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Abstraet. Peroxidaso activity and isoenzymo pattern wore investigated in buds and tubers 
of Jerusalem artichokes in relation to induction and breaking of dormancy. Peroxidase activity 
per unit soluble protein is the highest in the dormant stage. Conditions loading to growth, i.e. 
release of dormancy by the cold, stimulation of axial growth by gibberollic acid or stimulation 
of radial growth (tuborization) by kinetin, cause rapid loss of total poroxidaso activity together 
with a decrease of intensity of the most cathodic isoporoxidases. Induction of dormancy by 
AMO-1618 increases peroxidaso activity mainly through the same cathodic isoenzymes. The 
role of the cathodic isoperoxidases is discussed in relation to auxin catabolism and the genesis 
of oxygenation products inhibitory to plant growth. 

Many  descr ip t ive  d a t a  are  avai lable  concerning changes in perox idase  
ac t iv i ty  and  modif icat ions  in the  isoperoxidase  spec t rum in re la t ion  to  a large 
n u m b e r  of  physiological  processes (GALsTON and  I)AVI~S 1969). A l though  
the  impl ica t ion  of  pe rox idase  in b iochemical  reac t ions  such as synthes is  
(RIDDLE and  MAZELIS 1964) and  deg rada t ion  (GAsPAR 1971) of  auxin ,  
h y d r o x y l a t i o n  of  prol in  (YIP 1964), ox ida t ion  of  po lyphenols  (REID 1959) 
and  fo r ma t ion  of  lignin (SIEGEL 1955), e thy lene  synthes is  (MAPsoN and  
WARDALE 1971), etc. has  been  described,  the  role and  the  par t i c ipa t ion  of  
each of  the  different  i soperoxidases  in one or more  of  these  reac t ions  remains  
to  be demons t r a t ed .  An  unde r s t and ing  of  the  possible significance of  such 
qua n t i t a t i ve  and  qua l i t a t ive  changes in peroxidase  dur ing  g rowth  and  
deve lopm e n t  requires  a compa red  de ta i led  inves t iga t ion  of  e n z y m e  on togeny  
(BIRECKA and  GALSTO:N 1970) in different  p lan t  organs in v a ry in g  condit ions.  

J e rusa l em ar t i choke  (He l ian thus  tuberosus L.)  is an excel lent  mater ia l  for  
s tudy ing  morphogenes is  since axial  and  radia l  g rowth  can be control led b o th  
in na tu r a l  (field condi t ions)  and  artificial (in vitro on syn the t i c  med ium 
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eventually supplied with growth regulators) conditions (CouRD~ROVX 1967). 
This material under the form of parenchymatous slices served quite often 
previously for many biochemical purposes and particularly for a study of 
peroxidase synthesis in response to wounding (BASTIN 1968). For the first 
time it is used here as a whole (buds plus parenchyme) for a peroxidase 
investigation in relation to tuberization and dormancy. 

Material and Methods 

1Katerial samples were taken up from two origins. First, buds from field dormant  (harvested in 
November  and stored at  25 ~ and non-dormant  (harvested in February and kept at  4 ~ 
tubers of Helianthus tuberosus L. (cv. D 19, Vilmorin Paris) were used. For the purpose of some 
experiments non-dormant tubers were transferred from cold to room temperature at  different 
t i m e s  before analysis. Second, buds or small tubers (buds plus paronchyme) from in vitro cultures 
were analysed. Naturally dormant  tubers were obtained in vitro from buds of field dormant  
tubers cultivated on a knop medium (COURDUROUX 1967) at 25 ~ in the dark. Artificially dor- 
m a n t  tubers were obtained in  vitro from non-dormant  buds by a long drawn culture on an inhibit. 
ing medium (COURDUROUX 1968, COURDUROUX et al. 1972). For this purpose, either the sucrose 
concentrat ion was increased from 0.I lV[ to 0.5 M (dormancy induced by osmotic inhibition) 
e i ther  A1~I0-1618 (1.3 • 10-5M, plus sucrose 0.3 M) or ABA (3.6 • 10-sM, plus sucrose 0.3 M), 
in presence or not of kinetin (2.3 x 10-sM) was added to the standard medium. Kinetin in t h e s e  
conditions was found to increase the tuberization process by favorizing radial growth (CouR- 
Du~oux 1967). 

