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ABSTRACT

Iso  peroxidases Correlated  with C y to d if fe re n t ia t io n  and Organogenesis 

in Tobaooo Epidermal Ex p la n ts

By: Lou Ellen Kay

Advisor: P rofessor Dominick V. B asile

We have examined the iso  peroxidase composition c o r re la te d  with the  

h is to lo g y  o f  the  organogenetic  system of tobacco epidermal e x p la n ts .  

These exp lan ts  can be induced to produce v e g e ta t iv e  buds, f l o r a l  buds, 

or c a l lu s  rep roduc ib ly  and have been found in t h i s  study to  have a 

wide range o f  iso p e ro x id a se s , some o f  which occur only in s p e c i f ic  

organ-forming t i s s u e s  a t  very s p e c i f ic  t im es.  The occurrence o f  these  

can be c o r re la te d  with s p e c i f ic  s tag e s  as  seen in the  h i s to lo g ic a l  

d a ta .  Six of these  isoperox idases  could be c o r re la te d  with unregula t­

ed c e l l  d iv i s io n ,  as seen in c a l lu s  form ation. Four iso  peroxidases 

were c o r re la te d  with various  a sp e c ts  o f  wound h e a lin g ,  and another two 

were asso c ia ted  with c e s sa t io n  or re p re s s io n  o f  c e l l  d iv is io n  and 

d i f f e r e n t i a t i o n .  An a d d i t io n a l  e ig h t  iso  peroxidases could be corre­

la te d  with s p e c i f ic  s ta g e s  o f  bud formation and development. One o f  

these  was found only while v e g e ta t iv e  buds were i n i t i a t e d ;  another tvro 

were p resen t a l l  during the  formation and development o f  th e  vegeta­

t i v e  buds; and a fo u rth  was only  ev iden t as the v e g e ta t iv e  buds devel­

oped. A f lo r a l -b u d - s p e c i f ic  isoperox idase  was a lso  seen; i t s  presence 

co r re la te d  with stamen development. These c o r r e la t io n s  a re  the most
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ex tens ive  ever reported  from a study o f  iso peroxidases and organogene­

s i s .  This was probably due to  two fe a tu re s .  F i r s t ,  a more exhaustive  

e x t r a c t io n  method was used th a t  yielded th re e  f r a c t io n s :  s o lu b le ,

io n ic a l ly  bound, and c o v a len tly  bound, r a th e r  than the  usual s in g le  

so lu b le  T rac tio n . Ihe i o n ic a l ly  bound f ra c t io n  contained many o f  the 

most in te r e s t in g  isoperox idase  bands. This i s  the f i r s t  r e p o r t  o f  the  

p o te n t ia l  importance o f  t h i s  f ra c t io n  as r e la te d  to organogenesis .  

The second methodological advantage o f  t h i s  study was e le c t ro p h o re s is  

(h o r izo n ta l  slab) u t i l i z i n g  a c id ic a l ly  buffered  polyacrylamide g e l s ,  a 

system th a t  allowed simultaneous r e s o lu t io n  o f  both anodic and ca th o -  

d ic  iso p e ro x id ases .  Most o ther  s tu d ie s  have used a lk a l in e  buffered 

e le c t ro p h o re s is  methods. In the  course o f  t h i s  study both a c id ic  and

bas ic  b u f fe rs  were used. The d i f f e re n c e s  in the r e s u l t s  obtained were 

s t r i k in g .  Only tw o - th ird s  as  many isoperox idase  bands were observed 

in  the a lk a l in e  g e ls  as  compared to  the a c id ic a l ly  buffered  g e l s .  

This appeared to  be due to the pH optima o f  most iso  peroxidases being 

a t  about 4 .5 ,  causing those with narrow ranges o f  pH -tolerance not to 

show any a c t i v i t y  a t  a lk a l in e  pHs. I t  i s  suggested on the  b a s is  o f  

the methodological f in d in g s  o f  t h i s  study t h a t  s tandards  be proposed 

for s tu d ie s  o f  iso  p e ro x id ases , e s p e c ia l ly  those  c o r re la te d  with organ­

o g e n es is ,  so th a t  the r e s u l t s  o f  d i f f e r e n t  s tu d ie s  can be compared 

a c c u ra te ly .
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1

INTRODUCTION

Although p la n t  development has been an a c t iv e  area o f  in v e s t ig a ­

t ion  for a long tim e, r e l a t i v e l y  l i t t l e  has been learned  about th e  

cytochemical and enzymatic changes t h a t  a re  c o r re la te d  with organ 

i n i t i a t i o n  and development. There a re ,  o f  co u rse ,  many d i f f e r e n t  

biochemical processes o r m etabolic pathways t h a t  might be in v e s t ig a ­

ted . In s e le c t in g  one t h a t  might be p iv o ta l  in organogenesis s ev e ra l  

c r i t e r i a  were deemed im portan t.  The system should be involved in 

phytohormone r e g u la t io n .  I t  should be responsive to phytohormones or 

o th e r  known morphogenetic s t im u l i ,  and i t  should be involved in c e l lu ­

l a r  events th a t  u l t im a te ly  re g u la te  p la n t  form: c e l l  d iv is io n  and i t s  

cessa t io n  and c e l l  e longation  and i t s  c e s s a t io n .  Peroxidase (EC. 

1 .11 .1 .7 ; donor: oxidoreductase) , an iron -po rphyrin  con ta in ing

enzyme u t i l i z in g  hydrogen peroxide as the e le c t ro n  acceptor and a 

v a r i e ty  o f  substances a s  the  e le c tro n  donor, appears to  be an id ea l  

s u b je c t  to s tudy. The number and v a r i e ty  o f  func tions  suggested by in  

v i t r o  data  imply t h a t  peroxidase i s  c ru c ia l  in organogenesis  and mor­

phogenesis. I t  seems to  be involved in auxin and e thy lene  metabolism. 

I t  responds to  a l l  f iv e  c la s s e s  o f  phytohormones and to phytochrome, 

and i t  i s  im plicated in r i g i d i f i c a t i o n  o f  c e l l  w a l ls ,  c o r re la te d  with 

the c e s sa t io n  o f  c e l l  e lo n g a tio n .  Peroxidase i s  in t r ig u in g  add ition­

a l ly  by i t s  ex is tence  in  many isoenzyme forms. These iso  peroxidases 

a re  g e n e t ic a l ly  c o n tro l le d  , a re  found in s p e c i f ic  organs, t i s s u e s ,  and 

s u b c e l lu la r  lo c a t io n s ,  and have va r io u s  physico-chemical s p e c i f ic a ­

t i o n s ,  implying th a t  the d i f f e r e n t  isoenzymes a re  involved in d i f f e r ­

ent and s p e c i f ic  chemical r e a c t io n s .
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Peroxidase -  Responses and Functions

One o f  the  most well e s ta b l ish e d  fu n c tio n s  o f  peroxidase with 

regard to development i s  as an in d o le a c e tic  acid (IAA) ox idase . This 

function  has been known since the  ea r ly  1950*s (Goldacre, 1951; Gal s- 

to n ,  Bonner, and Baker, 1953). Most IAA in  p la n ts  i s  c o v a len tly  l i n k ­

ed to compounds such as amides or e s t e r s ,  which p ro te c t  i t  from perox­

id a t io n .  I t  i s  suggested th a t  t h i s  IAA a c t s  as a re se rv e  form of hor­

mone. When the  linkage i s  broken the IAA func tions  as  a hormone and 

then may be destroyed by peroxidase (Cohen and Bandurski, 1978). Thus 

peroxidase i s  one means o f  re g u la t in g  the  l e v e l s  o f  f r e e ,  ac t iv e  IAA 

in the p la n t .  I n te r e s t in g ly ,  in sugarbeet c a l lu s  t h a t  does no t r e ­

quire  exogenous auxin fo r  growth, the  number and a c t i v i t y  o f  the i s o ­

peroxidases i s  fa r  lower than in normal aux in -requ ir ing  c a l lu s  (Kevers 

e t  a l . 1981), suggesting th a t  normal c a l lu s  c e l l s  may make enough

auxin for growth, bu t i t  i s  u su a lly  degraded by the peroxidase pre­

s e n t ,  thus r e s u l t in g  in i n s u f f i c i e n t  IAA.

There i s  jjn v i t r o  evidence th a t  peroxidase may be involved with 

the sy n th e s is  o f  auxin and e th y len e .  Horseradish peroxidase when 

added to  a so lu tio n  conta in ing  tryp tophan , Mn++, and pyr id ox a 1-5-phos­

phate produces in d o le -3 -ace tam id e , which possesses auxin a c t i v i t y ,  and 

a small amount o f  IAA (Riddle and Mazelis, 1964). Ethylene i s  produc­

ed when horserad ish  peroxidase i s  added to a so lu t io n  o f  methional 

(g-methylthiopropionaldehyde) , s u l f i t e ,  r e s o r c in o l ,  and oxygen and 

Mn++, or hydrogen peroxide (Yang, 1967). The add it ion  o f  IAA to an in  

v i t r o  system s tim u la te s  the formation o f  e thy lene v ia  peroxidase ( Ma- 

pson and Wardale, 1972). This mimics the s i tu a t io n  in i n t a c t  p la n ts ,
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where IAA a p p l ic a t io n  a lso  causes increased ethylene production .

Peroxidase parameters respond to exogenous aux in . Indo leace tic  

acid a p p l ic a t io n  causes changes in the peroxidase lo c a l iz a t io n  p a t te rn  

in onion roo t c e l l  w alls  (DeJong, 1967). Increasing  the IAA l e v e l s  in 

the media in Vanda seedling c u l tu re  causes an increase  in peroxidase 

a c t i v i t y  (Alvarez and King, 1969). When tobacco p i th  t i s s u e  i s  t r e a t ­

ed with IAA, th e re  are  sp e c if ic  isoperox idases  whose presence i s  in ­

duced, and o th e rs  t h a t  a re  re p re s se d .  Actinomycin D in h ib i t s  both 

induction  and re p re s s io n ,  showing th a t  the iso peroxidases a re  express- 

ed de novo (G alston , Lavee, and S ie g e l ,  1968). The a p p l ic a t io n  o f  

2 ,4-d ichlorophenoxyacetic  acid  (2,4-D) to  tobacco t i s s u e  has the sane 

e f f e c t  as IAA, causing some iso peroxidases to  increase  in a c t i v i t y  and 

o th e rs  to  decrease  (Lee, 1972).

Ethylene tends to increase  peroxidase a c t i v i t y  l e v e l s  in p lan t  

t i s s u e s .  This i s  found in sweet potato  root s l i c e s  (Imaseki, 1970), 

p e t i o l e ,  stem, and l e a f  b lade t i s s u e  o f  co tto n  p la n ts  (Herrero and

Hall, 1960; Morgan and Fowler, 1972), in tobacco l e a f  absc iss ion  zone 

(Henry, Valdovinos, and Jen sen , 1974), in  p i th  t i s s u e  o f  i n t a c t  tobac­

co p lan ts  p la n ts  (Adams and Galston, 1974), and in pea stem t i s s u e  

(Ridge and Osborne, 1970a; Catalfamo et. a l . , 1978). Ethylene a p p l i ­

ca tio n  induces changes in  the isoperox idase  p a t te rn  in tobacco leaves  

(van Loon, 1977) and suppresses  development o f  a s in g le  isoperox idase  

in tobacco p i th  a f te r  exc is ion  (Adams and G alston , 1974). Haard and

Marshall (1976) found i t s  a p p l ic a t io n  to sweet potato  ro o t  caused an

in c rease  in the peroxidase a c t i v i t y  in the so lub le  and io n ic a l ly  bound

enzyme f r a c t io n s ,  b u t  not in the  co v a len tly  bound f r a c t io n .  On th e
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o ther hand, Osborne, Ridge, and Sargent (1972) found ethylene t r e a t ­

ment o f  pea in ternodes  increased  peroxidase a c t i v i t y  in  a l l  th re e
1

extraction fractions: soluble, ionically  bound, and covalently bound.

Cytokinin a t  high c o n cen tra t io n s  (5 yM) decreased peroxidase ac­

t i v i t y  in tobacco c a l l u s ,  while lower l e v e l s  (0 .2  yM) increased th e  

a c t i v i t y  (Lee, 1971a). In the embryonic ax is  o f  l e n t i l s  cy tok in in  (10 

yM) promoted the a c t i v i t y  o f  four iso  peroxidases and repressed  th a t  o f  

one (Gaspar, Khan, and F r ie s ,  1973).

G ibbere ll ic  acid (GA) has a very in te r e s t in g  r e la t io n s h ip  with 

p e ro x id ase .  A pplication o f  GA to  t i s su e  segments o r c a l lu s  o f  normal 

p la n ts  may cause e i th e r  an inc rease  or decrease in peroxidase a c t i v i t y  

(G lasziou , Gayler, and Waldron, 1968; Lee, 1971b). Etoarf p la n ts  o f  

pea and corn , however, g e n e ra l ly  have much higher peroxidase a c t i v i t y  

le v e l s  than normal p la n t s .  If  GA i s  applied  to dwarf p lan ts  they  grow 

to a normal s ta tu r e  and have the  lower peroxidase a c t i v i t y  le v e ls  

eq u iv a len t to those o f  normal p la n t s .  Ihe isoperoxidase p a t te rn  o f  

the GA-treated dwarfs resembles t h a t  o f  normal p la n ts  r a th e r  than th a t  

o f  un treated  dwarfs (McCune, 1961; McCune and G alston , 1959). Fry 

(1979) demonstrated th a t  GA may e f f e c t  c e l l  e longation  by r e s t r i c t i n g

Soluble f ra c t io n  r e f e r s  to  those iso peroxidases t h a t  a re  so lub le  in 
HpO or low ionic s tr e n g th  b u f f e r s ;  i t  inc ludes peroxidase found in the  
cytoplasm and in the c e l l  w a ll .  Io n ic a l ly  bound iso peroxidases a re  
soluble  in a high s a l t  b u f f e r ,  u sua lly  1M NaCl, and are  considered to 
be bound to the c e l l  w a ll .  Covalently bound isoperox idases  have l i n k ­
ages to the  c e l l  wall t h a t  can only be broken by enzymes, e . g . ,  c e l l -  
ulase and p e c t in a se .  P ro to p la s t  iso peroxidases a re  those so lub le  ones 
found in the  cytoplasm.
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se c re t io n  o f  peroxidase from th e  cy top lasn  to the  c e l l  w a ll ,  thus 

preventing the c e l l  wall from becoming r ig id  before maximum c e l l  elon­

ga tion  has occurred.

Abscisic acid ap p lic a t io n  to l e n t i l  embryonic ax is  in h ib i te d  per­

oxidase production (Gaspar, Khan, and F r ie s ,  1973). On the  o th e r  

hand, in  potato tuber s l i c e s  i t  induced a sp e c if ic  isoperoxidase which 

appeared to  be involved in su b e r iz a t io n  (C o t t le  and Kolattukudy, 

1982).

The phytochrome system, which responds to  red and fa r  red l i g h t ,  

can con tro l  peroxidase a c t i v i t y  by reg u la t in g  phenolic production , 

ffonophenols and m-diphenols s tim u la te  peroxidase a c t i v i t y  vrtiile o- 

d iphenols  i n h ib i t  i t  (Galston, Lavee, and S iege l,  1968; Yang, 1968). 

Penel and Greppin (1979) have also found th a t  i t  can e f f e c t  a c t i v i t y  

in an in v i t r o  spinach-ex t r a c t  system; f a r  red l ig h t  in c reases  peroxi­

dase a c t i v i t y  and red l i g h t  decreases  i t .  The same e f f e c t  i s  found in  

i n t a c t  p la n ts ,  both in the leav es  exposed to the l i g h t  and in leaves  

not exposed, b u t  on the same p la n t  (Karege, Penel, and Greppin, 1982).

Peroxidase appears to  be involved in p la n t  c e l l  wall r i g i d i f i c a -  

t io n  v ia  severa l ro u te s .  Siegel (1953) was the f i r s t  to suggest th a t  

peroxidase was involved in l i g n i f i c a t i o n .  Higuchi (1957) and Freuden- 

b e r g 's  (1959) v i t r o  work proved th a t  peroxidase can c a ta ly s e  the 

ox ida tive  polym erization o f  monomeric p recu rso rs  to form l ig n in  com­

p le x e s .  Several h is to lo g ic a l  s tu d ie s  (Gagnon, 1968; H epler, Rice, and 

Terranova, 1972; Harkin and Obst, 1973; Goldberg, Catesson, and Czan- 

i n s k i , 1983) confirmed i t s  involvement by showing th a t  peroxidase i s  

found in the  c o r re c t  t i s s u e  a t  the time requ ired  for l i g n i f i c a t i o n .  

Gibson and Liu (1981) demonstrated th a t  a l l  four isoperox idases  found
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in pea stem c e l l  w alls  a re  capable  o f  ox id iz ing  eugenol, a l ig n in  pre­

c u rso r .  Peroxidase i s  a lso  known to  be re sp o n s ib le  fo r  lo c a l iz e d  

l i g n i f i c a t i o n  in response to pathogen invasion  (Vance and Sherwood, 

1976) and in wound hea ling  ( F le u r i e t  and D elo ire , 1982). Fukuda and 

Komamine (1982), using an e leg an t system of t ra c h e a ry  element d i f f e r ­

e n t ia t io n  in suspension c u l t u r e s ,  found th a t  the  a c t i v i t y  o f  the ion­

i c a l l y  bound peroxidase f r a c t io n  peaked ju s t  befo re  l i g n i f i c a t i o n  and 

the a c t i v i t y  o f  the  co v a len tly  bound f ra c t io n  peaked during a c t iv e

l ig n in  sy n th e s is .  Whitmore (1976) found the io n ic a l ly  bound peroxi-
1 4dase of Pin us seed lin g s  was the most e f f i c i e n t  in binding C f e r u l i c

acid to  ca rboxym ethy lce llu lose . S im ila r ly ,  Cline (1976) found the

io n ic a l ly  bound Pin us peroxidase to be the most e f f i c i e n t  in binding 
14C c o n ife ry l  alcohol to c e l l u lo s e .  Mader and coworkers demonstrated 

th a t  two groups (Gj and Gj j ) o f  iso  peroxidases in tobacco c e l l  w alls  

had high e f f i c i e n c i e s  in  polymerizing cunaryl and c o n ife ry l  alcohol 

in to  l i g n i n - l i k e  substances  (MSder, Nessel, and Itopp, 1977). The 

th i rd  isoperoxidase group (Gj j j ) found in the w alls  was shown to be 

e f f i c i e n t  in producing hydrogen peroxide, which i s  e s s e n t ia l  fo r  l i g ­

nin production (Mader, Ungemach, and Schloss, 1980). H a l l iw e l l 's  d a ta  

(1978) confirmed t h i s  a b i l i t y  o f  peroxidase to produce hydrogen per- 

ox id e .

Fry (1979) has proposed th e re  are two a d d it io n a l  ways in  which 

peroxidase i s  instrum enta l in  c e l l  wall r i g i d i f i c a t i o n .  Peroxidase 

can ca ta ly se  the c ro ss  l in k ag e  o f  fe ru lo y l  s ide  cha ins  found on some 

so luble  po lysaccharides .  This c ro ss l in k a g e  causes g e l  form ation . 

A d d itio n a lly ,  peroxidase can c a ta ly se  the conversion o f  so lu b le  

phenols to hydrophobic quinones or polymers. This could lower th e



7

e f f e c t iv e  co ncen tra tion  o f  c e l l  wall water and perm it more c e l l  w all 

r i g i d i t y  by the formation o f  a d d i t io n a l  hydrogen-bonds between ad­

ja c e n t  m atrix  polymers. Thus, peroxidase-induced c e l l  wall r i g i d i f i -  

ca t io n  could occur vhere th e re  i s  no l i g n i f i c a t i o n .

S tu d ie s  That Show Peroxidase to be o f  I n te r e s t  Developmentally

Van F le e t  (1947, 1959) was the f i r s t  to  draw a t te n t io n  to perox­

idase  as being important in p la n t  development. He noted i t  was pos­

s ib le  to id e n t i fy  pre-m eristem atic  a reas  th a t  vrould form secondary 

ro o ts  o r  l e a f  primodia by the lo c a l iz e d  in c re a se s  in  peroxidase a c t ­

i v i t y .  He a lso  noted t h a t  the p a t te rn  o f  peroxidase lo c a l iz a t io n  in  

t i s s u e s  sh if te d  with m atu ra tio n .  His observa tion  o f  the lo c a l iz e d  

occurrence o f  peroxidase in s p e c i f ic  t i s s u e s  o f  th e  roo t have been 

dup lica ted  by many o th e r s ,  some o f  whom have made ad d it io n a l in t e r ­

e s t in g  observa tions  on th e  c e l l u l a r  l e v e l .  Avers and Grimm (1959)

found in tense  peroxidase a c t i v i t y  in fes tuco id  g ra ss  epidermal roo t 

h a ir  i n i t i a l s .  The o ther  epidermal c e l l s  had lower peroxidase a c t ­

i v i t y .  Jensen (1955) found the c e l l s  near the ro o t  t i p  t h a t  would 

form the endodermis were c le a r ly  d e l in ea ted  by th e i r  high peroxidase 

a c t i v i t y  although the endodermis would not be d i s t i n c t  for several 

more cen tim e te rs .  Goff (1975) found in  onion roo t t h a t  the s ta in in g  o f  

peroxidase in the m eris tem atic  region was mainly cy top lasm ic , while 

t h a t  in the  more mature areas was g e n e ra l ly  in the  c e l l  w a lls .
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Changes in peroxidase a c t i v i t y  are found as  an organ or t i s s u e

ages .  Lavee and Galston (1968) found tobacco p i th  t i s s u e  had in c reas ­

ing peroxidase a c t iv i t y  with increasing  age up to a p o in t  (about two

th i r d s  o f  the way down the stem) and then the peroxidase a c t i v i t y

decreased . Birecka, Catalfamo, and Urban (1976) a lso  noted an in ­

crease in peroxidase a c t i v i t y  with increas in g  age o f  sweet potato 

t i s s u e s .  The i n t r a c e l l u l a r  lo c a t io n  o f  the a c t i v i t y  a lso  changed. In 

young sweet potato leaves  the l a r g e s t  f ra c t io n  o f  peroxidase a c t i v i t y  

was in the io n ic a l ly  bound f r a c t io n ,  whereas in  old leav es  most a c t ­

i v i t y  was in the p ro to p la s t  f r a c t io n .

