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Studies on Peroxidase Isozymes of Tobacco and
Korean Radish: implication of Specific
Isoperoxidase in Shoot Formation

Kim, Soung Soo
(Dept. of Biochemistry, Yonsei University, Seoul)

Abstract

In an attempt to clarify the physiological functions of individual
isoperoxidases, we have studied enzymatic and immunological properties as well as
cellular distribution of isoperoxidases from tobacco callus and Korean radish.

The gene expression patterns of isoperoxidases in shoot and non-shoot- forming
tobbaco callus were also examined by rabbit reticulocyte lysatein vitro translation
system. These results indicate that fraction of translatable poly(A)-
isoperoxidase mRNA. was increased considerably in shoots. At the present time,
at least 6-7 isoperoxidases could be detected from the translation mixture of
total cellular RNA, among which only one cell wall localized anodic isoperoxidase
(named A3) mRNA was bimorphic mRNA. These data suggest the possible
regulation of peroxidase activity during shoot formation by altering the
polyadenylation state of mRNA.

In case of Korean radish seedlings, poly(A)-peroxidase mRNA were also
increased depending upon aging.
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A =

Peroxidase(E.C.1.11.1.7)= 2% A4 &4 indol-3-acetic acide] 4F3}(1),
248 pyridine nucleotidee] A 3(2), pyridoxaly} #Hd ¥ 32 A3(3),
methional®) ethyleneo 29 #A3(4), phenolic compounde] 43 9 lignifica

tion ¥(5) o #H74A) tF3t Fe) wh3& el dHt. Peroxidase: 15%F ol4h 4

{n

plantoj 2] multiple forme. g E2%e) B3y A }. Horseradish® T A E 9
peroxidase isozyme2 EHej3 %3 AHZ W H2¥Y A4S ANE w2y
(6,7,8,9) L isoperoxidase patterno] M X el Az w3t owx F=22(10)
Tl St {1E B ol TAEE A g £4(11,12), 25(13),
Wel §57(14,15)0) wet%E B A44de] Eusjo] frl. Peroxidases|
ol AR Y vlEo] R £FAN A wHE HAE
oA =2HdEE A7 T peroxidasert g o] Y Eito) FHA
Taee B HAEd ol Fg=le] $A%(10,16) of 3 2z} peroxidase iso
zymes] APE YA H 7S FL9) WHAA dx Sk 1970dd ol F
o] & peroxidase isozymeg Zt9] FZH No|g§ JdFTeoZTH o]F peroxi
daseE ¢ A& A 4, ©] Yol7tA o] enzymeo] multiple forme 2 & ) &) of
i FRA4E FHEE A¥Eel IWHAU(17,18,19). olEe A
Ai}o) 93 d peroxidase isozymeE2 FEH Ao|E JFer griA
groupe. & ¥y ol Aw waa o]E 2 groupE M E o structural geneof] A
LA Aold. vt o] L2 expressione] ojw § mechanismell 2
ZEHES s EAdAE obd #HEA g2 dd. Exod 2 callusg

434 F$E F422 isoperoxidaseg o] 54L& At YA =3} agm
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organ ¥4} oj:= 3 isoperoxidase ¥E groupe] @8 =& ofato] Fabo]
2% B §r).

=< 2

1.54ul ¢} FH4 F1-9 peroxidase isozymeE- &) 4

Horseradish peroxidasee] 7% #H3 20/)7}4)9] isozymeo] ¥glgjglon] 13
7704 isozyme#) SAo] SFRPERR tryptic peptide mappinge) ZA3t 37hA] Fo
o} R vH(6,20,21). Tumnip peroxidasee] 4 471 isozyme o] Eajsls] o]%
isozyme2 F A%} EAe =t 27e] Fo=, tryptic peptide mapping?} 7}
wat 3744 Fez ol eh(22,23). 1970 o]F horseradish peroxidaseo] wdk
X124 ¢] amino acid sequencer} A 7] A% §e tumnip peroxidasest 1 PR H
E4o] vla=7|= Yok, 1 Z horseradish peroxidase C& turnip peroxidase
P7& 123271 50% ol4olut Zgkerm E3] 49 disulfide bridgeS 71x2 Y=
A Y93t (24, 25,26). @)= peroxidase’} HAE vEpEd] ¢Helgx
A2ty 270 His-containing sequencezt & X Exo] g%1vH(24). Petunia
peroxidasee] 7% 37}9) isozymee] Helslorm o] 37e isozyme2 o E
chromosomegjol] Y= A& & structural genegl PRXa, PRXb, PRXczE X-¥
U2 Ae)g)i M= giek(27).

B ARAA sfgsls Qe callus(Nicoriana tabacum L. var, Vir-ginia 115)

=

W-38 strainojj= 7-107§9) isoperoxidaser} i A H7]d%ol 2fdfed

rl

Basn], 49  cationic  isoperoxidase(Cl,C2,C3,C4)¢k 67]2]  anionic

isoreroxidase(Aa,A1,A2,Ae,A3,A4)7} Stafford ¢} Galston(28)e] #'g w4l =t
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EZEx g oA7elx "C'sp "A"s zZbzb cationic 9 anionic isoperoxidaseS
Qs ol GER ol £AL cathodes} anodeZ ol]Fdh Ao FEL]
A5 el ) isoperoxidase® C3, C4,A1,A2,A3, o283 A4% o] DEAE-
cellulose ¥ CM-cellulose ion exchange chromatography$} gel filtratione)] €]s}e]
7 AAH] xaYYq 54 2wz EFEETH S48
Frd = 2H(17,18,29,30,31,32).

