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Sequence Analyses of the Coconut Enolase 3’ End 
Reveals a CACTG Motif Found Within 

the 3’- Untranslated Region
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As the coconut drupe matures, medium-chain fatty acids accumulate suggesting de novo fatty acid 
synthesis is active until drupe maturation is reached. This suggests that an active transcription 
of enolase mRNA takes place. Detection of coconut enolase transcripts from 4-5, 5-6, 6-7 and 
7-8 month old coconut endosperms were made through 3’ RACE. PCR products were cloned 
and sequence alignment showed higher homology between coconut and palm kernel enolase 3’ 
CDS compared with that of rice and corn. Sequence alignment between the coconut and rice 
enolase 3’ UTR revealed a common CACTG motif which is known to be conserved among the 
CACTA transposon family and has been speculated to insert regulatory elements. Folding pattern 
prediction of the coconut enolase 3’ UTR revealed the occurrence of folding located immediately 
after the CACTG motif. We speculate this region to be the binding-site of regulatory elements.

INTRODUCTION
In the coconut plant, lipid accumulates in the coconut 
endosperm inside the coconut drupe. As the drupe matures, 
the coconut endosperm concurrently begins to thicken and 
readily stores oil (Harris 1994; Villalobos et al. 2001). 
There are nine known individual fatty acids in coconut 
oil that differ from each other in the number of carbon (C) 
atoms. These are: caproic acid (C6), caprylic acid (C8), 
capric acid (C10), lauric acid (C12), myristic acid (C14), 
palmitic acid (C16), stearic acid (C18), oleic acid (C18:1), 
and linoleic acid (C18:2). The most abundant form of 
fatty acids for coconut are the saturated medium-chain 
fatty acids (C6-C12) in which lauric acid predominates 
and accumulate in the coconut endosperm (Harries 1994; 
Knutzon et al. 1995) and is mainly driven by the acyl-ACP 
thioesterase enzyme (Jones et al. 1995). Another important 

enzyme that also plays an important role in de novo fatty 
acid synthesis is enolase.

Enolase is an essential and ubiquitous glycolytic enzyme 
that catalyzes the conversion of 2-phopphoglycerate to 
PEP (Forsthoefel et al. 1995; Van Der Straeten et al. 
1991). In higher plants, the enolase enzyme is often 
present as multiple isoforms localized to the cytosol and 
to the plastids (Gottlieb 1982; Shih et al. 1986; Miernyk 
and Dennis 1984, 1992). In addition to its involvement 
in glycolysis, enolase plays specialized roles during plant 
development, in nonphotosynthetic tissues, and under 
conditions of anaerobiosis (Forsthoefel et al. 1995; Lal et 
al. 1998). Moreso, enolases together with polynucleotide 
phosphorylase (PNPase), a DEAD -box RNA helicase 
and RNAse E and possibly with other proteins form a 
multiprotein complex termed degradosome found to 
be involved in RNA degradation in E. coli (Komine et 
al. 2002). During artificially induced ripening, enolase 
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mRNA levels increased 30-fold and enolase activity 
increased 3-fold (Van Der Straeten et al. 1991). Similarly, 
exposure of plants to anaerobic stress causes a shift from 
an oxidative to a fermentative mode of carbohydrate 
metabolism, resulting in the increased expression of 
many enzymes involved in the glycolytic pathway, 
including enolase (Dennis et al. 1987; Lal et al. 1998). In 
the developing seeds of castor bean, it was observed that 
enolase activity levels of cytosol- and plastid-localized 
isozymes peak coordinately with maximal rates of storage 
lipid accumulation (Miernyk and Dennis 1982). Multiple 
isoforms of enolase have been previously reported in 
oilseeds (Miernyk and Dennis 1982, 1984, 1987) and the 
increased activity of plastid-localized isozymes reflects 
the high-demand for pyruvate for de novo fatty acid 
synthesis in tissues resulting in lipid accumulation in 
developing oilseeds (Miernyk and Dennis 1987). 

Previous plant enolases already studied thus far include 
Arabidopsis and tomato (Van Der Straeten et al. 1991), 
castor bean (Blakeley et al. 1994), Mesembryanthemum 
crystallinum L. (Forsthoefel et al. 1995), Echinochloa 
phyllopogon (Fox et al. 1995), and oilseed rape (Zhao et al. 
2004). Purification of the enzyme has been reported from 
potato tubers (Boser 1959), spinach (Sinha and Brewer 1984), 
E. phyllopogon, and E. cruspavonis (Mujer et al. 1995). To 
date, no molecular-based phylogenetic analyses study has 
been performed comparing the coconut enolase isolated 
from the coconut endosperm with other known enolases.