Axial growth without breaking dormancy was stimulated (CouttI)UROUX et al. 1972) by trans. 
fering naturally or artificially dormant  tubers on a medium supplemented with GA3 (1.6 • 10-sM). 
Release of dormancy was provoked by cold t reatment  at  4 ~ for varying periods. 

Generally 3--6  buds (from field tubers) or tubers (from the in vitro cultures) corresponding. 
to  0.3 to 1.0 g fresh weight were used per sample. The plant material was homogenized (1 g for 
1 ml) in a 0.1 l~I phosphate buffer, pH 6.2 and the suspension centrifuged at  10 000 g for 20 min 
The supernatant  was analysed for soluble protein by the method of LowttY et al. (1951), 
using bovine serum albumin as a standard. Gaiacolpcroxidase activity (incubation mixtures: 
8 ml phosphate buffer pH 6.2 -b 1 ml H202 0.2 vol. ~ 1 ml gaiacol 1% ~- 0.1 ml enzyme) w a s  
determined spectrophotometrically by measuring the increase of absorbance at 420 nm and 
quant i ta ted  using horseradish peroxidase (Fluka) as a reference. 

Peroxidase isoenzymes patterns were determined using vertmal starch gel electrophoresm 
(detailed technique in DARIMONT and GASPAg 1972). The gel was developed with gaiacol and 
~-dianisldine. 

Results 

A prior comparative investigation of total peroxidase activity and iso- 
peroxidase spectrum was made on buds from field dormant (stored at 25 ~ 
and non-dormant (stored either at 4 ~ or at 25 ~ tubers (Fig. 1). I t  showed 
~ignificant differences between the three samples. Buds from dormant tubers 
were characterized by the highest peroxidase activity and a general (except 
for C1 and A 5) higher intensity of the isoenzymes; they furthermore contain 
two isoperoxidases (C2 and A4) which were not found in any other situation. 
Buds from non-dormant tubers kept at 4 ~ had a lower total peroxidase 
activity corresponding to a decrease in intensity of a lot of isoenzymes 
(C4, C5, A1, A2, A3, A6) while three others (C1, C3, A5) became more appearant. 
Storage of non-dormant tubers at 25 ~ in conditions which allowed sto- 
lonisation (rapid growing process) had, as a main consequence, the dis- 
appearance of the two most cathodic isoperoxidases which was traduced by 
a considerably decreasing total enzyme activity. 

I n  vitro natural dormant tubers or AM0 induced dormant tubers exhibited 
a zymogram quite similar to this of buds from field dormant tubers, if we 
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except the absence of the isoperoxidases C2 and A 4 linked with the "field" 
dormancy (Fig. 2). The same held true for in vitro tubers whose dormancy 
was induced either by  ABA or osmotic inhibition. When such in vitro dormant  
tubers were t reated by  GA3 for an increasing period of time -- condition 
which led to axial stem growth -- peroxidase changes took place (Fig. 2) 

Fig. 1. Isoperoxidase zymograms (above) and  total  peroxidaso ac',ivity (below) of buds from~ 
field dormant  (D) and  nondorman t  (ND) tubers  stored a t  25 or 4 ~ (5 months  for the D, 2 months  
for the ND). 
Fig. 2. Isoperoxidase zymograms (above) and  total  peroxidase act ivi ty (below) of whole in vitro 
dormant  (dormancy induced by  ,4~MO-1618) tubers  t reated for varying periods by  GAs 
(1.6 x 10 aM) m presence of saceharose 0.1 M. 

which remembered the differences between field dormant  and non-dormant  
buds: general decrease in enzyme act ivi ty along the zymogram with part icular  
loss at the  cathodic side. 

Kinetin which alone or in combination with AMO-1618 promotes mainly 
axial growth (tuberization) also caused a decrease in peroxidase ac t iv i ty  
(Fig. 3). Here obviously all the cathodic peroxidases were principally con- 
cerned while only minor modifications were observed at the anodic side. 

Finally we examined the situation in presence of AMO-1618 and ABA 
in vitro (Fig. 4), conditions which led non-dormant  buds  to form dormant  
tubers.  Both the two regulators induced a progressive gain in peroxidase 
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activity. This, through the zymograms, could be attributed (Fig. 4) to 
a strengthening of the most cathodic peroxidases to the detriment of the 
anodic side. 