AFhA A7ATol oist@ ) isoperoxidaseE& B5 Ao dzrhe Mol
Selstn] Al A$ole 49000 daltone] dimerg HAdchs ALE g3 R
o] isoperoxidased C4, A3, 2g]lxm A4 A$- @ wl o] Helx == Al
A2 ad3 C35o] F& 7R 7] ¢kl H2&(Table 1) horseradish peroxidase&
B &3 o} & species® F-E| 2] peroxidase isozymeo] wiitE @ gwoldt= Fapit
AkEle Adbelvh(33). ¥, tryptic peptide mapping Aol elshd =l
isoperoxidaseZtel] T2 matching peptider} A= 53] C3¢ C4 el Ald} A2
Atolo]] homology7} ZA .0 2 velydrh. o]F 2-371¢] peptide= X &= isoperoxidases)
ZA5ts Aoz veldd(18).

ohall isoperoxidase§ o] o9} FxH rjA L olf isozymeg o] §-HA wd
EdAE FTvj2E FHAelAut 2 isozymes] HuH )5 Wleim TS
AEde ANRT A oAW TAZ A MaE: AE=A per oxidase
isoenzymeZ-2] 712 EelAol] B A7)t $ie) DAY= Rem(Table 2), Powells&
Al1,A2,C3,C47F o37] phenol %8 FeA ferulic acidg 2 AHId= 442
Lol Wich(29). v} isoperoxidase A3¢} Ad:= scopol eting 7|22 ZF A9
o] 7120 W] H3 Michaelis-Menten kinet icsE w2 A gk sigmoidal
saturation curved uJeldvis oz nfe] Hol foi T Al,A2,C3,C4g=

AR JleHdA ofF ttEAeg %3 (31). Ferulic acid¢} scopoleting
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Table 1. Molecular weights of isoperoxidases from tobacco callus

molecular welght
presence of

Isoperoxidase SD5-PAGE gel) flltration carbohydrate
* Al 49,000 103,000 No
* Az 89,000 90,000 No
Ag 38,600 38,300 Yes
A4 43,000 43,000 Yes
* C3 68,000 67,000 No
* C4 44,000 46,000 Yes
** Cn 30,000 28,000 No
*% Ac 80,000 80,000 Yes

* Data taken from Powell et. al. (1975)

** Data taken from Kim et al. (1980)

Guljo] 4] F&F phenol 3¢5 e)v lignin-like 3382 incorporations]:= Ao 3
&  ek(5). 7] scopoleting® AEe] HFZEIAER HEFUdE EIE
ArH(34). ol L AAEE isoperoxidases] 7] FolA AFEF dAHAA Ed
2ol callusell= 715 Wed & groupe] isoperoxidaseEe] ExiE QML
A5l FERHoZ B AJ)olEEe peptide mapping <ol 93] 2HY
4= S1%o] slow migrating anionic isoperoxidases(Al,A2), far migrating anionic
isoperoxidases(A3,A4), ogx cationic isoperoxidases (C3,C4)goz F£o)
HAgk o2 o€ minor isoperoxidaseg sl AA|7t o]FoiXW F vl FANHY
HPE QAL 4 YL Ao|r}. Ouchterlony double immunodiffusions]] £]a}e] guf

isoperoxidase- 2] Wty AAAAE =A3jF A}, isoperoxidase C3¢F C4i=
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Table 3. Immunological comparisons of isoperoxidase from Nicotiana
tabacum L. var. Virginia 115 callus

Isoenzymes . C3 C4 A3 A4 Al C1+C2
C3 - ++ ++ - -
Cz, ) ++ ++ - - +
A3 - - ++ -
A, - - - ++ +
A1 +
C. +C +

++ : dimmunological identity
+ : partial identity

~ ¢ 1o cross reactivity

A9¥dez Fdsign Cla C2 Egg2 Cig REHdez FLE Aoz
velto}l A3gl A4 C3 == Cho] g g9} cross reactivityE X ol x| g9k},
¥ Add] g FHE= HE HAH Aly} cross reactivity®: Jeh) YE2Hez
= olglgl A gt A3 1 caAt ionic isoperoxidaseE #h= ukg-2 &1 A gkgken] A3e Wit
A= o o= isoperoxidase S 7% WS 3hA] gk Ae® Yol unique antigenic
deter minent® 7}xzm Qo B 4 Ucp(Table 3). o] e AH}ES-2 | isoper
oxidaseZo] 71% EE FEHY FWol4 ¥ groupe® HEojA|H o] groupgel
AR T2 ZALYA SolaA #¢H =Hel 5% YAAEE bl JMeds
AL 5 g

3] o)) Lagriminig} 1o 85 9efdes F¥ Fed 5 anionic per oxidase

isozymee] 4} ohn]w=A g2 BE oligonucleotide probegd RHEo] Fal clo 3z HE]|
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Table 4. Physico-chemical properties of isoperoxidases from Korean radish

100t
molecular weight
presence of pl
SDS-PAGE gel filtration carbohydrate
03 44,000 44,000 Yes
A1 43,000 44,000 Yes 4.0
A2 43,000 43,700 Yes 4.0
A3 50,000 50,000 Yes 3.0