D ifferences in peroxidase a c t iv i t y  l e v e l s  have been c o r re la te d

with several o ther phenomena. Karege, P enel, and Greppin (1982) found 

an increase  in peroxidase a c t i v i t y  th a t  was c o r re la te d  with the  in ­

duction  o f  flowering in spinach p la n ts .  (>i the o th e r  hand, Hilgen- 

berg, Baunann, and Knab (1978) found a decrease in peroxidase a c t iv i ty  

in the  l iv e rw o r t ,  Marchantia polymorpha L .,  assoc ia ted  with sexual and 

asexual rep roduc tion . Alvarez and King (1969) observed high peroxi­

dase a c t i v i t y  during the  formation o f  ro o ts  and v ascu la r  t i s s u e  in  

Vanda se e d l in g s .  Q uoirin , Boxus, and Gaspar (1974) noted th a t  the 

buds from those Prinus sp ec ie s  th a t  ro o t  e a s i ly  in c u l tu re  have g re a t ­

er a c t iv i t y  in t h e i r  anodic peroxidases than do sp ec ie s  t h a t  root with 

d i f f i c u l t y .  Thorpe and Gaspar (1978) found the h ighest a c t i v i t y  per 

un it  p ro te in  in shoot-forming tobacco c a l lu s  occurred j u s t  before  th e  

appearance o f  the shoot prim ordia . S tebbins (Gupta and S tebb ins, 

1969) suggested th a t  the high susta ined  peroxidase a c t i v i t y  in hooded 

barley  was assoc ia ted  with i t s  longer period o f  m eris tem atic  a c t i v i t y .
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as opposed to th a t  found in awned b a r le y .  Goff (1975) found cy top las­

mic s ta in in g  o f  peroxidase in  onion ro o t  t i p s  most in tense  in the  

m eris tem atic  reg io n s .  Vanden Bern (1963) and Ramaiah, Durzan, and Mia 

(1971) observed th a t  in  c o n ife rs  peroxidase a c t iv i t y  was a sso c ia ted  

with r a p id ly  d iv id ing  c e l l s  or c e l l s  t h a t  were going to d iv id e .  Arni- 

son and Boll (1976a) found, on the  c o n tra ry ,  th a t  peroxidase a c t iv i ty  

(per t n i t  p ro te in ) was a t  a minimun during c e l l  d iv is io n  in bush bean 

c e l l  suspension c u l tu r e .  Ridge and Osborne (1970b) demonstrated th a t  

the ethylene-induced c e s sa t io n  o f  c e l l  e longation  in e t io la te d  pea was 

s trong ly  c o r re la ted  with an increased le v e l  o f  c e l l  wall-bound peroxi­

dase a c t i v i t y .  Gardiner and Cleland (1974) showed a very  dramatic in­

c rease  in the  c e l l  wall peroxidase a c t i v i t y  per u n i t  c e l l  wall weight 

th a t  coincided with the c e s sa t io n  o f  c e l l  e lo n g a tio n . Bartosova', 

Machackova', and Znrhal (1982) found an increase  in t o ta l  peroxidase 

a c t i v i t y  accompanied the c e s sa t io n  o f  e longation  in wheat. Cunning­

ham, e t  a l . . (1975) examined six near-isogen ic  l i n e s  o f  I n i t i o  a le  th a t  

varied  in h e ig h t.  They found p lan t  heigh t was n eg a tiv e ly  c o r re la te d  

only with peroxidase a c t i v i t y  in  the in te rn o d e s .  One ad d it io n a l  in­

tr ig u in g  c o r re la t io n  with peroxidase a c t iv i t y  was described  by Mathan 

and Cole (1964). They s tud ied  the e f f e c t s  o f  the " lan ceo la te "  a l l e l e  

in the tomato on peroxidase a c t i v i t y .  The lowest peroxidase a c t i v i t y  

in the shoot was found in the normal p la n t .  In p lan ts  with one copy 

o f  the a l l e l e ,  the  leaves  were reduced to a simple la n c e o la te  shape, 

and the peroxidase a c t i v i t y  was higher than th a t  o f  the  normal. Ihe 

homozygous la n c e o la te  had the h ighest  peroxidase a c t i v i t y  l e v e l ,  and 

very  reduced leaves  (and no f lo w ers ) .  Although no t s ta te d ,  i t  appears 

th a t  the  la n c e o la te  a l l e l e  in h ib i t s  l a t e r a l  meristem growth.
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Iso peroxidase s

Isoperoxidase e x is ten c e  was f i r s t  demonstrated in the e a r ly  1950's 

when horserad ish  peroxidase was shown e le c tro p h o re t ic  a l l y  to  c o n s is t  

o f  a t  l e a s t  four isoenzyme forms (Jermyn 1952; Wood and B a l ls ,  1955). 

Since then th e  many p lan t  spec ies  studied have been found to have mul­

t i p l e  forms o f  peroxidase (Scandalios  and Sorenson, 1976). Not only  

do these  iso  per oxidases have d i f f e r e n t  s ize  and charge d i s t r i b u t io n s  

(p i  < 4 to p i > 11, Marklund e t  a l . . 1974) as in d ica ted  by e le c t ro ­

phoresis  and chromatography, but they  also  vary  in :  p ro te in  s t ru c tu re  

(Stephan and van Huystee, 1981), su b s t ra te  s p e c i f i c i t i e s  (Gibson and 

L iu , 1978; Markluid e t  a l . , 1974), su b s t ra te  co ncen tra tion  fo r  maximal 

a c t i v i t y  (Evans, 1970), pH optima with d i f f e r e n t  s u b s t r a te s  (Evans, 

1970; Kay, Shannon, and Lew, 1967), product p a t te rn  with some sub­

s t r a t e s  (Markluid e t  a l . , 1974), optimal co fac to r  concen tra tion  (Shin- 

sh i and Noguchi, 1975) , hydrogen peroxide concen tra tion  requirem ents  

fo r  optimal a c t i v i t y  (Shinshi and Noguchi, 1975), i n h ib i to r  su scep ti­

b i l i t y  (Kawashima and U r i ta n i ,  1965; Kay, Shannon, and Lew, 1967), 

optimal tem perature (Kovacs, F e je r ,  and Devay, 1978), r e a c t io n  to 

environmental f a c to rs  such as  ionic  s tr e n g th  (Marklund e t  a l . , 1974), 

hea t s t a b i l i t y  (Gordon, 1968), molecular weights (Gibson and Liu, 

1978), and carbohydrate  composition (Shannon, Kay, and Lew, 1966). 

Iso peroxidases a re  u ider genetic  co n tro l  in the i n t a c t  p la n t  (G arc ia ,  

Perez de la  Vega, and Benito, 1982; Houston and Hood, 1982; van den 

Berg, Wijsman, and B ianchi, 1983) and in t i s s u e  c u l tu re  (F ie ld e s ,  

Deal, and Tyson, 1981) .
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S tu d ie s  Ih a t  Show Isoperoxidases to  be o f  I n te r e s t  Dev el opmen t a l l y

Iso peroxidases occur in  d i s t i n c t i v e  banding p a t te rn s  in  each p lan t 

organ and t i s s u e .  This has been observed in :  b a r le y  se ed lin g s  (Up- 

adhya and Yee, 1968), maize (Scandalios, 1964), wheat (Bartosova e t  

a l . , 1982), pe tun ia  (van den Berg and Wijsman, 1981), pea (S iege l and 

Galston, 1967), peanut seed lin g s  (Thcmas and Neucere, 1974), tobacco 

(Mader, Meyer, and Bopp, 1975), po ta to  (B o rch ert ,  1974), and tomato 

(Evans and A lldridge, 1965). The banding p a t te rn s  change during de­

velopment, both in the isoperoxidase p a t te rn  found (S iegel and Gal­

s ton , 1967; Alvarez and King, 1969; Chen, Tbw ill , and Loewenberg,

1970; Conklin and S n ith ,  1971; Thomas and Neucere, 1974; Mader, 1976;

F ie ld ing  and Hall, 1978; and van den Berg and Wijsman, 1981), and in 

the  in t r a c e l lu l a r  lo c a t io n  o f  the iso peroxidases (Gordon, 1968; Mader 

e t  a l . , 1975). The isoperoxidase p a t te rn  does no t seem to change much 

in ro o ts  though (Smith e t  a l . , 1970; van den Berg and Wijsman, 1981), 

which i s  in te re s t in g  in  view o f  th e i r  phylogenetic  developmental s t a ­

b i l i t y .  Changes in isoperoxidase p a t te rn  also occur as the p la n t  goes 

from a v eg e ta t iv e  to a flowering s t a t e .  Renaldo, Bailey , and Nagel

(1981) observed t h i s  in N arc issu s . Sawhney, Basra, and Kohli (1981) 

noted the appearance o f  two new isoperox idases  in the p la n t  apex o f  

Amaran thus v i r  id us L. upon the induction  o f  flow ering . Jaiswal and 

Kumar (1980) found two iso  peroxidases in the f lo r a l  primordia o f Coc-

c in ia  indie a th a t  were not p resen t in the v e g e ta t iv e  prim ordia . Koul

and Bhargava (1983) found severa l isoperox idase  bands th a t  appeared a t  

sp e c if ic  times during f lo r a l  bud development. Kahlem (1975) examined
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t h i r t y - f o u r  p lan t species  and found twenty-six th a t  had s p e c if ic  ano­

d ic  peroxidases which occurred in the stamens or "male" flow ers  b u t  

not in the le a v e s .  By using histoimmunology he was ab le  to lo c a te  

these  s p e c i f i c a l l y  in th e  microspore and tapetun  t i s s u e s  in Mercur­

ia l  i s  annua L. (Kahlem, 1976).

Benvenuto e t  a l . (1983) found evidence t h a t  the h a i ry  ro o t  plasmid 

may in fluence  the  expression  o f  iso  perox idases . The lea v e s  o f  p la n ts  

regenera ted  from t i s s u e  in fec ted  with Agrobacteriun rh izogenes  (which 

causes ex ten s iv e  ad v en ti t io u s  ro o t  p ro l i f e r a t io n )  had a group o f  four 

isoperox idase  bands th a t  were normally found only  in  ro o ts .

There are some o ther in te re s t in g  vhole p lan t  -  isoperox idase  phen­

omena. k>ng day trea tm en t o f  C itrus  and Poncirus p la n ts  caused g r e a t ­

er stem area  growth, t o t a l  l i n e a r  growth, and number o f  branches. 

This was c o r re la te d  with the finding  o f one a d d it io n a l  iso peroxidase 

(Warner and Upadhya, 1968). When tobacco p lan ts  were exposed to  vary­

ing photoperiods (6 , 12, and 18 hours/day) the p a t te rn  o f  iso p e ro x i­

dases found was d i f f e r e n t  for each regime (De Jong, 1973). In th e  

same study i t  was found th a t  the tem perature a t  which the p la n ts  were 

grown had the same s o r t  o f  e f f e c t .  Those p la n t s ,  r a ise d  a t  10/15°C, 

20/25°C, and 30/35°C ( n ig h t /d a y ) ,  had very  d i f f e r e n t  banding p a t te rn s  

from one ano ther.  Broyer, Chapelle, and Caspar (1979) found th a t  

repeated rubbing of B-yonia d io ic a  p la n ts  caused in h ib i t io n  o f  i n t e r ­

node e longation  (a thigmomorphogenetic response) and the  appearance o f  

a new iso p e ro x id a se . Theatment with li th ium  prevented the growth 

in h ib i t io n  and suppressed the  development o f  the new i  so per ox id a s e . 

Van Lear and Snith (1968) found th a t  pine seed lin g s  grown in sand 

w ithout n itrogen  f e r t i l i z e r  had th ree  isoperox idase s in t h e i r  l e a v e s ,
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while those  grown with n itrogen  had only  two iso  perox idases . L astly ,  

Gordon and A lld ridge (1967) noted th a t  in c e l l s  involved in the heal­

ing p rocess ,  ind iv idua l iso  peroxidases developed a t  s p e c i f ic  tim es 

a f t e r  wounding.

Work with t i s s u e  c u l tu r e  has yielded s im i la r ly  in te r e s t in g  re­

s u l t s .  Arnison and Boll (1976b) found th a t  in suspension c u l tu r e s  o f  

bush bean one iso p e ro x id a se , D2, was only  p re se n t  when the c e l l s  were 

en ter ing  the  d iv is io n  phase. Nash and Davies (1975) found th a t  in  

suspension c u l tu r e s  o f  Pau l’ s s c a r l e t  rose the d i f f e r e n t  growth s tages  

in the  c u l tu r e  cycle  had d i f f e r e n c e s  in the isoperox idase  p a t te rn  

p re se n t .  They suggested the period o f h ig h es t  peroxidase a c t i v i t y ,  

during the  exponential phase, was re la te d  to  c e l l  expansion. Arnison 

and Boll in an e a r l i e r  study (1974) found d i f f e re n c e s  between c a l l i  

derived from d i f f e r e n t  organs o f  the same bean seed lin g . B ass ir i  and 

Carlson (1979) in a p a r a l l e l  s tudy with tobacco found s l i g h t l y  d i f ­

f e re n t  r e s u l t s .  The d i f f e r e n c e s  in p a t te rn s  between the  o r ig in a l  

ex p lan ts  were l o s t  by the second t r a n s f e r  and the only  remaining d i f ­

fe rences  r e f l e c t in g  the t i s s u e  o r ig in  were between those  o f  v e g e ta t iv e  

o r ig in  and f lo r a l  o r ig in .  I n te r e s t in g ly ,  the r a te  o f  c a l lu s  growth 

did not seem to e f f e c t  the isoperox idase p a t te rn .  Rawal and Mehta

(1982) observed d i f f e re n c e s  in haploid tobacco c a l l i  when the c a l l i  

were in  c a l l u s  m a in ta in an ce , shoot forming, or roo t forming condi­

t i o n s .  Verma and van Huystee (1970) found d i f f e re n c e s  in peanut sus­

pension c u l tu r e  based on the s ize  (and the  amount o f  d i f f e r e n t i a t i o n )  

o f  the c lu n p s .  As the clump s ize  in c reased ,  so did the number o f  

isoperox id a s e s . Wochok and Burleson (1974) noted in wild c a r ro t  sus­

pension c u l tu re  th a t  the number o f iso  peroxidases increased as
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proembryoids developed into embryo id s ,  and then decreased as they  

matured in to  p l a n t l e t s .  B a ja j,  Bopp, and Bajaj (1973) described  the 

changes in iso  peroxidase p a t te rn  found in shoot-forming S inapis  a lba  

c a l lu s  as being comparable to those in seed lin g s .  Mader (1975) found 

th a t  shoot d i f f e r e n t i a t i o n  in  c a l lu s  a c tu a l ly  cons is ted  o f  two inde­

pendent p rocesses .  There was an in h ib i t io n  o f  growth in  n o n -d if fe r ­

e n t ia t in g  c e l l s ,  which c o r re la te d  with a reduction  in a c t i v i t y  o f  th e  

f a s t  m igrating anodic isoperox id a se s ,  and there  was meristemoid forma­

t io n ,  which c o r re la te d  with a sharp r i s e  in the a c t i v i t y  o f  the  o th e r  

iso peroxidase s .  As in i n t a c t  p la n ts ,  tem perature  seemed to e f f e c t  

peroxidase in t i s s u e  c u l tu r e .  Using suspension c u l tu r e s  o f  tobacco 

grown a t  d i f f e r e n t  tem peratures  (13°. 25°, and 35°C), De Jong e t  a l . 

(1 968) found the p a t te rn  o f  iso  peroxidases secreted  in to  the media was 

d i f f e r e n t  a t  each tem perature . The peroxidase a c t i v i t y  for the i n t a c t  

c e l l s  was h ighest  a t  13°C and low est a t  35°C. McCown e t  a l . (1970) 

obtained d i f f e r e n t  r e s u l t s  in  a s l i g h t l y  more complicated experiment. 

They ra ise d  a w in ter-hardy  s t r a i n  o f  Pi an thus  in  c a l l u s  c u l tu re  under 

four s e t s  o f  c o n d i t io n s :  light-warm  (25°C) , dark-warm, l ig h t - c o ld  

(0-5°C) , and d a rk -co ld .  The c a l lu s  in light-warm cond itions  had seven 

heavy-sta in ing  bands, dark-warm had f iv e  bands, l ig h t - c o ld  had four 

bands, and dark-co ld  had seven bands, but f iv e  o f  them were very  

f a in t ly  s ta in e d .

The above re fe re n c e s  in d ic a te  th a t  isoperox id ases may p lay  an 

important ro le  in d i f f e r e n t i a t i o n  and development. I f  t h e i r  ro le  in 

organogenesis  i s  to be in v es t ig a ted  f u r th e r ,  one should seek a well 

defined organogenesis system as the  experimental t o o l .
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Epidermal Thin Layer Technique

There are  many systems th a t  have been used to study o rganogenesis ,  

b u t most o f  them have one or more severe drawbacks for use in a study 

o f  metabolic even ts .  The most commonly used t i s s u e  c u l tu re  system, 

organogenesis from c a l l u s ,  involves a very  small percentage o f  the 

c e l l s ,  and these tend not to be synchronous. A d d it io n a lly ,  the p lo idy  

o f  most c a l l i  tends to f lu c tu a te  (Sheridan, 1975). Tran Thanh Van 

(1973b) has , however, developed a very  e leg an t  system using small 

’'ep iderm al” t i s s u e  fragments from Nicotiana tabacun L . , cv . Wisconsin 

38. I t  can produce f lo r a l  buds, v e g e ta t iv e  buds, r o o t s ,  o r  c a l l u s .  

(However, I  was unable ro u t in e ly  to  g e t  r o o t s . )  The i n i t i a l  t i s s u e  i s  

smaller and more uniform than any comparable organ-producing ex p lan t .  

I t  produces only one organ type a t  a t im e, making system atic  s tu d ie s  

e a s ie r  and e lim inating  com plications due to o ther  developing t i s s u e s .  

As opposed to  most o ther  system s, the th in  la y e rs  produce the  organo- 

g en e tic  meristems d i r e c t l y ,  without in term ed iary  c a l lu s  form ation. 

Because o f  the ana ll  s iz e  o f  the  e x p la n t ,  i t  i s  presumably r e l a t iv e ly  

f r e e  o f  la rg e  pools o f  endogenous phytohormones, as  well as hormonal, 

n u t r i t i o n a l ,  and environmental g r a d ie n t s .  (A po lar  g ra d ie n t  i s  e v i ­

den t in f lo r a l  bud form ation , in  which organogenesis  occurs mainly a t  

the  basal end o f  the  e x p la n t . )  The sn a l ln e s s  o f  the pool o f  endogen­

ous phytohormones makes the th in  la y e r s  very  responsive  to the addi­

t io n  o f  exogenous substances . Another advantage i s  t h a t  the  organo­

gen es is  i s  complete within two weeks, whereas in  o ther  systems i t  

takes several weeks to  months befo re  organogenesis o ccu rs .
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Tran Thanh Van and coworkers Gaspar and Thorpe used s ta rc h  g e l  

e le c t ro p h o re s is  to examine t h i s  organogenesis system for changes in 

the so luble  iso  peroxidases (Gaspar, Thorpe, and Tran Thanh Van, 1977; 

Thorpe, Than Thanh Van, and Gaspar, 1978). They found the q u an ti ta ­

t iv e  and q u a l i t a t iv e  p a t te rn s  o f  the isoperox idases  d i f f e re d  both be­

tween organ types induced in th e i r  time o f  appearance and time o f  peak 

a c t iv i t y .  A d d itio n a lly ,  there  were d i s t i n c t  d i f f e re n c e s  between the 

four organogenetic regimes and the peroxidase a c t i v i t y  per u n i t  pro­

te in  .

The l i t e r a t u r e  reviewed suggested th a t  iso peroxidases o ther  than 

so lu b le ,  i . e .  io n ic a l ly  and co v a len tly  bound ones may also  have im­

p o r ta n t  r o le s  in development and d i f f e r e n t i a t i o n .  Accordingly, i t  was 

judged worthwhile to i n i t i a t e  a study th a t  would overlap  and extend 

Gaspar, Thorpe, and Than Thanh Van’ s pioneering s tudy. I t  was decided 

to use polyacrylamide g e l s  r a th e r  than s ta rc h  g e ls  since po lyacry l­

amide g ives  g re a te r  s e n s i t i v i t y  and re so lu t io n  (F re d r ic k ,  1964), and 

because a b u f fe r  o f  pH 8 or g r e a te r  must be used for sep a ra tio n  o f  

isoperox idases  on s ta rc h  g e ls  (S iege l and G alston, 1967). I s o e le c t r i c  

focusing , which might have been used, has th e  d isadvantage o f  poor 

r e s o lu t io n  o f  c a t io n ic  iso peroxidases (McLellan and fiobinson, 1983). 

Lee (1973) found pH 4.5 to  be optim al for peroxidase s ta in in g  so gel 

b u f fe r s  o f  both ac id ic  and basic  pHs were used to compare pH e f f e c t s .  

A h o rizon ta l  slab polyacrylamide e le c tro p h o re s is  u n i t  was modified so 

t h a t  samples could be placed in the c e n te r ,  allowing simultaneous 

separa tion  o f  cathodic  and anoidic isoperox id a s e s . A concomitant 

study o f  the h i s to lo g ic a l  changes occuring was c a r r ie d  out as  Nash and 

Davies (1975) pointed o u t  th a t  the  changes in ind iv idua l isoenzymes in
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r e la t io n  to  development had not been examined. The previous h i s t o l ­

og ical s tu d ie s  o f  t h i s  organogenesis  system (Dien and TV*an Thanh Van, 

1974; Tran Thanh Van and Dien, 1975) examined d i f f e r e n t  time po in ts  

than those used in t h i s  s tudy, so I t  was deemed necessary  to  do an 

independent h is to lo g ic a l  s tudy.
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MATERIALS AND METHODS

Tissue Culture

A m od if ica tio n  o f  the  procedure developed by Than Thanh Van was 

used (Tran Thanh Van 1973a, 1977; Tran Thanh Van, Chi yah, and Chi yah, 

1974). (Phytohormone and l i g h t  l e v e l s  were amended.) C u ltu re  mater­

i a l ,  co n s is t in g  o f  the ep iderm is and underlying cortex was taken from 

the basal portion  o f  the  flowering branches o f  v igo rous ly  growing 

tobacco , N icotiana tab ac urn L . , c v . Wisconsin 38. The term inal f r u i t  

o f  these p lan ts  was g reen , but f u l l - s i z e d .  The use o f  such a s p e c i f ic  

s tage  allowed un ifo rm ity  o f  physio log ica l s t a t e .  The tobacco p la n ts  

were grown in  greenhouse co n d it io n s  and f e r t i l i z e d  weekly with a Mur- 

ash ig e  and Skoog (1962) macro- and m ic ro n u tr ien t  s o lu t io n .  The bran­

ches were exc ised , washed g e n t ly  using Ivory soap, r in s e d ,  then su r ­

face s t e r i l i z e d  for th re e  minutes in a 2556 (v/v) so lu t io n  o f  commer­

c i a l  bleach (5.2556 sodium h y p o c h lo r i te ) .  They were immediately r in s e d  

in th re e  changes o f  s t e r i l e  deionized w ater. Then the 4 x 1 0 mm epid­

ermal th in  la y e rs  were removed a s e p t ic a l ly  and placed cortex s id e  down 

on the mediun in d isp o sab le  p la s t i c  p e t r i  d i sh e s .  The d ish e s  were 

sealed with "Parafilm M" and placed in an ap p ro p r ia te  environment. 

