ 7Festl sAEE o] FAlE HoR] Fog AT A
7t 9 Releh

b o
= Ji

#}u)(Rosa sp. cv Paul's Scarlet) 3} wj ok w)=x]ofjA|
AR Q] AA z718}ol| Al cationic peroxidase (POD)%}
FH o, ER HEYOINE 53 £5F Hol4el
2 elicitorE 10 mg glucan/Le] %8 Foldfe] 24A|7H
E ujdetds o 7]1ES] PODel FEEA FERE:

o N P
bl
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anionic POD7} §-=%-¢ #asl9ich Elicitors] 28 525
= prominent3}t anionic POD (pl 6.1)8} ) 2+ A pl 849
cationic isozymeS- §-g]3F §F &4FH AAE v wslgich
Ammonium sulfate %, ion exchange chromatography, gel
filtration chroma tographyS %&le] oF 200w s=3=% F
503 posslen, of F £ad 33 A4 43
kinetic parameterS-2- vj-%- 2Ju|QlE Fpo]E Mo F¢oh
2 oA ferulic acidel] @3 Km-2 anionic POD2] 7%
464 mM, cationic POD*= 138 mME £ %¢] o, Ho029)
98 Km2 7}7} anionic POD7} 0.72 mM, cationic isozyme
o] 048 mM= Jtepydeh B3] NADH Ab3} uhgo] Ao
anionic POD7} cationic PODol| B]8}ed oF 28] =2 7oz
2459t 0.1 mM coniferyl alcohol®] A 7}e| ¢]3F NADH
f\L '} u-2-2] oA = anionic POD fractiono| 4] ¢ 60% AL
vlmof] cationic POD fractionol| A= ¢f 15% A= o

Anderson AJ, Rogers K, Tepper CS, Blee K, Cardon J (1991) Timing of
molecular events following elicitor treatment of plant cells. Physiol
Mol Plant Pathol 38:1-13

Allan AC, Fluhr R (1997) Two distinct sources of elicited reactive oxygen
species in tobacco epidermal cells. Plant Cell 9:1559-1572

Bradford MM (1976) A rapid and sensitive method for the quatitation of
microgram quantities of protein using the principle of protein-dye
binding. Anal Biochem 72:248-259

Dixon RA (1986) The phytoalexin response: Elicitation, signalling and
contro} of host gene expression. Biol Rev 61:239-291

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F (1956)
Colorimetric method for determination of sugars and related
substances. Anal Chem 28:350-356

Elstner EE Heupel A (1976) Formation of hydrogen peroxide by isolated
cell walls from horseradish (Armoracia lapathifolia Gilib.). Planta
130:175-180

Hahn MG, Albersheim P (1978) Host-pathogen interactions. Plant
Physiol 62:107-111

Keppler LD, Baker CJ, Atkinson MM (1989) Active oxygen production
during a bacteria induced hypersensitive reaction in tobacco
suspension cells. Phytopathology 79:974-978

Kerby K, Somerville SC (1992) Purification of an infected-related extra-
cellular peroxidase from barley. Plant Physiol 100:392-402

Kwon M]J, Lee I (1996) Changes of activity and substrate preference of

peroxidase in liquid cultured rose cells during growth periods.
Natural Science 7:29-37

Lamb CJ, Lawton MA, Dron M, Dixon RA (1989) Signals and
transduction mechanism for activation of plant defenses against
microbial attack. Cell 56:215-224

Lange BM, Lapierre C, Sandermann H (1995) Elicitor-induced spruce
stress lignin. Plant Physiol 108:1277-1287

Lesney MS (1990) Effect of elicitor on extracellular peroxidase activity in
suspension cultured slash pine (Pinus elliottii Engelm.) Plant Cell
Tissue Organ Culture 20:173-175

Lowry OH, Rosebrough NJ, Farr AL, Randall RL (1951) Protein
measurement with the Folin reagent. ] Biol Chem 193:265-275

Mader M, Amberg-Fisher V (1982) Role of peroxidase in lignification of
tobacco cells. Plant Physiol 70:1128-1131

Mader M, Fussl R (1982) Role of peroxidase in lignification of tobacco
cells. Plant Physiol 70:1132-1134

Narita H, Asaka Y, Ikura K, Matsumoto S, Sasaki R (1995) Isolation,
characterization and expression of cationic peroxidase isozymes
released into the medium of cultured tobacco cells. Eur ] Biochem
228:855-862

Nesius KK, Uchytil LE, Fletcher JS (1972) Minimal organic medium for
suspension cultures of Paul’ s scarlet rose. Planta 106:173-176

Perry R, Hauser MT, Wink M(1989) Cellular and subceltular localization
of peroxidase isozymes in plants and cell suspension cultures from
Lupinus polyphyllus. Z Naturforsch 44c¢:931-936

Rodgers MW, Zimmerlin A, Reichhart DW, Bolwell GD (1993)
Microsomally associated heme proteins from french bean:
Characterization of the cyto-chrome p450 cinnamate-4-hydroxylase
and two peroxidases. Arch Biochem Biophys 304:74-80

Schumacher HM, Gundlach H, Fieder E Zenk MH (1987) Elicitation of
benzo phenanthridine alkaloid synthesis in Eschscholtzia cell cultuzes.
Plant Cell Reports 6:410-413

Schwacke R, Hager A (1992) Fungal elicitors induce a transient release of
active oxygen species from cultured spruce cells that is dependent on
Ca2* and protein-kinase activity. Planta 187:136-141

Stegeman H, Park WM (1979) Rice protein patterns. Comparison by
various PAGE-technique in slabs. A Acker Dflanzen 148:446-454

Sutherland MW (1991) The generation of oxygen radicals during host
plant responses to infection. Physiol Mol Plant Pathol 39:79-93

Zheng X, VanHuystee RB (1991) Oxidation of tyrosine by peroxidase
isozymes derived from peanut culture medium and by isolated cell
walls, Plant Cell Tissue Organ Culture 25:3543

Zheng X, VanHuystee RB (1992) Peroxidase-regulated elongation of
segments from peanut hypocotyls. Plant Sci 81:47-56

(19981 59 299 H4)