HA=3 cDNA librarye] screeningel] o]83leon], o|z3y Eagke] 32,311
dalton®]= anionic peroxidase®] o}w] =4 A @-& LolWct (35). o] ojw| =i A L&
horseradish peroxidase®) ofm|ic4t Hqdi} wlmal) Hok2w ZHzt 52%9) 46%2)
£ 442 Jepch. v $-7] cloned anionic iso peroxidases RINA blot® o] ¢]&}o]
F2 o9 F7a4 wy=E ez udeliten] o] isozymee] o] o4
lignificationel] Wi ¥ R o2 714% 4 A}

B AR AAE A S (Raphanus sativas L) AT o)A =l cal lusg
A-gsto] 4P peroxidased] FE A7 HIKT AFEE FYRT k. A4
o gy 3592 pH 70004 % A AYdF5S shd 6-7/09] isoperoxidase
ol 4 glow] Ax A 7N¢) anionic isoperoxi dase(Al,A2,A3)$} #1}2] cationic
isoperoxidase(C3)7} Aalsle] ddbdQd ALY S4o] 7= Ack(Table 4). ol&
isoperoxidaseE2 2% glycosy lation=]e] 5ler] SDS-PAGE$} gel filtration -4 o]
ot AAG BAFL A1,A2,C39] 7% 44,000 A== monomer® el ow
A3= 50,000 A== o & E9 isoperoxidase® e BAgHo <7 3k wy

Hoddhe o & isAo peroxidase C38} A28 AHBAAE 24 HYS o A2:
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Table 5. Summary of Michaelis constants and pH optima for some phenolic
compounds of isoperoxidases from Korean radish root

optimum pH Km  (mM)

€5 T S T T T
guaiacol 6.0 6.5 5.0 6.0 5.6 11 6.7 a8
H202 5.0 6.5 5.0 6.0 0.77 2.5 1.38 0.1
scopoletin 5.0 6.0 4.0 4.5 5.6 0.24 0.18 1.67
ferulic acid 4.5 5.0 3.5 3.5 7.7 0.1 0.67 0.63
o-dianisidine 5.0 4.5 4.5 5.0 1.2 0.6 0.63 0.6
caffeic acid 4.5 4.0 4.0 1.54 1.43 2.5

C3ol) wid ek H8ahx) Shgtm C3: A20) ¥t @] wRSahx] whglonmz
C3sh A2: EWUTZ7 4%s] oF Aoz H7UR(36). oz  phenolic
SREES AEY 712 Sol4 dFA isoperoxidase C3& Al,A2, 2]z A3eh
2] scopoletin®} ferulic acidol] wizted 713 AHE7 o) P}z X9 cat ionic
isoperoxidases} anionic isoperoxidase%2 XA AE 2 7L A

Ao 253 th(Table 5),

2. 2l isoperoxidaseE-2] M| Ev] B

Peroxidases] ci¥g AEHH $AS AWe7] SAstel AY Hedd 3
peroxidase isozymes] H&%4 54 793} tlEel ME) EXE dug #= A7
Bgs) AWK, Q) peroxidases] Bl 2 o, MY 1 AEo) EAAPTIE

FA7F MA=EE Q3(37,38). 53] o4 A== per oxidase= g)E & SR LY
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A48 E 22w histonedt L TEH ABE ZI NS e4dE AR 5
Qith(37). ¥4, AEs} xipgel wet HEd peroxidases ol #42 Fobete] o]E
peroxidase%-o] ligning43& #fod A} 2 2 AxH Ao Hefstx, suberin F4S
o] Aol W BEIFEE Ak Eosh Goi39). & dFelMs Bl
A E¢] protoplast, ¥, &, <Jx, mEZxglo}, ¥HFAL, FEISAE, 18z
Axd 52 5T 3 A7) ol HAdHP Yoz Heldte] 7 peroxidases] Ha]H
7Vor& FY A dof Btz st h .

Protoplastg #H|Zste] ¢ A AZjelgoz JAR 2 wHE EHl=He
peroxidase5-2 o|n] B wlg} o] BFE anionic peroxidaseEo]}(40). o]E
anionic peroxidasego] HAH ¥ T ME ¥tog Ep|zgiz] X HXE e o
&71%) ZHAY=] Aot YFel EHEEAE HAHr) 9] protoplastE
A zste] protoplast FEHol] 3= peroxidaseFS LT A AV o)Fol o
ZA8%t. o] AIF AHAZ|e]l¥=7F HlmA wlE anionic iso peroxidase A2g}
H7)e]§%7} o} wE A3, A47l protoplast FZfoll £ gk MEHes
Bulg) e (Fig.1). wela] o] anionic isoper oxidaseS o] M EH o] Ea3ts Ao R
& 5 At

o Ex), JxES Bosle] isoperoxidase patternd ZAP A3 Y Eoulk
RE 8 cationic isoperoxidases(Cl, C2, C3, Cd)o] &zls gt e} o=
A71ol g 27 vl = Cl, C27F ls): v S Aol A7]e] =7 wkE C3,
C45o] JAE R, w3, A7]o] =7} o} ¥ an ionic isoperoxidase Aa, Al
AE gtog HulgE: isozymegolA Tl proto plast, #, {HFEAFI=E EQREEL
o+steH(Figl). %9, mitochondria, peroxisome, glyoxysome%d-& #&sto]
isoperoxidase pattern ZAbsb92 o) mitochondriaol= 8 Cl, C2, C37

&8k 3t peroxisomed} glyoxysomeojli= Clit C27 $3 #xE¥|o] Ut o]4o
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Fig. 1. Comparisons of isoperoxidase patterns between each purified
organelle and tobacco callus cell.