(See Table 1.)

The c u l tu re  media (modified Murashige and Skoog, 1962) a l l  includ­

ed the following substances  per l i t e r :  1.65 g NHjjNO ,̂ 1.90 g KNÔ ,

0.44 g CaCl2 *2H20, 0.37 g MgSO^f^O, 0.17 g KI^PO^, 6.2 mg 

22.3 mg MnS021»4H20, 8.6 mg ZnSO^f^O, 0.83 mg KI, 0.25 mg N a^O ^*  

2H20, 0.025 mg C u S O ^ ^ O ,  0.025 mg CoC12»6H20, 3.72 mg Na^EDTA

( e th y le n e d ia m in e te tra a c e t ic  a c id ) ,  2.78 mg FeS0jj*7H20, 100 mg myo­
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i n o s i t o l ,  0.1 mg thiamine*HCl, and 10 g agar . The microelements were 

made up as  a 100X stock so lu t io n  and the Fe(II)EDTA as  a 200X stock  

s o lu t io n .  The pH was ad justed  to 5 .1  using 0 .05 N NaOH, and the med­

ium was autoclaved for 15 m inutes. See Table 1 for s p e c i f ic  a d d i t io n s  

to each medium.

T able  1. 
epidermal

V a r ia b le s  f o r  d i f f e r e n t i a l  organ in d u c t io n  in  to b acco  
th in  l a y e r s .

Culture
Medium F lo ra l  Buds Vegetative Buds Callus

Auxin 10"6 M IAA 2x1 0“6 M IAA 10"5 M IBA

Cytokinin 10"6 M Kin 2x1 0~5 M BA 10"7 M Kin

Sugar( s) 
sucrose 8.33 x 1 0 ^  M 8.76 x 10-2 M 7.30 x 10~2 M

gluco se 8.33 x 10-2  M

Culture
Conditions

L ight 
1 ev el s*

26 w atts/m
2

15 w atts/m Total darkness

Photo­
period

16 h r /d a y Continuous -------

IAA = indo le -3 -ace  t i c  ac id ,  IBA = in do lebu ty ric  a c id ,  k in  =
6 - fur fur yl amino p u r in e , BA = benzyl aden ine .
•Light was provided by a combination o f  f lu o re sc e n t  and incandescent 

lamps, measured in the v i s i b l e  spectrum.
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Tissue Harvest

The t i s s u e s  (whole th in  l a y e r s  fo r  v e g e ta t iv e  buds and c a l l u s ,  the 

b a sa l  20% o f  the th in  la y e r s  for f l o r a l  buds) were b lo t te d  d ry ,  frozen 

in l iq u id  n i t ro g e n ,  ly o p h i l i z e d ,  and then stored a t  -23°C u n t i l  used.

Extraction  o f Three Peroxidase F rac t io n s

All o f  the following s teps  were c a r r ie d  o u t  a t  4°C un less  o th e r ­

wise in d ic a te d .  The ly o p h il ized  t i s su e  was weighed and then ground 

with a p re c h i l le d  m ortar and p e s t le  in 20 times i t s  weight (1 volune) 

in  a b u ffe r  (van Kammen, 1967) containing 0 .05 M This*HCl [ t r i s ( h y -  

droxymethyl) aminomethane] , 0.5 M sucrose , 0.01 M MgClj, ancJ 0*006 M 2 -  

m ercap toe thano l, pH 7 .2 . The s lu r ry  was cen tr ifuged  for 10 minutes a t  

10,000 rpm; the  r e s u l t a n t  supernatan t f lu id  was the so lub le  f r a c t io n .  

The p e l le t  was then washed twice with two to four volunes o f  1% Triton 

X-100, and six times in  two to four volunes o f  d i s t i l l e d  deionized 

w ater, each time followed by a 10 minute c e n tr i fu g a t io n  a t  10,000 rpm. 

(The Thiton X-100 washings had no inique iso peroxidase s .)  To ob ta in  

the io n ic a l ly  bound f ra c t io n  the p e l l e t  was washed in  one h a l f  volune 

o f  1 M Nad th ree  t im es,  being cen trifuged  a f t e r  each wash. The com­

bined supernatan t f lu id s  were the  io n ic a l ly  bound f r a c t io n .  The pe l­

l e t  again went through a s e r ie s  o f  washes in two to four volunes o f  

so lu t io n .  The washes were: two in  0.5 M NaHCO ,̂ six in 1 M NaCl, and 

th ree  in H20. The s lu r r i e s  were cen tr ifu g ed  a f t e r  each wash. The 

p e l le t  was then incubated overn igh t a t  25°C in  0.1 M sodiun a c e ta te  

b u f f e r ,  pH 5.5, con ta in ing  0.5% (w/v) c e l lu la se  (ICN Pharmaceuticals)
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ar.d 2.5% p ec tin ase  (ICN Pharm aceuticals) .  This s tep  was repea ted . 

The combined supernatant f lu id s  a f t e r  c e n tr i fu g a t io n  were the coval­

e n t ly  bound f r a c t io n .  All th ree  f ra c t io n s  were d ia lyzed  in 2 1 o f  

0 . 025 M bo ra te  b u f fe r ,  pH 8.0, fo r  a t  l e a s t  f iv e  hours. D ia ly s is  was 

e s p e c ia l ly  necessary  to  g e t  good e le c t ro p h o re t ic  re so lu t io n  o f  the 

io n i c a l l y  bound f r a c t io n .

Pro te in  Determination

The p ro te in  con cen tra tio n  o f  the th re e  f r a c t io n s  was determined by 

the Bio-Rad method (a  m o d if ica tio n  o f  the Bradford method, Bradford, 

1976) using the d i a l y s i s  f lu id  as a c o n t r o l .  Bovine serum albumin and 

horserad ish  peroxidase (Sigma, P-8000) were used as  the p ro te in  stand­

a r d s .  Three to f iv e  r e p l i c a t e s  were used for p ro te in  d e te rm in a tio n , 

as well as  for a l l  the  remaining procedures.

Peroxidase A ctiv ity  Determination

Peroxidase a c t iv i t y  was determined using a m odifica tion  o f  the  

method of Gahagan, Holm, and Abeles (1968). A 0.01 ml sample was 

added to a so lu tion  conta in ing  1 ml 100 mM KPOĵ  b u f f e r ,  pH 7, 1 ml 8 

mM h2° 2 ’ ard  ̂ f r e s h l y made 100 mM p y ro g a l lo l .  The absorbance a t  

H30 rm was read every 15 seconds for 60 seconds. The change in ab­

sorbance was used to  c a lc u la te  the  a c t i v i t y .  Horseradish peroxidase 

(Sigma P-8000) was used as the s tandard .
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E lec trophores is

Thin lay e r  h o r iz o n ta l  slab polyacrylamide gel e le c tro p h o re s is  was 

performed using an LKB 2117 Multiphor appara tus . The gel was 2 mm 

th ic k ,  11.5 cm wide, and 25 cm long. The samples were placed in 

s lo t s ,  1.5 mm deep, 1 mm wide, and 6.3 mm long, which were in the  

middle o f  the g e l ,  perpend icu la r  to i t s  long a x is .  The s lo t- fo rm er  

was hand c ra f te d .  F i l t e r  paper wicks ( e ig h t  la y e r s  th ick )  were used 

to  conduct the c u r re n t  from the b u ffe r  tanks to the g e l .  Hiring the 

30 minute p re e le c tro p h o re s is  and the ac tua l e le c tro p h o re s is  o f  the 

samples, the water flowing in the cooling p la te  supporting the gel was 

a t  10°C. Samples o f  10 \il were applied and bromophenol blue was used 

as the track ing  dye. Acidic and b a s ic  g e ls  were used, both c o n s is t in g  

o f  7.5% acrylam ide. The ac id ic  g e ls  were made with a c e ta te  b u f f e r ,  pH 

4 .5 ,  f in a l  ac e ta te  ion co n cen tra t io n  0.025 M, the  basic  with borate  

b u f fe r ,  pH 8.0, f in a l  bo ra te  ion concen tra tion  0.025 M. The b u ffe r  

tanks were f i l l e d  with the same b u ffe r  as th a t  o f  the  ge l  being used. 

The acrylanide, Bis (N,N’-methylene-bis-acryl amide) , TEMED (N.N.N'.N'- 

tetram ethylethylenediam ine) , and ammoniun p e rsu l fa te  were o f  e l e c t ­

roph o re tic  p u r i ty ,  from Bio-Rad.

Isoperox idase S tain ing

The g e ls  were immersed in a fhesh ly  prepared so lu t io n  c o n s is t in g  

o f  equal p a r ts  o f  100 mg o -d ia n is id in e  d isso lved  in 100 ml 95% ethanol 

and 100 ml a c e ta te  b u f f e r ,  pH 4.5, added j u s t  befo re  us ing . This 

a c e ta te  b u ffe r  was made from 0.88 M sodium a c e ta te  and 0.62 M ace tic
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acid . After a 30 minute period the  o -d ia n is id in e  so lu tion  was dra ined  

o f f  and replaced with a 0.03% H2°2 so lu t io n  m t i l  the bands were

c le a r ly  v i s i b l e ,  u s u a l ly  2 to  5 m inutes. The banding p a t te rn  was 

recorded im ned ia te ly , and then again a f t e r  30 minutes when the f a in te r  

bands became ev id en t.

D uplicate g e ls  were s ta ined  using g u a iaco l .  The g e l s  were immers­

ed in a so lu t io n  con ta in ing  100 ml o f  1% guaiacol in 28.5% e th an o l,  

and 100 ml o f the ace ta te  b u ffe r  used for o -d ia n is id in e  s ta in in g  for 

30 m inutes. The g e ls  were then drained and reimmersed in  0.03% H2°2 

u n t i l  the  bands emerged. The r e s u l t s  were recorded immediately as 

t h i s  s ta in  faded r a p id ly .  With both s ta in s  the banding p a t te rn  was 

recorded manually. The graphs in t h i s  d i s s e r ta t io n  were drawn to a- 

bout a 1 to  1 s c a l e ,  the bromophenol blue dye f ro n t  was p lo tted  as 

being 10 cm from the o r ig in .

The above techniques were found to be the b e s t  a f t e r  te s t in g  sev­

e ra l  o th e r  methods. S taining with 2,6-dimethoxyphenol was t r i e d ,  b u t  

i t  gave fewer bands than o -d ia n is id in e .  Sequential s ta in in g  with 

o -d ia n is id in e  and guaiaco l revealed f a in te r  bands and gave b e t t e r  

r e so lu t io n  than the simultaneous a p p l ic a t io n  o f  o -d ia n is id in e  or guai­

acol and HgC^. This may be due to a pH e f f e c t ,  e s p e c ia l ly  with the  

borate  g e l s .  Lee (1973) found pH 4.5 to  be op tim al. Various H202 

co ncen tra tions  were t r i e d ,  bu t t h i s  f a c to r  did not seem c r i t i c a l ,  

although a t  very low c o n cen tra t io n s  the f a in t  bands did not become 

v i s i b l e .  The concen tra tion  o f  e thanol in the  guaiacol s ta in  was not 

very  c r i t i c a l  e i t h e r ,  a lthough a t  high co n cen tra t io n s  the f a in t  bands 

did not appear. Although o -d ia n is id in e  was a more s e n s i t iv e  s ta in  (7 

bands/sample v s .  4 with  guaiacol) , guaiacol was used in add ition  to
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insure  th a t  isoperox id ases with d i f f e r in g  s u b s t r a te  s p e c i f i c i t e s  would 

be d e te c te d .  F le u r i e t  and D elo ire  (1982) and McLellan and Robinson 

(1983) also found more iso  peroxidases s ta ined  with o -d ia n is id in e  than 

with g u a iaco l .

H is to logy

The t i s s u e s  were fixed for 4 hours  under vacuum in e i th e r  3% g lu t -  

araldehyde or 1% g lu ta ra ldehyde  and 4% formaldehyde ir. 0.1 M phosphate 

b u f f e r ,  pH 7 .2 -7 .4  a t  4°C. They were then r in s e d ,  a lso  a t  4°C, in 

0.1 M phosphate b u ffe r  i r t i l  a l l  t ra c e s  o f  g lu ta ra ldehyde  were gone, 

u sually  5 o r  6 10 minute r in s e s .  They were s tored  in  4°C phosphate 

b u f fe r  v n t i l  the dehydration s te p .  Dehydration was done a t  room tem­

p e ra tu re  (20°C o r  more) via a modified procedure (Rosenblun, 1981) o f  

Lin, Fa lk , and Stocking (1977), which was i t s e l f  a m o d if ica tio n  o f  

Postek and T hcker 's  procedure (1976). The phosphate b u ffe r  was r e ­

placed with a c id i f ie d  2 ,2 '-dimethoxypropane (DMP, a c id i f ie d  with 3 

drops o f  0.1 N HC1 per 25 ml DMP). The DMP was changed twice a t  5 

minute i n t e r v a l s ,  then replaced with a 1:1 so lu t io n  o f  acetone and 

DMP. After 5 minutes t h a t  so lu tio n  was replaced with pure acetone, 

which was changed once a f t e r  5 m inutes. Five m inutes l a t e r  the  ace­

tone was replaced with a 1:1 ace to n e , t e r t i a r y  bu ty l alcohol (TBA) 

m ix tu re .  F if teen  m inutes l a t e r  the  mixture was removed and TBA added; 

the TBA was changed twice a f t e r  15 minute i n t e r v a l s .  Then a f t e r  a 15 

minute pe riod , the t i s s u e  and TBA were placed in a p a ra f f in  oven. 

P e l l e t s  o f  p a ra f f in  were added over a severa l hour p e r io d . The v ia l
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remained in the oven for 24 hours  o r  more to allow the  TBA to  evapor­

a te .  The p a ra f f in  was replaced tw ice ;  then the t i s s u e  was embedded. 

The t i s s u e  was sectioned 15 p t h i c k  using a r o ta r y  microtome, then 

mounted on s l id e s .  The s l id e s  were s ta ined  fo r  5 m inutes in f re sh  

0.05% to lu id in e  b lu e ,  r in sed  b r i e f ly  in  water th re e  tim es, b lo t te d

g e n t ly  with l i n t - f r e e  paper, then placed on a s l id e  warmer to  dry  fo r  

a t  l e a s t  24 h o u rs .  The s l id e  was then immersed in xylene fo r  5 min­

u tes  to  d is so lv e  the p a r a f f in ,  covered with a c o v e r s l ip ,  using a r e s in

mounting medium, and d ried  on a s l id e  warmer.

Photography

The developing th in  la y e r  t i s s u e s  were photographed with a Tbpcon 

Super D camera, equipped with bellows and a rev e rsed  58 mm l e n s .

Tri-X f ilm  was used; a f la s h  provided the l i g h t .  Photomicrographs o f  

the h i s to lo g ic a l  sec tio n s  were taken with a Zeiss microscope equipped 

with a 35 mm camera.
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D ifferences  among the var io u s  organogenetic  regimes ware ev iden t a t  

the  macroscopic le v e l  a f t e r  s ix  days in c u l tu r e  (F igures  1, 4, and 7 ) .  

The th in  lay e r  t i s s u e s  in v e g e ta t iv e  bud-inducing co nd it ions  ware swol­

len  uniformly, the  ones in f l o r a l  bud-inducing cond itions  were enlarged 

a t  the basal end, and the ones in c a l l  us-inducing cond it ions  showed 

evidence o f  c a l lu s  formation a s  small a reas  o f  new white t i s s u e .  By the  

tw e lf th  day both types o f  buds became v i s i b l e ;  the  v e g e ta t iv e  buds were 

s ca t te red  over the e n t i r e  epidermal su rface  while the f l o r a l  buds were 

a l l  located  a t  the swollen basal end o f  the th in  l a y e r .

To determine when the period o f  organ induction was ccm pie  t e d , the 

th in  layer  t i s s u e s  were t ra n s fe r re d  from the standard organ inducing 

media to  media lack ing  phytohormones a t  24 hour i n t e rv a ls  a f t e r  inocu­

l a t i o n .  Normal organ induction  in both v e g e ta t iv e  and f lo r a l  bud in­

ducing conditions  was complete a f t e r  s ix  days.

H is to lo g ica l  S tud ies

To u iderstand  fu r th e r  the events  during organ induction  and forma­

t io n ,  h is to lo g ic a l  s tu d ie s  a t  the  l i g h t  microscope le v e l  were performed. 

The fre sh  th in  lay e r  t i s s u e  was composed o f th re e  d i s t i n c t  zones o f  

d i f f e r e n t  c e l l  ty p es  (see Figure 1b). S ta r t in g  from the  o u te r  s u r fa c e ,  

th e re  was an epidermal zone th a t  contained some stomata and supported 

seme h a i r s .  The second zone was a p a l isad e  chlorenchyma, one c e l l  la y e r  

th ic k .  These c e l l s  were two to th re e  times longer than wide, w ith the
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Figure 1. Photographs o f  v e g e ta t iv e  bud-forming t i s s u e s ,  days zero , 
two, fou r,  and s ix .  a) Fresh th in  lay e r  t i s s u e ,  X 7 .7 .  b) Longitudinal 
sec tion  o f  fresh  th in  lay e r  t i s s u e ,  X 108. The th re e  c e l l  zones a re  
ind ica ted  by b ra c k e ts .  c) Ex p la n t ,  day two, X 7 .7 .  d) Longitudinal 
s e c t io n  o f  th e  e x p l a n t ,  day  tw o , X 108. Note th e  sh o r te n e d  c e l l s  
(arrow) re su l t in g  from the a n t i c l i n a l  c e l l  d iv i s io n s  in the th i rd  c e l l  
zone, e) E x p lan t,  day fo u r ,  X 7 .7 . f) Longitudinal sec tio n  o f  e x p la n t ,  
day four, X 67. Observe th a t  the  plane o f  c e l l  d iv i s io n s  in the th i rd  
c e l l  zone had changed to become p e r i c l i n a l .  g) E x p lan t,  day s ix ,  X 7 .7. 
Notice the swollen appearance o f  the th in  l a y e r ,  h) Longitudinal sec­
t io n  o f e x p la n t ,  day s ix ,  X 67. Nbte the area o f  c e l l s  t h a t  had divided 
ra p id ly  (arrow) in the second c e l l  zone.
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Figure 2. Photographs o f  v e g e ta t iv e  bud-forming t i s s u e s ,  days e ig h t ,  
te n ,  tw elve , and fo u rteen .  a) Explant, day e ig h t ,  X 7 .7 .  b) Longi­
tu d in a l  sec tion  o f  e x p la n t ,  day e ig h t ,  X 42. Observe the m eris tem atic  
area  (a rrow ), c) Explant, day ten ,  X 7 .7 .  d) Cross sec tion  o f  ex p lan t ,  
day te n ,  X 42. Note the protuberance o f  the m eris tem atic  a re a .  The 
sharp d i s t i n c t i o n  between the zones has been o b l i te ra te d  by th e  nunerous 
c e l l  d iv i s io n s ,  e) Ex p la n t ,  day tw elve, X 7.7. Ihe buds (arrows) are 
now v i s i b l e ,  f) Cross sec tion  o f  ex p lan t ,  day tw elve, X 42, with a bud. 
g) E xp lan t,  day fo u r te e n ,  X 7 .7 . h) Cross sec tion  o f  e x p la n t ,  day 
fou rteen , X 42.
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Figure 3. Photographs o f  v e g e ta t iv e  bud-forming t i s s u e s ,  days s ix te e n ,  
e ig h teen ,  and tw en ty , a) Explant, day s ix te e n ,  X 6 .3 .  b) Cross sec tion  
o f  e x p la n t ,  day s ix te e n ,  X 42. Note the procambiun (a rrow ). c) Ex­
p la n t ,  day e igh teen , X 4 .3 .  d) Cross sec tio n  o f  e x p la n t ,  day e ig h teen , 
X 42, showing the procambiun development (a rro w ). e) E xp lan t,  day 
twenty, X 4 .1 .  f) Cross sec tio n  o f  e x p la n t ,  day tw enty , X 42. There 
a re  t ra c h e a ry  elem ents in the developing l e a f .  Note the c ro ss  sec tion  
o f  a developing l e a f .
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Figure 4. Fhotographs o f  f lo r a l  bud-forming t i s s u e s ,  days zero , two, 
fbu r,  and s ix .  a) Fresh th in  la y e r  t i s s u e ,  X 7 .7 .  b) Longitudinal sec­
t io n  of fre sh  th in  lay e r  t i s s u e ,  X 108. The th re e  c e l l  zones a re  in d i­
cated by b ra c k e ts ,  c) Explant, day two, X 7 .7 .  d) Longitudinal sec tio n  
o f  e x p la n t ,  day two, X 108. Notice the sh o r te r  c e l l s  in the th i rd  c e l l  
zone r e s u l t in g  from a n t i c l i n a l  c e l l  d iv i s io n s  (a rrow ), e) Explant, day 
f o u r ,  X 7 .7 . f) Longitudinal sec tio n  o f e x p la n t ,  day fo u r ,  X 67. The 
plane o f  c e l l  d iv i s io n s  in the th i rd  zone had changed to  become p e r i -  
c l i n a l .  There i s  a lso  an area o f  small c e l l s  ( a re a  o f  d iv is io n s )  in the 
second c e l l  l a y e r ,  g) Explant, day s ix ,  X 7 .7 .  The basa l end i s  swol­
l e n .  h) Longitudinal sec tion  o f  e x p la n t ,  day s i x ,  X 42. Note the area 
o f  c e l l s  th a t  had divided ra p id ly  a t  the  basal end o f  the th in  lay e r  
t i s su e  in c e l l  zone two.
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Figure 5. Fhotographs o f  f lo r a l  bud-forming t i s s u e s ,  days e ig h t ,  t e n ,  
tw elve , and fo u rteen , a) Explant, day e ig h t ,  X 6 .3 .  b) Cross sec tion  
o f  e x p la n t ,  day e ig h t ,  X 42. Notice the organized meristem (arrow) . c) 
Bcplant, day ten , X 5 .6 .  d) Cross sec tion  o f  ex p lan t ,  day ten , X 42. 
e) E xp lan t,  day tw elve , X 5 .6 . Note the emerging f lo r a l  buds a t  the 
basal end o f  the th in  l a y e r .  f )  Longitudinal sec tion  o f  e x p la n t ,  day 
tw elve, X 42, showing the developing sepa ls  (S ) .  g) E xp lan t,  day four­
teen , X 5 .6 .  h) Cross sec tio n  o f  e x p la n t ,  day fou rteen , X 42. The 
sep a ls  (S) and stamens (S t) are well de f ined .
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Figure 6 . Photographs o f  f lo r a l  bud-forming t i s s u e s ,  days s ix te e n ,  
e ig h teen , and tw enty , a) Ex p la n t ,  day s ix te e n ,  X 5 .6 .  b) Cross section  
o f  e x p la n t ,  day s ix te e n ,  X 42. Mote the sep a ls  (S ) ,  stamens ( S t ) ,  pro­
cambium (Pr) , primordia where the p e ta ls  w ill  a r i s e  (a rrow ), and th e  
bud e lo n g a tio n ,  c) E xp lan t,  day e ig h te e n ,  X 5 .0. d) Cross sec tion  o f  
ex p la n t ,  day e igh teen , X 42. Observe the sep a ls  (S) , stamens ( S t ) ,  and 
c a rp e ls  ( C) . e) E x p lan t ,  day trwenty, X 5 .0 . f) Cross sec tio n  o f  ex­
p la n t ,  day tw enty , X 42, showing the sep a ls  (S) , emerging p e ta l  (P ) , 
e longating  stamens ( S t ) ,  and c a rp e ls  ( C) .
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Figure 7 . Riotographs o f  c a l l  us-forming t i s s u e s ,  days zero , two, fo u r ,  
and s ix .  a) Fresh th in  lay e r  t i s s u e ,  X 7 .7 .  b) Longitudinal sec tion  o f 
f resh  th in  lay e r  t i s s u e ,  X 108. The th re e  c e l l  zones a re  ind ica ted  by 
b ra c k e ts .  c) Explant, day two, X 7 .7 .  d) Longitudinal sec tio n  of 
e x p la n t ,  day two, X 108. Note the shortened c e l l s  (arrow) in the th ird  
c e l l  zone r e s u l t in g  fran a n t i c l i n a l  c e l l  d iv i s io n s .  e) Explant, day 
fo u r ,  X 7 .7. f) Longitudinal sec tio n  o f e x p la n t ,  day fo u r ,  X 108. The 
plane o f  c e l l  d iv i s io n s  in the th i rd  c e l l  zone changed to p e r i c l i n a l .  
g) E xp lan t,  day s ix ,  X 7.7. Notice a few t f i i t i s h  a reas  where c a l lu s  
growth had erupted through the ep iderm is ,  h) Cross sec tio n  o f  ex p la n t ,  
day s ix ,  X 67. There i s  an area o f  c e l l  d iv is io n  in zone two (a rrow ).
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Figure 8. Photographs o f  c a l l  us-forming t i s s u e s ,  days e ig h t ,  t e n ,  
tw elve, and fo u rteen ,  a) Explant, day e ig h t ,  X 7 .7 .  b) Cross section  
o f  ex p la n t ,  day e ig h t ,  X 67. There are trach ea ry  elements (TE) and 
nunerous small c e l l s  r e s u l t in g  from c e l l  d iv i s io n s  in the second c e l l  
zone, c) E xp lan t,  day t e n ,  X 7 .7 . d) Longitudinal sec tion  o f  e x p la n t ,  
day ten, X 67. e) Explant, day tw elve, X 7 .7 .  f )  Longitudinal sec tion  
of e x p la n t ,  day tw elve , X 42. g) E x p lan t,  day fo u r te e n ,  X 6 .3 . h) 
Cross sec tion  o f  ex p la n t ,  day fou rteen , X 42. Note the  t rach eary  e le ­
ment (TE) c lu s te r  ( in  the upper portion  o f  c e l l  zsne t h r e e ) ,  a mass o f  
small d iv id ing  c e l l s  (M) above the  trach ea ry  element c l u s t e r ,  and l a r g e ,  
vacuolated " c a l lu s"  c e l l s  a t  the surface  (V).
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Figure 9 . Photographs o f  c a l l  us-forming t i s s u e s ,  days s ix te e n ,  e ig h t­
een, and tw en ty . a) Explant, day s ix teen ,  X 5 .6 .  b) Longitudinal 
sec tion  o f  e x p la n t ,  day s ix te e n ,  X 42. c) E xp lan t,  day e ig h te e n ,  X 5 .0. 
d) Cross sec t io n  o f  ex p lan t ,  day e igh teen , X 42. e) Explant, day twen­
ty ,  X 4.1. f )  Cross sec tion  o f  e x p la n t ,  day twenty, X 42.
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long ax is  a t  about a s ix ty  degree angle to the  long a x is  o f  the f l o r a l  