Here, we report a partial sequence analysis of the 3’ end 
of the coconut enolase (ENO). Sequence alignment of the 
ENO 3’ CDS (coding sequence) showed high homology 
with palm kernel compared with rice and corn. Sequence 
alignment of the ENO 3’ UTR (untranslated region) with 
corn and rice showed low homology; however, a common 
CACTG motif was identified when ENO 3’ UTR sequence 
was aligned with rice 3’ UTR. The CACTG (or more 
commonly identified as CACTA) motif is unique within 
the members of the CACTA transposon family and is 
found to be highly conserved (Greco et al. 2005; Wicker 
et al. 2003) and commonly found among the members of 
the Triticeae family suggesting that certain elements of 
the CACTA transposon family may also exist in coconut. 

MATERIALS AND METHODS

mRNA extraction
Coconut endosperm was collected from 4-5, 5-6, 6-7, and 
7-8 month old coconut drupes of the Laguna Tall variety. 
mRNA was extracted using the Micro-FastTrack TM 2.0 Kit 
(Invitrogen) following manufacturer’s recommendations 
with some modifications. 

Briefly, powderized coconut endosperm samples were 
treated with lysis buffer and incubated at 45°C for 20 
min before centrifuging. The supernatant was then 
transferred to a new tube and NaCl concentration 
adjusted to 0.5M concentration. Remaining DNA was 
sheared by quickly passing the lysate five times through 
a 1-mL pipette tip. The cell lysate was added to a tube of 
oligo(dT) cellulose and allowed to swell before placing 
the tube horizontally in a platform and incubated for 
20 min at room temperature. The oligo(dT) cellulose, 
after centrifugation, was resuspended in binding buffer 
and again centrifuged. This process was repeated until 
the buffer was no longer cloudy. The resin was then 
resuspended in binding buffer, transferred to a spin-
column then centrifuged. After repeating this step thrice, 
low salt wash buffer was added to resuspend resin before 
centrifugation. The spin-column was then placed into a 
new tube and 100 µL of elution buffer was added and 
mixed into the cellulose bed before centrifugation. This 
step was repeated twice. The mRNA was precipitated 
from the solution using glycogen carrier, sodium acetate, 
and ethanol placed in -80°C overnight. The mRNA was 
pelleted through centrifugation and resuspended in 10 
µL elution buffer for use in this study.

Cloning the coconut enolase 3’ end
The forward primer used for this study, ENO-S (5’- 
ACRTTRTTNACRTGYTGR-3’) was designed from the 
sequence alignment of other known plant enolases. In 
order to obtain the complete 3’ end of the coconut enolase, 
the 3’RACE method was performed. The 3’end, composed 
of the 3’ CDS and 3’ UTR were cloned using the 3’RACE 
kit (Invitrogen) following the manufacturer’s instructions. 
All components used were provided by the kit.

Briefly, 2 µL of 5 µg purified mRNA was mixed with 
22 µL DEPC-water and 1 µL 3’ adaptor primer. The 
cocktail was initially incubated in a PCR machine at 70°C 
for 10 min. Afterwards, a mixture pre-warmed at 50°C, 
containing 7.5 µL DEPC-water, 5 µL of 10x PCR buffer, 
5 µL of 25 mM MgCl2, 2.5 µL 10 mM dNTP, and 5 µL 
0.1 M DTT were added to the cocktail and incubated at 
50°C for 50 min. A 1 µL of a 200U/µL SuperScript II was 
added to the cocktail after the 50 min incubation and then 
incubated at 70°C for 15 min. It was then chilled on ice 
for 5 min upon which, 1 µL of RNAse was added and 
then incubated at 37°C for 30 min. The cocktail was then 
stored at -20°C for later use as PCR template.

A touchdown PCR procedure was then performed 
consisting of an initial denaturation at 95°C for 5 min 
proceeded by 5 cycles of 94°C for 1 min, 55°C for 1 
min and 72°C for 2min. This was followed by another 5 
cycles of 94°C for 1 min, 53°C for 1 min and 72°C for 2 
min. The last set of cycles consists of 25 cycles 94°C for 
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1 min, 50°C for 1 min and 72°C for 2 min. A final 10 min 
extension at 72°C was performed before proceeding to 
cloning. Gel electrophoresis was used to determine the 
presence of coconut enolase among the varying cDNA 
template used. The detected PCR bands were immediately 
eluted and used in the TOPO TA Cloning® Kit (Invitrogen) 
following manufacturer’s instructions. At least five 
randomly selected clones from each eluted product were 
purified for sequencing.