1: Schematic representation of isoperoxidases from Nicotiana tabacum L. var.
Virginia 115 callus. A: Secreted isoperoxidases. B: Lane 1, normal callus
extract; lane 2, protoplast extract. C: Lane 1, normal callus extract; lane 2,
nuclei extract. D: Lane 1, mormal callus extract; lane 2, chloroplast extract.
E. Lane 1, normal callus extract; lane 2, vacuole extract. F: Lane 1, normal
callus extract; lane 2, mitochondria extract. G: Lane 1, normal callus
extract; lane 2, mitochondria extract. H: Lane 1, normal callus extract; lane
2, glyoxysome extract.
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25 = Table 6ol F]s| et

Table 6. Localization of tobacco callus isoperoxidases

Protoplast and Isoperoxidases

cellular organelles A Al A, A, Az. CI c, 03 ¢,
Protoplast + + + + + +
nuclei + + + +  (+)*
chloroplast + + (+H)* + +
vacuole + + + +
secreted isozymes + + + + +

(extracellular)

mitochondria + + +
peroxisome + + ()%
glyoxysome + +

* Isoperoxidases present in very low amount

Heojygmoz &4 AAY isoperoxidase A3ol] vy Ev| FAE Az ate] Pul
calluse] gk Ao ul-g A%l 3, goat anti-rabbit IgG-fluorescein conjugate 2 t}A]
WAl HE gn|Zo s BAHE A e 2549 o3 EFLSe] AEHS vy
EE= JE5S 4 5 UUHAD).

o]} o] gl callusijoll &3 isoperoxidaseZ o] HE7L el oo}

AE 271059 7153 dB/AA 7 isoperoxidaseg ] H5 Al 7|5 g F53

rir

Aol 7FsaA FKnh.
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3. gl peroxidase isozyme#} organogenesis

A zAugoll A 7] w4o] Yol o auxin} cytokinine] AbEa-g-of &s}e]
et o] =4fE= AL Skoogmt Miller(42)e] A¥o] 2ldte] 2HALE
&¢2x 2 AAoln), gu) callusgt Nephrolepis ZAulojlA] shoot WAL
FZ3= kineting] FHEE A4¥EEE 2 105 M o] indole-3-acetic
acid(JAA)E 23|23 A4 s=Edg ¢ 10-8 M olatz H ¥ u} Urk(42,43).

o] g} 2 AE e EuAAE £ fAAE R Bdss AL E ] B4 o isozyme
pattern® ¥ As] WelA] ¥, Callus w9kA] shoote] A= £7)d]= glucose-
6-phosphate dehydrogenase$} 6-phosphogluconate dehydro genasee] #4jo]
S71ste, glucose ABE wff Ly Aoz <eid Uth(44,45). =@ shootd
st calluso] A= peroxidase BAE F7k3be peroxidase #4)¥3}9) isozyme
patterngi 3} lignifications} A #APo] Yoz Hu=xm Yr}(46,47). o]4t9
AFEL shootd HAs ALAA 22 MEHe] TS Aee] lignin FAo
Z7}ksb® hexose mono phosphate shuntz 27} NADPHe] 2% ZZe]7] o =
4% 4 A, & APolNE 2l callusE vl FEw TAAS kinetino] peroxidase

243 iso zyme pattern $3lol] wXE AL ZAlela EY TR R4

i

shooto] P 4E of ojx= £A isoperoxidase = groupo] /b4 & g vt
ZA}3t st e}

el callusg® 5 x 10-7 M kinetin/10-5 M TAAE 83t A4 sl o)A
HFRe A 4AEe F7H= peroxidases] Z4zA9 o A7I7F L%
3#H, 5 x 10-7 M kinetin/10-8 M TAA si=]o]A] sy callusg} 5 x 10-7 M
kinetin/10-3 M IAA sz oAl viF3t callusoll A<= v} 12U EE B|BAEI} T3]
F7kstel A Aol aigY calluse] peroxidase H|BYERY VA8 v

rr
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Fig. 2. Effects of JAA on tobacco callus peroxidase.

B: Specific

A: Effects of TAA on the activity of tobacco callus peroxidase.

activities of peroxidase in tobacco callus culutred on media containing various

amount of IAA. Assays were run at 15 mM guaiacol and 5 mM H709 in 40 mM

phosphate buffer (pH 6.5).
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Fig. 3. Effects of kinetin on tobacco callus peroxidase. A: Effects of kinetin
on the activity of tobacco callus peroxidase. B: Specific activities of
peroxidase in tobacco callus cultured on media containing various amount of
kinetin. Assays were run at 15 mM guaiacol and 5 mM Hp092 in 40 mM

phosphate buffer (pH 6.5).
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A4L 4 4 YRH(Fig2). ¥4, IAA 55 10-5 Mg § A3 kinetin ¥ =5
10-9 M2 W& peroxidase §4do] 44 siA oA Make ASu W 1227}]
wstm Wl 15%0e) olX okt F7HE WAE Eg. i}, kinetin $EE 10-
5Mz Eold wWorge wWols 10-8 M IAAGIA ek callussh mpRAA 2 8
129 28l 4 cal lusio} £ I BAEE ebich(Fig3).

