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Abstract 

While describing major trends of carbon metabolidm during the initiation and expression of somatic em- 
bryogenesis in date palm (Phoenix dactylifera L., cv. Deglet Nour), we have investigated the role of two 
carboxylases, namely PEPC (Phosphoenolpyruvate carboxylase, EC 4.1.1.3 1) and RubisCO (Ribulose 1,5- 
bisphosphate carboxylase/oxygenase, EC 4.1.1.39), in embryogenic and non-embryogenic cultures. The detection 
of PEPC activity on polyacrylamide native gels after electrophoresis revealed the presence of 3 active isoforms 
in crude extracts from the embryogenic (E) callus strain, whereas only a single band was present in the non- 
embryogenic (NE) one. The level of PEPC specific capacity was of the same order (3.9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 1.2 pmol CO2 h-' mg-' 
TSP) in both types of cultures. Further changes in carboxylase (PEPC and RubisCO) activities during the growth 
and development of somatic embryo-derived plantlets were also analysed. The PEPC/RubisCO ratio was found 
to progressively decrease (from 17.7 to 0.2) throughout the in vitro development of plantlets, due to a substantial 
depletion of PEPC activity, which decreased from 5.3 to 1.2 pmol CO2 h-l mg-' TSP. Concomitantly, RubisCO 
assumed greater importance (from 0.3 to 5.3 pmol CO2 h-' mg-&) and became the main route for inorganic 
carbon fixation. Westem blot analysis using polyclonal antibodies raised against PEPC and RubisCO purified from 
tobacco leaves confirmed this trend in terms of relative enzyme abundance. 

Abbreviations: FW - fresh weight; PEPC - phosphoenolpyruvate carboxylase (EC 4.1.1.3 1); RubisCO - Ribulose 
1 1,5-bisphosphate carboxylaseloxygenase (EC 4.1.1.39); SE - somatic embryogenesis; TSP -total soluble proteins 

Date palm (Phoenix dactylifera L.) is widely grown 
in North Africa and the Middle East and it is the ba- 
sic component of the oasis. I n  vitro micropropagation 
plays a very important role in breeding strategies for 
date palm, which mainly focus on resistance to Bay- 
oud, caused by Fusarium oxysporuin Schlechtend. Fr. 
f.sp. albedinis (Femandez et al., 1995). Several meth- 
ods for the in vitro micropropagation of date palm have 
been reported. In vitro organogenesis by the reversion 
of floral buds was first described (Drira and Benbadis, 
1985). Somatic embryogenesis, which has been suc- 

cessful for other palm species (Pannetier et al., 1981; 
Buffard-Morel et al., 1992), now appears to be a very 
promising approach for the large scale propagation of 
,date palm (Daguin and Letouze, 1988; El Hadrami 
'et al., 1995). The origin and nature of embryogenic 
cultures is of critical importance for the in vitro pro- 

. duction of somatic embryos (Veramendi and Navarro, 
1997). Indeed, these authors reported that only the 
nodular callus originating from leaf primordia bases 
could produce viable somatic embryos. 
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Attention in our group has focused on the study of 
carbon metabolism during somatic embryogenesis of 
date palm. In order to point out putative differences 
in biochemical activity which may differentiate em- 
bryogenic from non-embryogenic callus cultures at the 
early stages of the SE process, phosphoenolpyruvate 
carboxylase (PEPC, EC: 4.1.1.31) pattems were in- 
vestigated. PEPC is a multi-faceted enzyme (Chollet 
et al., 1996) which has been described as very active 
in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAìit zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvitro cultured plant cells (Lavergne et al., 1992; 
Kwa et al., 1997; Rival et al., 1997; Triques et al., 
1997). 

The date palm,' like many zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin vitro grown C3 
plants including oil palm and coconut palm (Rival 
et al., 1997; Triques et al., 1997), can assimilate 
inorganic carbon via two independent carboxylation 
pathways. One occurs in the chloroplasts through 
the action of RubisCO. The activity of this enzyme 
is closely linked to the development of chloroplasts 
and reflects the integrity of the photosynthetic appar- 
atus. The other pathway takes place in the cytosol 
through the Phosphoenolpyruvate carboxylase path- 
way. The ratio of PEPC:RubisCO activities is con- 
sidered to be a reliable indicator of the relative condi- 
tions of non-photosynthetic (heterotrophic) and pho- 
tosynthetic (autotrophic) pathways of CO2 fixation 
(Kumar et al., 1988; Kwa et al., 1997). 

