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ABSTRACT

Isozyme pattern of six enzymes - aspartate amino transferase (GOT), 
superoxide dismutase (SOD), peroxidase (PR), aryl esterase (EST), shikhimate 
dehydrogenase (SDH) and glutamate dehydrogenase (GDH) were studied in 
the in vitro cultures derived from integumental tissues of the natural rubber 
producing tree, Hevea hrasiliensis. Among early callus, embryogenic callus, 
non-embryogenic callus, embrj’O and mature plant leaves, the embryogenic 
and the non embryogenic calli showed marked difference in their Z3Tnogram 
profiles and thus useful in early identification of embryogenic calli.
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INTRODUCTION

Although somatic embryogenesis 
has been extensively reported in a 
larg e  num ber of angiosperm s, 
g en era lly  th e  p ercen tag e  of 
embryogenic tissue generated in a 
regeneration pathway is relatively 
less in woody species. The timely 
identification of embryogenic potency 
of such t is s u e  for fu rth e r  sub 
culturing could enhance efficiency of 
the regeneration system as well as 
reduce the time span required for the

completion of regeneration pathway. 
One way to achieve this goal is the 
biochemical characterization of the 
m orp h ogenetic events. S in ce  
m orphological d iffe ren tia tio n  or 
developments are often associated 
w ith a continuous synthesis and 
d eg rad atio n  of enzym es and 
structural proteins (Scandalios 1994), 
correlating the changes in enzyme 
profile with specific morphogenetic 
development would help not only to 
understand the molecular pathway of
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regeneration, but also would help to 
enhance its efficiency. Previously the 
b io ch em ical d iffe ren ce  betw een  
embryogenic and non-embryogenic 
ca lli have been id en tified  w ith 
antigens (Khavkin et al. 1977). The 
quantification of trypsin inhibitor 
level has also been used for this 
purpose (Carlberg et al. 1987). There 
are some recent reviews on this topic 
in particular on differentiation. The 
use of isozyme as well as protein 
m arkers were reported previously 
also to determine the embryogenic 
potential of in vitro cultures (Blanco 
et al. 1997; Devi and Radha 1997). 
In a study on isozyme modifications 
and p la n t reg en era tio n  through 
som atic em bryogenesis in  sw eet 
potato, the expression of esterase, 
peroxidase, glutam ate oxaloacetate 
tran sferase  and acid phosphatase 
were found useful to d istinguish  
com pact embryogenic callus from 
friable non-embryogenic callus (Alves 
et al. 1994). In our investigation on 
rubber som atic embryogenesis, we 
have exten ded  our stu d ies w ith 
biochemical param eters on the five 
steps of the somatic embryogenesis 
with zymogram patterns of 6 enzyme 
systems. Our primary objective was 
to d iffe re n tia te  th e  em bryogenic 
callus from non-embryogenic and to 
determine the point at which a tissue 
has undergone induction and become

em bryogenic by b ioch em ical 
characterization. This inform ation 
may help for early identification of 
embryogenically potent callus before 
other visible characteristics appear.

M ATERIALS AND M ETHODS

S o m a tic  em b ryogen esis: Five 
week old immature fruits of Hevea 
brasiliensis (Clone RR II 105) were 
collected from trees and thoroughly 
washed in tap water. They were 
surface sterilised with 0.25% mercuric 
chloride for 5 m in. and w ashed 
thoroughly with sterile distilled water. 
Integum ental tissues were excised 
and cultured for callus induction on 
B5 medium (Gamborg et al. 1968) 
supplemented with 2.0 mg H  2, 4-D, 
3.0% (w/v) sucrose and 0.2% gelrite 
dispensed in test tubes and covered 
with cotton plugs wrapped in cheese 
cloth. The cultures were incubated in 
dark at 25±1°C for six weeks for callus 
induction. Thereafter, the callus was 
su bcu ltu red  onto B 5  medium  
supplemented with 0.5 mg 1"̂  NAA,
2.0 mgl kinetin and 0.5 mg H  lAA 
and incubated under 16 h photoperiod 
(6.9 W m- )̂ for embryo induction.