branch fhcm which i t  came. The th ird  zone was up to  six c e l l s  th ic k .  

The long ax is  o f  the  c e l l s  was p a r a l l e l  to the  long a x is  o f  the f lo r a l  

b ranch . The uppermost c e l l s  (one la y e r  th ick) were about th re e  times 

longer than wide, and contained seme c h lo r o p la s t s . The remaining c e l l s  

averaged e igh t to ten times longer than wide and were ch a rac te r ize d  by 

t h e i r  len g th  and the  very  nunerous p i t s  in t h e i r  c e l l  w a l ls .

The changes observed during the induction and development o f  vege­

t a t i v e  buds were as fo llow s. After two days in c u l tu r e  (Figure 1 d ) , 

c e l l  d iv is io n s  had occurred ir. the th i rd  zone o f  c e l l s ,  d iv id ing  the 

very  long c e l l s  in to  sh o rte r  u n i t s .  Most o f  th ese  c e l l  d iv is io n s  were 

in the uppermost c e l l s .  At four days in c u l tu r e  (F igu re  1f) , the  c e l l

d iv i s io n s  in the th i rd  c e l l  zone had continued , b u t the plane o f  th e

d iv is io n s  had changed to p e r ic l i r .a l  so th a t  downward f i l e s  o f  c e l l s  were

obvious. The c e l l  su rface  in con tac t with the  c u l tu r e  medium began to

show ev idence, v ia  d i f f e r e n t i a l  s ta in in g ,  o f  l i g n i f i c a t i o n . Addition­

a l l y ,  there  were d i s c r e t e  a reas  o f  c e l l  d iv i s io n s  in the second c e l l  

zone ( chlorenchyma) . By day s ix  in c u l tu r e ,  when organ induction was 

complete, there  were nunerous a reas  o f  small c e l l s  in the second zone 

(F igure  1h) . There was evidence o f  some continued p e r ic l i r .a l  c e l l  d iv i­

s ions  on the th ird  zone. The bottom o f  the  th in  la y e r  showed evidence 

t h a t  l i g n i f i c a t i o n  had occurred over t h i s  e n t i r e  s u rfa c e .  After e igh t 

days in c u l tu r e  (Figure 2b) , the  a reas  o f  c e l l  d iv i s io n s  in the second 

zone had produced true  m eristem atic  a re a s ,  with small non-vacuolate 

c e l l s .  There were seme sc a t te re d  trach ea ry  elements a t  the  bases o f  

these m eristem atic  a re a s .  (Some o f  these  t ra c h e a ry  elements had formed 

in small cha ins  th a t  appeared to  be going toward the su r fa c e .)  By th e
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ten th  day in  c u l tu r e ,  the upper su rfa c e  o f  the th in  layer  was lumpy due 

to the masses o f  m eris tem atic  c e l l s  in the second c e l l  zone (F igure  2d) . 

There were seme tra ch e ry  elements near these  pro tuberances. At the 

s ta g e  o f  day twelve (F igure  2f) , the  le a fy  buds were apparent above the 

epiderm is. Leaf growth appeared to  be v ia  the primary l e a f  meristem. 

By the fourteen th  day (F igure  2h) some o f  the t ra ch ea ry  elements were 

growing toward the  l e a f  buds. Growth in the e n t i r e  th in  lay e r  seemed 

lim ited  to th a t  occurring  in the buds. At the stage o f  the s ix teen th  

day (Figure 3b) , the leav es  were growing mainly by a p ic a l  growth, b u t  

the l a t e r a l  marginal meristems were beginning to show some a c t i v i t y .  

Prccambiun t i s s u e  in the l e a f  was beginning to form. Leaves o f  eighteen 

day c u l tu r e s  (F igure  3d) showed l a t e r a l  growth, development o f  the 

procambiun and c e l l  expansion. The twenty day old c u l tu r e s  (Figure 3f) 

showed a con tinua tion  o f  the above l e a f  growth, with m atura tion  o f  the 

vascu la r  t i s s u e .

The i n i t i a l  changes observed in f lo r a l  bud forming t i s s u e  were 

s im ilar  to those noted in  v e g e ta t iv e  bud forming t i s s u e .  At two days in 

c u l tu re  c e l l  d iv is io n s  in the th ird  c e l l  zone had divided the very  long 

c e l l s  in to  much sh o r te r  c e l l s  (F ig u re  4 d ) . By the fou rth  day the plane 

o f c e l l  d iv is io n s  in the th ird  c e l l  zone had changed to p e r ic l in a l  

(F igu re  4f) , thus producing f i l e s  o f  c e l l s .  I t  a lso  became apparen t 

th a t  there  were d i s c r e te  a reas  o f  c e l l  d iv is io n  in the second zone o f  

c e l l s  ( the  p a lisade  chlorenchyma). These areas  o f  c e l l  d iv is io n  were a t  

the basal end of the th in  lay e r  t i s s u e .  There were in d ic a t io n s  th a t  

l i g n i f i c a t i o n  o f  the  "underside" o f  the th in  lay e r  had begun. Tissues 

fhom the s ix th  day in  c u l tu re  revealed th a t  c e l l  d iv is io n s  had continued 

ra p id ly  in some areas in the second c e l l  zone (F igu re  4h). There were
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masses o f  small c e l l s ,  including seme c e l l s  t h a t  had d i f f e r e n t i a t e d  in to  

tra ch ea ry  e lem ents. The th ird  c e l l  zone also  contained t ra ch ea ry  e l e ­

ments as well a s  more extensive f i l e s  o f  c e l l s  t h a t  ind ica ted  continued 

c e l l  d iv i s io n s .  The tmderside o f  the t i s s u e  had ex tens ive  l i g n i f i c a ­

t io n .  By the e igh th  day in c u l tu re  the  e n t i r e  bottom o f  the th in  la y e r  

was l i g n i f i e d .  More t ra ch ea ry  elements had formed, in  c h a in - l ik e  groups 

in the th i rd  c e l l  zone, and in c i r c u l a r  c l u s t e r s  in the  m idst o f  the 

masses o f  sn a i l  d iv id ing  c e l l s  in  the second c e l l  zone. Ihe f i r s t  

organized meristem was seen a t  t h i s  s tage  (F ig u re  5b) . Tissues ten days 

old showsd a very  high nunber o f  t ra c h e a ry  e lem ents , u s u a l ly  in  c e l l  

zone two, and u su a lly  in se m i-c irc u la r  c l u s t e r s  in the  m idst o f  s n a i l  

d iv id ing  c e l l s .  The meristems were u su a lly  above c l u s t e r s  o f  t ra c h e a ry  

elem ents, but were never observed to have v a sc u la r  connections with them 

(F igure 5d) . §y the tw e lf th  day (F igure  5f) , when f lo r a l  buds were 

v i s ib l e  to the naked ey e , th e  meristems had grown above the su rface  o f  

the th in  la y e r  t is su e  and g e n e ra l ly  had developing s e p a ls .  By the 

fou rteen th  day, the procambiun was evident in the  buds, the  buds were 

e lo n g a ted ,  and the stamens had s ta r te d  to develop (F igure  5h) . Meri­

stems were evident a t  the adax ia l base o f  the s e p a ls ;  the p e ta ls  a rose  

from these l a t e r  (day tw en ty ) .  The s ix teen -d ay -c ld  t i s su e  had buds t h a t  

were much elongated (F ig u re  6 b ) ,  r a i s in g  th e  buds above the su rface  o f  

the  th in  lay e r  t i s s u e .  The number o f  t ra c h e a ry  elem ents in the whorls 

below the  buds was g r e a t ly  inc reased ; the sem i-c ircu la r  s trands  were 

o ften  six trach eary  elements th ic k .  By the  e ig h teen th  day, some o f  the 

tracheary  element " s e m i-c i rc le s ” had become f i l l e d  with l i g n i f i e d  c e l l s ,  

most o f  them trach ea ry  e lem ents . In the buds (F igu re  6d) , prim crdia  for 

the  c a rp e ls  had begun to form. Carpel development progressed by day
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tw enty (F ig u re  6 f ) . A d d it io n a lly ,  the stamens had begun to elongate  and 

the petal primcrdia had begun to develop a t  the adaxial base o f  the 

s e p a l s .

Ihe formation o f  f lo r a l  buds in t h i s  reg en era tio n  system was abnorm­

al in i t s  developmental p a t te rn .  The p a r t s  developed in the following 

sequence: s e p a ls ,  stamens, c a r p e l s ,  and then p e t a l s .  Dien and Tran 

Thanh Van (1974) found the p e ta ls  developed before  the  c a r p e l s ,  b u t

s t i l l  a f te r  the stamens. The normal viiole p lan t  sequence i s :  s e p a ls ,  

p e ta l s ,  stamens, and then c a rp e ls .  One can sp ecu la te  and ask i f  the 

sequence seen in the t i s s u e  c u l tu re  system was the same as t h a t  o f  some 

an ces to r ,  or perhaps somehow p e ta l  development was s p e c i f i c a l ly  r e p re s ­

sed?

The changes observed in c a l l  us-forming t i s su e  were i n i t i a l l y  l ik e  

those in the  bud-forming t i s s u e s .  Tissue in  c u l tu re  two days (Figure

7d) had a n t i c l in a l  c e l l  d iv is io n s  ev iden t in zone th re e ,  d iv id ing  the

c h a r a c t e r i s t i c a l l y  long c e l l s  in to  sh o rte r  u n i t s .  By day four in  c u l­

t u r e ,  the plane o f  c e l l  d iv is io n  had changed to p e r i c l i n a l ,  producing 

f i l e s  o f  c e l l s  (F ig u re  7 f ) . Six-day-old t i s s u e  revealed continued c e l l  

d iv i s io n s  in zone th re e  (F igure  7h) as well as some d i f f e r e n t i a t i o n  o f 

trach ea ry  elements th e re .  There was seme l i g n i f i c a t i o n  a t  the  base o f  

t h i s  l a y e r ,  the su rface  o f  which was in c o n tac t  with the medium. There 

were also anall  a reas  o f  d iv id in g  c e l l s  in zone two, sane o f  which broke 

through the ep iderm is . Some o f  the a reas  o f  d iv id ing  c e l l s  contained 

s ca t te red  tracheary  elem ents. Examination o f  e igh t-day -o ld  t i s s u e

(F igure  8b) revealed t h a t  most c e l l  d iv is io n s  were then occurring  in the 

second c e l l  zone (chlorenchyma). L ig n if ic a t io n  o f  the  bottom su rface  o f  

the th in  layer  had progressed , and c lu s t e r s  o f  t ra c h e a ry  elements were
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found in the th ird  zone. In ten-day-o ld  t i s s u e ,  cha ins  o f  trach ea ry  

elements were found in the upper portion  o f  the th ird  c e l l  zone (Figure 

8d) . By day twelve (F igure  8f)  , i t  appeared th a t  these cha ins  o f  t r a c h ­

eary elements were the  basement la y e r  o f  the  c e l l  d iv is io n  complexes. 

Above the trach eary  element cha ins  were c l u s t e r s  o f  small c e l l s  presumed 

to be d iv id in g .  Above these  were la rg e  vacuolated  " c a l lu s"  c e l l s .  The 

fourteen-day-c ld  t i s su e  (F igure  8h) continued the trend seen on day 

tw elve , except the f i l e s  o f  c e l l s  p resen t in the th ird  zone o f  c e l l s  had 

s ta r te d  to expand and become vacuo la ted . After day fo u r te e n ,  the  growth 

o f  the c a l lu s  t i s su e  was f a i r l y  uniform (F ig u res  9b, 9d , and 9 f ) .  There 

was some increase in the s ize  o f  the chains  o f  t ra c h e a ry  e lem ents.

Protein Content and Peroxidase A c tiv ity  Level

The developing th in  la y e r s  were assayed for charges in th e i r  p ro te in  

conten t and peroxidase a c t i v i t y  l e v e l s  (Figure 10). The e a r ly  d iv e r ­

gence between p ro te in  l e v e l s  demonstrated th a t  th e re  a re  very  e a r ly  

d i f f e re n c e s  between the  organogenetic regimes. The p ro te in  con ten t in 

t is su e  induced to form v e g e ta t iv e  buds rose very  r a p id ly  in  the f i r s t  

four days, while th a t  in the t i s s u e  induced to form f lo r a l  buds in c re a s ­

ed only s l i g h t l y  the f i r s t  two days and then ra p id ly  u n t i l  day s ix  (when 

induction was completed). The p ro te in  le v e l  in  c a l l  us-forming t i s s u e  

f luc tu a ted  within a f a i r l y  small range over the e n t i r e  twenty day period 

examined. The p ro te in  le v e l  in the v e g e ta t iv e  bud-forming t i s s u e  con­

tinued to in c re a se ,  s lowly with f lu c tu a t io n s ,  u n t i l  day tw elve; i t  

decreased s l i g h t ly  u n t i l  day s ix te e n ,  and then exhib ited  another s l ig h t
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Figure  10. Protein  con ten t and peroxidase a c t i v i t y  o f  the so lub le  ex­
t ra c t io n  f ra c t io n  v s .  time. A-C) P ro te in  co n ten t  expressed a s  mg o f  
p ro te in  per mg dry weight. D-F) R e la t iv e  peroxidase a c t i v i t y  expressed 
as  change in absorbance per u n i t  time per mg dry weight. G -I)  R e la tive  
peroxidase a c t i v i t y  expressed as change in absorbance per u n i t  time per 
mg p r o te in .
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in c re a se .  The t is su e  induced to form f lo r a l  buds showed a th ird  t re n d ,  

the p ro te in  con ten t decreased during bud form ation, and then increased 

s l i g h t l y ,  from day s ix te e n  to day twenty during bud development.

The peroxidase a c t i v i t y  per u n i t  dry weight a lso  demonstrated d i f ­

fe ren ces  between the organogenetic regimes. The peroxidase a c t i v i t y  o f  

the t i s s u e  induced to form v e g e ta t iv e  buds increased r a p id ly  u n t i l  day 

e i g h t ,  then i t  increased slowly u n t i l  day e ig h te e n ,  a f t e r  which i t  

dropped. The peroxidase a c t i v i t y  o f  the t i s s u e  induced to form f lo r a l  

buds rose slowly u n t i l  day fo u r te e n ,  then plateaued with a s l i g h t  f lu c ­

tu a t io n  the  remainder o f  the time. The ca llu s-fo rm ing  t i s s u e  had an 

increase  in peroxidase a c t iv i ty  u n t i l  day tw elve , and then a gradual 

decrease in a c t i v i t y .  I f ,  on the o ther hand, the peroxidase a c t i v i t y  

was computed per u i i t  p ro te in ,  the d i f f e re n c e s  between the organogenetic 

regimes were reduced. The a c t i v i t y  o f  the t i s s u e  induced to form vege­

t a t i v e  buds rose slowly u n t i l  day e i g h t ,  then i t  increased slowly, with 

f lu c tu a t io n s ,  u n t i l  day eighteen when i t  began to  decrease . The t i s s u e  

induced to form f lo r a l  buds had a c o n t in u a l ,  although f lu c tu a t in g ,  

increase  in peroxidase a c t i v i t y  the whole twenty day period observed. 

Ihe peroxidase a c t i v i t y  o f  the c a l l  us-forming t is su e  ro s e ,  with f lu c ­

tu a t io n s ,  u n t i l  day tw elve ,  then decreased u n t i l  day twenty.

Iso per ox id a se Occurrence

The isopercx idase  p a t te rn s  (zymograms) are presented in F igures 11 

through 16. Figures 11, 12, and 13 are those from g e ls  using ace ta te  

b u f f e r ,  pH 4.5, while F igures 14, 15, and 16 are  those ft'om g e ls  using 

bo ra te  b u f f e r ,  pH 8 .0 . In analyzing the  data  p resen t in these f ig u re s
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F ig u re  11. I s o p e r o x id a s e  band ing  p a t t e r n s  in  a c e t a t e  g e l s  o f  th e  
so lu b le  e x t ra c t io n  f r a c t io n .  Note the unique presence o f  C2 in  f lo r a l  
bud-forming t i s s u e  and C1 in  ca llu s-fo rm ing  t i s s u e .  C16 developed only 
in v e g e ta t iv e  bud- and c a l l  us-forming t i s s u e s .  C9, A1, and A8 a l l
appeared e a r l i e r  in  ca llus-fo rm ing  t i s s u e  than in  v e g e ta t iv e  or f lo r a l  
bud-forming t i s s u e s .  The band r e p re se n ta t io n s  a re  shown in o rder o f  
decreasing  i n t e n s i t i e s :  ■ • a m m c a t - j
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F ig u re  12. I s o p e ro x id a s e  banding  p a t t e r n s  in  a c e t a t e  g e l s  o f  th e  
io n ic a l ly  bound e x trac t io n  f r a c t io n .  Note the unique presence o f  C17 in 
the v e g e ta t iv e  bud-forming t i s s u e ,  and o f  C2 in  c a l l  us-forming t i s s u e .  
C7, C6, and A7 a l l  were found in f re sh  th in  l a y e r s .  C7 reappeared in 
v e g e ta t iv e  bud-forming t i s s u e ,  although i t  appeared continuously  in  
f lo r a l  bud-forming t i s s u e .  C6 reappeared in  v e g e ta t iv e  bud-forming 
t i s s u e ,  and A7 reappeared in c a l l  us-forming t i s s u e .  C16, C13, C12, and 
C8 a l l  appeared f i r s t  in v e g e ta t iv e  or f l o r a l  bud-forming t i s s u e s .  C1 
and A5 were in te re s t in g  in th e i r  disappearance on v e g e ta t iv e  bud-forming 
t i s s u e .  Both were continuously  p resen t in  c a l l  us-forming t i s s u e ,  and A5 
was a lso  p resen t in f lo r a l  bud-forming t i s s u e .
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Fig u re  13. I s o p e r o x id a s e  band ing  p a t t e r n s  in  a c e t a t e  g e l s  o f  t h e  
c o v a le n t ly  bound e x tra c t io n  f r a c t io n .  Ifote the unique presence o f  C9 
and C1 in the  v e g e ta t iv e  bud-forming t i s s u e ,  and o f  A5 in the f re sh  th in  
la y e r s  and during development only  in c a l lu s  t i s s u e .  A6 was found 
con tinuously  in the  developing c a l l u s  t i s s u e  and in f re sh  th in  l a y e r s ,  
and only very  b r i e f l y  in  f lo r a l  bud-forming t i s s u e .  CM appeared only in  
the f lo r a l  and v e g e ta t iv e  bud-forming t i s s u e s ,  although e a r l i e r  in 
f l o r a l .
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Figure 14. Isoperoxidase banding p a t te rn s  in bo ra te  g e ls  o f  the  so lub le  
ex trac t io n  f ra c t io n .  The band A'7 was unique in i t s  appearing only  in 
f lo r a l  bud-forming t i s s u e .  A'2 and A'5 both ev en tu a l ly  disappeared in 
v e g e ta t iv e  and f lo r a l  bud-forming t i s s u e s .  A'4 appeared only  in f lo r a l  
bud- and c a l l  us-forming t i s s u e s .
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F ig u re  15. I s o p e ro x id a s e  band ing  p a t t e r n s  in  b o r a t e  g e l s  o f  th e  
i o n i c a l l y  bound e x t r a c t i o n  f r a c t i o n .  Band C '1  was un ique  in  i t s  
appearing only in  c a l l  us-forming t i s s u e .  A'5 disappeared in v e g e ta t iv e  
bud-forming t i s s u e  while remaining in f l o r a l  bud- and ca llus-fo rm ing  
t i s s u e s .
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F ig u re  16. I s o p e ro x id a s e  band ing  p a t t e r n s  in  b o r a t e  g e l s  o f  th e  
co v a len tly  bound ex trac t io n  f r a c t io n .  Bands C’U and C '3 appeared l a t e r  
in c a l l  us-forming t i s s u e  than in the o th e r s .  A'3 disappeared fo r  a 
sh o r t  time in  c a l l u s -  and f l o r a l  bud-forming t i s s u e s .  A *6 disappeared 
t o t a l l y  in v e g e ta t iv e  bud-forming t i s s u e ,  and a f t e r  buds were v i s i b l e  in 
f l o r a l  bud-forming t i s s u e .  A'3 a lso  disappeared a f t e r  f l o r a l  buds had 
been formed although i t  was p resen t con tinuously  in  the o th e r  t i s s u e s .
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we might f i r s t  look a t  the  number o f  isoperox idase  bands p resen t a t  any 

given time (F igure  17). The a c e ta te  and borate  g e l s  gave s t r ik in g  d if ­

ferences  in t h i s  a sp e c t .  Far more bands were observed in the  a c e ta te  

g e l s ,  and th e re  was a lso  g re a te r  v a r ia t io n  in th e i r  number than in the 

bora te  g e ls .  In the so lub le  e x tra c t io n  f ra c t io n  o f  the  v e g e ta t iv e  bud- 

forming t is su e  th e re  was an increase  in the number o f  isoperox idase 

bands u n t i l  day tw elve , a s  revealed using a c e ta te  g e l s .  Borate g e l s ,  on 

the o ther  hand, in d ica ted  a gradual decrease in the number o f  bands. 