The objectives of the work described in the present 
article are the following: (i) to study comparatively 
the activity and accumulation of PEPC isoforms in 
embryogenic and non-embryogenic callus cultures of 
date palm and (ii) to monitor the changes occur- 
ring in the PEPC:RubisCO ratio during the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin vitro 
development of somatic embryos into plantlets. 

Embryogenic cultures (E) used in the present 
study were derived from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaxillary and apical vegetat- 
ive buds originating from offshoots of an adult date 
palm (Phoenix dactylifera L., cv. Deglet Nour). Non- 
embryogenic zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(NE) cultures were isolated using leaf 
explants from the same genotype. Throughout the SE 
protocol of date palm, the culture medium of Mur- 
ashige and Skoog (1962) was adapted as follows: 
sucrose (50 g I-'), myo-inositol(lO0 mg 1-I), glycine 
( 2 mg I-'), L-glutamine ( 100 mg I-'), KH2P04 (120 
mg I-') and adenine (25 mg 1-') were added. For cul- 
ture initiationfinduction, 2,4-11 was used at 5 mg l-' 
concentration. Primary explants were cultivated for 4 
to 5 months in darkness at 27 "C on the 2,4-D-enriched 
medium. Cultures were then cultivated in light under a 
16-h photoperiod and transferred every 5 weeks onto 
hormone-free medium. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Figure 1. Fast Violet Blue detection of PEPC active isofonns 
on polyacrylamide native gel after t he electrophoretic separa- 
tion of total soluble proteins (30 pg TSP per sample). Lane zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA: 
Non-embryogenic callus cultures; Lane B: Embryogenic callus 
cultures. 

Histological examinations of E and NE cultures 
were perfomed at various growth stages using the 
protocol of Buffard-Morel et al. (1992). NE cul- 
tures displayed only somatic cells with the absence 
of characteristic meristematic nodules or very young 
pre-embryos. 

Extraction and quantification of total soluble pro- 
teins (TSP), PEPC and RubisCO activities were per- 
formed as previously described (Rival et al., 1997). 
Westem blots were carried out according to Lavergne 
et al. (1992) using polyclonal antibodies raised against 
carboxylases purified from tobacco leaves. Cross- 
reactivity between anti-PEPC polyclonal antibodies 
from tobacco and various palm species (Rival et al., 
1997) has been previously verified using Ouchterlony 
double-diffusion tests, thus confirming the similarity 
of PEPC structure amongst C3 plants (Matsuoka and 
Hata, 1987). PEPC activity was revealed on native 
polyacrylamide gels using the Fast Violet Blue re- 
action (Vidal et al., 1976). TSP content was much 
higher (2.1 1 VS. 1.37 mgprot g-'Fw) in type E cultures 
than in NE ones, suggesting that metabolic activity is 
more intense. Specific PEPC activity was determined 
from crude extracts: the level of activity was found 
to be of the same order (3.9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 1.2 pmol CO2 h-l 
mg-'prot.) in both types of cultures. Nevertheless, the 
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Figure 2. Fast Violet Blue detection of PEPC active isofoms on polyacrylamide native gel after the electrophoretic separation of total soluble 
proteins (30 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApg TSP per sample). Lane zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA: young somatic embryos; Lane B: maturated somatic embryos; Lane C: plantlets zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 1 leaf); Lane D: 
plantlets (2-3 leaves). 
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Figure 3. Westem blot analysis after SDS-PAGE of RubisCO (a) and PEPC (b) carboxylases from date palm crude extracts sampled at various 
stages of somatic embryos development. Lane A young somatic embryos; Lane B: plantlets ( 1 leaf); Lane C plantlets (2-3 leaves). MWM: 
Molecular weight markers. TSP amounts in wells were 1 p g  for RubisCO detection and 30 p g  for PEPC detection. 

detection of PEPC activity after native electrophoresis 
on polyacrylamide gels revealed the expression of 3 
active isoforms (1, 2 and 3) of the enzyme in crude 
extracts originating from E calli, whereas only one 
unique isoform (2) was detected in NE cultures (Fig- 
ure 1). Furthermore, immunoblot analyses performed 
after SDS-PAGE revealed a single band of 100 kDa 

in both extracts (results not shown). Thus, it can be 
assumed that only the 100 kDa isoform contains the 
antigenic domain detected by the polyclonal antibody 
(anti-PEPC from tobacco leaves) used. 