S e le c t io n  o f  m a t e r ia l  fo r  
enzym e study: Following five stages 
of the somatic embryogenesis pathway 
were used in the study. (1) Expanded 
ex p lan t (E X ) was th e  in n er 
integument cultured for 3 weeks in



callus induction medium and kept in 
the dark at 25±1°C. (2) Early callus 
(CE) was the firs t m ass of callus 
appearing on th e  explant after 4 
w eeks on th e  ca llu s  induction 
medium. (3) Embryogenic callus (EC) 
was selected (Fig. 1) from a population 
of embryogenically competent callus 
tissue and (4) The non-embryogenic 
callus (NC) was selected  from a 
population of non-embryogenic calli 
(Fig. 2) which was identified from 
their morphology. (5) Embryos (EM) 
were identified (Fig. 3) when their 
bipolarity was evident. Cotyledonary 
stage embryos were used.

Leaf samples (LE) were selected 
from plants of the same cultivar grown 
under green house conditions.

Isozym e a n a ly s is  - The isozyme 
expression of GOT, PR, EST, SOD and 
GDH was analysed by activity staining 
(Vallejos 1983) after polyacrylamide gel 
electrophoresis (Hames 1990). The 
source of each sample extract came 
from random selection of material of 
the respective tissue category in order 
to ensure true representation from 
each category. Not less than seven 
extracts were run for each enzyme to 
ascertain the repeatability of isozyme 
profile.

RESU LTS AND D ISC U SSIO N

The expression of aspartate amino 
transferase (GOT) in the extracts of

embryogenic ca llu s, embryos and 
leaves displayed distinct and unique 
banding pattern  (Fig. 4). The non 
embryogenic callus displayed no bands. 
Embryogenic callus and the embryos 
showed two similar bands just above 
the mid migration zone, but the leaf 
indicated only some limited enzyme 
activity representing 4 minor bands 
with in the same region. A third band 
was visible at the fast migration zone 
for embryogenic callus and the leaves 
but not for the embryos. No other stage 
indicated any clear expression of this 
enzyme

The embryogenic callus showed a 
remarkably distinct zymogram profile 
of superoxide dismutase (SOD) with 
four distinct bands, one in the slower, 
another broad band in the mid and two 
closely linked bands in the faster 
migration zones, respectively (Fig. 5). 
Non-embryogenic callus showed only 
limited enzyme activity in the mid 
zone. The embryos showed three bands 
comparable to that of the embryogenic 
callus. SOD is identified as a very 
common and essential component of 
defense m echanism  against 
environm ental stress in biological 
system s and superoxide radicals, 
hydrogen peroxide and singlet oxygen 
are formed in num erous cellular 
reactions (Asada and Takahashi 1987). 
The SOD gene expression is generally 
easier to detect in biological systems.



F ig  1-3. Embryogenic callus (fig. 1), nonembryogenic callus (fig. 2) and emerging somatic 
embryos (fig. 3) of Hevea brasiliensis.

EX CE EC NC EM LE

EST

F ig  4-9. Zymograms of aspartate amino transferase (fig. 4), superoxide dismutase (fig. 5), 
peroxidase (fig. 6), aryl esterase (fig. 7), shikhimate dehydrogenase (fig. 8) and glutamate 
dehydrogenase (fig. 9) in H evea brasiliensis. EX (expanded explants): CE (early callus): EC 
(embryogenic callus): NC (nonembryogenic callus): EM (embryos) and LE (leaf).



I
Peroxidase (PR) isozyme in the 

expanded explant, early callus and non 
embryogenic callus displayed a similar 
expression in a wider area in the mid 
migration zone (Fig. 6). Among all the 
enzymes studied, peroxidase was the 
only enzyme th a t displayed some 
activity in th e  expanded explant. 
Presumably the lack of activity of other 
enz3TTies in the expanded explants may 
be due to the unique physiological 
status of the expanded explant being 
in betw een d ifferen tia tio n  and 
redifferentiation  phase since th is 
tissue was in callus induction medium 
for three w eeks prior to enzyme 
analysis. Leaf extract expressed two 
bands in the mid migration zone which 
were absent in all other extracts 
perhaps indicating a different allelic 
or gene function. In the slow migration 
zone, embryogenic callus and embryo 
had a broad band but the same was 
very weak in lea f. In terestin g ly , 
embryogenic callus showed the most 
enzyme activity with four bands, three 
in the slower migration and one in the 
mid Tone. Presumably the embrj^ogenic 
callus after having undergone embryo 
induction may be an activity site for 
an array of regulatory  genes 
functioning prior to the initiation of 
further morphogenic events. Devi and 
Radha (1997) observed the appearance 
of specific peroxidase isozyme bands 
in the embryogenic calli of Vigna

radiata which are useful as 
b iochem ical m arkers for som atic 
embryogenesis. The presence of several 
peroxidases in plant systems have been 
implicated in a variety of secondary 
m etabolic reaction s such as
lignification , polysaccharide cross 
linking, indole-3-acetic acid oxidation, 
wound healing, phenol oxidation, 
pathogen defense etc. and hence it may 
be considered as a convenient enzyme 
marker for biochemical studies.