The soluble  f ra c t io n s  o f  the f l o r a l  bud- and c a l l  us-forming t i s s u e s  had 

s im i l a r ,  although l e s s  s t r i k in g ,  d i f f e re n c e s  between the r e s u l t s  o f  

a c e ta te  and bo ra te  g e ls .  In both t i s s u e s ,  in a c e ta te  g e l s ,  the re  was an 

increase  in the number o f  bands; in  f lo r a l  bud-forming t i s su e  the r i s e  

was over a s ix teen-day-period  while in  ca llu s-fo rm ing  t i s s u e  th e  bulk  o f  

the increase was in the f i r s t  six days. In borate  g e ls  the increase  in 

band number was almost n o n ex is ten t .  The io n ic a l ly  bound f ra c t io n  in a l l  

th re e  organogenetic regimes, a s  revealed in a c e ta te  g e l s ,  had an i n i t ­

i a l  decrease in the number o f  isoperox id a s e s , and then an increase  u n t i l  

day e ig h t  o r  te n .  Only in  the v e g e ta t iv e  buri-forming t i s s u e  was th e re  a 

subsequent decrease in the  number o f  bands. This l a t t e r  decrease was 

a lso  observed in the b e ra te  g e l s .  In the c o v a le n t ly  bound enzyme frac ­

t io n ,  as  seen in a c e ta te  g e l s ,  the  v e g e ta t iv e  and f l o r a l  bud-forming 

t i s s u e s  had an i n i t i a l  decrease in the number o f isoperoxidase  bands, 

followed by a sharp  increase  u n t i l  day s ix .  The ca llu s-fo rm ing  t i s s u e  

had no i n i t i a l  dec rease ,  but here also a sharp in c rease  ex is ted  u n t i l  

day s ix .  I n te r e s t in g ly ,  in b o ra te  g e l s  the p a t te rn  o f  band number fo r  

the c o v a le n t ly  bound f ra c t io n  was somewhat re v e rse d .  Ihe c a l l  us-forming 

t i s s u e  had an i n i t i a l  d e c l in e  and the  bud-forming t i s s u e s  did n o t.
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Figure 1 7 .The number o f  i soperoxidase  bands present vs time.
 Soluble  f r a c t i o n ,  - - -  i o n i c a l l y  bound f r a c t i o n ,
 Covalently bound f r a c t io n .
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On the  days when new isoperox idase  bands appeared (F igure 18), the  

a c e ta te  and borate g e ls  both revealed a s im ila r  p a t te r n .  The m ajo rity  

o f  new bands appeared on days two and s ix .  The da ta  from the  ac e ta te  

g e l s  exposed some in te r e s t in g  d i f fe re n c e s  between the organogenetic 

regimes. The v e g e ta t iv e  bud-forming t i s s u e  had th e  most new bands, 

seven in t o t a l ,  on day two, and a smaller peak o f  s ix  new bands on day 

s ix .  The f lo r a l  bud-forming t i s s u e  had only one major peak, with six 

new bands, on day s i x .  Call us-forming t i s su e  had one very  s u b s ta n t ia l  

peak o f  ten new bands on day two.

Turning from isoperoxidase bands as g e n e r a l i t i e s  to sp e c i f ic  iso­

perox idases , a l i s t i n g  o f  the  bands found (Tables 2 and 3) i l l u s t r a t e s  

th a t  th e re  were d i s t i n c t  d i f fe re n c e s  between the th re e  e x t ra c t io n  f rac ­

t io n s .  2h the a c e ta te  g e l s  (Table 2) the so luble  f ra c t io n  had n ine teen  

bands, four were unique to th a t  f r a c t io n .  There were more bands (twen­

ty )  in the io n ic a l ly  bound f r a c t io n ,  and six o f  them were unique to t h a t  

f r a c t i o n .  There were on ly  e ig h t  bands in the cova len t f ra c t io n  and none 

o f  them were unique to th a t  f r a c t io n .  Of the tw en ty -f iv e  bands in 

t o t a l ,  on ly  seven were fo trd  in a l l  th ree  f r a c t i o n s .  The da ta  from the 

b o ra te  g e ls  were d i f f e r e n t .  The so lub le  f ra c t io n  had th i r t e e n  bands, 

th ree  o f  which were unique. The io n ic a l ly  bound f ra c t io n  had ten bands, 

bu t  only one was unique (a  much lower r a t io  than found in a c e ta te  g e l s ) .  

The c o v a le n t ly  bound f ra c t io n  had f iv e  bands, and as in a c e ta te  g e l s ,  

none o f  them were unique to t h i s  f ra c t io n .  Of the fourteen  bands to ta l  

in borate  g e l s ,  four were found in a l l  th ree  e x t ra c t io n  f r a c t io n s ;  t h i s  

was about the same percentage as  in a c e ta te  g e ls .  I n te r e s t in g ly ,  in 

both a c e ta te  and borate  g e l s ,  a l l  o f  the  bands t h a t  were unique to the
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Figure 18. Days when new i s o p e r o x id a s e  bands appeared.
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soluble  f ra c t io n  were anodic (n e g a t iv e ly  charged) and the  ones unique to 

the io n ic a l ly  bound f ra c t io n  were cathodic  ( p o s i t i v e ly  charged) .

Table 2. Isoperox idase  bands p resen t in a c e ta te  g e ls ,  25 bands t o ta l
• in d ic a te s  t h i s  band inique to i t s  f r a c t io n .

Soluble Io n ic a l ly  Bound Covalently Bound
F rac tio n F raction F raction

(19 Bands) (2 0 Bands) (8 Bands)

C17*
C16 C16
C15 C15

cm *
C13*

C12 C12 C12
C11 C11
C10 C10
C9 C9 C9

C8*
C7 C7

C6*
C5 C5 C5
C4 CM C4

C3*
C2 C2
C1 C1 C1

A1 A1
A2*
A3*
A4*
A5 A5 A5
A6 A6 A6
A7 A7
A8*

M cLellan and Robinson (1 983 ) found s i m i l a r l y  i n t e r e s t i n g  d a t a ;  in

cabbage and Brussels  sp ro u ts  a l l  the io n ic a l ly  bound iso  peroxidases were

cathodic  .
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Table 3. Isoperox idase  bands p resen t in  b o ra te  g e ls ,  14 bands t o t a l  
• In d ic a te s  t h i s  band inique to i t s  f r a c t io n .

Soluble Io n ic a l ly  Bound Covalently Bound
F rac tio n  F rac tion  F rac tion

(13 Bands) (10 Bands) (5 Bands)

C *5*
C’4 C'4 C'4
C '3 C '3  C'3
C'2 C '2
C'1 C'1

A'1 A'1
A'2 A'2
A'3 A '3
A'4*
A '5  A **5
A'6 A'6 A'6
A '7*
A'8 A'8 A’8
A '9*

The time o f  appearance o f  sp e c if ic  iso peroxidases i s  presented in 

Tables 4 and 5. I t  became evident t h a t  most isoperox idase  bands t h a t  

appeared on day two in any e x tr a c t io n  f ra c t io n  tended to appear in the 

o th e r  regimes ( in  the same e x tra c t io n  f ra c t io n )  by day s ix .  Most bands 

th a t  appeared in one e x t ra c t io n  f r a c t io n ,  however, r a r e l y  arose  in the 

o th e r  ex tra c t io n  f r  ac tons . Only one iso  peroxidase, C12, found using 

a c e ta te  g e l s ,  occurred in a l l  th re e  e x t ra c t io n  f r a c t io n s .

An examination o f  the  days when isoperox idase  bands disappeared  

(Tables  6 and 7 ) revealed th a t  a c e ta te  and borate  g e l s  gave d i f f e r e n t  

r e s u l t s .  In the  a c e ta te  g e l s  no bands disappeared during the f i r s t  s ix ­

teen days in the so lu b le  e x t ra c t io n  f r a c t io n ,  while four bands were l e s t  

during t h i s  period using b o ra te  g e l s .  The s i tu a t io n  was reversed  in the 

i o n ic a l ly  and c o v a len tly  bound f r a c t io n s .  Here fa r  mere bands d isa p ­

peared in a c e ta te  g e ls  than in  b o ra te  g e l s .  The one noteworthy fe a tu re



Table 4.  Days when new i s o p e r o x id a s e  bands appeared in a c e t a t e  g e l s .

SOLUBLE FRACTION IONICALLY BOUND FRACTION COVALENTLY BOUND FRACTION

VEGETATIVE
BU D -

FORMING
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

VEGETATIVE 
BUD - 

FORMING 
TISSUE

FLORAL
BU D -

FORMING
TISSUE

C A L L U S- 
FORMING 

TISSUE

VEGETATIVE 
BUD - 

FORMING 
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

2d
C15, C12 

A2

C12

A2

C15, C12, C1 

A 2, A8

C16, C12, C9 C9 C8, C2, C1 C12 C12, C5

4d
A3

C15

A3

C9

A3

C1 C15 C14, C12, C9 C5

A1

6d
C9

A8 A8 A1

C17, C15, C13 C12 C15, C13 C9 C12, C5, C4 

A1 A1

8d
A1

C9

A1

C8 C8 C16

10d
C16, C13

12d
C16

A4

C4

14d
A4

C16

16d
C2

18d

20d



Table 5.  Days when new i s o p e r o x id a s e  bands appeared in borate g e l s .

SOLUBLE FRACTION IONICALLY BOUND FRACTION COVALENTLY BOUND FRACTION

2d

4d

6d

8d

10d

12d

14d

16d

18d

20d

VEGETATIVE
BU D -

FORMING
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

A '3, A'1 A’3, A'1 A '3, A'1

A '4

A '4

A’7

VEGETATIVE 
BUD - 

FORMING 
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

C'1

C '5 C'5

C'5

VEGETATIVE
BU D -

FORMING
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

C'4, C'3 C '4, C’3

C’4 , C'3

r o



Table 6.  Days when i s o p e r o x id a s e  bands disappeared in a c e t a t e  g e l s .

SOLUBLE FRACTION IONICALLY BOUND FRACTION COVALENTLY BOUND FRACTION

2d

4d

6d

8d

10d

12d

14d

16d

18d

20d

VEGETATIVE 
BUD - 

FORMING 
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

A6

VEGETATIVE 
BUD - 

FORMING 
TISSUE

FLORAL 
BUD ■ 

FORMING 
TISSUE

C A L L U S- 
FORMING 

TISSUE

C3

A7

C6, C3 

A7

C7, C6, C3

A5

C17, C1

VEGETATIVE
BU D -

FORMING
TISSUE

FLORAL
BU D -

FORMING
TISSUE

CALLUS - 
FORMING 

TISSUE

A6. A5 A5

A6



Table 7.  Days when i s o p e r o x id a s e  bands disappeared in borate  g e l s .

SOLUBLE FRACTION IONICALLY BOUND FRACTION COVALENTLY BOUND FRACTION

VEGETATIVE FLORAL CALLUS - VEGETATIVE FLORAL CALLUS - VEGETATIVE FLORAL CALLUS -
B U D - BU D - FORMING BU D - BUD - FORMING BUD - BU D - FORMING

FORMING FORMING TISSUE FORMING FORMING TISSUE FORMING FORMING TISSUE
TISSUE TISSUE TISSUE TISSUE TISSUE TISSUE

2d
C'2, C'1 C’2, C'1 C '2, C’1

4d
A ’6

6d
A '2

8d
A '2

10d

12d

14d
A '5

16d
A '5 A '5 A '6 . A '8

18d

20d
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in  both was th a t  the  c a l l  us-forming t i s s u e  never l o s t  any isoperox idase  

bands a f t e r  day two.

There was a s e t  o f  iso  peroxidases t h a t  a t t r a c te d  a t te n t io n  because 

o f  th e i r  occurrence a t  s p e c i f ic  times in s p e c i f ic  organ-forming t i s s u e s  

(see  Tables 8 and 9) e . g . ,  those found in Figure 11 ( a c e ta te  g e l s ,  so l­

uble ex tra c t io n  f r a c t io n ) .  Band C16 was found in  v e g e ta t iv e  bud-forming 

t i s s u e  s ta r t in g  a t  day tw elve and in c a l l  us-forming t i s s u e  s ta r t in g  a t  

day fou rteen . Band C9 appeared e a r l i e r  in  c a l l  us-forming t i s s u e  than in 

the o th e r s ,  and band C7 remained con tinuously  in  c a l l  us-forming t i s s u e  

while i t  d isappeared for the f i r s t  few days in the  bud-forming t i s s u e s .  

Band C2 occurred only in  f lo r a l  bud-forming t i s su e  from day s ix te e n ;  

perhaps i t  was asso c ia ted  with a s p e c i f ic  f lo r a l  organ. Band C1 arose 

o n ly  in  c a l l  us-forming t i s s u e ,  s t a r t in g  a t  day two, corresponding to the 

period o f  c e l l  d iv is io n .  Band A4 appeared in  v e g e ta t iv e  and f l o r a l  bud- 

forming t i s s u e s  a f t e r  the buds had appeared, while they were developing .

Band A6 was th e  only so luble  isoperoxidase  seen in a c e ta te  g e ls  th a t

disappeared a f te r  organ i n i t i a t i o n .  I t s  d isappearance came a f t e r  vege­

t a t i v e  buds had appeared and s ta r te d  to develop. Band AS appeared in  

c a l l  us-forming t is su e  s ta r t in g  a t  day two, but did not appear in the

bud-forming t i s s u e s  u n t i l  day s ix .  In the io n ic a l ly  bound e x tra c t io n  

f r a c t io n  (F igure  12), band C17 appeared in v e g e ta t iv e  bud-forming t is su e  

from days six to tw elve ,  while the  v e g e ta t iv e  bud meristems were form­

in g .  The band C16 ev en tu a lly  appeared in a l l  th re e  t i s s u e  regimes, but 

i t  appeared befo re  organ i n i t i a t i o n  in  v e g e ta t iv e  bud-forming t i s s u e  and 

a f t e r  i n i t i a t i o n  in the o ther  two t i s s u e s .  Band C14 was found only in 

c a l l  us-forming t i s s u e  s t a r t in g  a t  day four. Bands C13 and C12 both

appeared f i r s t  in c a l lu s -  and v e g e ta t iv e  bud-forming t i s s u e s ,  and then a
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few days l a t e r  in f lo r a l  bud-forming t i s s u e .  The band C8 became appar­

en t  on day two in  c a l l  us-forming t i s s u e ,  bu t not u n t i l  a f t e r  organ 

i n i t i a t i o n  was complete (day e ig h t)  in the bud-forming t i s s u e s .  Band 

C7’ s occurrence was in t r ig u in g ;  i t  was found in the fresh  th in  l a y e r s ,  

in  f lo r a l  bud-forming t i s s u e  the e n t i r e  tim e, and in v e g e ta t iv e  bud- 

forming t i s s u e  s ta r t in g  a t  day ten .  The band C6 was a lso  found in the  

fYesh th in  l a y e r s ,  then i t  disappeared and reappeared only in  v e g e ta t iv e  

bud-forming t i s s u e  s ta r t in g  a t  day fo u rteen . Band C2 was seen only in 

c a l l  us-forming t i s s u e ,  s t a r t i n g  from day two, thus  i t  seemed to be 

another band asso c ia ted  with unregulated c e l l  d iv i s io n .  Band C1 may 

also  be re la te d  to c e l l  d iv is io n ;  i t  occurred in c a l l  us-forming t i s su e  

during the e n t i r e  time assayed and in  v e g e ta t iv e  bud-forming t i s s u e  from 

days four through tw elve. Band A5 was found in a l l  th re e  t i s s u e  regimes 

b u t  i t  d isappeared in v e g e ta t iv e  bud-forming t i s s u e  a f t e r  day e ig h t .  

Band A7 was p re sen t  in the f resh  th in  la y e r s  and in c a l l  us-forming 

ex pi ants  from day e ig h t  on, when the  c a l lu s  t i s s u e  was v i s i b l e .  The co­

v a le n t ly  bound f r a c t io n ,  a s  observed in ac e ta te  g e l s  (F igu re  13). a lso  

had seme in te r e s t in g  isoperox idase  bands. Band C9 was found ex c lu s iv e ly  

in v e g e ta t iv e  bud-forming t i s su e  s ta r t in g  viien organ induction  was com­

p le te  (day six) and con tinu ing  during bud development. Band C5 v a r ie d  

in  i t s  time o f  appearance, from day two in c a l l  us-forming t i s s u e  to day 

six in f l o r a l  bud-forming t i s s u e .  Band C4 was p resen t in f l o r a l  bud- 

forming t i s s u e  s ta r t in g  a t  day s i x ,  and in v e g e ta t iv e  bud-forming t i s su e  

s ta r t in g  when the  buds were v i s i b l e ,  day tw elve . Band C1 was p re sen t  

o n ly  in v e g e ta t iv e  bud-forming t i s s u e ,  and then only from the time organ 

induction  was complete. Bands A5 and A6 were both found in the f re sh
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th in  la y e r s  and in c a l l  us-forming t i s s u e ;  A6 was also  found in f lo r a l  

bud-forming t is su e  on day two.

Table 8. Isoperoxidase bands p resen t in a c e ta te  g e l s  t h a t  varied  
among d i f f e r e n t  organogenetic  regimes.

Soluble
Fraction

C16

C9

C7

C2 ( f lo r a l  only) 
C1 ( c a l l u s  only)

A4

A6

A8

8 o f  19 Bands 
~ 42%

Io n ic a l ly  Bound 
Fraction

C17 (v eg e ta t iv e  only) 
C16

C14 (c a l lu s  only)
C13 
C 12

C8
C7
C6 (dO and veg . only)

C2 (c a l lu s  only) 
C1

Covalently Bound 
F rac tion

A5

A7 (dO and c a l lu s  only)

12 o f  20 Bands 
~ 60%

C9 (v eg e ta t iv e  only)

C5
C4

C1 (v e g e ta t iv e  only)

A5 (dO and c a l lu s  only) 
A6 (dO, f l o r a l  d2, and 

c a l l u s  only)

6 o f 8 Bands 
~ 75%

The bora te  g e ls  a lso  revealed some isopercx idase  bands o f  i n t e r e s t .  

3h the so lub le  e x tra c t io n  f ra c t io n  (Figure 14) , band A’2 was observed in 

f re sh  th in  lay e r  t i s s u e ,  in c a l l  us-forming t i s su e  the e n t i r e  tim e, and



78

Table 9 . Isoperox idase bands p resen t in b e ra te  g e ls  t h a t  varied  
among d i f f e r e n t  organogenetic regimes.

Soluble Io n ic a l ly  Bound Covalently Bound
F rac t io n  F rac tion  F raction

C'M 
C'3

A'2

C '1 ( c a l l u s  only)

A'4
A'5 A'5

A'7 ( f lo r a l  only)

A'3

A'6

A'8

4 o f  13 Bands 2 o f 10 Bands 5 o f  5 Bands
~ 30% ~ 20 % ~ 100X

in  both bud-forming t i s s u e s  the f i r s t  severa l days. I t  was not found in  

bud-forming t i s s u e s  a f t e r  organ induction was completed. Band A'4 was 

seen in  c a l l  us-forming t i s s u e  s ta r t in g  on day e ig h t  and in f l o r a l  bud- 

forming t is su e  s ta r t in g  on day s ix .  Band A'5 was found in a l l  th ree  

t i s s u e  regimes as well as  f resh  th in  l a y e r s ,  b u t  i t  d isappeared in 

f lo r a l  and v e g e ta t iv e  bud-forming t i s s u e s  a f t e r  the buds appeared. Band 

A'7  was found only in f l o r a l  bud-forming t i s s u e  s ta r t in g  on day four­

te e n ;  perhaps t h i s  band was id e n t ic a l  to band C2 t h a t  was found in 

a c e ta te  g e l s .  The io n ic a l ly  bound f ra c t io n  (F igure 15) yielded two 

bands o f  i n t e r e s t .  Band C'1 was found only in c a l l  us-forming t i s su e  

s ta r t in g  on day two. Band A'5 was found in a l l  the t i s s u e s  b u t d i s ­

appeared in v e g e ta t iv e  bud-forming t i s su e  a f t e r  day fo u r te e n .  This was 

s im ila r  to  band A5 in a c e ta te  g e l s ,  bu t th e re  the  band disappeared a f t e r  

day e ig h t .  The c o v a le n t ly  bound e x tra c t io n  f ra c t io n  (F igure  16) also
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revealed aome noteworthy bands. TWo bands, C'3 and C'U showed the same 

p a t te rn  o f  occurrence. They appeared on day two in  both bud-forming 

t i s s u e s ,  but no t u n t i l  day s ix  in c a l l  us-forming t i s s u e .  Band A'3 was 

found in the fresh  th in  la y e r  t i s s u e ;  i t  d isappeared in  c a l l u s -  and

f lo r a l  bud-forming t i s s u e s  but then reappeared a t  day s ix .  I t  was 

always evident in the v e g e ta t iv e  bud-forming t i s s u e .  Since a l l  the 

bands in the c o v a len tly  bound f ra c t io n  were f a i n t  i t  i s  p o ss ib le  th a t  

t h i s  isoperox idase might s t i l l  have been p re se n t ,  b u t  in very  low a-

m cunts. Band A'6 was found in the f re sh  th in  l a y e r s ;  i t  continued to

e x i s t  in t i s s u e  induced to form v e g e ta t iv e  buds only a couple o f  days ,

in f lo r a l  bud-forming t i s s u e  u n t i l  a f t e r  the buds had become v i s i b l e  

(day fo u r te e n ) ,  and in c a l l  us-forming t i s s u e  the  e n t i r e  tim e. Band A*8 

was p resen t in a l l  the t i s s u e s  but i t  was l e s t  in f lo r a l  bud-forming 

t i s s u e  a f t e r  day fo u r teen .