2l callus sj<bA] 5 x 10-7M kinetin/10-8M TAA =& 10-5M kinetin/10-5 M

1 23 45

12days . - 15 days

Fig. 4. Comparison of isoperoxidase patierns in tobacco callus. Changes of
isoperoxidase patterns in tobacco callus cultured on media containing various
amount of IAA and kinetin. Peroxidase bands were visualized by placing the
gel in a solution of 100 mg 3-amino-9-ethylcarbazole in 10 ml of
dimethylformamide, 185 ml! of 50 mM acetate buffer (pH 5.0), 10 ml of 100

mM CaCly and 0.2 ml of 30% Hp09. Lane 1, 5x10-7 M kinetin + 105 M IAA;
lane 2, 5x10°7 M kinetin + 108 M TAA; lane 3, 5x10°7 M kinetin + 103 M

IAA; lane 4, 10-5 M IAA + 10°9 M kinetin; lane 5, 105 M IAA + 1075 M
kinerin.
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IAA szl 159 HE wiokersd-2 w shoot ¥4Jo]l Alzt=idich. ol AT
ujeh 7to] shoot 84 A)71¢] peroxidase $42 9 ¥ A$ 2P HF$F(5x10-7M
kinetin/10-5 M IAA)Hc} Zrhstglen 10-8 M TAA wix|e) 4 sfFt callusoll A&
10-5 M kinetin s ol 4] wfek2t callus®e} oF 5 of 7}F -2 peroxidase A= E
Geig. s 28 o8 2764 4T shootd Nz YA FelE viehie]

10-8§ M IAA m#|ol A A9 shoot Ze]7} 232 7} Hglow, 10-5 M kinetin

origin

Fig. 5. Isoperoxidase patterns of shoot forming callus. Lane 1, non shoot
forming callus; lane 2, shoot forming callus cultured for 4 weeks on media
containing 108 M IAA and 5x10°7 M ki-

netin; lane 3, shoot forming callus cultured for 4 weeks on media containing
10-5 M IAA and10-2 M kinetin. Peroxidase bands were visulaized by
placing the gel in a solution of 100 mg 3_amino-9- ethylcarbazole in 10 ml
of dimethylformamide, 185 ml of 50 mM acetate buffer (pH 5.0), 10 ml of
100 mM CaClp, 0.2 ml of 30% Hp037.
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MAoIA GAH shoote #I 47} Wokrh. E@ shoot HAA(15L wiek) 10-8 M
IAA calluse)A] peroxi dase®] 34 <7l cationic isoperoxidases(F2 C39}
C4A)9] Z79 2xesden] 10-5M kinetin wix]ojlA] skt callusofl4J:= anionic
isoperoxi dases(F2 Aa,Al,A2)¢] F7tet dXasivi(Figd). 9o F zZAq04
4372 wiFstel 73] YAH shootss) £EYE H¢ A AV|GES ds W=
el A9 nldt HIE AP Sold d& 10-5 M kinetin calluse] 29 anionic
isoperoxidase A37} 53] W2 $o2 $% =k ol (Fig.5).

o]}z AH=Z Ko} shoot HA Aol ejA HA peroxidases] FA i
£ 7 isoperoxidase] #4je] TR AL o= A Z oiAZ L

4. 2+u)] Peroxidase isozyme%- 2] in vitro translation ¢

FAA wde] 22g oldlietr] AAME o= 5 wide] mRNAS HAeo]
AgElolor b AT AE FHAA wY Aol ejA in vitre translation
hybridization @) #sted 53 mRNA speciese] J43, FFH W35 SH=
AgEo] Bel Y=z . olg AL dFEL 5F v translation® F
g 7}E(modification)s)=x] Yol HlezE $-83lv).  TheologisE &
auxine.® @l SFF  epicotylel A mRNA Zo] FEIHUZ
B asgen|(48), Mohneng< 9wZ=7x-g auxindg cyto kinine 2 3 z2|stR& o
mRNA leveloj4] B.--1,3-glucanase 4§ Aotz R uh Slck(49). =&
5 wolA] auxine 2 AMaEle@ F group2] poly(A+)RNA sequence Fol
7+ 2%k ApAo] RNA/CDNA hybridization uH el 2ste] #elsl nlx 2o nj(50),
gibberellic acidz Aeafol Wo}E A7 Z2EolA rRNAS mRNAS uls}

Hadgs HmE QeSl). B dFMAE 7 isoperoxidase ols] $UH
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AR gol7] ¢ste] mRNA & Eelste] in vitro tranélation‘;— qYste] od
isoperoxidase7} WHEAE7E ZA sigled, shoote] HAHA AH=E$} shoots
AR L AT E mRNAE Eg3 ¥ in vitro translationg 3j3ed @A
peroxidase2] 24]-& Bl e},

2] callusel] 4] guanidinum thiocyanate % guanidine HCl #bH(52)&
o]gsted callus g ¢ 1-2 mg & <5571 &2 total cellular RNAE
Balalg o, oligo(dT)-cellulose column chromatographyE % 2} < 1-3% ¢
poly(A+) RNAZ Halsith. o4 poly(A-)RNAE 1520%¢] #4-g& Mg
(53).