Specific PEPC and RubisCO activities were es- 
timated on the same crude extracts originating from 
somatic embryos and plantlets sampled at various de- 
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Table I. Changes in carboxylase activities during the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvitro development of date palm somatic embryos. Each value is the mean of at least 
3 different measurements in triplicate zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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l  Culture stage TSP PEPC specific RubisCO specific PEPCRubisCO 

(mg g&) activity* activity* ' ratio 

Proliferating embryos 2.03~0.3 5.3f0.7 0.3f0.1 17.66 
Plantlets (1 leà0 2.7f0.6 0.9f0.3 . 1.2f0.2 . 0.75 
Plantlets (2-3 leaves) 2.5f0.5 1.2f0.4 5.3f0.7 0.22 

i  

velopmental stages (Table 1). The PEPC:RubisCO 
ratio constantly decreased throughout the develop- 
ment of somatic embryos, thus suggesting a progress- 
ive transition towards a RubisCO-mediated photosyn- 
thetic CO2 incorporation. Inorganic carbon fixation 
was carried out mostly by PEPC in proliferating em- 
bryos, reflecting a heterotrophic carbon metabolism 
(ratio = 17.66). These results, if compared to those 
obtained with somatic embryos of oil palm (Elaeis 
guineensis Jacq) by Rival et al. (1997), show that 
PEPC activity is at a comparable level in both ma- 
terials sampled at the same stage, but that RubisCO 
specific activity is much higher in o i l  palm (3.37 
pmol CO2 h-l mg-'Tsp), thus leading to a lower 
PEPC:RubisCO ratio (1.42). 

The decrease in PEPC specific activity was found 
to be concomitant with the progressive disappearance 
of isoforms 1 and 2, thus leading to the presence of 
only isoform 3 in plantlets at fhe 2-3 leaf stage (Fig- 
ure 2). Furthermore, western blot analysis of RubisCO 
revealed that the relative amount of both LSU and 
SSU sub-units increased continuously throughout the 
in vitro development of somatic embryos (Figure 3a). 
These changes were concomitant with a significant in- 
crease in the specific capacity of the enzyme, from 
0.3 to 5.3 pmol CO2 h-l mg-'Tsp (Table 1). The de- 
crease in PEPC specific capacity (Table l )  corresponds 
to a decrease in PEPC relative abundance, as shown in 
Fighe 3b. 

The analysis of PEPC enzyme isofoms has re- 
vealed that embryogenic cultures may be characterised 
through specific patterns. This result must now be con- 
firmed using several other date palm genotypes and in 
vitro culture conditions before it can be used as a pre- 
dictive marker for the competence of callus cultures to 
become embryogenic. The presence of several active 
isoforms of PEPC in plant organs (Gehrig et al., 1998) 
supports the view that housekeeping isofoms coexist 
with other isoforms related to more specific functions. 
Each member of the PEPC multigenic family is loc- 

ated on a specific chromosome and encodes a distinct 
isoform which is associated with its respective meta- 
bolic pathway (Dong et al., 1998). In our case, specific 
PEPC isoforms detected in E cultures are probably 
involved in functions linked with the early stages of 
somatic embryogenesis, such as the anaplerotic supply 
of carbon skeletons to actively proliferating and differ- 
entiating cells or the control of intracellular osmolarity 
(Latzko and Kelly, 1983). In order to clarify the role 
of the PEPC isoforms detected in E cultures, the pres- 
ence of these polypeptides will be also investigated in 
young somatic embryos. 

Our results also demonstrate the establishment of 
a photosynthetic type metabolism during the in vitro 
development of date palm somatic embryos. Several 
notable similarities have been observed in patterns of 
developmental changes in carboxylases between date 
palm in vitro-grown plantlets on one hand and coconut 
(Triques et al., 1997) and oi l  palm (Rival et al., 1997) 
plants on the other. 

This work now needs to be complemented with an 
investigation of in planta photosynthetic parameters, 
such as CO2 exchanges and patterns of chlorophyll 
fluorescence (Rival et al., 1997), together with a pre- 
cise quantification of carboxylating enzymes through 
immuno-enzymatic techniques (Rival et al., 1996). 
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