I t  i s  both in te r e s t in g  and problematic th a t  th e re  seemed to be 

almost no c o r re la t io n  between bands o f  i n t e r e s t  in a c e ta te  g e l s  and 

bands o f  i n t e r e s t  in bo ra te  g e l s ,  even though samples o f  the exac t same 

e x t ra c ts  were applied to  both. I t  i s  a lso  d i s t r e s s in g  t h a t  the io n ic a l ­

l y  bound f r a c t io n ,  which gave such in te r e s t in g  r e s u l t s  in the a c e ta te  

g e l s ,  gave so l i t t l e  o f  i n t e r e s t  in th e  b o ra te  g e l s .
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In the pioneering study o f  the iso peroxidases o f  the th in  lay e r  

organogenesis system, Than Thanh Van and her co lleagues  (Gaspar, Thorpe, 

and Than Thanh Van, 1977; Thorpe, Than Thanh Van, and Gaspar, 1978) 

found changes in the isoperox idase p a t te rn  th a t  were c h a r a c t e r i s t i c  for 

each o f  the organ-forming regimes. The p a t te rn s  were d is t in g u ish ed  by 

the times th a t  s p e c if ic  iso  peroxidases appeared and when th e i r  a c t i v i t y  

peaked. There were, however, no isoperoxidase bands th a t  were foind in 

only one organ-forming t i s s u e .  While t h i s  was also  the  case in  most 

o ther  s tu d ie s  o f  iso  perox idases ,  th e re  have been several r e p o r ts  th a t  

found isoperox idase s th a t  were s p e c i f ic  to one organ or t i s s u e  phase. 

Arnison and Boll (1976b) in a study o f  bush bean suspension c u l tu re  

found one iso  peroxidase, D2, th a t  was only present when the  c u l tu re  was 

in  the d iv is io n  phase. Wochok and Burleson (1974) found an 

isoperox idase in e igh teen-day-c ld  wild c a r ro t  suspension embryos t h a t  

was n o t p resen t in prcembryos o r  in o lder  embryos. Siegel and Galston 

(1967) found when exanining pea seed lings  t h a t  seme isoperox idase  bands 

were p resen t only  in one organ . Kahlem (1975) discovered a 

s tam en-specific  isoperox idase  in tw enty-six  p lan t  sp e c ie s .  Sawhney, 

Basra, and Kohli (1981) noted the appearance o f  two new iso  peroxidases 

in the  sh o o t  apex o f  Am ar an th u s  v i r  id us L. upon the  i n d u c t io n  o f  

f lo w e r in g .  Koul and Bhargava (1983) r e p o r te d  even more d ra m a t ic  

r e s u l t s .  They found seven isopercx idase  bands t h a t  were p resen t only  

during s p e c i f ic  s tages  o f  flowering in Scandix pec ten-veneris  L.
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In l i g h t  o f  the above r e p o r t s ,  the  lack  o f  sp e c i f ic  iso  peroxidases 

l im ited  to sp e c if ic  organ-forming t i s s u e s  in the th in  la y e r  organogen­

e s is  system seemed a paradox. I t  was the hope, a t  the beginning o f  t h i s  

s tudy, t h a t  by the use o f  a more ex tens ive  e x tra c t io n  procedure, and the 

u t i l i z a t i o n  o f  a more s e n s i t iv e  e le c tro p h o re s is  system th a t  allowed the 

simultaneous separa tion  o f  anodic and cathodic iso p ercx id ases  over a 

wide range o f  pHs, any s t r ik in g  changes in isoperox idase composition, i f  

they  ex is ted  in th i s  organogenesis  system, would become ev id en t.

The e x trac t io n  technique used in t h i s  study gave th re e  d i s t i n c t  

f r a c t io n s :  s o lu b le ,  i o n i c a l l y  bound, and co v a len tly  bound. E lec tro ­

phoresis  was performed using b u f fe r s  o f  two d i f f e r e n t  pHs, 4.5 and 8 .0 . 

Ihe d i f fe re n c e  between the r e s u l t s  o f  the two pHs was qu ite  unexpected, 

bu t in fo rm ative , e s p e c ia l ly  s ince  most s tu d ie s  o f  isoperox idase  have 

been done a t  high pHs, which in t h i s  study gave fa r  fever isoperoxidase 

bands. Not only were there  fewer isoperox idase  bands seen in the  bo ra te  

g e ls  (pH 8 .0) than in the a c e ta te  g e l s  (pH 4.5) (14 bands in  b e ra te  

g e l s ,  25 bands in a c e ta te  g e l s ) ,  b u t t h e i r  p a t te rn  o f  occurrence was 

v a s t ly  d i f f e r e n t  (F igure  17). In a l l  th re e  regimes, as  seen in a c e ta te  

g e l s ,  the number o f  iso  peroxidase rose sharp ly  in the so lub le  and ic n i -  

c a l ly  bound f ra c t io n s  during the f i r s t  six days. In c o n t r a s t ,  in  the 

bo ra te  g e ls  there  was an in c rease  o f  only one isoperoxidase  per ex trac ­

t ion  f ra c t io n  a t  b e s t .  Of a d d i t io n a l  i n t e r e s t ,  the  f ra c t io n  o f  i so p e r -  

cxidase bands t h a t  varied  in th e i r  p a t te rn  o f  occurrence (between th e  

organogenetic regimes) within one e x t r a c t io n  f ra c t io n  was qu ite  d i f f e r ­

en t between the two b u f fe r s .  In the so lub le  e x tra c t io n  f ra c t io n  th e  

a c e ta te  g e ls  revealed e ig h t  bands out o f  n ine teen  th a t  v a r ie d ,  while the 

b o ra te  g e ls  revealed only four o u t  o f  t h i r t e e n .  The co v a len tly  bound
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fra c t io n  had six bands t h a t  varied  o u t  o f  e ig h t  seen in the  ac e ta te  

g e l s ,  while a l l  f iv e  seen in the bora te  gel varied  between the regimes. 

Of most i n t e r e s t  here was the io n ic a l ly  bound f r a c t io n .  In the  ace ta te  

g e l s  twelve o f  the twenty observed varied  while in the b o ra te  a mere 

two, o u t  o f  te n ,  v a r ie d .  This l a s t  s i tu a t io n  was o f  sp ec ia l  concern 

s ince  the io n ic a l ly  bound f ra c t io n  had never been examined before in 

re sp e c t  to  organogenesis . I f  the  bo ra te  b u ffe r  alone had been used the 

p o te n t ia l  s ig n if ic a n c e  o f  t h i s  e x t r a c t io n  f ra c t io n  might no t  have been 

recogni zed .

In searching for a reason vfliy th e r e  were such d i f f e re n c e s  between 

the two b u f fe r s  several p o s s i b i l i t i e s  cane tc  mind. The b e ra te  ion i s  

known to form complexes with g ly ccp ep tid es  (Weitznan, S c o t t ,  and 

Keegstra, 1979) t h a t  a l t e r  the  r e l a t i v e  m igration  r a t e s  during e l e c t r o ­

p h o re s is .  There i s  no reason to b e l ie v e ,  however, t h a t  i t  would des troy  

the ac tua l  peroxidase a c t i v i t y ,  or a l t e r  the  m igration  r a t e s  to such an 

e x te n t  th a t  4056 o f the iso peroxidases would comigrate with o th e r  isoper­

oxidase forms. The isoperox idase bands observed using b o ra te  g e ls  in 

t h i s  study tended to be poorly re so lv e d .  The same was found to be true  

in i s o e l e c t r i c  focusing (Rucker and Radola, 1971; Benvenuto e t  a l . , 

1983; McLellan and Robinson, 1983). In a l l  these cases  the " b a s ic ” 

isoperox id a ses were poorly resolved while th e  " a c id ic "  ones showed good 

r e s o lu t io n .  The only  apparent reason for the lowered number o f  iso p er­

oxidase bands in the b o ra te  g e ls  was Lee 's  f ind ing  (1973) th a t  pH e f ­

f e c t s  s ta in in g .  He found pH 4.5 to  be optimal for peroxidase s ta in in g .  

This suggested th a t  those isoperox id a ses in the  b o ra te  gel t h a t  had a 

narrow range o f  pH to le ra n c e  for a c t i v i t y  simply were not a c t iv e  and 

produced no colored reac t io n  product.
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Since the isoperox idase  bands o f  i n t e r e s t  in bo ra te  g e l s  (pH 8.0) 

were fewer in number than those in the a c e ta te  g e ls  (pH 4 .5 ) ,  and s ince  

they showed p a t te rn s  th a t  were also seen in the  bands found in the ace­

t a t e  g e l s ,  on ly  the da ta  fhcm the a c e ta te  g e ls  w ill be d iscussed in t h i s  

s e c t io n .

Ihe r e s u l t s  o f  t h i s  study have revealed several very in te r e s t in g  

isopercx idase  bands (Table 10). Twelve bands were found in e s s e n t i a l l y  

o n ly  one organ-forming regime (and cnly  one e x tra c t io n  f r a c t io n ) .  An­

o ther  four were found in only two organ-forming regimes. An a d d i t io n a l  

two bands were in te r e s t in g  because they were p resen t in a l l  th ree  re ­

gimes i n i t i a l l y ,  b u t  d isappeared  in the  v e g e ta t iv e  bud-forming t i s s u e .  

Eight more bands were found in a l l  th re e  regimes, but varied  in th e i r  

time o f  appearance. The occurrence o f  many o f  the  above isopercx idase  

bands, e s p e c ia l ly  the inique ones, could be c o r re la te d  with the induc­

t io n  o f  s p e c i f ic  organ-forming regimes or s tages  o f  organogenesis a s  

seen in the h is to lo g ic a l  f in d in g s .  This allowed specu la tion  about pos­

s ib le  c o r r e la t io n s  o f  function  with s p e c i f ic  iso  pe rox idases . While 

these  c o r r e la t io n s  do not prove the func tions  o f  sp e c if ic  isoperox idas­

e s ,  they are s ig n i f i c a n t  and in d ic a te  the possib le  importance o f  iso p e r ­

ox idases  in o rganogenesis .  Many o f  the  f in d in g s  here agreed with find­

ings o f  o th e r  r e se a rc h e r s ,  as w il l  be d iscussed  below.

The e ig h t  bands whose time o f  appearance varied  from one t i s s u e -  

forming regime to another showed no c o n s is te n t  p a t te rn  among themselves, 

and the reasons fo r  th e i r  d i f f e r in g  times o f  appearance were not c l e a r .  

No o ther  re sea rch e rs  with s im ila r  f ind ings  have been able to make c o r ­

r e l a t i o n s  e i t h e r .
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Of the twelve isoperox idase bands th a t  were in ique in t h e i r  appear­

ance in e s s e n t i a l l y  only  one t i s s u e  (and only one e x tra c t io n  f rac t io n )

Table 10. C o rre la tio n s  o f  phys io log ica l and h i s to lo g ic a l  phenomena with 
isoperox idase band occurrence.

C orre la ted  With:

Unregulated c e l l  d iv is io n  
and/or high auxin l e v e l s

Band No. 
"C1 sol

C14 ion

C2 ion

, C1 ion

A7 ion

Occurrence 
Callus d2+

Callus d4+

Callus d2+

Callus d2-+
Veg bd d4+d12

Callus dS-*- 
dO

Wound healing and c e l l  
d iv is io n

Woind healing and 
l i g n i f i c a t i o n

Cessation o f  c e l l  d iv is io n  
and d i f f e r e n t i a t i o n  in zone 
th ree

A5 cov 

A6 cov

A 2 so l

^A3 so l

C12 a l l

C15 so l  + ion

C16 so l

Callus d2+ 
dO

Callus d2->
F lo ra l  bd d2 only 
dO

Callus 
Veg bd 
F lo ra l  b'

Callus 
Veg bd 
F lo ra l  bd

d2+

d4+

Callus d2-4 + 
Veg bd d2+ 
F lo ra l  bd d2-6-.

Callus d2-6 + 
Veg bd d2-6+ 
F lo ra l bd d4-

Callus d14+
Veg bd d12+



85

Correlated With: Band No. Occurrence

Callus dO-*-
The d isappearance o f  th ese  /'A 6 sol Veg bd d0*d16
two bands was c o r re la te d F loral bd dO-*-
with rep re ss io n  o f  nor.-
bud growth during ] Callus dO-*-
v e g e ta t iv e  bud formation VJ 5 ion Veg bd d0*d8

F lora l bd dO-

sol Veg bd d12-
F lo ra l bd d14-

Veg bd d10-
Bud development, organized J C7 ion F lora l bd d2-
a p ic a l  m eristems ' dO

cov Veg bd d12-
F lo ra l bd d6+

fC 9 cov Veg bd d6-
V egetative bud I
formation and development ^

l^CI cov Veg bd d6-

V egetative bud formation C17 ion Veg bd d6+d12

V egetative bud development C6 ion Veg bd d14-
perhaps s p e c i f i c a l l y  the do
chlorenchyna

Development o f  the stamens C2 so l  F lo ra l bd d l6 -

seven were fomd in c a l lu s  forming t i s s u e s  ( so lu b le -C l ,  io n ic  a l l y  bound­

e d ,  C2, C1, and A7, and co v a le n tly  bound-A5 and A6). The occurrence o f  

these  bands could be c o r re la te d  with one or both o f  two f a c t o r s .  The 

auxin l e v e l s  in th e  c a l l u s  c u l tu r e  mediun were f iv e  to ten times higher 

than those in the c u l tu re  media o f  the bud-forming t i s s u e s .  I t  was 

supplied as  i rd o le b u ty r ic  a c id ,  an a r t i f i c i a l  auxin. These iso p e ro x i­

dases  may have been formed in response to the higher auxin l e v e l s  in an 

a ttem pt on the t i s s u e s  p a r t  to r e g u la te  the auxin le v e l s .  Ch th e  o th e r  

hand, these  iso  perox idases  may have been c o r re la te d  with continuous
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unorganized c e l l  d iv i s io n .  This in c rease  in nunber o f  iso  peroxidases 

agreed with the  r e s u l t s  o f  Goff (1975), Vanden Born (1963), and Ramaiah, 

Durzan, and Mia (1971) th a t  showed an increase  in peroxidase a c t i v i t y  

asso c ia ted  with r a p id ly  d iv id in g  c e l l s  or c e l l s  th a t  were going to d i ­

v id e .  There were, a d d i t io n a l ly ,  th re e  o th e r  r e p o r ts  o f  isopercx idase  

bands th a t  were unique to  c a l lu s  t i s s u e .  Rawal and Mehta (1982) found 

haplcid tobacco c a l lu s  had one unique iso p e ro x id a se . Rucker and Radcla 

(1971) observed tvo unique is? peroxidases in non-differentiating tobacco 

c a l l u s .  B a s s ir i  and Carlson (1979) obtained c a l lu s  t i s s u e  from several 

d i f f e r e n t  p lan t p a r t s  o f  tobacco, and found a l l  had th re e  iso p ercx id ase  

bands t h a t  were not p resen t in any o f  the paren t t i s s u e s .

Gordon and A lld ridge  (1967) found th a t  during wound healing  in t o ­

mato one isopercx idase  appeared one to two days a f t e r  wounding in the 

cytoplasm o f  c e l l s  ad jacen t to the wound. After th re e  or four days the 

a c t i v i t y  o f  t h i s  isopercx idase  was lo c a l iz e d  in the c e l l  w a ll ,  r a th e r  

than in the  cytoplasm. Another iso p ercx id ase  appeared th re e  to four 

days a f t e r  wounding, in  the c o r t i c a l  c e l l s  t h a t  had begun to d iv id e .  

The development o f  t h i s  isoperoxidase  took place only  a f t e r  sev e ra l  c e l l  

d iv i s io n s  had occu rred . In the p resen t organogenetic system, in  which 

th e re  was wound healing in a l l  th re e  regim es, two so lub le  bands, A2 and 

A3, appeared a f te r  a few days in c u l tu re  in a l l  th ree  regim es. These 

bands might have been a sso c ia ted  with wound healing  and c e l l  d iv i s io n .  

There ware two a d d it io n a l  bands, C12 and C15, t h a t  might a lso  have been 

im plicated in wound h e a l in g ,  e s p e c ia l ly  l i g n i f i c a t i o n , which was import­

an t both in the sea ling  over o f  the wounded su rface  and l a t e r  in d i f f e r ­

e n t ia t io n  o f  tra ch ea ry  elements. Band C12 was p resen t in a l l  o f  the  

e x t ra c t io n  f r a c t io n s  o f  a l l  th ree  regim es. Band C15 was p re sen t  in the
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so lub le  and io n ic a l ly  bound f r a c t io n s  in a l l  th re e  regim es. F\jkuda and 

Kcmanine’ s (1982) study showing th a t  the  a c t i v i t y  o f  the io n ic a l ly  bound 

peroxidase peaked ju s t  befo re  l i g n i f i c a t i o n , and the a c t i v i t y  o f  the 

co v a len tly  bound peroxidase peaked a t  the time o f  a c t iv e  l ig n in  synthe­

s i s ,  implied th a t  any isoperox idase  involved in l i g n i f i c a t i o n  should a t  

l e a s t  be found in the io n ic a l ly  and c o v a le n t ly  bound f r a c t io n s .  F leur-  

i e t  and D elcire  (1982) found histochem ical evidence th a t  l i g n i f i c a t i o n  

in wounded tomato f r u i t s  was linked  to  a co v a le n tly  bound iso p e rcx id ase .  

There was always a p o s s i b i l i t y ,  in  the c u r re n t  s tudy , t h a t  o th e r  isoper-  

cxidases were involved in  l i g n i f i c a t i o n .  There were no o th e r s ,  however, 

th a t  seemed as l i k e l y  based on th e i r  p a t te rn  o f  occurrence . I assuned 

th a t  iso  peroxidases involved in l i g n i f i c a t i o n  would probably not have 

been presen t in the f re sh  th in  l a y e r s .

Band C16 o f  the so lub le  f ra c t io n  was p resen t in v e g e ta t iv e  bud- 

forming t is su e  s ta r t in g  on day tw e lv e ,  and in c a l l  us-forming t i s s u e  

s ta r t in g  on day fourteen . In both o f  these  t i s s u e s ,  rap id  d iv is io n  and 

d i f f e r e n t i a t i o n  in the th ird  aone had ceased, whereas t ra ch ea ry  element 

d i f f e r e n t io n  in the f l o r a l  bud-forming t i s s u e  continued. The occurrence 

o f t h i s  isopercx idase  appeared to be c o r re la te d  with the c e s sa t io n  o f  

c e l l  d iv is io n  and d i f f e r e n t i a t i o n .

Mader (1975) found th a t  shoot d i f f e r e n t i a t i o n  in tobacco c a l lu s  

consis ted  o f  two processes  th a t  were c o r re la te d  with changes in iso  per­

o x id ase s .  Meristemoid formation was accompanied by a sharp r i s e  in the 

a c t i v i t y  o f  several iso  perox idases. There was also  an in h ib i t io n  o f  

growth in the n o n -d if f e re n t ia t in g  c e l l s  t h a t  was c o r re la te d  with a re­

duction  o f  a c t i v i t y  in the f a s t  m igra ting  anodic iso  peroxidases. Bi th e  

cu rren t  s tudy, th e re  were two isoperoxidase  bands in the v e g e ta t iv e  bud-
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forming t i s su e  th a t  p a ra l le le d  the rep ress io n  th a t  Mader found. Band A6 

in the soluble f rac t io n  was found in a l l  th re e  regimes. I t  d isappeared  

in the v e g e ta t iv e  bud-forming t i s su e  a f te r  day s ix te e n .  Band A5 o f  the 

io n ic a l ly  bound f ra c t io n  had the same e s s e n t i a l  p a t te r n ,  b u t i t  d isa p ­

peared from the v e g e ta t iv e  bud-forming t i s s u e  a f t e r  day e i g h t .  Wochok 

and Burleson (1974) obtained s im ila r  r e s u l t s  with wild c a r r o t  suspension 

c u l t u r e s .  As the embryoids matured into p l a n t l e t s  the nunber o f  iso ­

percxidase s decreased .

Ihere  ware th re e  bands t h a t  were found in both bud-forming regimes. 

Band A4 o f  the so lub le  ex tra c t io n  f ra c t io n  was found a f t e r  the  buds had 

appeared , and might have been involved in some phase o f  bud development. 

The same might be t ru e  o f  C7 o f  the io n ic a l ly  bound f r a c t io n ,  although 

i t  was p resen t in the f lo r a l  bud-forming t i s su e  before  organ i n i t i a t i o n  

was completed. Band C4 o f  the  co v a len tly  bound f ra c t io n  was also found 

e a r l i e r  in the f lo r a l  bud-forming t i s s u e ,  but i t  did not appear u n t i l  

day s ix ,  when induction was completed. In the  v e g e ta t iv e  bud-forming 

t i s s u e ,  i t  ( C4) appeared on day tw elve, when the buds became v i s i b l e .

There are four iso  peroxidases th a t  were c o r re la te d  with various  

s ta g e s  o f  v e g e ta t iv e  bud development and form ation. Band C17 o f the 

io n ic a l ly  bound f ra c t io n  was found only from days six to tw elve , a f t e r  

the t i s s u e  was committed to form v e g e ta t iv e  buds, but only as  long as 

the  meristems were forming. I t  was not found a f t e r  the  buds had devel­

oped . Band C6 of the io n ic a l ly  bound f ra c t io n  was found only in the 

fresh  th in  la y e rs  and in v e g e ta t iv e  bud-forming t i s s u e  s t a r t in g  from day 

fo u r te e n .  Perhaps i t  was in the epiderm is o r  chlcrenchyma o f  the  young 

le a v e s .  Two bands in th e  c o v a len tly  bound f r a c t io n  (C9 and C1) appeared 

a t  day six and remained during v e g e ta t iv e  bud formation and development.
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Rawal and Mehta (1982) observed s im ila r  bands in th e i r  study o f  

shoot regenera tion  from haploid tobacco c a l lu s .  They reported  th a t  the 

shoot buds appeared a f t e r  nine days in in d u c tiv e  co n d i t io n s .  Although 

they reported  no h i s to lo g ic a l  d a ta ,  seme assumptions a s  to  the physio l­

o g ica l  s ta te  could be made based on the h i s to lo g ic a l  data o f  the  c u rren t  

r e p o r t  and o th e r s .  There were seven iso  peroxidases th a t  were unique to 

the shoot-forming t i s s u e .  Three iso peroxidases were p resen t only  a t  day 

th re e ,  when shoot i n i t i a t i o n  was probably occu rring . Two o th e r  bands 

appeared a t  day th re e  and remained p resen t during shoot formation and 

development. A s ix th  isoperox idase  became ev iden t a t  day six when th e  

meristem s should have been forming. The l a s t  o f  the seven was seen 

s ta r t in g  a t  day n in e , when the shoot buds were v i s i b l e .  Mader, Munch, 

and Bopp (1975) in another study using tobacco ( s t a r t in g  with shoot 

t i s s u e ,  going through c a l l u s ,  and then reg en era tin g  sh o o ts ) ,  determined 

th a t  th e re  were th ree  isopercx idase  bands th a t  ty p i f ie d  shoot t i s s u e .  