Diseussion 

Field or in vitro dormant tubers are characterized by a high peroxidase 
activity and by a considerably higher intensity of many peroxidases along 

Fig. 3. Isoporoxidaso zymograms (above) and  total  peroxidaso act ivi ty (below) of buds (from 
field dormant  tubers) in vitro cult ivated for varying periods on kinet in (2.3 • 10-sM) or AI~IO-1 61 8 
(1.3 • 10-5M) plus kme tm (2.3 • 10-51~), in presence of saccharoso 0.3 M. 

the zymograms. I f  we consider the role of peroxidase in auxin catabolism 
(GALsTO~ and DAVIES 1969; GASPAR 1971), dormancy in the Jerusalem 
artichoke would be associated with a low auxin content and a high inhibitor-~ 
level. We showed indeed that  final auxin degradation products participate 
with ABA in the powerful inhibitory action of the so-called inhibitor-~ 
(GAsrAR et al., 1972). Release of dormancy by cold (for field tubers) or stimu- 
lation of growth by GAs t reatment  (in vitro) corresponds to a decreasing 
peroxidase activity. This fits with the findings of other workers on other 
materials where release of dominance in buds (ALI and FLETCHER 1971) or 
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application of GAs (GALSTON and MAc- 
CUNE 1961; MACCUNE 1961; GASPAR and 
:BoUILLEI~NE-WALRAND 1966) are known 
to lower the level of IAA-oxidase and 
to increase the level of diffusible auxin 
(NITsCH and NITSC~ 1959; KURAISHI 
and M w ~  1963; GASPAR and BOUILLE- 
~NE-WALRAND 1966). The results pre- 
sented in this paper are further evi- 
dence in favour of an auxin-sparing 
mechanism of GAs by  the fact tha t  
growth is preceded by  the disappearance 
or a strong decline in act ivi ty of the 
most cathodic isoperoxidases, those 
which were shown to have the greatest 
ability to destroy auxin by  oxygenation 
(MAZZA et al. 1970; GASPAR 1971). Im- 
plication of gibberellin in the regula- 
tion of dormancy through a peroxidase 
mediated auxin metabolism could also 
be seen in the results obtain with the 
growth re tardant  AM0-1618 which is 
known to inhibit gibberellin biosyn- 
thesis (LANG 1970) and to induce dor- 
mancy in the present material (COURDV- 
~OUX 1967): this compound increases 
peroxidase act ivi ty  by  reinforcing the 
intensity of isoperoxidases at the catho- 
dic side, as it does classicaly in other 
materials (I~ALEVu 1962; GASPAR 1970). 

We have to mention results (BoLDUC 
et al. 1970; OCKERSE et al. 1970; LEE 
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Fig. 4. Isoperoxldaso zymograms (abo- 
ve) and total poroxidaso activity (below) 
of buds (from field non dormant tubers) 
in vitro cultivated for varying periods on 
A!Y[O-1618 (1.3• 10-5M) or ABA (2.6• 
10-5M) in presence of saccharose 0.3 M. 

1971) which are in opposition of these from this series, i.e. an increase 
in the level of peroxidase-IAA oxidase after GAs t rea tment  with an alterna- 
tive interpretation (LEE 1971) of the GAs promoted growth. In this case, 
oxidation of IAA might lead to formation of intermediates and products  
more active than IAA in stimulating growth. 

Such discrepancies can also be seen between the present effects of kinetin 
on the Jerusalem artichoke and these obtained on other materials (LEE 1971; 
GASPAR et al. 1972). 

This too simple comparison between two kinds of results obtained with 
one growth regulator does not take into account the nature of the organ 
nor the physiological process involved nor the conditions of culturing and 
t reatment .  But  it could indicate however tha t  hormones may function in 
different capacities under different conditions. 
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Pgi indukci a pgeruw dormance byla s]edovgma akt iv i ta  poroxidgtzy a spektrum isoenzymfl 
v pupenech a hlfz~tch topinamburu.  Ne jvy~f  akt iv i ta  peroxid~zy byla zjiw ve s tadiu dormance. 
Podmlnky  p~isplvajfcl k r~lstu, napL p~eru~ni  dormanc~ chladem, stimulaco rds tu  osy kyselinou 
giberelovou, stimulace rfistu hlfz kinetinem, pfisobily rychl9 poklos ak t iv i ty  peroxidgtzy spolu 
se snf~enlm intonsi~y v~tw katodick~ch isoperoxid~z. P9i indukci dormance AM0-1618 se 
akt iv i ta  peroxidgtzy a p ~ o v ~  stejn~ch izoenzymd zvyw 