Sequence analyses
Purified plasmid DNA was commercially sequenced by the 
Division of the Biomolecular Research Facility, University 
of New Castle, Callaghen, Australia. In silico analysis of 
the sequences produced were analyzed using the Vector 
NTI Suite software and the web-based software mfold 
(www.bioinfo.rpi.edu/applications/mfold). Molecular 
phylogeny of the ENO gene was established through a 
partial molecular characterization of the ENO gene which 
includes sequence comparison of ENO 3’ CDS with other 
known 3’ CDS plant enolases. Comparison of the ENO 3’ 
UTR to both corn and rice 3’ UTRs was performed through 
the use of the Vector nti Suite software. The sequence for 
palm kernel 3’ UTR was not available for comparison.

RESULTS AND DISCUSSION
To clone the 3’ end of the coconut enolase gene, 3’ RACE was 
performed. A PCR band (~400bp) was detected in all ages of 
the coconut endosperm used and the RACE product produced 
from the touchdown PCR performed (data not shown) was 
immediately used for cloning. This indicates that enolase 
(ENO) was actively being transcribed throughout the varying 
ages of coconut endosperm used. It has been previously 
reported that as the coconut drupe matures, the coconut 
endosperm also develops to readily store oil (Villalobos et al. 

2001). This would mean that de novo fatty acid synthesis is 
active throughout endosperm development and would require 
a substantial amount of pyruvate which in turn requires an 
abundant amount of enolase enzyme (Miernyk and Dennis 
1987) consistent with our results.

To verify that the cloned product is ENO, sequence 
comparison of the coconut, palm kernel, rice, and corn 3’ 
CDS was performed. ENO 3’CDS was compared with: 
palm kernel (Elaeis guineensis) from the Palmae family, and 
corn (Zea mays) and rice (Oryza sativa) from the Triticeae 
family to establish the relatedness of the enolase cloned 
from coconut compared with palm kernel enolase (Palmae 
family), and also corn and rice enolases (Triticeae family). 

Figure 1 shows the 3’ CDS multiple sequence alignment 
from palm kernel, rice, corn, and coconut enolases. High 
sequence homology was observed confirming that the 
PCR product cloned was coconut enolase. Furthermore, 
a higher sequence homology was observed between that 
of coconut and palm kernel enolases compared with 
those from corn and rice, suggesting that enolases from 
Palmae and Triticeae are conserved within the family 
which is in agreement with the data presented by Piast 
et al. (2005). It has previously been shown that both rice 
and corn enolase genes have a higher homology between 
themselves compared with other known plant enolases, 
showing that the molecular evolution of these two enolases 
are not that far apart (Piast et al. 2005) consistent with 
the generated enolase phylogenetic tree wherein both rice 
and corn enolases are found on the same branch (Piast et 
al. 2005). It is also worth mentioning that the stop codon 
found among the coconut, palm kernel, rice, and corn 
enolases vary. Interestingly, both coconut and palm kernel 
enolase have a similar TAG stop codon, whereas both 
rice and corn have a similar TAA stop codon (Figure 1). 

To establish any sequence similarities or differences 
among the enolase 3’ UTRs, sequence comparison of the 
coconut, rice, and corn 3’ UTRs were made. Alignment 

Figure 1. Coconut enolase 3’ CDS has higher homology with palm kernel (Palmae) than to rice (Triticeae) and corn (Triticeae) enolases. 
The PCR product produced through 3’RACE was immediately used for cloning and eventually sequenced. Identity of the cloned 
product was confirmed through multiple sequence alignment with other known plant enolases, particularly from the Palmae and 
Triticeae families.
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of the 3’ UTR sequences of coconut, rice, and corn was 
performed to identify any conserved regions. The 3’ UTR 
sequence for palm kernel was not available. Sequence 
alignment between corn and coconut 3’ UTRs revealed no 
conserved regions (data not shown). In contrast, sequence 
alignment between coconut and rice 3’ UTRs revealed a 
common CACTG region (Figure 2) which we suspect to 
be part of the CACTG motif. We compared our proposed 
CACTG motif with previously published works (Table 
1). We found a 75% homology between the rice CACTG 
motif found in the 3’UTR while 50% homology was 
detected between sorghum and maize CACTG motifs 
found in the CDS. The relatively high sequence homology 
of our suspected coconut CACTG motif with our known 
plant CACTG motifs further prove that the CACTG region 
identified (Figure 2) is indeed part of the CACTG motif. 
In effect, this establishes the presence of coconut CACTG 
motifs, in particular, in the 3’ UTR. It is worth mentioning 
that the sequence from both the coconut and rice CACTG 
motifs were from the 3’ UTR whereas both the sorghum 
and maize CACTG motifs were obtained from the CDS. 
Furthermore, there was a higher homology between the 
coconut and rice CACTG motifs (at 75%) compared 
with both sorghum and maize CACTG motifs (at 50%) 
suggesting that CACTG motifs found in the 3’ UTRs are 
somewhat conserved among themselves compared with 
those found in the CDS.