There are two a d d it io n a l  p e r t in e n t  s tu d ie s .  Chen, lb w i l l , and Loe- 

wenberg (1970) and Braber (1980) found th a t  th e re  were iso peroxidases 

whose appearance was c o r re la te d  with s p e c i f ic  s tages  during l e a f  devel­

opment.

One band was p resen t during a very  s p e c i f ic  s tage o f  f lo r a l  bud 

development. Band C2 o f  the soluble  f ra c t io n  was found only  in f l o r a l  

bud-forming t is su e  s ta r t in g  a t  day s ix t e e n ,  s h o r t ly  a f t e r  the stamens 

had s ta r te d  to  develop. Kahlem (1975) found th a t  th re e - fo u r th s  o f  the 

p la n t  spec ies  he examined had a sp e c if ic  isoperoxidase  th a t  occurred in 

the stamens or "male" f low ers , b u t  not in the  le a v e s .  When he used 

histoimmunology (Kahlem, 1976) he was ab le  to lo c a te  the "stamen spe­

c i f i c "  isoperoxidase o f  M ercuria lis  annua L. in the micrcspore and
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tapetum t i s s u e s  o f  the stamen. The data o f  Koul and Bhargava (1983) was 

s im i la r ,  although more ex ten s iv e .  They observed seven isopercx idase  

bands th a t  were found only  during s p e c i f ic  s tag e s  o f  flowering in Soan- 

dix pec ten -veneris  L. Less dramatic changes were found by two o ther 

groups o f  in v e s t ig a to r s .  Jaiswal and Kunar (1980) discovered two i s o ­

peroxidases in the f lo r a l  primordia o f  Ccccinia ind ica  th a t  were no t 

p resen t in the v e g e ta t iv e  p rim ord ia . Sawhney, Basra, and Kohli (1981) 

fbund th a t  upon induction  o f  flowering two new iso  peroxidases appeared 

in the shoot apex o f Anar an thus  v i r i d i s  L.

Because o f  the use o f  a d i f f e r e n t  e le c t ro p h o re t ic  technique the 

study reported  here was able to add seme fu r th e r  f in d in g s ,  o f  organ 

s p e c i f ic  isoperoxidase bands p re sen t  in the so lub le  f ra c t io n  a t  sp e c i f ic  

times during i n i t i a t i o n  and development, to a p reex is t in g  c l a s s i c a l  

s tudy . By the fu r th e r  e x t ra c t io n  and separa tion  o f  the  io n ic a l ly  and 

cova len tly  bound f ra c t io n s  t h i s  study added t o t a l l y  new evidence th a t  

the iso peroxidases o f  these  f r a c t io n s  may also play a ro le  in organo­

genesis  .

Conclusions

This in v e s t ig a t io n  has shown th a t  th e re  a re  sp e c if ic  iso p e ro x id ases , 

the presence o f  which be c o r re la te d  with s p e c i f ic  periods and events 

during organogenesis . These c o r r e la t io n s  in d ic a te  th a t  iso  peroxidases 

may well be an im portant component in reg u la t in g  necessary  fu n c tio n s  in 

organ i n i t i a t i o n  and development. Many o ther  s tu d ie s  have s tro n g ly  

ind ica ted  th a t  t h i s  may be so , b u t  due to the use o f  d i f f e r e n t  te c h n i­

ques and examination o f  two a d d it io n a l  e x tra c t io n  f ra c t io n s  ( io n i c a l l y
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bound and co v a len tly  bound) , the r e s u l t s  o f  t h i s  study a re  fa r  mere 

extensive  than any published to d a te ,  lb prove the  c o r r e la t io n s  between 

iso peroxidase, func tions  and organogenetic involvement fu r th e r  research  

needs to  be undertaken. A study using h is  to immunology would be very  

he lp fu l  in lo ca t in g  the sp e c i f ic  iso peroxidases to  see i f  they  a re  lo ­

cated in the suspected t i s s u e s .  A d d itio n a lly ,  determining the s u b s t r a te  

s p e c i f i c i t i e s  o f  the iso  perox idases  o f  i n t e r e s t  could possib ly  h e lp  e lu ­

c id a te  th e i r  fu n c tio n s  in the t i s s u e s .  For example, are the i so p e rc x i -  

dases t h a t  a re  found ex c lu s iv e ly  in the c a l l  us-forming t i s su e  acting  as 

a u x in cx id ases , or are they  involved in c e l l  wall r i g i d i f i c a t i o n  in the 

r a p id ly  p r o l i f e r a t in g  c e l l s ?  I t  would also be o f  i n t e r e s t  to  have fur­

ther  s tu d ie s  t h a t  reveal what the f a c to rs  are t h a t  determine where in a 

c e l l ,  p a r t i c u l a r l y  with regard to the c e l l  w a ll ,  the  isoperoxidases  a re  

lo c a te d .  The l i t e r a t u r e  reviewed in t h i s  d i s s e r ta t i o n  suggests  th a t  for  

such processes  as l i g n i f i c a t i o n  and c e l l  wall r i g i d i f i c a t i o n  the isoper­

oxidases must be in the  c e l l  w all .

A d d it io n a lly ,  the r e s u l t s  o f  t h i s  study in d ica ted  th a t  the method 

used to e x t ra c t  and separa te  iso  peroxidases may be fa r  more c r i t i c a l  

than suspected . This study used a procedure th a t  allowed simultaneous 

re so lu t io n  o f  both anodic and ca thcd ic  i s o p e rc x id a s e s , so t h a t  a l l  could 

be seen a t  once. Even with t h i s  ca re  to re so lv e  a l l  i  so per ox idases  

s im ultaneously , the pH o f  the  e le c t ro p h o re s is  b u ffe r  seemed to be c r i t i ­

c a l . The basic buffer permitted d e te c t io n  o f  on ly  tw o - th ird s  as many 

iso  peroxidases as seen in the a c id ic  buffe red  g e l .  This i s  p a r t i c u la r ly  

noteworthy in view o f  the g r e a t  nunber o f  peroxidase s tu d ie s  done using 

b as ic  b u f f e r s .  One su sp ec ts  t h a t  important r e s u l t s  have been undetected 

in these s tu d ie s  because o f  t h i s  f a c to r .  Furthermore, because o f  t h i s
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the r e s u l t s  o f  most s tu d ie s  o f  isoperox idases  a re  probably not t r u ly  

comparable. The e x tra c t io n  procedures a re  g e n e ra l ly  not the same and 

the e le c t ro p h o re t ic  methods vary  as  to  pH, bu ffe r  s tre n g th  and composi­

t io n ,  g e l  medium ( s ta r c h  v s .  polyacrylam ide), and gel co n cen tra tio n . In 

many cases  these  asp ec ts  o f  technique are not even spec if ied  in the 

paper. With a view toward allowing g r e a te r  c o r re la t io n s  to be made 

between r e p o r ts  in the l i t e r a t u r e  i t  i s  suggested th a t  uniform ex trac­

tion  and e le c t ro p h o re t ic  procedures be adopted.



LITERATURE CITED

93

Adams, W.R., J r .  and A.W. G alston. 1974. D i f f e r e n t ia l  e f f e c t s  o f  e thy­
lene  on p i th  peroxidase o f  i n t a c t  tobacco p la n ts  and excised t i s s u e .  
P lan t P hysio l.  53:931-933.

Alvarez, M.R. and D.0. King. 1969. Peroxidase l o c a l i z a t io n  a c t iv i t y  
and isoenzyme p a t te rn s  in the  developing seed ling  o f  Vanda (Orchi- 
daceae) . Aner . J. Bot. 56: 180-186.

Arnison, P.G. and W.G. Boll. 1974. Isoenzymes in  c e l l  c u l tu r e s  o f  bush 
bean (Phaseolus v u lg a r is  cv . Contender): isoenzymatic changes during 
c a l lu s  c u l tu r e  cy c le  and d i f f e r e n c e s  between stock c u l tu r e s .  Can. 
J. Bot. 52:2621-2629.

Arnison, P.G. and W.G. B o ll.  1976a. The e f f e c t  o f  2 , 4-D and k in e t in  on 
the  morphology, growth, and cy tochem istry  o f  peroxidase o f  cotyledon 
c e l l  suspension c u l tu r e s  o f  bush bean ( Phaseolus v u lg a r is  cv. Con­
tender) . Can. J. Bot. 54: 1847-1856.

Arnison, P.G. and W.G. B ell .  1976b. The e f f e c t  o f  2 ,4-D and k in e t in  on 
peroxidase a c t i v i t y  and isoenzyme p a t te rn  in cotyledon c e l l  suspen­
sion c u l tu re s  o f  bush bean (Phaseolus v u lg a r is  cv . Contender) . Can. 
J. Bot. 54:1857-1867.

Avers, C.J. and R.B. Grimm. 1959. Comparative enzyme d i f f e r e n t i a t i o n  
in g ra ss  ro o ts .  I I .  Peroxidase. J. Exp. Bot. 10:341-344.

B a ja j ,  Y .P .S . , M. Bopp, and S. B a ja j .  1973. P a t te rn s  o f  peroxidases 
and d i f f e r e n t i a t i o n  in Sin a p is  a l b a . Fhytomorpholcgy 23:43-52.

BartoSova, H., I .  MaShackova, and Z. Znrhal. 1982. Peroxidase a c t i v i t y  
and isoenzyme p a t te rn s  in vdieat during o n to g en es is .  B io l .  P la n t .  
24:188-194.

B a s s i r i ,  A. and P.S. Carlson. 1979. Isozyme p a t te rn s  in tobacco p lan t  
p a r ts  and t h e i r  derived c a l l i .  Crop Sei. 19:909-914.

Benvenuto, E., G. flncora, L. Spano, and P. C ostan tino . 1983. Morpho­
gen es is  and isoperox idase  c h a r a c te r iz a t io n  in tobacco " h a i ry  roo t"  
re g e n e ra n ts .  Z. P f lanzenphysio l . 110:239-245.

Birecka, H., J . Catalfamo, and P. Urban. 1976. Cell iso  per ox idases  in 
sweet potato p la n ts  in r e l a t io n  to mechanical in ju ry  and e thy lene . 
P lant Physiol. 57:74-79.

B orchert,  R. 1974. Iso peroxidases as markers o f  the  wound-induced 
d i f f e r e n t i a t i o n  p a t te rn  in potato tu b e r .  Develop. B iel. 36:391-399.

Braber, J.M. 1980. Catalase and peroxidase in primary bean leav es  dur­
ing development and senescence. Z. P flanzenphysio l.  97:135-144.



94

Bradford, M.M. 1976. A rap id  and s e n s i t iv e  method for the q u a n t i ta t io n  
o f  microgram q u a n t i t i e s  o f  p ro te in  u t i l i z i n g  the p r in c ip le  o f  pro- 
te in -d y e  b ind ing . Anal. Biochem. 72:248-254.

Broyer, N., B. Chapelle , and T. Gaspar. 1979. L ithiun in h ib i t io n  o f  the 
thignomorphogenetic response in Bryonia d i o i c a . P lant Physio l.  
63:1215-1216.

Catalfamc, J. L . , J.H. Feinberg , G.W. Smith, and H. B irecka. 1978. E ffec t 
g ib b e r e l l i c  acid and e thy lene  on peroxidase in pea in te rc e d e s .  J .  
Exp. Bot. 29:347-358.

Chen, S .-L .,  L.R. 1bvd.ll, and J .R . Ioewenberg. 1970. Isoenzyme pat­
te rn s  in developing Xanthium le a v e s .  F hysio l.  P la n t .  23:434-443.

Chlyah, A. and K^'M". Tran Thanh Van. 1975. D if fe r e n t ia l  r e a c t i v i t y  in 
epidermal c e l l s  o f  Begonia rex excised and grown ijn v i t r o . P hysio l .  
P la n t .  35:16-20.

Chlyah, H. 1974. Formation and propagation o f  c e l l  d iv i s io n - c e n te r s  in 
the epidermal la y e r  o f  in te rnoda l segments o f  Torenia fo u rn ie r i  
grown _in v i t r o . Simultaneous su rface  o b se rv a t io n s  o f  a l l  epidermal 
c e l l s .  Can. J . Bot. 52:867-872.

Cline, G.R. 1976. The a b i l i t y  o f  Pin us peroxidase to  bind io n ic a l ly  to 
c e l l  w alls  and c a ta ly se  l ig n in -ca rb o h y d ra te  complex form ation . M.S. 
Thesis. Ohio S ta te  Univ. 81 p.

Cohen, J. D. and R. S. Band ur s k i .  1978. The bound auxins: p ro te c t io n  o f  
in d c le -3 -a c e t ic  acid from perox idase-ca ta lyzed  o x id a t io n .  Planta 
139:203-208.

Conklin, M.E. and H.H. Smith. 1971. Peroxidase isozymes: a measure o f
molecular v a r ia t io n  in ten herbaceous sp ec ie s  o f  Datura. Aimer. J .
Bot. 58:688-696.

C o t t l e ,  W. and P.E. K olattukudy. 1982. Abscisic acid s tim u la t io n  o f  
s u b e r iz a t io n : induction  o f  enzymes and d ep o s it io n  o f  polymeric com­
ponents and associa ted  waxes in  t i s su e  c u l tu r e s  o f  potato  tu b e r .  
P lant Physio l. 70:775-780.

Cunningham, B.A., G.H. Liang, R.M. Moore, and E.G. Heyne. 1975. Per­
oxidase a c t i v i t y  in  n ea r- iso g en ic  he igh t l i n e s  o f  t r i t i c a l e .  J. 
Hered. 66: 151-154.

De Jong, D.W. 1967. An in v e s t ig a t io n  o f  the r o le  o f  p la n t  peroxidase in
c e l l  wall development by the h istochem ical method. J . Histochem.
Cytochem. 15:335-346.

De Jong, D.W. 1973. E ffec t  o f  tem perature  and day len g th  on peroxidase 
and m alate  (NAD) dehydrogenase isoenzyme composition in tobacco l e a f  
e x t r a c t s .  Amer. J. Bot. 60:846-852.



95

De Jor.g, D.W., A.C. Olson, K.M. Hawker, and E.F. Jansen. 1968. E ffect 
o f  c u l t iv a t io n  tem perature on peroxidase isozymes o f  p la n t  c e l l s  
grown in suspension. P lant Physio l. 43:841 -844.

Dien, N.T. and K.MM". Than Thanh Van. 1974. D if fe re n c ia t io n  in v i t r o  
e t  de novo d ' orgar.es floraux directem ent a p a r t i r  des couches minces 
de c e l lu l e s  de type epidermique de Nicotiana tabacum. Etude au 
niceau c e l l u l a i r e .  Can. J. Bot. 52:2319-2322.

Evans, J . J .  1970. S pec tra l s i m i l a r i t i e s  and k in e t ic  d i f f e re n c e s  o f  two 
tomato p lan t peroxidase isoenzymes. P lan t F hysio l .  45:66-69.

Evans, J . J .  and N.A. A lldridge . 1965. The d i s t r i b u t i o n  o f  peroxidases 
in extreme dwarf and normal tomato (Lyoopersicon esculentum M il l . )  
Phytochemistry 4:499-503.

F ie ld e s ,  M.A., C.L. Deal, and H. Tyson. 1981. P e rs is ten c e  o f  d i f f e r ­
ences between peroxidase isoenzymes o f  f la x  genotrophs in t i s s u e  
c u l tu r e .  Phytochemistry 20:403-406.

F ie ld in g , J .L . and J .L . Hall. 1978. A biochemical and cytochemical 
study o f  peroxidase a c t i v i t y  in ro o ts  o f Pisun s a t iv u n . I .  A com­
parison o f DAB-peroxidase and guaiaco l-perox idase  with p a r t ic u la r  
emphasis on the p ro p e r t ie s  o f  c e l l  wall a c t i v i t y .  J. Exp. Bot. 
29:969-981.

F l e u r i e t ,  A. and A. D elo ire .  1982. Aspects h is tochim iques e t  biochim i- 
ques de l a  c i c a t r i s a t i o n  des f r u i t s  de Tomate b lesse 's . Z. Pflanzen­
p h y s io l .  107:259-268.

F red r ick ,  J .F .  1964. P reface . Ann. New York Acad. S c i .  121, Art. 
2:307-308.

Freudenberg, K. 1959. B iosynthesis  and c o n s t i tu t io n  o f l ig n in .  Nature 
183:1152-1155.

Fry , S.C. 1979. Phenolic components o f  the primary c e l l  wall and th e i r  
p o ss ib le  ro le  in hormonal re g u la t io n  o f  growth. Planta 146:343-351.

Fukuda, H. and A. Komamine. 1982. Lignin sy n th es is  and i t s  r e la te d  
enzymes as  markers o f  tracheary-e lem ent d i f f e r e n t i a t i o n  in s in g le  
c e l l s  i s o l a t e d  from th e  m eso p h y ll  o f  Z in n ia  e l e g a n s . P la n ta  
155:423-430.

Gagnon, C. 1968. Peroxidase in hea lthy  and diseased elm t r e e s  inves­
t ig a te d  by the  benzidine histochem ical technique. Can. J. Bot. 
46: 1491-1494.

Gahagan, H.E., R.E. Holm, and F.B. Abeles. 1968. E ffec t  o f  e thy lene  on 
peroxidase a c t i v i t y .  Physiol. P lan t.  21:1270-1279.

G als ton , A.W., J . Bonner, and R.S. Baker. 1953. F lavoprotein  and per­
oxidase as  components o f  the in d o le a c e tic  acid oxidase system o f  
peas . Arch. Biochem. Biophys. 42:456-4 70.



96

G als ton , A.W., S. Lavee, and B.Z. S ieg e l .  1968. The induction  and re-  
p re ss io r  o f  peroxidase isozymes by 3 - i rd o le a c e t ic  a c id .  p . 455-472. 
]jn: Biochemistry and Physiology o f  P lan t Growth Substances. Wight- 
man, F. and G. S e t te r  f i e l d ,  eds. Runge Press , Ottawa.

G arc ia ,  P .,  M. Perez de l a  Vega, and C. Benito . 1982. The in h e r ita n c e  
o f  rye seed perox idases . Theor. Appl. Genet. 61:341-351.

G ardiner, M.G. and R. Q e la n d .  1974. Peroxidase changes during the
cessa t io n  o f  e longa tion  in Pi sun sativun stems. Phytochemistry 
13:1095-1098.

Gaspar T . , A. A. Khan, and D. FVies. 1973. Hormonal con tro l  of iso p er­
oxidases in l e n t i l  embryonic a x is .  P lant Physio l.  51:146-149.

Gaspar, T . , T.A. Thorpe and K."M". Than Thanh Van. 1977. Changes in 
iso  peroxidases during  d i f f e r e n t i a t i o n  o f  cu ltu re d  tobacco epidermal 
l a y e r s .  Acta H o r t ic u l t .  78:61-73.

Gibson, D.M. and E.H. Liu. 1978. S ubstra te  s p e c i f i c i t i e s  o f  peroxidase 
isozymes in the developing pea seed lin g .  Ann. Bet. 42: 1075-1084.

Gibson, D.M. and E.H. Liu. 1981. In h ib i t io n  o f  c e l l  w a l l-a sso c ia ted  
p e ro x id a s e  isozym es w ith  B r i t i s h  A n t i - L e w is i t e .  J .  Exp. B ot. 
32:419-426.

G lasziou , K .T., K. R. Gayler, and J .C .  Waldron. 1968. E f fe c ts  o f  auxin 
and g ib b e r e l l i c  acid on the  r e g u la t io n  o f  enzyme sy n th e s is  in sugar­
cane stem t i s s u e ,  p .  433-442. In : Biochemistry and Physiology o f  
P lant Growth Substances. Wightman, F. and G. S e t t e r f i e l d ,  eds . 
Runge P re ss ,  Ottawa.

Goff, C.W. 1975. A l i g h t  and e le c tro n  microscopic study o f  peroxidase 
lo c a l iz a t io n  in the onion roo t t i p .  Aner. J . Bot. 62:280-291.

Goldacre, P.L. 1951. Hydrogen peroxide in the enzymic ox idation  o f 
heteroauxin . A u s tra l .  J. Sci. Res. B4:293-302.

Goldberg, R., A.M. Catesson, and Y. Czaninski . 1983. Some p ro p e r t ie s
o f  sy rin g a ld az in e  ox idase ,  a peroxidase s p e c i f i c a l ly  involved in the 
l i g n i f i c a t i o n  p ro cess .  Z. P flanzenphysio l.  110:267-279.

Gordon, A.R. 1968. Histochemical l o c a l i z a t io n  by d i f f e r e n t i a l  i n a c t i ­
va tion  o f  peroxidase isoenzymes and changes in isoenzyme d i s t r i b u ­
t io n  during  development and wound healing in tomato stem. Fh.D. 
T hesis .  Case Western Reserve Itaiv. 186 p .  Univ. M icrofilms. Anr.
Arbor, Mich. (D iss. Abstr. 68-10 ,200).

Gordon, A.R. and N.A. A lld r id g e .  1967. The c e l lu l a r  l o c a l i z a t io n  o f  
two peroxidases which develop in tcmato stem t i s s u e s  in  response to
wounding. J. Cell B io l .  35:48A.

Gupta, V. and G.L. S teb b in s .  1969. Peroxidase a c t i v i t y  in hooded and
awned bar ley  a t  success ive  s tages  o f  development. Biochan. Genet. 
3:15-24.



97

Haard, N.F. and M. M arshall. 1976. Isoperoxidase changes in so lu b le  
and p a r t ic u la te  f r a c t io n s  o f  sweet potato ro o t  r e s u l t in g  from cut 
in ju ry ,  e thy lene  and b lack  r o t  in fe c t io n .  Physiol. P lant P a tho l.  
8: 195-205.

H a l l iw e l l ,  B. 1978. Lignin s y n th e s is :  the  genera tion  o f  hydrogen per­
oxide and superoxide by horserad ish  peroxidase and i t s  s t im u la t io n  
by manganese ( I I )  and phenols. Planta 140:81-88.

Harkin, J.M. and J.R. Cbst. 1973. L ig n if ica t io n  in t r e e s :  in d ic a t io n  o f  
e x c lu s iv e  peroxidase p a r t i c ip a t io n .  Science 180 : 296-298.