Rabbit reticulocyte lysate cell-free translation AJX&®-& o]-83%F peroxidase
mRNAg¢| translationg 93 H* ZAL 2mM Mg2+, 80mM K+, 15uM hemin,
283 luge) poly(A+) RNAE A2 -2 o $l.en, oJH peroxidase populationd]
ol ImM Mg2+ & #HH 2h02 e ASE ARH53).

6 M Urea agarose #7]¢d%5ol] ¢]aff total cellular RNAE 4« £ ZA 165%
23S HZoj)A] peroxidase mRNAS ¥a¥ 4 ARX}(53). =@ anti iso peroxidase
C3, A4 19 A3 antiserumg o]-€% immunoprecipitationel] ¢jaljin vitre translation
ARe =z B A3 anti C3¢} crossreactivity® ZrE isoperoxidase C3, C4,
C1/C2, anti A4} crossreactivityd Zti= isoperoxi dase A4,A1 9 anti A3¢}
crossreactivity® z+i isoperoxidase A3E #Ha¥ 4 2l (Table 7).

o}ol) 4] ¥HEF in virro translation ZAelA poly(A-) RNAS] 53 isoperoxi daseoi]
i3t translatable activity® #<el3d 23} isoperoxidase A3 poly(A+) RNA
#u) ol poly(A-) RNAGIME translations] §l.ev} isoperoxi dase A4(Al) d
C3(C1/C2, CA)& poly(A+) RNAo At translations}= 2.0 2 vjebitei(Table 8).

Shoot ¥ A ZA el| 4] translatable mRNAse] ¥ 38 ol 7] $jsted 10-5M ki netin
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Table 7. Molecular weights of immunoprecipitated and native isoperoxidase
on SDS8-PAGE. In vitro iramnslation products were immunoprecipitated  with

anti-A4, A3 and C3 isoperoxidase. Solubilized antigens ~werc analyzed by

SDS-PAGE

Identified Molecular Native . Molecular
peaks welght isoperoxidase welght
B 48,000 Al 49,000
c 41,000 A4 44,000
F 72,000 C3 68,000
G 50,000 CI/CZ 50,000
H 41,000 Cy 44,000
K 39,000 A3 38,000

Table 8. Immunoprecipitation of in vifro translalion products with
isoperoxidase Asg, A4 and C3 anliserum. In vifro translation was carried out

with poly(A)t and poly(A)” RNA and immuno- precipitated with cach
antiserum

Immunoprecipitation cpm of lmmunoprecipitated
RNA fraction
with products
Anti A, Ab poly(A)~ 1,830
+
poly(a) 4,265
Anti A, Ab poly(a)” -
poly(A)+ 3,296
Anti C, Ab poly(A)~ -
+
poly(A) 5,489
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Table 9.In vitro translation of tolal RNA, poly AT RNA and poly A RNA of
non shoot forming and shoot forming callus in a rabbit reticulocyte lysate
system

Total [*H]-Leu Amounts of cpm X IDii
incorpoxaE%on RNA added Hg  RNA
(cpm x 10 )
No RNA 13.39 0.0 -
NSF total RNA 36.12 18.4 1.96
NSF poly A* RNA 41.82 4.0 10.46
NSF pely A RNA 42,48 6.3 6.74
SF total RNA 33.87 21.6 1.57
SF poly AY RNa 34.28 4.1 8.36
SF poly A~ RNA 26.53 4.0 6.63

NSF; Non shoot forming callus cultured for 4 weeks on media containing

S x 107 'M kinetin and 107 M IAA.

SF ; Shoot forming tallus cultured for 4 weeks on media containing

1077M kinetin and 107 M TAA.

each reaction mixture containsg 5 pCi of [*H]-Leu.

v Ao} 4] 4 wf k3t callusE BE] A RNAE in vitro translation % A 3}= Table
9 g v & A uAA 4 F ufFT calluse] B¢ ug RNAZ [3H]-Leu
incorporationg poly(A-) RNAS 4831 o Eo poly(A+) RNAE A-8xg
o 1.6u] wgter}, shootelldle Ae # Fe wWalwe] Eajstsich. ol
A3} translation® peroxidase 4L FAHIRE W rhEsERe4], 10-5 M
kinetin #j=]oilA] &A1 shooto] 4= poly(A+) RNA<} poly(A-) RNA ugd A9
e %) peroxidases} $AEgot B4 W ol wFH callusol 4= poly(A-)
RNAo| uja poly(A+) RNAeIA ok 5ul 7} ¢ peroxidasest ¥4 = sivi(Table
10).
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Table 10. Perosidase activities of in vitro translation mixiure

A0D 470 / min. Activities 0D 490 / min.
Mg RNA
No RNA 0.06 0.00 -
NSF total RNA 0.15 0.09 1.25x1073
NSF poly A* RNA 0.32 0.26 21.14x1073
NSF poly A RNA 0.19 0.13 10.84x10™°
SF total RNA 0.08 0.02 0.11x1073
SF poly AT RNA 0.11 0.05 4.17x1073
SF poly A~ RNA 0.09 0.03 4.48x1073

NSF ; Non shoot forming callus cultured for 4 weeks on media

7

containing 5%10 'M kinetin and 10 °M TAA.