The CACTG (or commonly known as CACTA) motif has 
been found to be conserved in rice (Panaud et al. 2002; 
Wang et al. 2003) and is a sequence element conserved 
within the CACTA transposon family which is regarded 
as a class II transposon (Wicker et al. 2003). Unlike the 

class I transposon (also called retrotransposon or the copy 
and paste transposon) where the elements integrate into 
the host genome via RNA intermediates using element-
encoded reverse transcriptase leading to abundance of 
copies in the host genome (Kumar and Bennetzen 1999; 
Wicker et al. 2007), the class II transposons (or the cut 
and paste transposon) integrate into the host genome via 
DNA intermediates generally resulting in relatively low 
copy numbers in the host genome (Kunze et al. 1997; 
Wicker et al. 2007). 

The function and possible benefit of repetitive elements 
for the host plant is a hotly debated question (Wicker et 
al. 2003). Repetitive elements are believed to contribute 
regulatory sequences that may alter gene expression 
(Zhang et al. 2000) and it was suggested that CACTA 
elements follow a similar role (Wicker et al. 2003). 
Considering the works of Zhang et al. (2000) and 
having located the CACTG motif in the ENO 3’ UTR, 
regulatory regions were somehow inserted. In organisms 
ranging from viruses to humans, protein- or RNA-
mediated interactions between transcript termini, either 
the 5’- or 3’ UTR, result in the formation of folding (or 
more specifically an RNA loop) which may provide a 
significant potential for regulation originating at the 3’ 
UTR (Mazumder et al. 2003).

To confirm the occurrence of an RNA loop or folding, 
mfold was used. The mfold software is useful in predicting 
all possible folding patterns that may occur in a given 
sequence. As seen in Figure 3, immediately downstream 
of the CACTG region, a predicted folding pattern is shown 
wherein the remaining 15-bps of the proposed coconut 

Figure 2. Sequence alignment of coconut and rice enolase 3’ UTRs reveal a common CACTG-motif usually associated with the 
CACTA transposon family. The 3’ UTR of the cloned PCR product was aligned with corn and rice enolase 3’UTRs. 
Pairwise alignment of coconut and rice enolase 3’ UTRs show a common CACTG region found to be part of the 20-bp 
CACTG motif. No similar motif was identified when coconut and corn enolase 3’ UTRs were aligned.

Table 1. Sequence homology of known plant CACTG motifs

Plant origin Location Sequence Homology relative 
to coconut (%) Reference

Coconut 3’ UTR CACTGTTTTCTGCACGTGTA - -

Rice 3’ UTR CACTGTTGTGTGCATGGGTT 75 Greco et al. 2005

Sorghum CDS CACTATGTGAAAAAAGCTTA 50 Chopra et al. 1999

Corn CDS CACTATGTGAAAAAAGCTTA 50 Lee et al. 2005
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CACTG motif makes up the RNA loop, further adding 
to the notion proposed by Wicker et al. (2003) where 
regulatory sequences may have been inserted in the ENO 
3’ UTR through the CACTG motif. Furthermore, as seen 
in Figure 3, the CACTG motif may actually contain the 
regulatory sequences considering that the CACTG region 
serves as the base and the remaining 15-bps composes the 
loop. We speculate that the folding pattern observed is the 
binding region for regulatory elements, such as miRNAs, 
though substantial experimentation is recommended to 
further prove this point. 

SUMMARY AND CONCLUSION
We have partially cloned, sequenced, and indentified 
the coconut enolase 3’ end. The sequence obtained 
from the ENO 3’ CDS showed high homology between 
coconut and palm kernel compared with corn and rice, 
suggesting that enolase is conserved within the respective 
phylogenetic family. The sequence obtained from ENO 3’ 
UTR identified a CACTG motif commonly found in rice 
and the Triticeae family, and is associated with class II 
transposable elements, implying the existence of CACTG/
CACTA transposons in coconut. Furthermore, the 
observed folding pattern found immediately downstream 

of the CACTG region concurs with the notion that 
regulatory sequences were inserted, though additional 
data is required to prove this point.
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