S ev era l e lectroph oretically  
detectable isoz3Tiie bamds were visible 
for aryl esterase (EST). Embryogenic 
callus, embryo and leaf extract had 
maximum activity. Embryogenic callus 
had 4 m inor bands in the mid 
migration zone, two densely stained 
major bands and two minor bands in 
the faster migration zone (Fig, 7). 
Embryo had a similar expression but 
differed markedly above the mid zone 
where one broad band and four minor 
bands appeared. Leaf had similarity 
with the embryo till the mid zone. Two 
major bands above this zone were 
distinctly dissimilar. A broad band in 
the fa st m igration zone was very 
different than any observed in other 
ex tra c ts . Non-embryogenic callus 
indicated no bands. Easterase has been 
successfu lly  u tilized  to identify 
embryogenic and organogenic calli m 
barley (Coppens and Dewitte 1990). 
Among sample ex tracts , lea f and



embryogenic callus displayed one 
d istin ct band each o f Sh ik im ate  
dehydrogenase (SDH) on the same 
migration zone (Fig. 8). A smaller but 
fainter narrow band appeared for the 
embryo extracts. The early callus, non- 
embryogenic callus and expanded 
explant showed very faint activity. The 
appearance of a band in the extracts 
of leaf, embryo and embryogenic callus 
was on the same zone of activity, which 
may presumably be indicative of the 
sam e a lle lic  action . The prim ary 
function of shikhim ate pathway in 
plant metabolism is the production of 
arom atic amino acids for protein 
synthesis and such aromatic amino 
acids are precursors for the synthesis 
of many p lan t products such as 
coum arins, cyanogenic glycosides, 
glycoinolates, indole acetic acid etc. 
(Hrazidna and Jensen 1992).

Like SDH, Glutam ate dehydro­
genase (GDH) isozyme expression was 
confined to a distinct single band in 
the embryogenic callus and leaf In the 
embryo a very low a ctiv ity  was 
observed (Fig. 9). The enzyme activity 
was in the slow migration zone. GDH 
is a key en zy m e. in  som atic 
embryogenesis since glutamine and 
glutamic acids are products during 
biosynthesis of nitrogenous compounds 
from ammonia. Ammonia is a key 
exogenous substrate provided during 
in vitro culture. A majority of amino

acids for protein synthesis originate 
from glutamate by transam ination 
(M iflin and Lea 1982). These 
transamination reactions leading to 
protein synthesis are considered to 
account for ammonia assimilation in 
dividing cells in culture. Also GDH 
having a low affinity for ammonia may 
be responsib le for ammonia 
assimilation at higher levels (>1 mM) 
(D u-zan 1987). The role of GDH 
may be primarily indicative of the 
influence of ammonia in embryo­
genesis and this role needs to be better 
understood.

In summary there was marked 
difference in the expression of enzymes 
betw een em bryogenic and non- 
embryogenic calli and this difference 
may be utilized to identify, isolate and 
multiply calli of embryogenic potency. 
Interestingly, the activity of all the 6 
enzymes studied was very negligible 
in the expanded explant (EX) and early 
callus (CE) and were not adeqate 
enough to be picked up in photography. 
A possible hypothetical answer to this 
phenomenon could be that expanded 
explant and early callus symbolise the 
late stage of dedifferentiation when 
structural gene expression might have 
been very m in im al or absent. 
Regarding the non-embryogenic calli, 
despite growing in the optimal media 
formulations in several replications 
and repeated subculture did not alter



this non-embryogenic phenomenon. 
Callus not undergone the induction 
phase may rem ain  biochem ically 
inactive and will be vmable to surpass 
the threshold of dedifferentiation. 
G enerally  in  angiosperm s, 
embryogenic tissue may be friable and 
a physical app earance may be 
indicative of the embryogenic nature 
of the tissue. However, prior to this 
physical app earance biochem ical 
identification of embryogenic tissue 
from the non-embryogenic may be 
useful esp ecia lly  when the 
regeneration pathways are elaborate 
and com plex, as in many woody 
species.
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