SF ; Shoot forming callus cultured for 4 weeks on media containing
1074 TAA and 107°M kinetin.

Assaye were run at 15mM gualacol and 5mM H,0, in 40mM phosphate

272
buffer (pH 6.5).

o]} 2 #Ha: poly(A-) RNAGA%E translation®¥ isoperoxidase A37}
71&el scopoleting lignine.z incorporation A]# 4} shoot #HAFAANN F23
o3te e Aoz Ags g, shootell4] o}# scopoletin meta bolite(s)e] 5 o]t
AAzEo] FFAE BEE Yol oz o] FAE F o HHD WANE
F}A o]}

5. 2.9 peroxidase isozyme & ] £ &S o] 4 Wy

WEHe] mEAZo)4 peroxidasseS ] pattern'H3}y= tissue specifics}m
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developmentol] wie} ZZedz 43A $(17). $F4A F$ peroxidase
isozymeg 2] 3 Hol4 ¥y vid HRE 7] st & ALA=AFTH F
32 59 9w Tdx] == 9 seedling2 #g(cotyledon), 2}l (hypocotyl),

#al(root)% 719 E2 3% ¥F peroxidases] ¥4 4 isoper oxidasee] patternii 3-8

——o root

m—u cotyledone

1_\_09470/min /mg protein
O

A---Ahypocoty|
Y R R
AP
= —n |
3 5 7 days
Rig. 6. Changes in specific activity of peroxidases from Korean radish

seedling, Assays werc rtun at 15 mM guajacol and 5 mM H902 in 40 mM
phosphate buffer (pH 6.5).
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Fig. 7. Changes of isoperoxidase paiterns in Korean radish

seedling. Lane 1, seedling rtoot; lane 2, hypocotyl; lane 3, coly- ledon; lane
4, mature radish root. Peroxidase bands werc visua- lized by placing the gel
in a activity staining solution as Fig. 5.

ZA8 REgbrd.  Peroxidasee] HIRAEE #ele] AL A AR/l HAA
Sl SR 1009 w7 93 AR 78 300 wirt Eeh(Figs). 377k
W& 7)3bd isoperoxidases] pattern ¥s}-§ ¥ A AV|YE Yo 4 B Axe=
Fig 7ol 2] & 4= ok, A 3ol A4, bl #a] BRd 453 £& 2adl
Ao EAs C271 Felo] Velge o i A4y ¥9 By %L oz
e e 23 A9 d. =3F o] A)7)dl= anodic isoperoxidase: 7] e]
W =z] kgktd. A SYd® cathodic isoperoxidases] 7 =AY, FujEF, =

BE5o C27} C3Ec} major band® =R Cl2 A HAE & AU} o]
A1712] 24l 7)F o A= anodic isoperoxidaseql A37} M E| T 35T} H ] HE
A2¢9F A37 Sele] EAld Kt A 7ol A4, shill%, e FA C= C2%
Ao v Z=E2 $EERE, TLolF RElE A5 T ed £
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Table 11. Peroxidase activities of in vifro translation mixture from
Korean radish hypocotyl and seedling root grown for 5 days in the dark.
Translated peroxidase activity was the subtraction of endogenous peroxidase
activity of lysate itself from total peroxi- dase activity

& 0D470/min translated peroxidase
peroxidase activities
activities Hg RNA

endogenous No RNA 0.084 0.00
peroxidase
activities

total RNA 0.108 0.024 0.024
total +
peroxidase poly A RNA 0.3 0.216 0.216
activitles v AT RNA  0.144 0.06 0.06

Table 12. Peroxidase activities of in vifro translation mixture from
Korean radish hypocotyl and seedling root grown for 7 days in the dark.
Translated peroxidase  activity was the subtraction of endogenous
peroxidase acitvity of lysate itself from total peroxi- dase aectivity

ODAT0/win translated peroxidase
peroxidase activities
activities ['g ENA

endogenous No RNA 0.025 0.00
peroxidase
activities

total RNA 0.25 1.025 0.113
total n
peroxidase poly A° RNA 0.2 0.175 0.135%
activities

poly A RNA 0.27 0.245 _ 0.188
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isoperoxidaseS-o] A 7% RFoA YEE w@HRL. oA} AFA7Y 7Ny
perxidase isozymeE ] pattern ¥{3}E protein 4 ZZHolal:= Zwox mRNA9)
AAH AFH Az dZAA77] s, Deld sl wbgel wel total
RNA g poly(A+) RNAE Ezlste] in vitro translationg #o isoperoxidases ¢}
Wl $4E =AY o ZIF GEANA 5UT FE ST R g RE B
total RNAg} poly(A+) RNA 1 poly(A-) RNAo) ¢]3t [3H]-Leu incorporation
AL M2 iRt peroxidases] #4LE poly (A+)RNAE A&¢ 497t
poly(A-)RNAX < < 3.5a %3t old] nlajy 7¢ $¢ 718 sulHs
ma)7]Bo) 4 Ealdt RNAS AHE3-% o= poly(A-)RNA) 2% peroxidasedH4] o]
poly(A+)RNAX} < 1.46] 3ton Wils $3U#FHE poly(A-)7} %7t EShel(Table
11,12). ol¢} 2 b SExoll nlzte] 7Y% 712 F4 seedlingel] Exls= &
isoperoxi dase’} poly(A-)RNA6)4 F2  PHdE AL Fm,

seedling#] developmentell w2tA] Z7h#] isozymeo] Sold ¥e)ZgE vehd
ol ¥$ isoperoxidase& adenylation 4efol]l o}2 §AA Wy =HE
2E e As 2l £