Henry, E.W., J.G. Valdcvinos and T.E. Jensen. 1974. Peroxidases in
tobacco absc iss ion  zone t i s s u e .  I I .  Time course s tu d ie s  o f  peroxi­
dase a c t iv i ty  during  e thylene-induced a b sc is s io n .  P lant Physiol.
54: 192-196.

H epler, P .K ., R.M. Rice, and W.A. Terranova. 1972. Cytochemical lo c a l ­
iz a t io n  o f  peroxidase a c t i v i t y  in wound v e s se l  members o f  Coleus. 
Can. J. Bot. 50:977-983.

H errero , F.A. and W.C. H all .  1960. General e f f e c t s  o f  e thylene on en­
zyme systems in the  co tton  l e a f .  Physiol. P lan t.  13:736-750.

H iguchi, T. 1957. Biochemical s tu d ie s  o f  l ig n in  form ation. I I .  Phy­
s io l .  P lan t.  10:621-632.

Hilgenberg, W., G. Baumann , and R. Khab. 1978. Veranderungen von
IT yp to phan-Synthase-, In d o l-3 -ess ig sau re-O x idase-  und Peroxidase- 
A ktiv it 'a t  im V erlauf der Ehtwicklung von Marchantia polymorpha L. 
Z. P f lanzenphysio l . 87: 103-111.

Houston, D.B. and S.K. Hood. 1982. Genetic v a r ia t io n  in peroxidase 
isozymes o f  Liriodendron t u l i p i f e r a  L. J. He red . 73:183-186.

Imaseki, H. 1970. Induction o f  peroxidase a c t i v i t y  by e thy lene in sweet 
p o ta to .  P lant P hysio l .  46: 172-174.

Ja isw al, V.S. and A. Kunar. 1980. Changes in peroxidase and i t s  mul­
t i p l e  forms in r e la t io n  to sex d i f f e r e n t i a t i o n  in Coccinia i n d i c a . 
Biochem. P hysio l.  PYlanzen 175:578-581 .

Jensen, W.A. 1955. The h istochem ical lo c a l iz a t io n  o f  peroxidase in 
r o o t s  and i t s  in d u c t io n  by i n d o l e a c e t i c  a c i d .  P la n t  P h y s io l .  
30:426-432.

Jermyn, M.A. 1952. H orse-radish  perox idase . Nature 169:488-489.

Kahlem, G. 1975. A s p e c i f ic  and genera l biochemical marker o f  stamen 
morphogenesis in h igher p la n ts :  anodic peroxydases. Z. Pflanzen­
p hy s io l .  76:80-85.



98

Kahlem, G. 1976. I so la t io n  and lo c a l i z a t io n  by histoimmunology o f  i s o ­
peroxidases s p e c i f ic  fo r  male flow ers o f  the  d ioecious  spec ies  Mer­
c u r ia l  i s  annua L. Develop. B io l .  50:58-67.

Karege, F . ,  C. Penel, and H. Greppin. 1982. Rapid c o r re la t io n  between
the  leaves  o f  spinach and the photocontrol o f  a peroxidase a c t i v i t y .  
P lant Physiol. 69:437-441.

Karege, F . , C. Penel, and H. Greppin. 1982. F lo ra l  induction in spin­
ach le av es  by l i g h t ,  tem perature and g ib b e r e l l i c  ac id :  use o f  th e  
photocontrol o f  basic  peroxidase a c t i v i t y  as  a biochemical marker. 
Z. Pflanzenphysio l. 107:357-365.

Kawashima, N. and I .  U r i ta n i .  1965. Some p ro p e r t ie s  o f  peroxidase
produced in sweet potato in fec ted  by th e  b lack  ro t  fungus. P lant
Cell P h y sio l .  6:247-265.

Kay, E . , L.M. Shannon, and J .Y . Lew. 1967. Peroxidase isozymes from 
ho rse rad ish  ro o ts .  I I .  C a ta ly t ic  p ro p e r t ie s .  J. B iol. Chem.
242:2470-2473.

Kevers, C., M. Gouraans, W. De Greef, M. P b finger , and T. Gaspar. 1981. 
Habituation in sugarbee t c a l l u s :  auxin c o n te n t ,  auxin p ro te c to r s ,  
peroxidase pa tte rn  and in h i b i t o r s .  Physio l.  P la n t .  51:281-286.

Kbul, P. and R. Bhargava. 1983. Peroxidases in  m icrospore d i f f e r e n ­
t i a t i o n  in Sc and ix pec ten -veneris  L. Z. Pflanzenphysio l. 110:365- 
367.

Kovacs, I . ,  0. F e je r ,  and M. Devay. 1978. Cold-induced changes in the 
peroxidase m u lt ip le  enzyme p a tte rn  in winter wheat c u l t i v a r s  during 
the  hardening p e r io d . Biochem. P h y s io l . P flanzen . 173:327-332.

Lavee, S. and A.W. Galston. 1968. S t ru c tu r a l ,  p h y s io lo g ic a l ,  and b io ­
chemical g ra d ie n ts  in tobacco p ith  t i s s u e .  P lant F hysio l.
43:1760-1768.

Lee, T.T. 1971a. Cyto kin in-con t r o l l e d  in d o leace tic  acid oxidase iso ­
enzymes in tobacco c a l l u s  c u l tu r e s .  Plant Physiol. 47:181-185.

Lee, T.T. 1971b. Increase o f  in d o le a c e t ic  acid oxidase isoenzymes by
g ib b e r e l l i c  acid in tobacco c a l lu s  c u l tu r e s .  Can. J . Bot.
49:687-693.

Lee, T.T. 1972. Changes in in d o leace tic  acid oxidase isoenzymes in
tobacco tissues  a f te r  treatment with 2,4-dichlorophenoxyacetic acid. 
P lan t P h y sio l .  49:957-960.

Lee, T.T. 1973. On e x t ra c t io n  and q u a n t i ta t io n  o f  p la n t  peroxidase
isoenzymes. Physiol. P lan t .  2 9:198-20 3.

Lin, C.H., R.H. Falk , and C.R. Stocking. 1977. Rapid chemical dehydra­
t io n  o f  p la n t  m a te r ia l  for  l i g h t  and e lec tro n  microscopy with 2 ,2 -  
dimethoxypropane and 2 , 2-diethoxypropane . Amer. J. Bot. 64:602-605.



99

Mader, M. 1975. Anderung der Peroxidase Isoenzymrauster in K alluskul-
turen  in Abhangigkeit von der  D ifferenzierung . Planta Med. Suppl. 
1, 268: 153-162.

Mader, M. 1976. Die L oka lisa tion  der Peroxidase-Isoenzymgruppe G. in
der Zell wand von Tabak-Geweben. P lanta  131:11-15.

Mader, M., Y. Meyer, and M. Bopp. 1975. L oka lisa tion  der Peroxidase- 
Isoenzyme in P ro top las ten  und Zellwanden von Nicotiana tabacun L. 
P lanta  122:259-268.

Mader, M., P. Munch, and M. Bopp. 1975. Regulation tnd Bedeutung der 
Peroxidase-Musteranderungen in sp ro ssd if fe ren z ie ren d en  K alluskul- 
tu re n  von Nicotiana tabacuni L. P lanta  123:257-265.

Mader, M., A. N esse l , and M. Bopp. 1977. Uber d ie  physiologische Be­
deutung der Peroxidase-Isoenzymgruppen des Tabaks anhand e in ig e r  
bio chemise her Eigenschaften . I I .  pH-Optima, Michael is-Konstan ten , 
Maximale Ox id a t  ion sr  a t e n . Z. P flanzenphysio l.  82:247-260.

Mader, M., J. Uhgemach, and P. S ch loss . 1980. The r o le  o f  peroxidase 
isoenzyme groups o f  Nicotiana tab ac un in hydrogen peroxide forma­
t io n .  Planta 147:467-470.

Mapson , L.W. and D.A. Wardale. 1972. Role o f  in d o ly l -3 - a c e t ic  acid in 
the formation o f  e thy lene from 4-methylm ercapto-2-oxobutyric acid by 
perox idase .  Fhytochemistry 11:1371-1387.

Mar kl und, S ., P. I .  Ohlsson, A. Opara, and K.G. Paul. 1974. Ihe sub­
s t r a t e  p r o f i l e s  o f  the ac id ic  and s l i g h t l y  bas ic  ho rserad ish  per­
ox idases. Biochim. Biophys. Acta 350:304-313.

Mathan , D.S. and R.D. Cole. 1964. Comparative biochemical study o f  two 
a l l e l i c  forms o f  a gene a f fe c t in g  le a f -sh a p e  in the tomato. Amer. 
J. Bot. 51 :560-566.

McCJown, B.H., D.D. McGown, G.E. Beck, and T.C. H a ll .  1970. Isoenzyme 
complements o f  Pi an thus c a l lu s  c u l tu r e s :  in f lu en c e  o f  l i g h t  and 
tem perature . Amer. J .  Bot. 57:148-152.

McCune, D.C. 1961. M ultip le  peroxidases in c o rn .  Ann. New York Acad. 
Sci. 94:723-730.

McCune, D.C. and A.W. G alston . 1959. Inverse e f f e c t s  o f  g ib b e re l l in  on 
peroxidase a c t i v i t y  and growth in  dwarf s t r a i n s  o f  peas and co rn . 
P lan t P hysio l .  34:416-418.

McLellan, K.M. and D.S. Robinson. 1983. Cabbage and B russels  sprouts
peroxidase isoenzymes separated  by i s o e l e c t r i c  focussing . Phyto­
chem istry  22:645-647.

Morgan, P.W. and J .L .  Fowler. 1972. E thylene: m odifica tion  o f  peroxi­
dase a c t i v i t y  and isozyme complement in  c o tto n .  P lant Cell Physiol. 
13:727-736.



100

Murashige, T. and F. Skoog. 1962. A rev ised  medium for rap id  growth and 
b ioassays  with tobacco t i s s u e  c u l t u r e s .  P hysio l.  P la n t .  15:473-497.

Nash, D.T. and M.E. Davies. 1975. Isoenzyme changes during the  growth 
cyc le  o f  P a u l 's  S c a r le t  rose c e l l  suspensions. Phytochemistry 
14:2113-2118.

Osborne, D. J . , I .  Ridge, and J .A . Sargen t.  1972. Ethylene and the 
growth o f  p la n t  c e l l s :  ro le  o f  peroxidase and h yd roxyprol in e - r ic h  
p ro te in s ,  p .  534-542. 3r>: P lant Growth Substances 1970. C arr ,  D. J . , 
ed. Springer-V erlag , New York.

P enel,  C. and H. Greppin. 1979. E ffec t  o f  fa r  red and red l i g h t  on a 
p e l le ta b le  peroxidase a c t i v i t y  in  e x t r a c t s  from spinach le a v e s .  
P h y sio l .  P la n t .  46 : 208-210.

FOstek, M.T. and S.C. Ib ck e r .  1976. .A new s h o r t  chemical dehydration 
method for l i g h t  microscopy p rep a ra t io n s  o f  p la n t  m a te r ia l .  Can. J .  
Bot. 54:872-875.

Q u o ir in , M., P. Boxus, and T. Gaspar. 1974. Root i n i t i a t i o n  and iso­
peroxidases o f  stem t i p  c u t t in g s  from mature Prinus p la n ts .  Phy­
s i o l .  Veg. 12: 165-174.

Ramaiah, P .K ., D. J. Durzan, and A.J. Mia. 1971. Amino a c id s ,  so lu b le  
p ro te in s ,  and isoenzyme p a t te rn s  o f  peroxidase during th e  germina­
t io n  o f  ja c k  p in e .  Can. J. Bot. 49:2151-2161.

Rawal, S.K. and A. R. Mehta. 1982. Changes in enzyme a c t i v i t y  and i s o ­
perox idases  in haploid tobacco c a l lu s  during organogenesis .  P lant
Sci. L e tt .  24:67-77.

Renaldo, A.F., D.T. B ailey , and G.M. Nagel. 1981. M ultip le  forms o f  
peroxidase from Narcissus p seu d o n a rc is su s . Phytochemistry
20:591-595.

R id d le ,  V.M. and M. M azelis . 1964. A r o le  for peroxidase in b iosyn the­
s i s  o f  auxin. Nature 202:391-392.

Ridge, I .  and D. J. Osborne. 1970a. Regulation o f  peroxidase a c t i v i t y
by e thy lene in Pi sum sativum : requirem ents  fo r  p ro te in  and RNA syn­
t h e s i s .  J. Exp. Bot. 21:720-734.

Ridge, I .  and D. J. Osborne. 1970b. Hydroxyproline and peroxidases in 
c e l l  w alls  o f  Pi sum sativum : re g u la t io n  by e th y le n e .  J. Exp. Bot. 
21:843-856.

Rosenblun, I.M. 1981. An approach toward understanding some o f  the  mor­
phogenetic bases  o f  phylogeny o f  S trep toca rpus  (Gesneriaceae) . 
Ph.D. T hesis .  City U n ivers ity  o f  New York. 103 p .

Rucker, W. and B .J. Radola. 1971. I s o e le c t r i c  p a t te rn s  o f  peroxidase
isoenzymes from tobacco t i s s u e  c u l tu r e s .  P lanta  99: 192-198.



101

Sawhney, S .,  A.S. Basra , and R.K. K bhli. 1981. Ehzyme a c t i v i t y  and 
e le c tro p h o re t ic  p a t te rn  o f  isoenzymes o f  perox idase , e s te ra s e  and 
a lk a l in e  and acid phosphatase in r e la t io n  to flowering in  Amaranthus 
v i r i d i s  L. -  a q u a n t i t a t iv e  SD p l a n t .  B io l .  P la n t .  23 : 335-341.

Scandalios, J.G. 1964. T is su e -sp e c if ic  isozyme v a r ia t io n s  in  maize. 
J. Hered. 55:281-285.

S candalios , J.G. and J .C .  Sorenson. 1976. Isozymes in p lan t  t i s s u e  
c u l t u r e ,  p . 719-730. In: Applied and Fundamental Aspects o f  P lant 
C e l l ,  Tissue and Organ C u ltu re .  R e in e r t ,  J. and Y. P. S. B a ja j ,  ed s .  
Springer-V erlag, New York.

Shannon, L.M., E. Kay, and J .Y . Lew. 1966. Peroxidase isozymes from 
horserad ish  ro o ts .  I .  I so la t io n  and physica l p ro p e r t ie s .  J .  B io l .  
Chem. 241:2166-2172.

Sheridan , W.F. 1975. P lan t reg en era tio n  and chromosome s t a b i l i t y  in 
t i s s u e  c u l tu r e s ,  p . 263-295. In: Genetic Manipulations with P lant 
M a te r ia l .  Ledoux , L . , ed . Plenun P r e s s ,  New York.

Shinshi, H. and M. Noguchi. 1975. P ro p e r t ie s  o f  peroxidases frcm t o ­
bacco c e l l  suspension c u l tu r e .  Phytochemistry 14:2141-2144.

S iegel,  B.Z. and A.W. Galston. 1967. The iso  peroxidases o f  Pisun s a t i -  
vun. P lant P hy sio l .  42:221-226.

S ie g e l ,  S.M. 1953. On the b io sy n th e s is  o f  l i g n i n s .  P hysio l .  P la n t .  
6:134-139.

Smith, H.H., D.E. Ham ill, E.A. Weaver, and K.H. Thompson. 1970. Mul­
t i p l e  molecular forms o f  peroxidases and e s te ra s e s  among N icotiana 
sp ec ie s  and amphiploids. J. Hered. 61:203-212.

Stephan, D. and R.B. van Huystee. 1981. Some a sp e c ts  o f  peroxidase 
sy n th e s is  by c u l tu re d  peanut c e l l s .  Z. P flanzenphysio l.  
101:313-321.

Thomas, D. L. and N.J. Neucere. 1974. A comparative in v e s t ig a t io n  o f
peroxidases frcm germ inating peanuts ( Araohis hypogaea) : e l e c t r o ­
p h o re s is .  Amer. J. Bot. 65:457-463.

Thorpe, T.A. and T. Gaspar. 1978. Changes in iso p ero x id ases  during 
shoot formation in tobacco c a l l u s .  In V itro  14:522-526.

Thorpe, T. A., K."M". Tran Thanh Van, and T. Gaspar. 1978. I so p e r-  
ox idases  in epidermal l a y e r s  o f  tobacco and changes during organ 
formation in v i t r o , f t iy s io l . P la n t .  44:388-394.

Tran Thanh Van, K."M". 1973a. Direct flower neoformation frcm super­
f i c i a l  t i s s u e  o f  small ex p lan ts  o f  Nicotiana tabacun L. P lanta  
115:87-92.



102

Tran Thanh Van, K."M". 1973b. Jn v i t r o  con tro l  o f  cie novo flow er, bud, 
r o o t ,  and c a l lu s  d i f f e r e n t i a t i o n  from excised epidermal t i s s u e s .  
Nature 246:MU-45.

Tran Thanh Van, K/'M". 1977. Regulation o f  morphogenesis* p 367-385. 
In: Plant Tissue ar.d I t s  B io-techno log ica l A pp lica tions .  Barz, W., 
E. Reinhard, and M.H. Zenk, ed s .  S pringer-V erlag , New York.

Tran Thanh Van, K."M". ,  and A. D rira . 1970. D efin itio n  o f  a simple 
experimental system o f  d i re c te d  organogenesis dja nuevo: organ neo- 
formation frcm epidermal t i s s u e  of N autilocalyx ly n c h e i . Colloq. 
Tht. Cent. N atl .  Rech. S c i .  193: 169-176.

Tran Thanh Van, K."M"., H. Chlyah, and A. Chlyah. 1974. Regulation o f 
organogenesis  in th in  la y e r s  o f  epidermal and sub-epidermal c e l l s ,  
p . 101-139. In: Tissue Culture and Plant Science 1974. S t r e e t ,  
H .E ., e d . Academic P re ss ,  New York.

Tran Thanh Van, K."M". and N.T. Dien. 1975. Etude au niveau c e l l u l a i r e  
de l a  d i f f e r e n t i a t i o n  in v i t r o  e t  de novo de bourgeons v e g e t a t i f s ,  
de r a c in e s ,  ou de cal a p a r t i r  de couches minces de c e l l u l e s  de type 
epidermique de Nicotiana tabacun Wise. 38. Can. J. Bot. 53:553-559.

Upadhya, M.D. and J. Yee. 1968. Isoenzyme polymorphism in flowering 
p l a n t s .  VII. Isoenzyme v a r ia t io n s  in  t i s s u e s  o f  b a r le y  se e d l in g .  
Phytochemistry 7:937-943.

Vance, C.P, and R.T. Sherwood. 1976. Regulation o f  l ig n in  formation in 
Reed Canarygrass in r e la t io n  to  d ise a se  r e s i s ta n c e .  P lant P hysio l.  
57:915-919.

van den Berg, B.M. and H.J.W. Wijsnan. 1981. Genetics o f  the peroxi­
dase isoenzymes in P e tu n ia . P a r t  1. Organ s p e c i f i c i t y  and general 
g en e tic  a sp e c ts  o f  the peroxidase isoenzymes. Theor. Appl. Genet. 
6 0 : 71- 7 6 .

van den Berg, B.M., H. JW.  Wijsman, and F. B ianchi. 1983. Genetics o f  
the peroxidase isoenzymes in P e tu n ia . 6. D i f fe r e n t ia l  temporal
expression  o f  prxB a l l e l e s .  Theor. Appl. Genet. 66: 173-178.

Varden Bom, W.H. 1963. Histochemical s tu d ie s  o f  enzyme d i s t r i b u t io n  
in shoot t i p s  o f  white spruce (Picea glauca [Moer.ch] Voss). Can. J .  
Bot. 41: 1509-1527.

Van F le e t ,  D.S. 1947. The d i s t r i b u t io n  o f  peroxidase in d i f f e r e n t i a t ­
ing t i s s u e s  o f  vascu la r  p la n ts .  Biodynanica 6:125-140.

Van F le e t ,  D.S. 1959. Analysis o f  the histochem ical lo c a l iz a t io n  o f  
peroxidase r e la te d  to the  d i f f e r e n t i a t i o n  o f  p la n t  t i s s u e s .  Can. J .  
B ot. 37:449-458.

van Kammen, A. 1967. C h a ra c te r i s t ic s  o f  Jj: v i t r o  amino acid incorpora­
t io n  by the ribosomal f ra c t io n  from tobacco le a v e s .  Arch. Biochem. 
Biophys. 118:517-524.



103

Van Lear, D.H. and W.H. Smith. 1968. Soluble p ro te in  and enzyme p a t ­
t e r n s  in shoots o f  s la sh  pine vrder d i f f e r e n t  n u t r i t i o n a l  regimes. 
Phytochemistry 9:1929-1932.

van loon , L.C. 1977. Induction by 2-chloroethylphosphonic acid o f  
v i r a l - l i k e  l e s io n s ,  a sso c ia ted  p ro te in s ,  and systemic r e s i s ta n c e  in 
tobacco. Virology 80:417-420.

Verma, D. P. S. and R.B. van Huystee. 1970. C e llu la r  d i f f e r e n t i a t i o n  and
peroxidase isozymes in c e l l  c u l tu re  o f  peanut co ty ledons. Can. J .  
Bot. 48:429-431.

Warner, R.M. and M.D. Upadhya. 1968. E ffec t  o f  photoperiod on isoen- 
zymic composition o f  C itrus and P on e iru s . P hysio l.  P la n t .
21:941-948.

Weitzman, S .,  V. S c o t t ,  and K. K eegstra. 1979. Analysis o f  glycopep- 
t id e s  a s  bo ra te  complexes by polyacrylamide gel e le c t ro p h o re s is .  
Anal. Biochem. 97:438-449.

Whitmore, F.W. 1976. Binding o f  f e ru l ic  acid to c e l l  w alls  by peroxi­
dases o f  Pinus e l l j o j t t i i , .  Phytochemistry 15:375-378.

Wochok, Z.S. and B. Burleson. 1974. Isoperoxidase a c t i v i t y  and induc­
t io n  in cu ltu red  t i s s u e s  o f  wild c a r r o t :  a comparison o f  proembryos 
and embryos. P h y s io l . -P la n t .  31:73-75.

WOod, H.N. and A.K. B a l l s .  1955. Enzymatic ox ida tion  o f  alpha-chymo- 
t ry p s in .  J. B iol. Chem. 213:297-30 4.

/

Yang, S.F. 1967. B iosynthesis  o f  e th y le n e :  e thy lene formation from 
m ethional by ho rserad ish  peroxidase. Arch. Biochem. Biophys. 
122:481-487.

Yang, S.F. 1968. B iosynthesis  o f  e th y le n e ,  p .  1217-1228. In :  Biochem­
i s t r y  and Physiology o f  P lant Growth Substances. Wightman, F . and 
G. S e t t e r f i e l d ,  e d s .  Runge P re ss ,  Ottawa.