9 e
o o

e
K

RS
rlu

Peroxidase isozymeZ 9} o}}4t Folubgd multiple formeg ZAjati o|$E
dsta AEe Y3 3 els 7% WA isoperoxidaseS o] HH-E o] s ety
fa o8 A=z dye] Yslwm k. 1960\€e] Futal 1970ddol= AR

peroxidaseEo]  multiple formez  E&AjdtE AL 49yl Yo
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horseradish2 %] 7z} isoperoxidaseBo]l AA=7] Aty L% E4 g
Fobe-o] chFgol WA =X 2 F oY species o4 AFH wlo] 23w
peroxidase isozymege] A7IolFE, UNTZ, BARH £4 o 77 Folyo
Rejx W groupe g wFel@ £ Yo MEdoAe] BEX g2d: ZA7)
A A= Rt

ol¢ ©¥o] HE peroxidases] isozyme patternd] WXE G
ZAGo M Fo]Z ZAoH EA isozymes] pattern HIEZ YUY 53}
dAAIR FSHLE AEY Eid $4S d¥se B d3vt @
AYHR . o]& AFE FU¥sb peroxidases] HAo) P F= 2ERE HE 9
genotype(oll;dwarf genotypes), &%, W9 4%, &A% FI84, 283 auxin,
cytokinin, gibberellin, cthylene 2 FEE 5& 5 4 U} (10). o704 dwarf
plants7} peroxidase #4Je] =& o]t peroxidasee] IAA oxidase €4 miZ o
3 4=]n] peroxidasert AES] YA 2EAAGE TAZ AAHT Ak =T EA44
E-7 anionic isoperoxidase7} & 718t A& ¢] anionic isoperoxidasez} ) £¥ 432
F B €5 o17] Wi 4AXM(39), 54 L2 A4 peroxidase
patterne] &} 712 peroxidaser} A& 4 Faiek @Yol Bejim Y= A<
FAZ o7 H¥AEe Yate welEeiAxm QA}(10).

2 AgAdqM: geist T4 F¢ isoperoxidaseSs] xAHH H4-g FHsm
HAgy FRDAL AEN EEE ZATe2H 7 isoperoxi dasef o] P

71%& el 7)12FPRE AAJstgd. =3 isoperoxi daseS el Wy <A

or

ZAkst7] 18t mRNAE 283 in virro translation 4HEoll4] isoperoxidaseS-$
immunoprecipitation ¥'Hof #jste] Helsteict. 1 A3 Fefe] F9 Al, A3, A4,
C3, C4, 9 Cl1 andlor C2o] ¥ mRNAZL Axe) EAf3e] o|&

isoperoxidases} M2 UE $AAA YL A5 Kook

—383—



fukz oz eukaryote mRNAE poly(A) tailg Zrm =Aoz 4z QA
histone mRNAS] 7% poly(A) taile ZmA ool Huws %(54), Hela
A E(S5)9} pea seedlings(56)% oA %  poly(A-)mRNAZ} &g} Ao
Hy=gict.

2 A¥AdAY drAdel ot @el callusol] o] MEHo $xe
isoperoxidase A3 who] bimorphic mMRNAS zZ= Aoz Jelgorn], FI4 2og
ASo= poly(A-) RNAej)A translation®]: isoperoxidases} Qb= A} o]
wsi. d$7] 2l calluss} shootg ¥ uf poly(A+)RNA / poly(A-
JRNA7L #se] poly(A+)RNAKX} poly(A-)RNAo)4 ©] B peroxidases}
gA=Rew, F2o AL #HF  F  scedlingse] =7 Hel wg
poly(A+)RNAX t} poly(A-)RNAe] 4 ] @2 peroxidases} €45 i}.

PalatnikFo)) 2}&}9 transcriptional ¥ translational controle] o]u] FEzjsl:
mRNAE-9 adenylation A4S Hi}AZPe g4  couplingsjojd  ZAHolg=m
FaAaRH57). &, Dictyosteliume] w270l LA] vegetative growth A]7)oj
FA=le] U¥l mRNAS2] poly(A) tracke] #o}x=(-30 nucleo tides), A2 A =]
mMRNAE A4 el poly(A) track(110-115 nucleotides)-S Zhi=c}. wleba] w4 7] 2]
AEJANHE olel EAts mRNA2] A 9 30%ute] polysoment At
b, A TdEls mRNAE 90%e]de] poly somest 233t protein Aol
23249 x Hausder. wEi] ol#d B A £r}d shoote] PAE w Thee]
isoperoxidaseE #4 o] mRNAE ¢ adenylation?} deadenylationo)] 2j3fe] =44
F e, T2 AL seedlingso] =37} @uxE peroxidase mRNAE 2]
adenylation A7} F23% ZH S ¥ Aoy A8HL. F o]= £A peroxidase
mRNA®] poly(A) tail3 deadenylationA]Z 79 = peroxidase isozymes]

translation #H-§o] Yolx|xm 7ZH2 transcription ZFZA]  poly(A-)RNAJAE
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